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EXECUTIVE SUMMARY

This report supplements the infiltration data package report prepared by Dyer (2019) for the upcoming E-
Area Low-Level Waste Facility (LLWF) Performance Assessment (PA) and provides further justification
for the use of the Hydrologic Evaluation of Landfill Performance (HELP) model for E-Area PA
infiltration calculations. Three items are addressed:

1. A comparison of HELP model results to field- and modeling-based water balance, soil infiltration,
and groundwater recharge studies that have been conducted at or near the Savannah River Site
(SRS) over several decades.

2. An evaluation of the hydrologic model and design and performance recommendations for the
planned Saltstone Disposal Facility closure cap at SRS.

3. A side-by-side comparison of the HYDRUS-1D and HELP models to assess their capabilities to
efficiently perform the wide range of intact and subsidence infiltration model simulations across
multiple disposal unit types as required for the E-Area LLWF PA.

Net infiltration/recharge rates for ten studies conducted at or near SRS over several decades range from
9.1 to 16 inches/year with a median of 14.5 inches/year, which is approximately one-third of the median
annual-average precipitation rate of 47.79 inches for the ten studies. The infiltration/recharge rates
compare favorably with the results of HELP model simulations for the operational soil cover scenario:
49.14 inches annual-average precipitation, 0.029 inches/year surface runoff, 33.27 inches/year
evapotranspiration, and 15.78 inches/year net infiltration. !

For the Saltstone Disposal Facility PA, Benson (2018) coupled WinUNSAT-H to simulate percolation in
carthen layers above the lateral drainage layer with the Giroud equations (Giroud and Houlihan, 1995;
Giroud, 1997; Giroud et al., 2000; Giroud et al., 2004) to model lateral drainage flow and composite
barrier leakage (i.e., geomembrane/geosynthetic clay liner/finely textured foundation layer). Because the
composite barrier in a multilayer cap design provides the predominant resistance to flow, a comparison of
percolation rates through the coupled lateral drainage and composite barrier layers only was made for the
E-Area Slit-and-Engineered-Trench intact case using the Giroud equations and the HELP model.
Agreement between the two models was satisfactory through the first 300 years when the number of
defects (holes) in the geomembrane is small. Beyond 300 years, the difference in predicted infiltration
rates by the two models increases significantly with the Giroud equations calculating a much larger
percolation rate through the geomembrane defects.

With one exception (single upper HDPE layer during institutional control), side-by-side comparisons of
HELP and HYDRUS-1D were limited to earthen layers only for several reasons. First, HYDRUS-1D is
fundamentally an agricultural modeling tool for simulating water and solute transport in variably-
saturated porous media composed of non-uniform soils. There is no mechanism, for example, to easily
model a composite barrier layer with defects (holes). Second, HYDRUS-1D includes a lower boundary
condition that simulates horizontal drainage for a tile drainage system with an impermeable layer at the
base. The tile drainage model is not adequately representative of a multilayer cover system with a

! A change in soil water storage equal to +0.071 inches/year is also reported by the HELP model to satisfy the water mass balance
(annual avg. precipitation = evapotranspiration + A water storage + surface runoff + net infiltration).
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separate lateral drainage layer above and free drainage at the base below. Third, HYDRUS-1D utilizes the
Richards equation to model variably-saturated flow, which makes model convergence challenging for
layered systems comprised of materials with widely varying porosities and saturated hydraulic
conductivities (e.g., a low-permeability composite barrier sandwiched between permeable earthen layers).
Conversely, convergence is rarely an issue for HELP, which is a mass balance model.

In summary, the HELP model was designed specifically for simulating infiltration through multilayer
closure-cap systems, and it remains the best option for modeling such systems in wet climates where a
unit hydraulic gradient is a reasonable assumption. As a mass-balance model, HELP is well suited for PA
evaluations where flexibility in the model framework and ease of model convergence are important.
Existing hydrologic models that use the Richards equation for variably-saturated flow, on the other hand,
are not designed specifically for multilayer landfill cover systems, are more difficult to converge, and
often must be coupled with a second model for drainage and composite barrier layers. Although
computational codes that solve the Richards equation are more sophisticated than HELP, they can be
challenging to use with a high level of accuracy when percolation rates are very low and extend over long
periods (Whiteside et al., 2009). In fact, mass-balance errors associated with the numerical model
simulations are of the same order of magnitude as the percolation rates themselves. The WinUNSAT-H
and HYDRUS programs are better suited instead for simulating evapotranspiration cover systems
typically found in arid and semi-arid climates. Evapotranspiration cover systems rely on the ability of a
soil layer to store precipitation until it is naturally evaporated or transpired by a vegetative cover (U.S.
EPA, 2011). This contrasts with more conventional cover systems that are engineered with a composite
barrier layer of low hydraulic conductivity.
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1.0 Introduction

Whiteside et al. (2009) conducted an in-depth literature review and performed basic infiltration model
simulations to evaluate the Hydrologic Evaluation of Landfill Performance (HELP) model against five
alternative computational codes utilizing the Richards equation for variably-saturated flow. Of the five
alternatives considered (LEACHM, UNSAT-H, SVFlux, HYDRUS-2D3D, and VADOSE/W), only
HYDRUS-2D3D and VADOSE/W were selected for further evaluation, which consisted of a side-by-side
comparison versus HELP of calculated infiltration rates through a one-layer soil column with two percent
slope. At the time, Whiteside et al. (2009) recommended HYDRUS-2D3D over VADOSE/W for the
following reasons:

e The HYDRUS software suite was more widely known and used than VADOSE/W. In addition,
the one-dimensional version of HYDRUS, HYDRUS-1D, was (and still is) available for
download in the public domain. Both may be important considerations for reviewers and other
stakeholders.

e The licensing cost was much lower for HYDRUS-2D3D than VADOSE/W.

e While a two-dimensional code is adequate for most cover systems, the three-dimensional
modeling capability of HYDRUS-2D3D would potentially allow for analysis of discrete holes in
high-density polyethylene (HDPE) and GCL liners, if needed.

e HYDRUS-2D3D simulates multiphase flow and transport, while VADOSE/W models the liquid-
phase only.

e The graphical user interface (GUI) for HYDRUS-2D3D was more robust during the limited
testing. The VADOSE/W GUI regularly experienced a fatal error that prevented completion of
numerical simulations.

On the other hand, the authors were inconclusive about using HYDRUS-2D3D in place of the HELP
model pending more rigorous simulations of a multilayer closure cap design.

This report does not repeat the earlier study by Whiteside et al. (2009), but instead focuses on the
following secondary issue raised in the Department of Energy’s Low-Level Waste Disposal Facility
Federal Review Group (LFRG) review team report (LFRG, 2008) for the 2008 E-Area Low-Level Waste
Facility (LLWF) Performance Assessment (PA) as summarized by McDowell-Boyer et al. (2011):

“7.2.3.1: The HELP code that provided the basis of the cap infiltration analyses is well tested,
generally accepted, and has been benchmarked against a broad range of codes that perform similar
calculations. However, there is no discussion of the HELP modeling results with respect to the results
of other analyses. Input parameters for HELP were difficult to find and were found in multiple
documents cited in Phifer (2006).

Proposed Resolution: A discussion of the HELP modeling results with respect to other modeling
results for other analyses using available site data and information should be added. These data
should be compiled into a single data package in the PA.”
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The infiltration data package prepared by Dyer (2019) for the upcoming E-Area LLWF PA satisfies, to a
large extent, the LFRG’s proposed resolution to the secondary issue above. This report supplements the
infiltration data package, providing more “discussion of the HELP modeling results with respect to the
results of other analyses.”

2.0 Net Soil Infiltration Rates at the Savannah River Site

Numerous field- and modeling-based water balance, soil infiltration, and groundwater recharge studies
have been conducted at or near the Savannah River Site (SRS) over several decades by organizations
including the Savannah River National Laboratory (SRNL), United States Geological Survey (USGS),
State University of New York at Brockport, Pennsylvania State University, University of Arizona, and
Desert Research Institute (WSRC, 2008). The studies have ranged in scale from 55-gallon drum
lysimeters to entire watersheds.

The USGS performed two studies at the Barnwell Low-Level Radioactive Waste Disposal Facility, which
is located immediately east of SRS. Cahill (1982) investigated geologic and hydrologic conditions near
the Barnwell site and measured migration of leachates from the buried waste into surrounding
unconsolidated sediments. Seven years later, Dennehy and McMahon (1989) assessed the principal
factors affecting the movement of water within and adjacent to trenches excavated in the unsaturated zone.

Mean-annual groundwater discharge to streams (i.e., baseflow) is thought to approximate the long-term
average recharge to local, intermediate, and regional components of the groundwater-flow system (Clarke
and West, 1998). Stricker (1983) analyzed baseflow stream data from USGS gaging stations located
within the Cretaceous and Tertiary clastic outcrop area of South Carolina, Georgia, Alabama, and
Mississippi to estimate groundwater recharge to the southeastern sand aquifer, which includes Upper
Three Runs near New Ellenton, SC. Meanwhile, Clarke and West (1998) used MODFLOW to simulate
groundwater flow and stream—aquifer relations for seven aquifers in Coastal Plain sediments near SRS,
including three gaging stations in the Upper Three Runs basin (water years 1967-1993 and 1975-1993).

Hubbard and Emslie (1984) from the State University of New York at Brockport collaborated with the
Savannah River Laboratory (which was designated a national laboratory in 2004) to develop a water
budget for the Savannah River Plant Old Radioactive Waste Burial Ground (ORWBG). The ORWBG
water balance was updated in 1986 using information from the Defense Waste Lysimeter study (Hubbard,
1986). Finally, the State University of New York at Brockport, in collaboration with the University of
Arizona, used the CREAMS model and site-specific weather data for 1961 through 1986 to generate
annual water balances for the ORWBG (Hubbard and Englehardt, 1987).

Parizek and Root (1986) from the Pennsylvania State University completed a hydrologic water budget for
the McQueen Branch watershed in the central portion of SRS as part of the development of a groundwater
model.

Young and Pohlmann (2001) at the Desert Research Institute conducted both deterministic and
probabilistic (100 Monte Carlo realizations) simulations utilizing the HYDRUS 2-D finite-difference
model to estimate infiltration rates within E-Area at SRS. The model was refined in 2003 to incorporate
additional site-specific data (Young and Pohlmann, 2003).
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Table 2-1 summarizes relevant annual-average water balance, infiltration, and groundwater recharge
estimates from the ten studies introduced above. Net infiltration/recharge rates range from 9.1 to 16
inches/year with a median of 14.5 inches/year, which is approximately one-third of the median annual-
average precipitation rate of 47.79 inches for the ten studies. The rates in Table 2-1 compare favorably
with the results of HELP model simulations for the operational soil cover scenario: 49.14 inches annual-
average precipitation, 0.029 inches/year surface runoff, 33.27 inches/year evapotranspiration, and 15.78
inches/year net infiltration.>

Table 2-1. Summary of Historical Water Balance, Infiltration, and Groundwater Recharge Field
and Modeling Studies Relevant to SRS.

Source Annual-Average Rate (inches/year) *
" Precipitation | Runoff | Evapotranspiration | Net Infiltration/Recharge
Cahill
(1982) 46.62 0 31.62 15
Stricker
(1983) - - - 14
Hubbard and Emslie
(1984) 47 2 30 15
Hubbard
(1986) 48 2 30 16
Parizek and Root
(1986) 47.78 2 30.78 15
Hubbard and
Englehardt (1987) 48.51 1.21 32.6 14.7
Dennehy and
McMahon (1989) 47.8 0 33.5 14.3
Clarke and West 15.6 (New Ellenton)c
(1998) - - - 14.3 (above Road C)
10.6 (at Road A)
10 years .

Young and Pohlmann | Augusta, GA Determmeq but not

- reported in the 9.1
(2001) data from Jocument ®

1977 to 1987
10 years .

Young and Pohlmann | Augusta, GA Determmeq but not

- reported in the 11.7
(2003) data from Jocument 2

1977 to 1987

Median of the ten 47.79 1.6 312 14.5
studies

o

(i.e., > 30 inches/year).

o

Station closest to E-Area.

Pohlmann (2001, 2003), Stricker (1983), and Clarke and West (1998).

All studies assumed that the change in water storage was a negligible component in the overall water budget.

Based on the magnitude of the infiltration rate, the associated evapotranspiration rate would be relatively high

The median of the ten studies does not include precipitation, runoff, and evapotranspiration rates from Young and

2 A change in soil water storage equal to +0.071 inches/year is also reported by the HELP model to satisfy the water mass balance
(annual avg. precipitation = evapotranspiration + A water storage + surface runoff + net infiltration).
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3.0 Consideration of Alternatives to the HELP Model

3.1 Hydrologic Model of the SRS Saltstone Disposal Facility Closure Cap

At a September 2018 Performance Assessment Community of Practice webinar, Benson (2018) shared a
hydrologic model of the planned Saltstone Disposal Facility (SDF) closure cap at SRS. The SDF model,
developed by Benson and Benavides (2018), is based on current best practices for predicting long-term
percolation rates through closure caps, including the recommendation by Benson et al. (2011) to employ
long-term engineering properties in performance assessment hydrologic models. Relevant conclusions
reached by Benson et al. (2011) were:

“Increases in the saturated hydraulic conductivity, saturated volumetric water content, and the air
entry suction (as characterized by van Genuchten’s o parameter) occurred due to formation of soil
structure, regardless of climate, cover design, or service life.”

“Substantial changes in hydraulic conductivity were observed in some geosynthetic clay liners
(GCLs) that did not hydrate completely and underwent cation exchange.”

“Changes in geomembranes and geosynthetic drainage layers over time were modest or small,
and computations based on antioxidant depletion rates suggest that the minimum service life of
geomembranes is on the order of 50-125 years (the actual service life will be longer).”

Ongoing studies by Benson’s research team since 2011 have led to a more optimistic outlook on long-
term closure cap performance:

An erosion layer creates a hydraulic choke that maintains nearly saturated conditions in the
earthen layers below. Therefore, an assumption of unit gradient vertical flow below the erosion
layer is reasonable. (Author note: This is consistent with use of a unit vertical hydraulic gradient
in the HELP model and diminishes the importance of using a Richards-equation-based
infiltration model in a wetter climate such as SRS.)

Exhumed covers show minimal fines migration into lateral drainage layers, while 2000-year-old
burial tombs located in humid climates in Korea and Japan show no evidence of fine- and coarse-
layer blending. Benson and Benavides (2018) conclude that there is no justification to assume a
saturated hydraulic conductivity less than SE-02 cm/s for the lateral drainage layer. (Author note:
The E-Area LLWF PA HELP model simulations assume a steady decrease in the saturated
hydraulic conductivity of the lateral drainage layer from 5E-02 cm/s at installation to 1.4E-03
cm/s beyond 2600 years due to clay fines migration from the upper backfill layer above.)

Tian et al. (2017) investigated antioxidant depletion in HDPE geomembrane coupons immersed
in synthetic low-level radioactive waste leachate; extrapolation of the experimental data suggests
a total service life for HDPE geomembranes of more than 1900 years. In the SDF hydrologic
model, a long geomembrane service life is accounted for by assuming a constant defect density of
only five defects per hectare, which is equivalent to two approximately 1-cm? holes per acre
(Giroud and Bonaparte, 1989). (Author note: The E-Area PA HELP model simulations assume a
sharply increasing number of I-cm’ defects in the HDPE geomembrane layer over time,
beginning with four defects per acre at the time of installation and steadily increasing to 5,496
defects per acre at 1800 years and 34,466 defects per acre at 10,000 years.)
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e GCLs exhumed from composite barriers in covers at humid eastern sites (e.g., Barnwell, South
Carolina) indicate that the long-term saturated hydraulic conductivity of a GCL (when located
beneath a geomembrane) is less than 1E-09 cm/s, even under substantial distortion and complete
cation exchange. (Author note: The E-Area PA HELP model simulations assume a saturated
hydraulic conductivity for the GCL equal to SE-09 cm/s at installation, increasing to 5SE-08 cm/s
thereafter.)

e Benson and Benavides (2018) also assume no loss in GCL integrity caused by root penetration.
This is because “roots accumulate in regions where water is more plentiful and readily extracted,
and do not grow toward regions where water is less plentiful and more difficult to extract.” They
report that when covers are exhumed, roots are present where water accumulates (i.e., in the soil
overlying the lateral drainage layer and composite barrier). Root systems were not observed
below the composite barrier in any of the cover systems evaluated by Benson et al. (2011).
(Author note: The E-Area PA HELP model simulations assume that pine tree tap roots begin to
penetrate each defect in the geomembrane after 200 hundred years, taking advantage of
increasing water percolation through the degraded geomembrane and thereby creating holes in

the GCL as well.)

e Finally, the thickness of the earthen layers above the composite barrier layer is not as important in
a humid environment as it is in an arid environment, meaning that “the composite barrier formed
by the geomembrane and GCL will provide the predominant resistance to flow at the base” of the
SDF closure cap (Benson, 2018).

To predict long-term percolation rates for the SDF, Benson (2018) coupled WinUNSAT-H with the
Giroud equations, which are analytical solutions for lateral drainage flow and composite barrier leakage.
For the multilayer cover system, WinUNSAT-H models water flow in the earthen layers above the
drainage layer, while the Giroud equations (Giroud and Houlihan, 1995; Giroud, 1997; Giroud et al.,
2000; Giroud et al., 2004) calculate drainage layer flow and percolation through the composite barrier
layer (e.g., geomembrane/GCL/finely textured foundation layer).

WinUNSAT-H (Fayer, 2000) is a FORTRAN code developed at Pacific Northwest Laboratory for
simulating the one-dimensional flow of water, vapor, and heat in variably saturated soils with atmospheric
interaction. Developed for the semiarid Hanford site, WinUNSAT-H simulates precipitation, evaporation,
plant transpiration, storage, and deep drainage processes. The code simulates liquid water flow using the
Richards equation, water vapor diffusion using Fick’s law, and sensible heat flow using the Fourier
equation. Unlike the HELP model, WinUNSAT-H does not include a weather generator, nor does it
simulate lateral drainage and barrier layers with or without defects (holes). Any improvement in model
accuracy potentially gained by switching to a Richards-equation-based model of the vadose zone,
therefore, will be offset by the limitations associated with the WinUNSAT-H code as described above.

As for the SDF final closure cap, the planned E-Area LLWF final closure cap will also be located in a
wetter climate and will include a composite barrier providing the predominant resistance to flow at its
base. For this reason, a direct comparison was made of percolation rates through the combined lateral
drainage and composite barrier layers only using the Giroud equations and the HELP model.
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As derived by Giroud (1997) and presented by Benson (2018), the semi-empirical analytical solution for
combined lateral drainage flow and composite liner leakage is:

hmax 0.95 0.2 0.9170.74
Q = 0.976Cq, [1 +0.1 (t—) ]d 2(Ryar) “2KY (Eqn. 1)
b
qL
Rmax = Kqtanp (Eqn. 2)
where:
Q = leakage rate per gcomembrane hole (m?/s per hole)

Cqo = contact factor = 0.21 (good placement quality)

hmax= maximum liquid head in drainage layer above geomembrane (m)

q = percolation rate through backfill layer above drainage layer (m/s)

L = horizontal slope length (m)

B = slope angle (degrees or radians)

K4 = saturated hydraulic conductivity of drainage layer (m/s)

Ky = saturated hydraulic conductivity of soil component of the composite liner (i.e., GCL only) (m/s)
d = geomembrane defect diameter (m)

t, = GCL thickness (m)

Eqn. 1 assumes that leakage through the composite barrier occurs only through defects (holes) in the
geomembrane and that there is “good” contact between the geomembrane liner and the permeability-
controlling soil layer below (Giroud and Bonaparte, 1989). This contrasts with the HELP model which
calculates leakage through the intact portion of the geomembrane via vapor diffusion in addition to
leakage through the defects. Interestingly, the HELP model also bases its predictions of leakage rate
through holes in the geomembrane on the work of Giroud and Bonaparte (1989), but selects from a more
complex set of empirical leakage rate equations that are chosen based on two input parameters specified
by the user:

e Placement quality® (i.e., perfect, excellent, good, poor, or worst case) of the geomembrane liner
on top of the low-permeability earthen layer (e.g., GCL) below. Placement quality is reflected in
the value for Cqo used in Eqn. 1.*

3 According to Schroeder (1994a), placement quality refers to the degree of contact between the geomembrane layer and the
flow-limiting layer (e.g., GCL) below. Liquid passing through an assumed circular hole in the geomembrane will flow laterally
between the geomembrane and the GCL unless there is either “perfect” contact between the two layers or “free flow” from the
hole. The size of the space between the geomembrane and GCL depends on the roughness of the soil surface, soil particle size,
rugosity and stiffness of the geomembrane, and overburden pressure. The HELP model ranks the contact between a
geomembrane and GCL as perfect, excellent, good, poor, and worst case (free flow). Interfacial flow is assumed to be radial,
covering a circular area called the wetted area, and is controlled by the hydraulic transmissivity of the gap between the
geomembrane and the GCL. Giroud and Bonaparte (1989) examined steady-state leakage through a geomembrane liner for all
these qualitative levels of contact and provided either theoretical or empirical solutions for the leakage rate and the radius of
interfacial flow.

4 Giroud et al. (1989) established the following values for Cgo: 0.21 for good placement quality and 1.15 for poor placement
quality. Cqo for excellent placement quality was not given but would be less than 0.21.
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e Saturated hydraulic conductivity of the flow-controlling earthen layer (e.g., GCL).

Because the comparison with the HELP model is focused solely on flow through the combined lateral
drainage and composite barrier layers, the percolation rate from the upper backfill layer, q, in Eqn. 2 was
calculated from the results of the HELP model simulations for the intact case, rather than running
WinUNSAT-H. The flow from the upper backfill layer in the HELP model was determined by mass
balance (units of length per time):

q (m/s) = annual avg. precipitation — evapotranspiration — A water storage — surface runoff (Eqn. 3)

Table 3-1 lists the input parameter assumptions for Eqn. 1 and Eqn. 2 in metric units for the Slit and
Engineered Trench intact infiltration cases. For this comparison alone, the HELP model simulations
assumed a “good” placement quality® for the geomembrane layer to be consistent with the value for Cqo
used in Eqn. 1 by Benson (2018) for the SDF closure cap design. Appendix A provides the HELP model
input parameter data sheets for each time step listed in Table 3-1.

Table 3-1. Input Parameter Assumptions for the Giroud Equations — Slit and Engineered Trench
Intact Infiltration Cases (2% slope, 585-foot slope length).

HELP

Model o # holes
Intact Description® | q(m/s)® | L(m)°¢ | tanp¢ | Ka(m/s)¢ | Ko (m/s)f | d(m) & | tp (m) " per

hectare

Case

STO0 | t=100yr 1.289E-08 | 178.308 | 0.02 5.00E-04 5.00E-11 | 0.0113 [ 0.00508 12.4
STO1 | t=180yr 1.282E-08 | 178.308 | 0.02 4.48E-04 5.00E-11 | 0.0113 [ 0.00508 [ 101.3
ST02 | t=290 yr 1.279E-08 | 178.308 | 0.02 3.86E-04 5.00E-10 | 0.0113 | 0.00508 | 239.7
STO3 | t=300yr 1.278E-08 | 178.308 | 0.02 3.81E-04 5.00E-10 | 0.0113 [ 0.00508 | 252.0
STOS | t=380yr 1.268E-08 | 178.308 | 0.02 3.41E-04 5.00E-10 | 0.0113 | 0.00508 | 350.9
ST06 | t=480yr 1.269E-08 | 178.308 | 0.02 2.98E-04 5.00E-10 | 0.0113 [ 0.00508 | 1186.1
STO7 | t=660 yr 1.258E-08 | 178.308 | 0.02 2.33E-04 5.00E-10 | 0.0113 | 0.00508 | 2757.7
STO8 | t=1,100 yr 1.211E-08 | 178.308 | 0.02 1.28E-04 5.00E-10 | 0.0113 | 0.00508 | 6597.7

2 Relative time (t): 100 yr is the end of institutional control when the final closure cap is installed.

b Calculated from HELP model results for intact cases using Eqn. 3.

¢ Slope length for bounding intact case is 178.308 m (585 feet).

4 Slope angle, B, is 1.1458 degrees or 0.02 radians.

¢ K4 of drainage layer (SE-04 m/s) decreases over time due to silting in from the backfill layer above.
Ky of GCL layer equals 5E-11 m/s at t = 100 yr and 180 yr and decreases to SE-10 m/s at t > 180 yr.
¢ Diameter of 1E-04 m? (1 cm?) hole.

" Thickness of GCL is 0.00508 m (0.20 inches).

Table 3-2 displays a side-by-side comparison of total leakage rates (Qi) through the composite barrier as
predicted by the HELP model and the Giroud equations for the E-Area Slit-and-Engineered-Trench intact
case. Agreement between the two models is good through relative Year 380 (Case ST0S5) when the

5> The HELP model designates the controlling soil layer (GCL) as either high, medium, or low permeability, where high is a
saturated hydraulic conductivity greater than or equal to 1E-03 m/s, medium is greater than or equal to 1E-06 m/s and less than
1E-03 m/s, and low is less than 1E-06 m/s. The low permeability layers are assumed to remain saturated in the wetted area
throughout the HELP model simulation.

¢ Intact infiltration rate calculations for the E-Area LLWF PA closure cap assume an “excellent” placement quality for the
geomembrane layer. Predicted infiltration rates are quite sensitive to the placement quality assumption. For example, infiltration
rates predicted by the HELP model are 1.1X to 6.5X lower when an excellent versus a good placement quality is assumed.
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number of defects (holes) in the geomembrane is small. Beyond relative Year 380, the difference in
predicted infiltration rates by the two models increases significantly with the Giroud equations calculating
a much larger percolation rate through the geomembrane defects. This difference is likely due to several

factors:

When used outside a mass-balance model such as HELP, the Giroud equations are not
constrained by the conservation of mass. For example, at relative Year 660 and later, the
percolation rates predicted by the Giroud equations exceed the liquid supply rates from the
backfill layers above. Conversely, the HELP code ensures that total leakage through the
geomembrane and controlling layers is not greater than the total volume of drainable water. The
HELP code also checks to make certain that the leakage rate is not greater than the product of the
hydraulic gradient and the saturated hydraulic conductivity of the controlling GCL layer
(Schroeder et al. 1994a).

The Giroud equations as implemented by Benson (2018) in Eqn. 1 for the SDF closure cap design
utilize the maximum hydraulic head acting on the geomembrane layer to calculate the leakage
rate through each hole. On the other hand, the HELP code uses the slope-length-averaged
hydraulic head at each time step (1 day) for 100 years of simulated daily precipitation data.

Giroud and Bonaparte (1989) and Giroud et al. (1992) developed their leakage rate equations for
intact geomembranes, geomembranes surrounded by high-permeability materials, and composite
liners (i.e., drainage layer/geomembrane/low-permeability soil liner) assuming relatively low
defect densities (i.e., less than 10 to 20 defects per acre) characteristic of modern equipment,
materials, and installation and QA/QC practices (Schroeder et al., 1994a; Schroeder et al., 1994b).
Conversely, the closure cap degradation model for the E-Area LLWF assumes a much greater
defect density that increases linearly with time (i.e., 141, 479, and 1115 defects per acre at
relative Years 380, 480, and 660, respectively).

For these collective reasons, poor agreement between the standalone Giroud equations and the HELP

mass-balance model at high defect densities is not surprising.

Table 3-2. Comparison of HELP Model Results to Giroud Equation — Slit and Engineered Trench

Intact Cases (2% slope, 585-foot slope length).

HELP . .., | Giroud Equation | Giroud Equation | HELP Model Ratio
M"dé:lgmt Description Bona (qm) Qur (ml(:l/yr) Qut (mm/yr)® | HELP:Giroud
ST00 t=100 yr 0.23 0.098 0.102 1.04
STO1 t=180 yr 0.26 0.95 1.11 1.17
ST02 t=290 yr 0.30 15.86 17.37 1.10
ST03 t=300 yr 0.30 17.04 18.59 1.09
STOS t=380 yr 0.33 28.22 32.68 1.16
ST06 t =480 yr 0.38 120.34 86.65 0.72
STO07 t=660 yr 0.48 421.25°¢ 158.82 0.38
STO8 t=1,100 yr 0.84 2708.45 © 240.10 0.09

2 Relative time (t): 100 yr is the end of institutional control when the final closure cap is installed.
b For this comparison, HELP model results assume a good, rather than an excellent, ggomembrane placement quality.
¢ Quot exceeds the liquid supply rate, q. Liquid supply rate is 397 mm/yr at 660 yr and 382 mm/yr at 1,100 yr.
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3.2 Comparison of HYDRUS-1D to the HELP Model

HYDRUS-1D (Simtinek et al., 2013) is a public-domain, Windows-based modeling environment which
utilizes a one-dimensional finite element model (HYDRUS) to simulate the movement of water, heat, and
one or more solutes in variably-saturated porous media. For saturated-unsaturated water flow, HYDRUS
employs the Richards equation, which is modified to include a sink term for water uptake by plant roots.
According to Simtinek et al. (2013), the flow zone may consist of heterogeneous soil types, while flow
and transport can occur vertically, horizontally, or in a generally inclined direction. The user can specify
constant or time-varying prescribed head and flux boundaries, boundaries controlled by atmospheric
conditions, or free-drainage boundary conditions. Soil surface boundary conditions can change during the
simulation from prescribed flux to prescribed head-type conditions (and vice versa). Unsaturated soil
hydraulic properties are described using van Genuchten, Brooks and Corey, and modified van Genuchten-

type analytical functions, while root growth is simulated with a logistic growth function. The model does
not include a synthetic weather generator.

3.2.1 Published Case Studies

Pontedeiro et al. (2013) selected HYDRUS-1D to model water flux through a municipal solid waste
landfill in Rio de Janeiro, Brazil. Two different cover systems were considered: a capillary barrier made
from municipal solid waste compost and an evapotranspiration cover using grass or native vegetation.
Hydraulic parameters for the cover soil were estimated using the Rosetta pedotransfer functions’ in
HYDRUS-1D and measured soil texture data for the fines. In all simulations, the thickness of the
operational and final soil cover layers was 60 centimeters, while the municipal waste layer was 500
centimeters. The cover design included no erosion, lateral drainage, or geosynthetic barrier layers. The
model was calibrated by simulating each vertical landfill cell separately and then summing the individual
deep drainage rates from each cell. The sum was compared to the estimated recharge rate for the aquifer
based on local weather data and potential evapotranspiration rates calculated with the Hargreaves (1975)
equation. The deep drainage volume predicted by HYDRUS-1D during 2010 was 27,020 m* compared to
a measured volume of 33,100 m®. A capillary barrier layer of 30 to 50 centimeters reduced the drainage
water flux by approximately 40 percent compared to a compacted surface soil. Similarly, a vegetative
cover lowered the drainage water flux by 34 percent for grass and 48 percent for the native brachiaria.

Worthy et al. (2011) compared the performance of the HELP, HYDRUS-1D, and WinUNSAT-H models
in simulating the expected hydrologic performance of a capillary barrier cover system for the uranium
mill tailings disposal facility in Monticello, Utah. The actual four-layer cover system (fine-textured soil
and rock water storage layer, sand capillary barrier layer, HDPE geomembrane layer, and low-
permeability compacted soil liner) was modeled for simplicity as a single 1,100-millimeter-thick soil
layer with equivalent hydraulic properties matching field conditions at the repository. Worthy et al.
(2011) noted that “HELP is the only landfill-specific water balance model available.” Three climate
scenarios were considered for each model: a typical temporal year (annual-average precipitation), a
design temporal year (maximum precipitation), and a future synthetic-analogue year based on a general
circulation climate model. Daily precipitation and temperature data from the Utah State University
Climate Center database were used in all three models for the Scenario 1 (typical year) and Scenario 2
(design year) simulations. Conversely, the HELP model’s synthetic weather generator used monthly-
average precipitation and temperature data to generate (1) the daily precipitation and temperature data for

7 Pedotransfer functions are predictive functions of certain soil properties using data from soil surveys.
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the Scenario 3 (synthetic analogue year) simulations for all three models, and (2) the synthetic daily solar
radiation data for all three models for the three simulation scenarios. Despite the single-layer
simplification, results varied significantly among the three models. For the HELP model, predicted
changes in evapotranspiration, runoff, percolation, and water storage for the three climate scenarios were
modest and trended in the directions expected. The WinUNSAT-H model predicted much higher surface
runoff and percolation rates than HELP and HYDRUS-1D due to a large, negative change in water
storage. In addition, percolation rates predicted by WinUNSAT-H decreased from Scenario 2 to
Scenario 3, while they increased for both HELP and HYDRUS-1D. With HYDRUS-1D, differences in
the percolation rate and water storage among the three scenarios were larger and less predictable.
Compared to HELP, HYDRUS-1D predicted much higher percolation rates, partly because HYDRUS-1D
calculated zero surface runoff for all three scenarios.

Meadows and Waite (2016) used HYDRUS-1D to simulate the hydrologic performance of a proposed
alternative evapotranspiration cover for the Salt Lake Valley Landfill in Utah. The cover system was
designed to store water that infiltrates into the cover material and to remove it via transpiration and
evaporation before percolating into the underlying waste. The cover system uses the water-storage
capacity of the soil layers, rather than the lower-permeability physical characteristics of a geomembrane
or GCL, to minimize infiltration. The proposed evapotranspiration cover system design included three to
four feet of vegetated, fine-grained (i.e., silty to clayey loam) soil to provide moisture storage capacity
above the buried waste. Meadows and Waite (2016) evaluated three sets of hydraulic properties for the
final cover soil at two different cover thicknesses each. Daily climate data representing the five
consecutive wettest years on record were used. Two hydraulic properties sets were based on site-specific
values for on-site materials that could be used for the evapotranspiration cover, while the third set
represented weathered values for fine-grained soils. HYDRUS-1D model results for all three hydraulic
properties sets indicated that a four-foot cover thickness will limit water flux through the base of the
evapotranspiration cover to less than three millimeters per year.

3.2.2 E-Area LLWF Comparison Cases

Table 3-3 lists the E-Area LLWF closure cap cases included in a side-by-side comparison of the
HYDRUS-1D and HELP models. Comparison cases were limited to earthen multilayer systems only (the
lone exception being the institutional control case) for several reasons:

e HYDRUS-1D is fundamentally an agricultural modeling tool designed to simulate water and
solute transport in variably-saturated porous media composed of nonuniform soils. For example,
there is no mechanism to include a geomembrane/GCL barrier layer with an assumed defect
density.

e HYDRUS-1D includes a lower boundary condition that simulates horizontal drainage
representative of a tile drainage system® and assumes an impermeable layer at the base.
Unfortunately, the tile drainage model is not representative of a multilayer cover system with a
separate lateral drainage layer above and free drainage at the base below. As a result, the tile

8 A tile drainage system consists of a network of belowground pipes called laterals and mains that function to manage the water
table. Laterals are spaced throughout the field to collect water that then drains to a main. The main allows the system to transport
the water away from the field in a controlled manner. The tile drainage system is designed on a grade so water flows in the
desired direction.
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drainage model outputs the total drainage from a multilayer soil column (i.e., the sum of
horizontal drainage and any vertical drainage from the permeable soil layers below the lateral
drainage layer).

e The Richards equation, which is used in HYDRUS-1D to model variably-saturated flow, makes
model convergence more challenging. This is particularly true for layered systems comprised of
materials with widely varying porosities and saturated hydraulic conductivities (e.g., a low-
permeability composite geomembrane/GCL sandwiched between permeable earthen layers).
Conversely, model convergence is rarely an issue with a mass balance model such as HELP.

Screen captures of the input parameter templates used in the HYDRUS-1D model simulations for Cases
3-1 through 3-4 are displayed in Appendix B. Appendix C contains screen captures from HYDRUS-1D of
the boundary water fluxes of interest for comparison to the HELP model results. Summaries of the
HELP/HYDRUS-1D side-by-side comparisons are shown in Table 3-4, Table 3-5, Table 3-6, and
Table 3-7 for Cases 3-1, 3-2, 3-3, and 3-4, respectively. All results are reported as annual-average values.

Table 3-4 presents the results for the single-layer operational soil cover case. Agreement between the
HYDRUS-1D and HELP models is satisfactory when daily time steps were used in the HYDRUS-1D
simulation (by default, the HELP model uses daily weather data and a daily time step). Because
HYDRUS-1D does not include a weather generator, both annual-average and daily weather data were
exported from HELP to be used in the HYDRUS-1D simulations. The predicted percolation rate through
the operational soil cover layer is 15.78 inches/year per the HELP model and 14.8 inches/year per
HYDRUS-1D, a difference of 0.98 inches/year or -6.2% relative to the HELP model result.

Results for the two-layer institutional control case (HDPE stormwater runoff cover overlying a four-foot-
thick operational soil cover) are displayed in Table 3-5. Two subcases for the HDPE cover were
considered in the HYDRUS-1D simulations: K equal to 5.0E-08 cm/sec (same value as used in the
HELP model simulations) and K equal to 1.0E-09 cm/sec. In both cases, HYDRUS-1D predicts
substantially more evapotranspiration (transpiration is zero because there is no vegetative cover) than the
HELP model and, therefore, less surface run-off. For an assumed K, uppe of 5.0E-08 cm/sec, HYDRUS-
1D calculates a percolation rate at the base of the soil column equal to 0.71 inches/year, which is
approximately eight times higher than the HELP model prediction of 0.089 inches/year. If Kt mppE is
reduced to 1.0E-09 cm/sec in the HYDRUS-1D model only, agreement between the HELP and
HYDRUS-1D models is improved.

Table 3-6 summarizes results for the top three earthen layers in the proposed E-Area LLWF closure cap
design at the time of installation: six-inch topsoil layer, 30-inch upper backfill layer, and 12-inch erosion
barrier. The same material properties values assumed for the three layers in the HELP model simulations
were also used in the HYDRUS-1D model simulations. HYDRUS-1D predicts more surface runoff and
evapotranspiration than the HELP model; therefore, the percolation rate at the base of the soil column is
approximately five inches/year lower for HYDRUS-1D than HELP.

Table 3-7 displays the results for the top four layers in the proposed E-Area LLWF closure cap design at
the time of installation: six-inch topsoil layer, 30-inch upper backfill layer, 12-inch erosion barrier, and
12-inch lateral drainage layer. The same material properties values assumed for the top four layers in the
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Table 3-3. E-Area LLWF Infiltration Scenarios used in the HELP and HYDRUS-1D Side-by-Side

Comparison.
Comparison Infiltration Scenario Description
Case
Four-foot soil cover for Slit Trench installed at end of
operations *
(a) Annual rainfall data; (b) Daily rainfall data
- 100- imulati iod
3-la Operational Soil Cover year sunu.a on Perlo
3-1b Grass cover with active root growth
Atmospheric upper boundary condition with surface
runoff
Free drainage lower boundary condition
HDPE geomembrane overlying four-foot soil cover for
Slit Trench installed at end of operations *
(a) Ksat vope = 5.0E-08 CII]/S; (b) Ksatuops = 1.0E-09 cm/s
Minimal (0.1 cm) soil layer on top of HDPE to enable
o HELP model execution
3-2a Institutional Control Daily rainfall data
3-2b (HDPE) 100-year simulation period
No root growth
Atmospheric upper boundary condition with surface
runoff
Free drainage lower boundary condition
Topsoil, Upper Backfill, and Erosion Barrier layers
Daily rainfall data
Upper Three Layers of | 100-year simulation period
3-3 Intact Multilayer Cover | Grass cover with active root growth
(at installation) Atmospheric upper boundary condition with surface
runoff
Free drainage lower boundary condition
Topsoil, Upper Backfill, Erosion Barrier, and Lateral
Drainage layers
U Four L ¢ Daily rainfall data
pper Four Layers o . . .
3-4 Intact Multilayer Cover 100-year simulation period
. . Grass cover with active root growth
(at installation) _ o )
Atmospheric upper boundary condition with surface
runoff
Horizontal deep-drainage lower boundary condition

2 A relative comparison between the two models was made assuming a minimum uniform four-foot-thick clean soil
layer. In practice, the soil layer thickness will be greater than four feet and the soil will be sloped away from the

centerline (crest) to obtain positive drainage toward the edges.
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Table 3-4. Case 3-1 — Operational Soil Cover — Comparison of HYDRUS-1D and HELP Model Predictions.
Case 3-1a Case 3-1a Case 3-1b Case 3-1b
Modeled Flux (l?a ]:JILII;I;;II?; el:) HYDRUS-1D Difference HYDRUS-1D Difference
y (Annual Rainfall) | (Annual Rainfall) (Daily Rainfall) (Daily Rainfall)
I e Tl 49.14 49.08 -0.06 48.98 -0.16
(inches/year)
Wit 0.029 0.00 20.03 0.00 20.03
(inches/year)
L R L1 33.27 29.50 3.77 34.18 0.92
(inches/year)
HEeTon [Reje 15.78 19.58 3.80 14.80 -0.98
(inches/year)

Table 3-5. Case 3-2 — Institutional Control (HDPE Cover) — Comparison of HYDRUS-1D and HELP Model Predictions.

HELP Case 3-2a Case 3-2a Case 3-2b Case 3-2b
Modeled Flux Model HYDRUS-1D Difference HYDRUS-1D Difference
(Ksat = 5.0E-08 cm/s) | (Ksat = 5.0E-08 cm/s) | (Ksat = 1.0E-09 cm/s) | (Ksac = 1.0E-09 cm/s)
Prec1p1tat10n 49 14 4834 -0.80 49.04 -0.10
(inches/year)
Liiit 48.98 36.09 112,90 37.87 111
(inches/year)
Evapotranspiration’ [Eywee 11.54 11.47 11.12 11.05
(inches/year)
Fercolation Ratct (g 0.71 0.62 0.044 -0.045

(inches/year)
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Table 3-6. Case 3-3 — Upper Three Layers of Intact Multilayer Cover —
Comparison of HYDRUS-1D and HELP Model Predictions.

Revision 0

Modeled Flux HELP Model Case 3-3 Case 3-3
u (at installation) HYDRUS-1D Difference

Precipitation 49.14 48.94 0.20
(inches/year)

Runoff

e 0.002 0.62 0.62
Evapotranspiration 32.54 36.47 3.93
(inches/year)

Percolation Rate 16.57 11.85 472
(inches/year)

Table 3-7. Case 3-4 — Upper Four Layers of Intact Multilayer Cover —
Comparison of HYDRUS-1D and HELP Model Predictions.

Modeled Flux HELP Model Case 3-4 Case 3-4
(at installation) HYDRUS-1D Difference

Precipitation 49.14 49.35 0.21
(inches/year)

Runoff

e~ 0.002 0.60 0.60

L R L1 32.54 36.93 4.39
(inches/year)

Percolation Rate 16.57 11.82 475
(inches/year)

HELP model simulations were also used in the HYDRUS-1D model simulations. As noted above,
HYDRUS-1D includes the choice of a lower boundary condition for horizontal drainage that simulates a
tile drainage system only and assumes an impervious layer at the base. This substantially limits its
applicability to the E-Area cap design because the PA infiltration conceptual model assumes degradation
and, hence, increasing permeability of the geomembrane/GCL barrier layers with time. Agreement
between the HELP model and HYDRUS-1D is the same as for Case 3-3.

Simulation cases that included a low-permeability geomembrane and/or GCL barrier layer below the
lateral drainage layer were tested in HY DRUS-1D; however, numerical convergence was not achieved.
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Conclusions

The HELP model remains the preferred choice over other commercial and public-domain hydrologic
models for the E-Area LLWF PA for the following reasons:

e Benson and Benavides (2018) coupled the Richards-equation-based, one-dimensional
WinUNSAT-H model with the Giroud equations to simulate the multilayer SDF cover system
because WinUNSAT-H cannot simulate flow through lateral drainage and barrier layers.
WinUNSAT-H was used to model water flow in the earthen layers above the lateral drainage
layer, while the Giroud equations calculated drainage-layer flow and percolation through the
composite barrier layer (i.e., ggcomembrane/GCL/finely textured foundation layer). Like the SDF,
the E-Area LLWF is also located in a wetter climate and its final closure cap design will include a
composite barrier providing the predominant resistance to flow at its base. As a result, any
improvement in accuracy gained by switching to a Richards-equation-based model of the vadose
zone is largely offset in a wet climate by the need to couple WinUNSAT-H, HYDRUS-1D, or
HYDRUS-2D3D with a separate model for the drainage and barrier layers.

e The HELP model bases its predictions of leakage rate through holes in the geomembrane barrier
layer on the same family of semi-empirical Giroud equations mentioned above. The HELP model
selects from a set of empirical leakage rate equations developed originally by Giroud and
Bonaparte (1989) that are chosen based on two user-specified input parameters: placement quality
of the geomembrane and saturated hydraulic conductivity of the flow-controlling GCL below the
geomembrane. If “good” placement quality and low to moderate defect density are assumed, the
Giroud equations (as implemented by Benson and Benavides (2018) for the SDF cap) predict a
leakage rate through the barrier layer that is in close agreement with the leakage rate predicted by
the HELP model for the same cap design. The leakage rate is quite sensitive to the placement
quality assumption.

e The cap degradation and subsidence scenarios for the E-Area LLWF closure cap necessitate a
flexible, robust infiltration model that readily converges over a wide range of assumed cap and
material design properties and conditions. The Richards equation is inherently unstable; therefore,
obtaining a numerical solution can be a challenge. Whiteside et al. (2009) noted convergence
challenges with sandy-clay soils under high-rainfall conditions typical of SRS. Despite its
limitations, the HELP model excels in this regard over models using the Richards equation for
variably-saturated flow, which includes WinUNSAT-H, HYDRUS-1D, and HYDRUS-2D3D.
For example, the coupled WinUNSAT-H/Giroud equation model used by Benson and Benavides
(2018) gave unrealistic predictions for leakage rate through the composite barrier as the number
of assumed defects in the geomembrane layer exceeded on the order of 1,000 holes per hectare.

e Benson and Benavides (2018) showed that the erosion barrier in the SDF and E-Area LLWF
closure cap designs will create a hydraulic choke that maintains nearly saturated conditions in the
earthen layers below. Therefore, an assumption of unit gradient vertical flow below the erosion
layer is reasonable and consistent with the use of a unit vertical hydraulic gradient in the HELP
model, which diminishes the importance of using a Richards-equation-based infiltration model in
a wetter climate such as SRS.
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e The HELP model contains an internal weather generator that creates synthetic daily weather data
for long-term simulations (e.g., 100 years) using historical monthly-average precipitation,
temperature, and solar radiation data. WinUNSAT-H and the HYDRUS software do not include a
synthetic weather generator, which makes data entry more cumbersome and limited to the
availability of historical daily data.

e Sensitivity studies by Shipmon and Dyer (2017) using the HELP model identified the primary
drivers for the predicted infiltration rate for the F-Area Tank Farm closure cap design. The
primary drivers include the degradation rate of the geomembrane liner (number of holes per unit
area vs. time), the silting-in rate of the lateral drainage layer, the rate of pine tree intrusion and
associated root penetration through the GCL, and the size and location of subsided areas due to
non-crushable containers disposed in slit and engineered trenches. The primary drivers change the
infiltration rate by more than four orders of magnitude over a 10,000-year period. In contrast, this
evaluation concludes that the choice of one hydrologic model over another is only a secondary
driver of predicted infiltration rates (i.e., differences among WinUNSAT-H, HYDRUS-1D, and
HELP model predictions for the same scenario are less than one order of magnitude).

In summary, the HELP model was designed specifically to simulate infiltration through multilayer
closure-cap systems, and it remains the best option for modeling such systems in wet climates where a
unit hydraulic gradient is a reasonable assumption. As a mass-balance model, HELP is well suited for PA
evaluations where flexibility in the model framework and ease of model convergence are important.
Existing hydrologic models that use the Richards equation for variably-saturated flow, on the other hand,
are not designed specifically for multilayer landfill cover systems, are more difficult to converge, and
often must be coupled with a second model for drainage and composite barrier layers. Although
computational codes that solve the Richards equation are more sophisticated than HELP, they can be
challenging to use with a high level of accuracy when percolation rates are very low and extend over long
periods (Whiteside et al., 2009). One reason cited by Whiteside et al. (2009) is that mass-balance errors
associated with the numerical model simulations are of the same order of magnitude as the percolation
rates themselves.

The WinUNSAT-H and HYDRUS programs are better suited instead for simulating evapotranspiration
cover systems typically found in arid and semi-arid climates. Evapotranspiration cover systems rely on
the ability of a soil layer to store precipitation until it is naturally evaporated or transpired by a vegetative
cover (U.S. EPA, 2011). This contrasts with more conventional cover systems that are engineered with a
composite barrier layer of low hydraulic conductivity.

4.0 Quality Assurance

A technical review of this report was performed consistent with the E7 Manual, procedure 2.60 as
outlined in the SRNL Technical Report Design Checklist contained in WSRC-IM-2002-00011, Rev. 2.
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Appendix A. HELP Model Input Parameters for Slit-and-Engineered-Trench Cases used in
Comparisons with the Giroud Equations
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Table A-1. HELP Model Input Data for Year 100
(ST00.D10).
Input Parameter (HELP Model Query) Generic Input Parameter Value
Landfill area = 0.2686 acres
Percent of area where runoff is possible = 100%
Do you want to specify initial moisture storage? (Y/N) Y
Amount of water or snow on surface = 0 inches
CN Input Parameter (HELP Model Query) CN Input Parameter Value
Slope = 2%
Slope length = 585 ft
Soil Texture = 4 (HELP model default soil texture)
Vegetation = 4 (i.e., a good stand of grass)
HELP Model Computed Curve Number = 46.2
Layer Layer Number Layer Type
Topsoil 1 1 (vertical percolation layer)
Upper Backfill 2 1 (vertical percolation layer)
Erosion Barrier 3 1 (vertical percolation layer)
Lateral Drainage Layer 4 2 (lateral drainage layer)
HDPE Geomembrane 5 4 (geomembrane liner)
GCL 6 3 (barrier soil liner)
Foundation Layer (1E-06) 7 1 (vertical percolation layer)
Foundation Layer (1E-03) 8 1 (vertical percolation layer)
Layer | Layer | Layer Soil Total Field Wilting Initial
# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)
1 1 6 0.396 0.109 0.047 0.109
2 1 30 0.35 0.252 0.181 0.252
3 1 12 0.15 0.1 0.07 0.1
4 2 12 0.417 0.045 0.018 0.045
5 4 0.06
6 3 0.2 0.75 0.747 0.4 0.75
7 1 12 0.35 0.252 0.181 0.252
8 1 72 0.457 0.131 0.058 0.131
Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface
# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)
1 1 3.1E-03
2 1 4.1E-05
3 1 1.3E-04
4 2 5.0E-02 585 2
5 4 2.0E-13
6 3 5.0E-09
7 1 1.0E-06
8 1 1.0E-03
Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile
# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
5 4 1 4 3
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Table A-2. HELP Model Input Data for Year 180
(ST01.D10).
Input Parameter (HELP Model Query) Generic Input Parameter Value
Landfill area = 0.2686 acres
Percent of area where runoff is possible = 100%
Do you want to specify initial moisture storage? (Y/N) Y
Amount of water or snow on surface = 0 inches
CN Input Parameter (HELP Model Query) CN Input Parameter Value
Slope = 2%
Slope length = 585 ft
Soil Texture = 4 (HELP model default soil texture)
Vegetation = 4 (i.e., a good stand of grass)
HELP Model Computed Curve Number = 46.2
Layer Layer Number Layer Type
Topsoil 1 1 (vertical percolation layer)
Upper Backfill 2 1 (vertical percolation layer)
Erosion Barrier 3 1 (vertical percolation layer)
Lateral Drainage Layer 4 2 (lateral drainage layer)
HDPE Geomembrane 5 4 (geomembrane liner)
GCL 6 3 (barrier soil liner)
Foundation Layer (1E-06) 7 1 (vertical percolation layer)
Foundation Layer (1E-03) 8 1 (vertical percolation layer)
Layer | Layer | Layer Soil Total Field Wilting Initial
# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)
1 1 5.96 0.396 0.109 0.047 0.109
2 1 30 0.35 0.252 0.181 0.252
3 1 12 0.15 0.1 0.07 0.1
4 2 12 0.416 0.048 0.021 0.048
5 4 0.06
6 3 0.2 0.75 0.747 0.4 0.75
7 1 12 0.35 0.252 0.181 0.252
8 1 72 0.457 0.131 0.058 0.131
Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface
# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)
1 1 3.1E-03
2 1 4.1E-05
3 1 1.3E-04
4 2 4.48E-02 585 2
5 4 2.0E-13
6 3 5.0E-09
7 1 1.0E-06
8 1 1.0E-03
Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile
# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
5 4 1 40 3
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Table A-3. HELP Model Input Data for Year 290
(ST02.D10).
Input Parameter (HELP Model Query) Generic Input Parameter Value
Landfill area = 0.2686 acres
Percent of area where runoff is possible = 100%
Do you want to specify initial moisture storage? (Y/N) Y
Amount of water or snow on surface = 0 inches
CN Input Parameter (HELP Model Query) CN Input Parameter Value
Slope = 2%
Slope length = 585 ft
Soil Texture = 4 (HELP model default soil texture)
Vegetation = 4 (i.e., a good stand of grass)
HELP Model Computed Curve Number = 46.2
Layer Layer Number Layer Type
Topsoil 1 1 (vertical percolation layer)
Upper Backfill 2 1 (vertical percolation layer)
Erosion Barrier 3 1 (vertical percolation layer)
Lateral Drainage Layer 4 2 (lateral drainage layer)
HDPE Geomembrane 5 4 (geomembrane liner)
GCL 6 3 (barrier soil liner)
Foundation Layer (1E-06) 7 1 (vertical percolation layer)
Foundation Layer (1E-03) 8 1 (vertical percolation layer)
Layer | Layer | Layer Soil Total Field Wilting Initial
# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)
1 1 5.90 0.396 0.109 0.047 0.109
2 1 30 0.35 0.252 0.181 0.252
3 1 12 0.15 0.1 0.07 0.1
4 2 12 0.414 0.052 0.024 0.052
5 4 0.06
6 3 0.2 0.75 0.747 0.4 0.75
7 1 12 0.35 0.252 0.181 0.252
8 1 72 0.457 0.131 0.058 0.131
Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface
# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)
1 1 3.1E-03
2 1 4.1E-05
3 1 1.3E-04
4 2 3.86E-02 585 2
5 4 2.0E-13
6 3 5.0E-08
7 1 1.0E-06
8 1 1.0E-03
Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile
# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
5 4 1 96 3
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Table A-4. HELP Model Input Data for Year 300
(ST03.D10).
Input Parameter (HELP Model Query) Generic Input Parameter Value
Landfill area = 0.2686 acres
Percent of area where runoff is possible = 100%
Do you want to specify initial moisture storage? (Y/N) Y
Amount of water or snow on surface = 0 inches
CN Input Parameter (HELP Model Query) CN Input Parameter Value
Slope = 2%
Slope length = 585 ft
Soil Texture = 4 (HELP model default soil texture)
Vegetation = 4 (i.e., a good stand of grass)
HELP Model Computed Curve Number = 46.2
Layer Layer Number Layer Type
Topsoil 1 1 (vertical percolation layer)
Upper Backfill 2 1 (vertical percolation layer)
Erosion Barrier 3 1 (vertical percolation layer)
Lateral Drainage Layer 4 2 (lateral drainage layer)
HDPE Geomembrane 5 4 (geomembrane liner)
GCL 6 3 (barrier soil liner)
Foundation Layer (1E-06) 7 1 (vertical percolation layer)
Foundation Layer (1E-03) 8 1 (vertical percolation layer)
Layer | Layer | Layer Soil Total Field Wilting Initial
# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)
1 1 5.90 0.396 0.109 0.047 0.109
2 1 30 0.35 0.252 0.181 0.252
3 1 12 0.15 0.1 0.07 0.1
4 2 12 0.414 0.053 0.024 0.053
5 4 0.06
6 3 0.2 0.75 0.747 0.4 0.75
7 1 12 0.35 0.252 0.181 0.252
8 1 72 0.457 0.131 0.058 0.131
Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface
# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)
1 1 3.1E-03
2 1 4.1E-05
3 1 1.3E-04
4 2 3.81E-02 585 2
5 4 2.0E-13
6 3 5.0E-08
7 1 1.0E-06
8 1 1.0E-03
Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile
# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
5 4 1 101 3
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Table A-5. HELP Model Input Data for Year 380
(ST05.D10).
Input Parameter (HELP Model Query) Generic Input Parameter Value
Landfill area = 0.2686 acres
Percent of area where runoff is possible = 100%
Do you want to specify initial moisture storage? (Y/N) Y
Amount of water or snow on surface = 0 inches
CN Input Parameter (HELP Model Query) CN Input Parameter Value
Slope = 2%
Slope length = 585 ft
Soil Texture = 4 (HELP model default soil texture)
Vegetation = 4 (i.e., a good stand of grass)
HELP Model Computed Curve Number = 46.2
Layer Layer Number Layer Type
Topsoil 1 1 (vertical percolation layer)
Upper Backfill 2 1 (vertical percolation layer)
Erosion Barrier 3 1 (vertical percolation layer)
Lateral Drainage Layer 4 2 (lateral drainage layer)
HDPE Geomembrane & GCL 5 4 (geomembrane liner)
Foundation Layer (1E-06) 6 1 (vertical percolation layer)
Foundation Layer (1E-03) 7 1 (vertical percolation layer)
Layer | Layer | Layer Soil Total Field Wilting Initial
# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)
1 1 5.85 0.396 0.109 0.047 0.109
2 1 30 0.35 0.252 0.181 0.252
3 1 12 0.15 0.1 0.07 0.1
4 2 12 0.413 0.056 0.027 0.056
5 4 0.26
6 1 12 0.35 0.252 0.181 0.252
7 1 72 0.457 0.131 0.058 0.131
Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface
# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)
1 1 3.1E-03
2 1 4.1E-05
3 1 1.3E-04
4 2 3.41E-02 585 2
5 4 8.7E-13
6 1 1.0E-06
7 1 1.0E-03
Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile
# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
5 4 1 141 3
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Table A-6. HELP Model Input Data for Year 480
(ST06.D10).
Input Parameter (HELP Model Query) Generic Input Parameter Value
Landfill area = 0.2686 acres
Percent of area where runoff is possible = 100%
Do you want to specify initial moisture storage? (Y/N) Y
Amount of water or snow on surface = 0 inches
CN Input Parameter (HELP Model Query) CN Input Parameter Value
Slope = 2%
Slope length = 585 ft
Soil Texture = 4 (HELP model default soil texture)
Vegetation = 4 (i.e., a good stand of grass)
HELP Model Computed Curve Number = 46.2
Layer Layer Number Layer Type
Topsoil 1 1 (vertical percolation layer)
Upper Backfill 2 1 (vertical percolation layer)
Erosion Barrier 3 1 (vertical percolation layer)
Lateral Drainage Layer 4 2 (lateral drainage layer)
HDPE Geomembrane & GCL 5 4 (geomembrane liner)
Foundation Layer (1E-06) 6 1 (vertical percolation layer)
Foundation Layer (1E-03) 7 1 (vertical percolation layer)
Layer | Layer | Layer Soil Total Field Wilting Initial
# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)
1 1 5.84 0.396 0.109 0.047 0.109
2 1 30 0.35 0.252 0.181 0.252
3 1 12 0.15 0.1 0.07 0.1
4 2 12 0.412 0.06 0.03 0.06
5 4 0.26
6 1 12 0.35 0.252 0.181 0.252
7 1 72 0.457 0.131 0.058 0.131
Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface
# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)
1 1 3.1E-03
2 1 4.1E-05
3 1 1.3E-04
4 2 2.98E-02 585 2
5 4 8.7E-13
6 1 1.0E-06
7 1 1.0E-03
Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile
# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
5 4 1 479 3
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Table A-7. HELP Model Input Data for Year 660
(ST07.D10).
Input Parameter (HELP Model Query) Generic Input Parameter Value
Landfill area = 0.2686 acres
Percent of area where runoff is possible = 100%
Do you want to specify initial moisture storage? (Y/N) Y
Amount of water or snow on surface = 0 inches
CN Input Parameter (HELP Model Query) CN Input Parameter Value
Slope = 2%
Slope length = 585 ft
Soil Texture = 4 (HELP model default soil texture)
Vegetation = 4 (i.e., a good stand of grass)
HELP Model Computed Curve Number = 46.2
Layer Layer Number Layer Type
Topsoil 1 1 (vertical percolation layer)
Upper Backfill 2 1 (vertical percolation layer)
Erosion Barrier 3 1 (vertical percolation layer)
Lateral Drainage Layer 4 2 (lateral drainage layer)
HDPE Geomembrane & GCL 5 4 (geomembrane liner)
Foundation Layer (1E-06) 6 1 (vertical percolation layer)
Foundation Layer (1E-03) 7 1 (vertical percolation layer)
Layer | Layer | Layer Soil Total Field Wilting Initial
# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)
1 1 5.82 0.396 0.109 0.047 0.109
2 1 30 0.35 0.252 0.181 0.252
3 1 12 0.15 0.1 0.07 0.1
4 2 12 0.409 0.067 0.036 0.067
5 4 0.26
6 1 12 0.35 0.252 0.181 0.252
7 1 72 0.457 0.131 0.058 0.131
Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface
# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)
1 1 3.1E-03
2 1 4.1E-05
3 1 1.3E-04
4 2 2.33E-02 585 2
5 4 8.7E-13
6 1 1.0E-06
7 1 1.0E-03
Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile
# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
5 4 1 1115 3
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Table A-8. HELP Model Input Data for Year 1,100
(ST08.D10).
Input Parameter (HELP Model Query) Generic Input Parameter Value
Landfill area = 0.2686 acres
Percent of area where runoff is possible = 100%
Do you want to specify initial moisture storage? (Y/N) Y
Amount of water or snow on surface = 0 inches
CN Input Parameter (HELP Model Query) CN Input Parameter Value
Slope = 2%
Slope length = 585 ft
Soil Texture = 4 (HELP model default soil texture)
Vegetation = 4 (i.e., a good stand of grass)
HELP Model Computed Curve Number = 46.2
Layer Layer Number Layer Type
Topsoil 1 1 (vertical percolation layer)
Upper Backfill 2 1 (vertical percolation layer)
Erosion Barrier 3 1 (vertical percolation layer)
Lateral Drainage Layer 4 2 (lateral drainage layer)
HDPE Geomembrane & GCL 5 4 (geomembrane liner)
Foundation Layer (1E-06) 6 1 (vertical percolation layer)
Foundation Layer (1E-03) 7 1 (vertical percolation layer)
Layer | Layer | Layer Soil Total Field Wilting Initial
# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)
1 1 5.76 0.396 0.109 0.047 0.109
2 1 30 0.35 0.252 0.181 0.252
3 1 12 0.15 0.1 0.07 0.1
4 2 12 0.403 0.084 0.049 0.084
5 4 0.26
6 1 12 0.35 0.252 0.181 0.252
7 1 72 0.457 0.131 0.058 0.131
Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface
# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)
1 1 3.1E-03
2 1 4.1E-05
3 1 1.3E-04
4 2 1.28E-02 585 2
5 4 8.7E-13
6 1 1.0E-06
7 1 1.0E-03
Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile
# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
5 4 1 2669 3
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Case 3-1a — Operational Soil Cover (Annual Weather Data)

Main Processes x

Heading:
|Dperati0nal Sail Caver For Slit Trench Unit - Single 4-foot Layer

Simulate

[v wiater Flow
[~ Wapar Flow
~

[ Salute Transport
&
T

[ Irwverse Solution ?

Geometry Information

Length Units
1 MHumber of Soil Materialz
" mm
& com 1 Mumber of Layers for Mass Balances
& om 1 Decline from Yertical Axes

[=1: wertizal; =0: honizontal)

122 Depth of the Sail Profile [ocm]

Cancel
Frevious ...
Mext ...

Help

-

[ Heat Transport Cancel
[+ Boot*w/ater Uptake
[v Root Growth

[ CO2 Transport

[ & |
Ment ...
_ e |

Help

Time Information

Soil Hydraulic Model

Hydraulic Model
Single Porosity Models
i van Genuchten - Mualem
[ with Air-Entry Value of -2 cm
" Maodified van Genuchten
" Brooks-Corep
" Kosugi [log-normal]
Dual-Porosity /D ual-Permeability Models:
(" Dualporogity [Durner, dual wan Genuchten - kualem)
" Dwal-porozity [mobile-immobile, water c. mass transfer)
(" Dual-porogity [mobile-immobile, head mags transfer)
== Models below are recarmmended only for experienced users ==
o
" Duakpermeability [Gerke and van Genuchten, 1993)
(" Look-up Tables
Hysteresiz
@ Mo hysteresiz
" Hysteresiz in retention curve
™ Hysteresis in retention curve and conductivity
(" Hyszteresis in retention curve [ho puniping. Bob Lenhard)
('“
("

Time Units Time Dizcretization

" Seconds Initial Time: [vear]: ’07
" Minutes Final Time [year]: 100

" Hours Initial Time Step [wear]: ’m
" Daps Mimimum Time Step [vear]: ’m
® Years M awirmumn Time Step [wear]: 1

|: Time-ariable Boundary Conditions
[¥ Time-ariable Eoundary Conditions

-

-
— [ Sinusnidal Variations of Precipitation Generated by HYDRUS

[

Metearalogical D ata
v Meteorological Data
100 Mumber of Meteorological Records [e.qg., Radiation)
@ Penman-tontheith Eguation
c
.
™

[ G |
[ Bt |
e |
_ b |

Cancel
Previous ...
Meut ..
Help

-~ 100 Mumber of Time-Vanable Boundary Becards [e.q.. Precipitation)

Root Water and Solute Uptake Model

Root ‘Water Uptake Model
‘whater Uptake Reduction Madel

% Feddes

(" 5-Shape

Solute Stress Model
@ Mo Solute Stress

Water Flow Boundary Conditions

Upper Boundary Condition

(" Constant Water Content

(" Constant Flus

(" Atmospheric BC with Surface Laper
i Atmospheric BC with Surface Bun OFf
" “ariable Prezsure Head

" “arable Pressure Head/Flux

[ Triggered Imigation

Initial Condition

" In Preszure Heads
@ |n'Water Contents

Lower Boundary Condition
(" Constant Water Content
" Constant Flux

(" Mariable Pressure Head
" Mariable Flux

@ Free Drainage

(" Deep Drainage

(" Seepage Face; h=

(" Horizontal Drains

Catcel
Previous
Mext
Help

X "

,'1—_
L

Cancel
Previous
] Mext

-

i Help
1 Critical Stress Index for Water Uptake

Roat Solute Uptake Model

Water Flow Parameters X
Mat Qr[-] Qs [-] Alpha [1/cm] n[-] Ks [cmfyear] 1[-]
1 0.047 0.396 0.075 1.89 31536 D.S‘
Soil Catalog - Meuwral Metwork Prediction | | Temperature Dependence
Cancel | Previous ... | Hext .. | Help
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Case 3-1a — Operational Soil Cover (Annual Weather Data)

Root Growth Parameters

Fioot Depth 5pecified

X

Revision 0

Meteorological Parameters

R adiation

o Potential Radistion ' Solar Radistion

-~
~ 2 Geographical and Meteonlogical Parameters
’— Cancel 7322 Latitude [deg, M+.5-] 120 Alitude [m) m
o Angstrom values [short wave radiation): Eias
Previous 025 Angstrom value a 05 Angstrom value b —
" it T b Mext ..
@® Using a Logistic Growth Function Mext Cloudiness effect on long wave radiation [zet O if input ransm. coeff.): =
04 al 01 b1
Fioot Growth Factor el Help
® Fiom Given Data aep
" B0% after 50% Growing seazon E135 odl | - 035 ﬁ[ﬁlosudlnis.s
Root Water Uptake Parameters X riizzivity effect on long wave radiation: unzhing
Roat Growth D.éta . P ’W ol EET "  Cloudiness
01 Initial Root Grawth Time [year] Feddes' Parameters Measurement Heights: " Transmission c.
k] Harvest Time [vear] PO [cn] ’D— |2DD ‘wind speed [cm] 200 Temperature [cm) C
oo it ol PORE [cm] -1 Cancel @ Relative Humidity or ¢ Vapor Pressure specified [~ Leaf Area Index
30 Maximum Roating Depth [om] BrpDee Given
’03— Ti Fraot Dat F2H [em] 300 Previous ... | . (™ From Crop Height, Clipped Grass
: e -{zet Deth =e] € MNoCrep 15 Ciop Height[em] ¢ From Crop Height, Alfalfa
oL [em] |-1o00
20 Depth - Root Data [cm] = Mest ... @ Constant |0.23 Albedo " From Surface Fraction
. . P3 [em] 16000 ¢ Tabl 35 . - -
1 Time-Period [vear] ~ ALEaEE LAl/Surface Fraction 0,463  Radiation Extinction
(2H [emdyear] [1825 =l ' Daly [0 RootDepth[em] _—
nterception
12L [emdvear] |36.5 0 [ Interception
Database | ﬂ | 1.5
Soil Profile Summary Time Variable Boundary Conditions X
z [cm] theta Root[1/fcm| Axz Bxz Dxz Mat - - -
1 0 0109 0 1 1 1 1] b o 1 L —
- — year cmfyear am
2 1.22 0.109 0 1 1 1 1 =
3 244 0109 0 1 1 1 1 S ' | 101.778 1000000
4 366 0.109 0 1 1 1 1 2 2 145.136 1000000
5 488 0.109 0 1 1 1 1 3 3 133.706 1000000
[ 61 0109 0 1 1 1 1 4 4 121.615 1000000
7 7.32 0.109 0 1 1 1 1 5 5 128.448 1000000
8 8.54 0.109 0 1 1 1 1 6 6 107.391 1000000
9 9.76 0109 0 1 ! 1 1 7 7 09.949 1000000
12 1[1}'292 g}gg g 1 1 1 1 8 8 125.628 1000000
12 13.42 0.109 0 1 1 1 1 9 9 123.419 1000000
13 14.64 0.109 0 1 1 1 1 10 10 137.084 1000000
14 1586 0109 0 1 i i 1 |1 1 14638 1000000
15 17.08 0.109 0 1 1 1 1 12 12 118.643 1000000
16 18.3 0.109 0 1 1 1 11 ¥ 13 13 97.9932 1000000
| D|— 14 14 1nE 205 1nnnnnnl -
Cancel Previous Nest Help ‘ 0K Cancel | Presious ... | Mt .. ‘ Help .. | Add Line | Delete Line | Default Iime‘
Meteoreological Conditions X
Time T_max T_min Humidity Wind Sunshine | =
year] |MNoIfom- | g 5 (%] | keyd] | hd
1 1 0 30 12 52 350 2738
2 2 0 30 12 52 350 2738
3 3 0 30 12 52 350 2738
4 4 0 30 12 52 350 2738
g 5 0 30 12 52 350 2738
5 5] 0 30 12 52 350 2738
7 7 0 30 12 52 350 2738
8 8 o 30 12 52 350 2738
] g o 30 12 52 350 2738
10 10 1] 30 12 52 350 2738
alal 11 1] 30 12 52 350 2738
12 12 1] 30 12 52 350 2738
13 13 0 30 1z 52 350 2738
14 14 n 2n 17 =7 28N 720! -
Cancel ‘ Previous ... | Mext ... | Help ... | Add Line | Delete L\ne| Default 1|me|

* The Soil Profile Summary, Time Variable Boundary Conditions, and Meteorological Conditions screen captures
show only a small portion of the total input dataset due to their large size.

B-4



SRNL-STI-2019-00362
Revision 0

Case 3-1b — Operational Soil Cover (Daily Weather Data)

Main Processes x Geometry Information X
Heading: Length Units
|Dperati0nal Soil Cover for Slit Trench Unit - Single 4-foot Layer . 1 Mumber of Soil Materialz
i
Simulate B e Seliin 7 & om 1 Murnber of Layers far Mass Balances Cancel
[ ‘wiater Flow : ' ]
[~ Wapor Flow Com 1 Decling from Yertical Aves Previous ...
- [=1: wertical; =0: horizontal)
M Mext ..
. (%‘"“‘e Transport 122 Depth of the Sail Profile [om] o
o
(-\- - .
Time Information X
[ Heat Transport Cancel
[V Bootwater Uptake Mest Tirne Units Time Dizcretization
[+ Root Grawth Q_EH (" Seconds | | Initial Time [day]: il
[ C02 Transpart Help " Minutes Final Tirme [dap]: 3BRZ24 Cancel
" Houws Initial Tine Step [day]: 0.001 Previous ...
Soil Hydraulic Model ® Days inimurm Time Step [day]: 1e-005 Mext ...
" Years W aximum Time Step [day]: 0.0 %

Hydraulic Model
Single Parasity Models

i van Genuchten - Mualem
[ with Air-Entry Value of -2 cm
" Modified van Genuchten
" Brooks-Corep
" Kosugi [log-narmal]
Dual-Poroziy/Dual-Permeability Model:
" Dwal-porosity [Dumer, dual van Genuchten - Mualem)
" Dual-porosity [mobile-immebile, water c. mass transfer)
" Duak-porosity [mobile-immobile, head mass tranzster)

== todel: below are recommended only for experienced ugers ==

o
" Duakpermeability [Gerke and van Genuchten, 1993)
(" Look-up Tableg

Hysteresiz

® Mo hysteresis

" Hysteresiz in retention curve

(" Hysteresis in retention curve and conductivity

(" Hysteresis in retention curve [ho pumping, Bob Lenhard) o Feddes
- (" 5-Shape Cancel
o Solute Stress Model

I

Time- ariable Boundary Conditions

iTime-ariable Boundary Conditions

36524 MHumber of Time-ariable Boundary Becords [e.g.. Precipitation]

-

[ Repeat the same set of BC records n times:

[ Daily Wariations of Transpiration During D ap Generated by HYDRUS

[ Sinusoidal Yariations of Precipitation Generated by HYDRUS
Meteorological Data
[ Metearclogical Data
36524 Mumber of Meteorological Becords [e.g.. Radiation]
® Penman-tontheith Eguation

(" Hargreaves Formula
e

[¥ Daily YYariatiohs of Meteo Data During D ap Generated by HYDRUS

Root Water and Solute Uptake Model

Water Flow Boundary Conditions

Upper Boundary Condition

(" Constant W ater Content

(" Constant Flux

(" Atmogpheric BC with Surface Layer
@ Atmospheric BC with Surface Bun Off

Cancel
Previous

Fioot Water Uptake Model
‘wiater Uptake Reduction Model

i Mo Solute Stress
~

c

1 Critical Stress Index for Water Uptake

Foot Salute Uptake Model

Previous
i Mext
i Help

(" Wariable Preszure Head

" Varable Pressure Head /Flux
[~ Triggered lrigation

Lower Boundary Condition
(" Constant ‘W ater Content
(" Constant Flu

(" Variable Pregzure Head
(" Variable Flug

W Free Drainage

(" Deep Drainage

(" Seepage Face; h=

(" Horzontal Draing

Meut

Help |

s

Initial Condition
" In Prezzure Heads
i In'water Contents

Water Flow Parameters

Alpha [1/cm]
0.075

Qs [-]
0.396

Mat Qr [-]
1 0.047

Ks [cm/day]

86.4

——

Soil Catalog

Cancel | Previous ... |

Hext ...

| Help

Meural Metwork Prediction | | Temperature Dependence
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Case 3-1b — Operational Soil Cover (Daily Weather Data)

Root Growth Parameters

Fioat Depth Specified

*

Revision 0

Meteorological Parameters

R adiation

(" Potential Radistion @ Solar Radistion

r 7
~ z Geographical and Meteorological Parameters
T ] 322 Latitude (deg, M+.5-] [120 Alttude [m] Eancel
] Angstrom values [short wave radiation): B
Previous 0.25 Angstrom value a 05 Angstrom value b —
. . . i e W . Mext ...
@ Using a Logistic Growth Function Mest Cloudiness effect on long wave radiation [set O it input transm. coeff.]: =
04 al 01 b1
Root Growth Factor Hel Help
@ From Given Data Help Cloudiness Factor fram Solar Radiation:
(" 50% after 50% Grawing seazan E135 — ac \ it 035 be (Ellosudlnis.s
Root Water Uptake Parameters % riizzivity effect an long wave radiation: unzhing
Fioat Growth D.éta . P ’W p NTE r  Cloudiness
[ Initial Root Growth Time: [day] Feddes' P, b et s ‘® TEmEmm e
323 Harvest Time [day] PO [om] ’D— |2DU ‘Wind speed [cm) 200 Terrperature (cm) @ Solar Radiation
5 Initial Booting Depth
nital Booling Depth [em] FOpt [cm] -1 Cancel @& Relative Humidity or  apor Pressure specified [~ Leaf "5_“33 Index
B0 Maxirnumn Rooting Depth [cm] ErpDe Given
’W it - Bk Do [y P2H [cm] 300 Previous .. | ’— . " From Crop Height, Clipped Grass
- v P2L [cm] |-1 onn €_"NaiCrop 0 Crop Height [em] ¢~ From Crop Height, &lfalfa
=1} Diepth - Root Data [cm] = Mest .. ® Constant 023 Albedo " From Surface Fraction
365 Time-Period [day] gelien 16000 T " Tables 35 Lal/Surface Fraction 0463  Radiation Extinction
12H fornvday] 0.5 = € Daly 0 Ruoot Depth [om] Interception
121 [cmdday] |01 o ™ Interception
Soil Profile Summary x | 18
z [em] theta Root[ilem| Axz Bxz Dxz Mat | =] ElATMosPr Mt N & |
1 0.109 0 1 1 1 11 . Tl =i
2 122 0109 0 1 1 1 1 - =2 - N warew— .
3 244 0.109 0 1 1 1 1 - :
3 MaxAL (MaxAT, = number of &
4 3.66 0.109 0 1 1 1 1 4 36524
J 4.88 0.109 0 1 ! 1 ! 5 DailyVar SinusVar l1Lay 1BCCycles lInterc 1Dt
6 6.1 0.109 0 1 1 1 1 - £ £ £ £
7 732 0109 0 1 1 1 1 : e X
- - 7 hCrits (max. allowed pressure !}
8 8.54 0.109 0 1 1 1 1 a8 0
9 9.78 0.109 0 1 1 1 1 £ tAtm Prec rseoil IRoot
0 1098 0109 0 1 1 1 1 10 1 0.00 0 0 1.00E406 0 @ 0
1 122 0109 0 1 1 1 1 11 2 0.00 0 0 1.00E406 o 0 o
12 1342 0109 0 1 1 1 1 12 3 0.00 0 0 1.00E406 0 0 0
13 1464 0109 0 1 1 1 1 13 4 0.00 0 0 1.00E406 o 0 o0
14 1586 0.109 0 1 1 1 1 14 5 0.00 0 0 1.00E406 o 00
15 17.08 0.109 0 1 1 1 1 15 &6 0.00 0 0 1.00E+06 00 o0
16 18.3 0.109 0 1 1 1 11> 16 7 0.00 0 0 1.00E+06 00 0
d v 17 8 0.00 0 0 1.00E+06 o o0 o0
g 9 0.00 0 1] 1.00E+06 ] 0 0
Eace oy hleal e | 10 0.00 0 0 1.00E+06 o 0 o
20 11 0.00 o0 o 1.00E+06e o o o
[EmETEOIN B3 21 iz 0.00 0 v} 1.00E+06 o a o]
Interception 22 13 0.00 o0 o 1.00E+06 0 1] o]

0 23 14 0.51 0 1} 1.00E+06 0 1] 0
CropHeight Albedo IAT rRoot 24 15 0.08 0 0 1.00E406 0 0 0
Daily Vai\ies 0.23 33 0 25 16 0.00 o o 1.00E+06 ] v} v}

t Rad TMax TMin RHMean Wind 26 17 0.00 0 0 1.00E+0€ 0 0 0
[T] [MJI/m2/d] [cl [c] [%] [km/d] 27 18 0.00 0 1] 1.00E+06 1] 0 ]
1 9 18.9 14.4 68 250 2 18 0.00 o o 1.00E+06 o ) o
2 : = 2 s i 20 0.05 0 0 1.00E+06 0o o0 o
4 5 20 13.9 6 250 21 0.00 o o 1.00E+06 o v} o
5 9 16.7 8.9 68 250 22 0.00 0 1] 1.00E+06 0 0 0 v
[ El 21.1 10.6 €g 250 < >
7 9 20 10 €g 250
8 5 19.3 7.8 ca 250 Ln:2 Col:35 Sel:54|2 Windows (CR LF) UTF-3 INS
9 9 24.4 12.2 ] 250
10 9 22.8 15.6 ] 250
11 9 22.2 16.7 ] 250
12 ] 18.3 6.7 68 250
13 9 10 0.6 68 250
14 El S 2.8 €g 250
is5 9 16.1 4.4 €g 250
5 16 9 22.2 13.9 e 250
46 17 9 24.4 13.9 ] 250
47 18 9 15.6 8.9 ] 250
48 1% 9 15.6 8.3 ] 250
45 20 ] 15.6 10.6 68 250
5 21 9 23.3 11.1 68 250
51 2z El 25 €.7 €g 250
52 23 9 23.3 i1.1 €g 250

* The Soil Profile Summary, Time Variable Boundary Conditions (ATMOSPH — Master.IN), and Meteorological
Conditions (METEO.IN) screen captures show only a small portion of the total input dataset due to their large size.
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Case 3-1a/b — Soil Profile Summary

z[cm] theta Root[l/cm] Axz Bxz Dxz Mat Layer
0 0.109 0 1 1 1 1 1
1.22 0.109 0 1 1 1 1 1
2.44 0.109 0 1 1 1 1 1
3.66 0.109 0 1 1 1 1 1
4.88 0.109 0 1 1 1 1 1
6.1 0.109 0 1 1 1 1 1
7.32 0.109 0 1 1 1 1 1
8.54 0.109 0 1 1 1 1 1
9.76 0.109 0 1 1 1 1 1
10.98 0.109 0 1 1 1 1 1
12.2 0.109 0 1 1 1 1 1
13.42 0.109 0 1 1 1 1 1
14.64 0.109 0 1 1 1 1 1
15.86 0.109 0 1 1 1 1 1
17.08 0.109 0 1 1 1 1 1
18.3 0.109 0 1 1 1 1 1
19.52 0.109 0 1 1 1 1 1
20.74 0.109 0 1 1 1 1 1
21.96 0.109 0 1 1 1 1 1
23.18 0.109 0 1 1 1 1 1
24.4 0.109 0 1 1 1 1 1
25.62 0.109 0 1 1 1 1 1
26.84 0.109 0 1 1 1 1 1
28.06 0.109 0 1 1 1 1 1
29.28 0.109 0 1 1 1 1 1
30.5 0.109 0 1 1 1 1 1
31.72 0.109 0 1 1 1 1 1
32.94 0.109 0 1 1 1 1 1
34.16 0.109 0 1 1 1 1 1
35.38 0.109 0 1 1 1 1 1
36.6 0.109 0 1 1 1 1 1
37.82 0.109 0 1 1 1 1 1
39.04 0.109 0 1 1 1 1 1
40.26 0.109 0 1 1 1 1 1
41.48 0.109 0 1 1 1 1 1
42.7 0.109 0 1 1 1 1 1
43.92 0.109 0 1 1 1 1 1
45.14 0.109 0 1 1 1 1 1
46.36 0.109 0 1 1 1 1 1
47.58 0.109 0 1 1 1 1 1
48.8 0.109 0 1 1 1 1 1
50.02 0.109 0 1 1 1 1 1
51.24 0.109 0 1 1 1 1 1
52.46 0.109 0 1 1 1 1 1
53.68 0.109 0 1 1 1 1 1
54.9 0.109 0 1 1 1 1 1
56.12 0.109 0 1 1 1 1 1
57.34 0.109 0 1 1 1 1 1
58.56 0.109 0 1 1 1 1 1
59.78 0.109 0 1 1 1 1 1
61 0.109 0 1 1 1 1 1
62.22 0.109 0 1 1 1 1 1
63.44 0.109 0 1 1 1 1 1



z[cm]
64.66
65.88
67.1
68.32
69.54
70.76
71.98
73.2
74.42
75.64
76.86
78.08
79.3
80.52
81.74
82.96
84.18
85.4
86.62
87.84
89.06
90.28
91.5
92.72
93.94
95.16
96.38
97.6
98.82
100.04
101.26
102.48
103.7
104.92
106.14
107.36
108.58
109.8
111.02
112.24
113.46
114.68
115.9
117.12
118.34
119.56
120.78
122

theta Root[l/cm] Axz

0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109

eNeoBeoleloleleleoleolcle sl e e Ne e e e e e e e oo Neo oo R e e e e oo o o o o Reo o o o Nao e Ne Ne)

— b b b b b b b e b b e b e e e b e e b e e b e b e b bk b e e b b e e e e e e e b e e e e e e

Bxz

e e b b b b bk e e e e e e b e b e e b b b b e ek e bk bk bk ek e ek e b b e e e e e e e e e e e e

Dxz

e YN S Sy S Gy Gy Gy G G U GV G G g s T SO oy GGy A GG VT Gy GGG VG G G U Y

g

e e b b bk b bk ek bk e e i b b e b e e b b b b e e e bk bk bk e b bk e b b e e e e e e e e e e e e

Layer

e e b b bk b bk pd bk e e e e b e b e e b b b b e e e bk bk bk e b bk e e b e e e e e b e e e e e e
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Case 3-2a — Institutional Control (K. uppe = 5.0E-08 cm/sec)

Main Processes x Geometry Information X
Heading: Length Lnits
|Instituti0nal Contral Case - 2 Murnber af Soil Materialz
m
i Cancel
;m:\l}a;;ee[ o B e Sl im & om 3 Mumber of Lavers for Mass Balances
—  m Decling from Yertical Axes Previous ...
P opoiion L [=1: wertical; =0: horizontal] —
Mest ...
[ Solute Transpart Depth of the Soil Profil
p 122 Depth of the Soil Profile [cm] Help
-
- . .
Time Information X
[ Heat Transport Cancel
[~ Bootwater Uptake - Tirne Units Time Discretization
r L Seconds | | Initial Time [day]: i]
[~ 02 Transpert Help Minutes | | Einal Time [day] 38524 [Eancel

Days Minirmurn Time Step [day]: 1e-005 Mest ...
Years tdaxinmum Time Step [day]: om Help

Time-ariable Boundary Conditions

Soil Hydraulic Model

Hydraulic Model
Single Porosity b odels

® van Genuchten - Mualem [ Time ariable Boundary Conditions
[ with Ai-Entry Value of -2 cm Cancel

€ Modified van Genuchten 36524 Mumber of Time-ariable Boundary Becords (e.g.. Precipitation]

" Brooks-Corey Previous o 1
(" Kozugi [log-normal)

~
-
" Hours Initial Time Step [dayl: 0.00m Previouz ...
-
~

[v Daily ariations of Tranzpiration During Day Generated by HYDRUS
. " Hest .. o . -
Dual-Porosity/D uakPermeailiy Models —_— [ Sinusoidal ¥ ariations of Precipitation Generated by HYDRUS
" Dwal-porosity [Dumer, dual van Genuchten - Mualem)
(" Dual-paragity [mobile-immobile, water c. mass transfer)
" Dualporozity [mobile-immobile, head mazs transfer)

Help Meteorological Data
[v Metecrological Data

36524 Number of Meteorological Becords [e.g.. Radiation)
® Penman-Montheith Eguation

== Model: below are recommended only for experienced users ==
r
" Dualpermeability [Gerke and van Genuchten, 1353)
" Look-up Tablez
Hysteresiz
@ Mo hysteresis

(" Hpysteresis in stention curve Water Flow Boundary Conditions X
" Hysteresis in retention curve and conductivity
" Hysteresiz in retention curve [ho pumping, Bob Lenhard)

(" Hargreaves Formula
r
[ Daily Variations of Meteo Data During Day Generated by HYDRUS

Upper Boundary Condition

o (" Constant Water Content
@] (" Congtant Flus Cancel
" Atmosphernic BC with Surface Laper
i ) Previous
Water Flow Parameters x @ Atnosphenc BC with Surface Bun OFf

(" “ariable Pressure Head Mext
Mat Qr[-] Qs [-] Alpha [1/cm] n[-] Ks [cm/day] I[-] )
1 0.047 0.396 0.075 1.89 86.4 0.5 (" Wariable Pressure Head/Flux Help

2 0.4 0.75 0.005 1.09 0.00432 0.5 I~ Triggered Irigation
Lower Baundary Condition |mitial Candition
(" Conhstant Water Content " In Pressure Heads

" Constant Flux @ In'water Contents

" “ariable Pressure Head
" Wariable Fluz
@ Free Drainage

Soil Catalog - Meural Nebwork Prediction | [ Temperature Dependence

Cancel | Previous ... | Mest .. | Help

" Deep Drainage

(" Seepage Face; h=

" Horzontal Draing
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Case 3-2a — Institutional Control (K. uppe = 5.0E-08 cm/sec)
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* The Soil Profile Summary, Time Variable Boundary Conditions (ATMOSPH — Master.IN), and Meteorological
Conditions (METEO.IN) screen captures show only a small portion of the total input dataset due to their large size.

B-10

Meteorological Parameters > ||5ail Profile Summary X
R adiation
" Potential Radiation @ Solar Radiation ¢ Met Radiation | 1 z[em] Ol thzfogknm [ﬂcr;] e} 1 | Bxz 1 | Dxz 1 | Mat 1 |:‘
— Geographical and Meteoralogical P b 2 0.01 0'1 09 0 1 1 1 1
I i B I : Cancel | - -
3322 Latitude [deq. N+,S. ]. 120 Altitude [m) 3 0.02 0.109 0 1 1 1 1
Anagztrom values [zhort wave radiation): Eeds . | 4 0.03 0.109 0 1 1 1 1
ID.25 Angstrom value a ID.5 Angstrom value b 5 0.04 0.109 0 1 1 1 1
Cloudiness effect on long wave radiation [zet 0 if input transm. coeff.): Next | [ 0.05 0.109 0 1 1 1 1
ID.S al 01 b1 Help | 7 0.06 0.109 0 1 1 1 1
Cloudiness Factor from Solar R adiation: — g ggg gl gg g j‘ j‘ j‘ j‘
|1 35 ac I-D.35 be Cloudiness - -
Emizzivity effect on long wave radiation: ' Sunshine :“2 DCE)? gl gg g :1] :1] :1] :1]
IU_34 al E " Cloudiness - -
o [oiss @ Tt 12 | 01001 0747 0 1 1 1 2
Meazurement Heights: 13 0105 0747 0 1 1 1 2
|2DD ‘wind speed [cm) 200 Temperature (cm) ® Solar Fiadiation F -
P P 14 0.11 0.747 ] 1 1 1 2
@ Relative Humidity or ¢~ ‘apor Pressure specified [~ Leal Aiea Indes 1,.5. D;j j? UI‘E 9 :‘ ] ] ; -
—Crop Data @ Given Set to Default Values Set Initial Conditiors Equal to Field Capacity | »
) " From Crop Height, Clipped Grass
® MNgCrop |30 Crop Height [em] € From Crop Height, Alfalfa
- Cancel Previous | Hext | Help |
 Constant  |0.23 Albeda " From Surface Fraction
€ Tabes |0 Lal/Sutace Fraction | | [0463 | Radiation Extinction
el [l il Fioot Depth [or] L r EATMOSPH—Maste.HN E:il .
frerception . Pcp File Version=4 ~
IU Mumber of Growth Data I~ Interception 2 *** BLOCK I: ATMOSPHERIC INFORMATION *+*%*#*+x%s
. 3 MaxhAT, (MaxATL, = number of ¢
Growth D ata |1.5
| Interception Caonstant [mm] 4 36524
5 DailyVar SinusVar lLay l1BCCycles lInterc 1Dt
3] t £ £ £ £ i
EwmeTEoN B 7 hCrits (max. allowed pressure !
23 Interception a a
24 0 . .
25 CropHeight Albedo LAT rRoot - tatm prec rSoil TRoot
aG 30 0 23 3.5 o 10 1 0.00 0 0 1.00E+06 0o o0 o
27 Daily values 11 2 0.00 o o 1.00E+086 0 o o
28 t Rad TMax TMin RHMean Wind 12 3 0.00 o 0 1.00E+06 0 0 0
3‘9 [T]l [MJ/’me’ci]9 lila . j[j]q [%]68 [lcm/d;m) 13 4 0.00 o 0 1.00E+06 0 0 0
o 5 : i s on P 14 5 0.00 0 0 1.00E406 0 O O
- 3 . la.a 72 P 520 15 6 0.00 0 0 1.00E+06 o 0 0
33 4 ] 20 13.9 68 250 16 7 0.00 o o 1.00E+086 o o o
3‘} S B 16.7 8.9 68 250 17 8 0.00 o o 1.00E+086 o o o0
i g Z Zléé 1013 :: zgg 18 9 0.00 0 0 1.00E+06 0o o0 o0
o . . 153 2 on o0 19 10 0.00 0 0 1.00E+06 0o 0 0
e . . 24z 1200 o s 20 11 0.00 0 0 1.00E+06 oo 0
36 10 9 22.8 15.6 68 250 21 12 0.00 o o 1.00E+086 o o o0
40 11 £ 22.2 16.7 68 250 22 13 0.00 o v} 1.00E+08€ v} v} o
j; ﬁ Z 153 S z g: gig 23 14 0.51 0 0 1.00E+06 0o 0 o
. 11 . 5 P s 250 24 15 0.08 1] 0 1.00E+06 1] 0 0
o s s 161 4z s i 5 16 0.00 0 0 1.00E+06 00 o
2E 16 El zz.2 13.9 68 250 26 17 0.00 o o 1.00E+086 o o o0
46 17 9 24.4 13.9 68 250 27 18 0.00 o o 1.00E+08€ o o o
i b : e 5 i P 8 19 0.00 0 0 1.00E+06 o 0 0
4: 20 a 15.6 10.6 s 250 29 20 0.05 1] 0 1.00E+06 1] 0 0
50 21 o 23.3 1.1 s 250 30 21 0.00 0 0 1.00E+06 0 0 o
51 22 9 25 6.7 68 250 31 22 0.00 1] u] 1.00E+08€ a a 0 v
52 23 9 23.3 11.1 68 250 < >
53 24 El Z2e.1 14.4 €8 250
54 25 9 24.4 17.2 68 250 Ln:2 Col:35 Sel:54|2 Windows (CR LF) UTF-8 INS
< >
length : 2,886,820 lines:3¢Ln:1 Col:1 Sel: 0|0 Windows (CRLF)  UTF-8 INS
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Case 3-2b — Institutional Control (K.t nppe = 1.0E-09 cm/sec)

Main Processes x Geometry Information X
Heading: Length Lnits
|Instituti0nal Contral Case - 2 Murnber af Soil Materialz
m
i Cancel
;m:\l}a;;ee[ o B e Sl im & om 3 Mumber of Lavers for Mass Balances
—  m Decling from Yertical Axes Previous ...
P opoiion L [=1: wertical; =0: horizontal] —
Mest ...
[ Solute Transpart Depth of the Soil Profil
p 122 Depth of the Soil Profile [cm] Help
-
- . .
Time Information X
[ Heat Transport Cancel
[~ Bootwater Uptake - Tirne Units Time Discretization
r L Seconds | | Initial Time [day]: i]
[~ 02 Transpert Help Minutes | | Einal Time [day] 38524 [Eancel

Days Minirmurn Time Step [day]: 1e-005 Mest ...
Years tdaxinmum Time Step [day]: om Help

Time-ariable Boundary Conditions

Soil Hydraulic Model

Hydraulic Model
Single Porosity b odels

® van Genuchten - Mualem [ Time ariable Boundary Conditions
[ with Ai-Entry Value of -2 cm Cancel

€ Modified van Genuchten 36524 Mumber of Time-ariable Boundary Becords (e.g.. Precipitation]

" Brooks-Corey Previous o 1
(" Kozugi [log-normal)

~
-
" Hours Initial Time Step [dayl: 0.00m Previouz ...
-
~

[v Daily ariations of Tranzpiration During Day Generated by HYDRUS
. " Hest .. o . -
Dual-Porosity/D uakPermeailiy Models —_— [ Sinusoidal ¥ ariations of Precipitation Generated by HYDRUS
" Dwal-porosity [Dumer, dual van Genuchten - Mualem)
(" Dual-paragity [mobile-immobile, water c. mass transfer)
" Dualporozity [mobile-immobile, head mazs transfer)

Help Meteorological Data
[v Metecrological Data

36524 Number of Meteorological Becords [e.g.. Radiation)
® Penman-Montheith Eguation

== Model: below are recommended only for experienced users ==
r
" Dualpermeability [Gerke and van Genuchten, 1353)
" Look-up Tablez
Hysteresiz
@ Mo hysteresis

" Hysteresis in 1etention curve Water Flow Boundary Conditions X

" Hysteresis in retention curve and conductivity

" Hysteresiz in retention curve [ho pumping, Bob Lenhard)
o (" Constant Water Content

@] (" Congtant Flus Cancel
" Atmosphernic BC with Surface Laper ]
o Atrospheric BC with Surface Bun Off %

Water Flow Parameters b4 (" “ariable Pressure Head Mext

(" Hargreaves Formula
r
[ Daily Variations of Meteo Data During Day Generated by HYDRUS

Upper Boundary Condition

Mat | Qr[] Qs[ | Alpha [1/cm] 0 Ks [am/day] 15 " Ve.'rlal_nle F're-ssur.e Head/Flux: Help
1 0.047  0.396 0.075 1.89 86.4 0.5 [ Triggared Irrigation
: = = 0.009 L S64E005 03 Lower Baundary Condition | mitial Condition
(" Conhstant Water Content " In Pressure Heads

" Constant Flux @ In'water Contents

" “ariable Pressure Head
" Wariable Fluz

@ Free Drainage

" Deep Drainage

Soil Catalog - Meural Network Prediction | | Temperature Dependence

Cancel | Previous ... | Hext ... | Help (" Haorizontal Draing

(" Seepage Face; h=




Case 3-2b — Institutional Control (K.t nppe = 1.0E-09 cm/sec)
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* The Soil Profile Summary, Time Variable Boundary Conditions (ATMOSPH — Master.IN), and Meteorological
Conditions (METEO.IN) screen captures show only a small portion of the total input dataset due to their large size.

B-12

Meteorological Parameters > ||5ail Profile Summary X
R adiation
" Potential Radiation @ Solar Radiation ¢ Met Radiation | 1 z[em] Ol thzfogknm [ﬂcr;] e} 1 | Bxz 1 | Dxz 1 | Mat 1 |:‘
— Geographical and Meteoralogical P b 2 0.01 0'1 09 0 1 1 1 1
I i B I : Cancel | - -
3322 Latitude [deq. N+,S. ]. 120 Altitude [m) 3 0.02 0.109 0 1 1 1 1
Anagztrom values [zhort wave radiation): Eeds . | 4 0.03 0.109 0 1 1 1 1
ID.25 Angstrom value a ID.5 Angstrom value b 5 0.04 0.109 0 1 1 1 1
Cloudiness effect on long wave radiation [zet 0 if input transm. coeff.): Next | [ 0.05 0.109 0 1 1 1 1
ID.S al 01 b1 Help | 7 0.06 0.109 0 1 1 1 1
Cloudiness Factor from Solar R adiation: — g ggg gl gg g j‘ j‘ j‘ j‘
|1 35 ac I-D.35 be Cloudiness - -
Emizzivity effect on long wave radiation: ' Sunshine :“2 DCE)? gl gg g :1] :1] :1] :1]
IU_34 al E " Cloudiness - -
o [oiss @ Tt 12 | 01001 0747 0 1 1 1 2
Meazurement Heights: 13 0105 0747 0 1 1 1 2
|2DD ‘wind speed [cm) 200 Temperature (cm) ® Solar Fiadiation F -
P P 14 0.11 0.747 ] 1 1 1 2
@ Relative Humidity or ¢~ ‘apor Pressure specified [~ Leal Aiea Indes 1,.5. D;j j? UI‘E 9 :‘ ] ] ; -
—Crop Data @ Given Set to Default Values Set Initial Conditiors Equal to Field Capacity | »
) " From Crop Height, Clipped Grass
® MNgCrop |30 Crop Height [em] € From Crop Height, Alfalfa
- Cancel Previous | Hext | Help |
 Constant  |0.23 Albeda " From Surface Fraction
€ Tabes |0 Lal/Sutace Fraction | | [0463 | Radiation Extinction
el [l il Fioot Depth [or] L r EATMOSPH—Maste.HN E:il .
frerception . Pcp File Version=4 ~
IU Mumber of Growth Data I~ Interception 2 *** BLOCK I: ATMOSPHERIC INFORMATION *+*%*#*+x%s
. 3 MaxhAT, (MaxATL, = number of ¢
Growth D ata |1.5
| Interception Caonstant [mm] 4 36524
5 DailyVar SinusVar lLay l1BCCycles lInterc 1Dt
3] t £ £ £ £ i
EwmeTEoN B 7 hCrits (max. allowed pressure !
23 Interception a a
24 0 . .
25 CropHeight Albedo LAT rRoot - tatm prec rSoil TRoot
aG 30 0 23 3.5 o 10 1 0.00 0 0 1.00E+06 0o o0 o
27 Daily values 11 2 0.00 o o 1.00E+086 0 o o
28 t Rad TMax TMin RHMean Wind 12 3 0.00 o 0 1.00E+06 0 0 0
3‘9 [T]l [MJ/’me’ci]9 lila . j[j]q [%]68 [lcm/d;m) 13 4 0.00 o 0 1.00E+06 0 0 0
o 5 : i s on P 14 5 0.00 0 0 1.00E406 0 O O
- 3 . la.a 72 P 520 15 6 0.00 0 0 1.00E+06 o 0 0
33 4 ] 20 13.9 68 250 16 7 0.00 o o 1.00E+086 o o o
3‘} S B 16.7 8.9 68 250 17 8 0.00 o o 1.00E+086 o o o0
i g Z Zléé 1013 :: zgg 18 9 0.00 0 0 1.00E+06 0o o0 o0
o . . 153 2 on o0 19 10 0.00 0 0 1.00E+06 0o 0 0
e . . 24z 1200 o s 20 11 0.00 0 0 1.00E+06 oo 0
36 10 9 22.8 15.6 68 250 21 12 0.00 o o 1.00E+086 o o o0
40 11 £ 22.2 16.7 68 250 22 13 0.00 o v} 1.00E+08€ v} v} o
j; ﬁ Z 153 S z g: gig 23 14 0.51 0 0 1.00E+06 0o 0 o
. 11 . 5 P s 250 24 15 0.08 1] 0 1.00E+06 1] 0 0
o s s 161 4z s i 5 16 0.00 0 0 1.00E+06 00 o
2E 16 El zz.2 13.9 68 250 26 17 0.00 o o 1.00E+086 o o o0
46 17 9 24.4 13.9 68 250 27 18 0.00 o o 1.00E+08€ o o o
i b : e 5 i P 8 19 0.00 0 0 1.00E+06 o 0 0
4: 20 a 15.6 10.6 s 250 29 20 0.05 1] 0 1.00E+06 1] 0 0
50 21 o 23.3 1.1 s 250 30 21 0.00 0 0 1.00E+06 0 0 o
51 22 9 25 6.7 68 250 31 22 0.00 1] u] 1.00E+08€ a a 0 v
52 23 9 23.3 11.1 68 250 < >
53 24 El Z2e.1 14.4 €8 250
54 25 9 24.4 17.2 68 250 Ln:2 Col:35 Sel:54|2 Windows (CR LF) UTF-8 INS
< >
length : 2,886,820 lines:3¢Ln:1 Col:1 Sel: 0|0 Windows (CRLF)  UTF-8 INS
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Case 3-2a/b — Soil Profile Summary

z[cm] theta Root[l/cm] Axz Bxz Dxz Mat Layer
0 0.109 0 1 1 1 1 1
0.01 0.109 0 1 1 1 1 1
0.02 0.109 0 1 1 1 1 1
0.03 0.109 0 1 1 1 1 1
0.04 0.109 0 1 1 1 1 1
0.05 0.109 0 1 1 1 1 1
0.06 0.109 0 1 1 1 1 1
0.07 0.109 0 1 1 1 1 1
0.08 0.109 0 1 1 1 1 1
0.09 0.109 0 1 1 1 1 1
0.1 0.109 0 1 1 1 1 1
0.1001 0.747 0 1 1 1 2 2
0.105 0.747 0 1 1 1 2 2
0.11 0.747 0 1 1 1 2 2
0.115 0.747 0 1 1 1 2 2
0.12 0.747 0 1 1 1 2 2
0.125 0.747 0 1 1 1 2 2
0.13 0.747 0 1 1 1 2 2
0.135 0.747 0 1 1 1 2 2
0.14 0.747 0 1 1 1 2 2
0.145 0.747 0 1 1 1 2 2
0.15 0.747 0 1 1 1 2 2
0.155 0.747 0 1 1 1 2 2
0.16 0.747 0 1 1 1 2 2
0.165 0.747 0 1 1 1 2 2
0.17 0.747 0 1 1 1 2 2
0.175 0.747 0 1 1 1 2 2
0.18 0.747 0 1 1 1 2 2
0.185 0.747 0 1 1 1 2 2
0.19 0.747 0 1 1 1 2 2
0.195 0.747 0 1 1 1 2 2
0.2 0.747 0 1 1 1 2 2
0.205 0.747 0 1 1 1 2 2
0.21 0.747 0 1 1 1 2 2
0.215 0.747 0 1 1 1 2 2
0.22 0.747 0 1 1 1 2 2
0.225 0.747 0 1 1 1 2 2
0.23 0.747 0 1 1 1 2 2
0.235 0.747 0 1 1 1 2 2
0.24 0.747 0 1 1 1 2 2
0.245 0.747 0 1 1 1 2 2
0.2524 0.747 0 1 1 1 2 2
0.2525 0.109 0 1 1 1 1 3
0.3 0.109 0 1 1 1 1 3
0.35 0.109 0 1 1 1 1 3
0.4 0.109 0 1 1 1 1 3
0.5 0.109 0 1 1 1 1 3
1 0.109 0 1 1 1 1 3
3 0.109 0 1 1 1 1 3
5 0.109 0 1 1 1 1 3
7 0.109 0 1 1 1 1 3
9 0.109 0 1 1 1 1 3
11 0.109 0 1 1 1 1 3
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z[cm]
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79
81
83
85
87
89
91
93
95
97
99
101
103
105
107
109
111
113
115
117
119
122

theta Root[l/cm] Axz

0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109
0.109

[eNeNeNeoNoNeoE-Ne el Ne o X=-Rololololo oo lo ol - Neo - Ne e Ne e l=Ne R B Be - Ne o N o e RoRo o Ro ol = Ne e No Ne N = Ne e N

1

m b b bt b e e ek e et b bk e e pd ek e b b e e e e b b b bk bk bk ek ek e ek b bk b ek e e b b b e e e e b e ek ek ek ek e e

Bxz

m b b b b e ek ek ek et bk bk e bk bk ek e b e e e e b b b e bk bk b ek ek ek et bk b e e e e e b b e e e b b e ek bk e ek e e e

Dxz

m b e e b e ek ek e et bk bk e bk bk b e b e e e e b b b e bk b e ek ek ek et bk b e e b b e b b e e e b b e ek bk e e e e e

v
=

g

S S W e SO ey Oy Gy G GG G VGGG G G GG S A VGGG GGV G G G G G GGG

Layer

W

L2 LD LD L W LW L L L LW W LW L L LW W W W WL W LW W LW WL WW W W WL WWLW WW WUWWUWWUWUWLWLWLWWWWLWWWW

SRNL-STI-2019-00362
Revision 0



SRNL-STI-2019-00362
Revision 0

Case 3-3 — Upper Three Layers of Intact Multilayer Cover

Main Processes X Geometry Information pod
Heading: Length Units
|Multila_l,ler Cover for Slit Trench Unit - Intact Case - Cap Installation ~ 3 Mumber of Sail Materials
mm
Simulate [l [nverse Solution ? & om 3 Mumber of Layers for Wazs Balances Eancel
[¥ water Flow i ' =
[~ Wapor Flow C m 1 Decling from Yertical Axes Previous ...
— - [=1: wertical; =0: horizontal] =
Mest ...
- ff'“‘e Transport 122 Depth of the Soil Profile [cm] el
-
-
Time Inf ti *
[ Heat Transport Cancel ime Information
[+ Raootwater Uptake Mest Tirne Uitz Tirne Dizcretization
[v Root Growth — Seconds Initial Time [day]: i]
[ CO2 Transport Help Minutes Final Time [day]: IER24 Caricel

Daps inimurm Time Step [day]: 1e-005 Mext ...
i i b 0.m
Hychaulic Madel Years b aximumn Time Step [day] Help

gl [FEEep el |: Time-¥ ariable Boundary Conditions
® venBenuehten - Husien [V Timeariable Boundary Conditions

[ with Ar-Entry Value of -2 cm : = b g
" Modified van Genuchten 1 36524 Mumber of Time-ariable Boundary Becords [e.g., Precipitation]

" Brooks-Corey [ Repeat the same set of BC records n times: 1
" Kozugi [log-narmal]

e
c
" Houws Initial Tine Step [day]: 0.001 Previous ...
Soil Hydraulic Model ®
e

[ Daily Wariations of Transpiration During D ap Generated by HYDRUS

DU ReEsOUE e (el = [ Sinusoidal Yariations of Precipitation Generated by HYDRUS

" Dwal-porosity [Dumer, dual van Genuchten - Mualem) .
Meteorological Data

[¥ Metearological Data

== Model: below are recommended only for experienced users == 6524 Number of Meteorlogical Becords (2.0, Radition]
~ ® Penman-taontheith Eguation

" Dual-porogity [mobile-immobile, water c. mass transfer) —
" Duakporosity [mobile-immobile, head mass tranzfer]

(" Hargreaves Formula
e
[¥ Daily Variations of Meteo Data During D ay Generated by HYDRUS

" Dualpermeability [Gerke and wan Genuchten, 1953)
" Look-up Tablez

Hysteresiz

® Mo hysteresis Root Water and Solute Uptake Madel X
" Hysteresis in retention curve Rt Water Uptake Madel

" Hysteresiz in retention curve and conductivity ‘wiater Uptake Reduction Model

(" Huysteresis in retention curve [ho pumping, Bob Lenhard) o Feddes

o (" §-Shape Cancel

Solute Stress Model

("
W Mo Solute Stress Previous

Water Flow Boundary Conditions x a

i Mext

Upper Boundary Condition c

i~ Constant " ater Content ' Help
€ Constant Flux Cancel 1 Critical Stress Index for Water Uptake

" Atmozphernic BC with Surface Layer
. . Frevious Roat Solute Uptake Madel
@ Atmozpheric BC with Surface Bun Off = r
" Variable Pressure Head Mest | 1
(" Variable Pressure Head/Flux Help Water Flow Parameters *
[~ Triggered lrigation
Mat Qr[-] Qs [-] Alpha [1/cm] n[-] Ks [cm/day] I[-]
Lower Baundary Conditian |ritial Candition 1 0.047 0.396 0.075 1.89 267.84 0.5
" Constant Water Content (" In Pressure Heads 2 0.181 0.35 0.027 1.23 3.5424 0.5
@ In'Water Contents 2 0.07 0.15 0.145 2.68 11.23 0.5

(" Constant Flus

" Wanable Preszure Head
(™ Variable Flux

® Free Drainage

(" Deep Drainage

(" Seepage Face:h=

Sail Catalog - Meural Network Prediction ‘ [ Temperature Dependence

Cancel | Previous ... Nexst ... | Help

" Honzontal Draing




Case 3-3 — Upper Three Layers of Intact Multilayer Cover

Root Growth Parameters

Fioot Depth Specified

X

SRNL-STI-2019-00362
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Meteorological Parameters

Fiadiation
" Patential R adiation

o Solar Fadiation

I

~
~ Geographical and Meteorological Parameters
o Cancel EERZ Latitude [deg, N+.5-) [120 Altitude [m] m
] Angztrom values [short wave radiation]: T —
Previous 025 Angstrom value a 0a Angstrom value b —
@ |sing a Logistic Growth Function Mext Cloudiness effect on long wave radiation [set 0 if input transm. coeff.): HNext ..
Roat Growth Factor o &l b1 ol Help
@ From Given Data Help Claudiness Factar fram Solar Radiation:
B0 after 50% Growing season 1-35_ ] ac o -0.35 be Cloudines.s
Froot Growth Data Root Water Uptake Parameters X Emissivity effect on long wave radiation: i Sunshlne
- . 034 al 0139 ] " Cloudiness
36.5 Initial Root Growth Time [day] Feddes' Parameters Measurement Heights: " Transmigsion c.
292 Harvest Time [day] PO [em] I—D 200 wind speed [cm) 200 Temperature [cm] @ Solar Radiation
0m Initial Booting Depth [cm] . o .
FOpt [cm] -1 Cancel % Relative Humidity or ¢ %apor Pressure specified Leaf "5}'55 Index
an I aximum Footing Depth [cm] | Crop Data w Given
" PZ2H [em] 300 Previous " From Crop Height, Clipped Grass
1095 Time - Root D ata [da = - i .
T [day] PoLin) 000 C MNoCop |30 Crop Height [com] ¢ From Crop Height, &alfa
20 Depth - Root Data [em] B Mext ... ® Corstant |0.23 Albedo " From Surface Fraction
35 Time-Pericd [d2y] i) | e (" Tables |35 Lal/SufaceFraction | | [0463  Radistion Estinction
(2H [em/day] |05 EEP C Dl 0 i
J Roat Depth [cm] Interception
12l [emdday] 0.1 0 ™ Interception
Sail Profile Summary X | 1.5
z [cm] theta Root[1/fcm| Axz Bxz Dxz Mat | «| 5 ATMOSPH - Master N £ |
1 0 0.109 0 1 1 1 1| - '.l frerl]
2 122 0109 0 1 1 1 1 a 02020292 - N m—
3 2.44 0.109 0 1 1 1 1 N :
3 MaxAL (MaxAL = number of =
4 3.66 0.109 0 1 1 1 1 2 26524
J 4.88 0.109 0 1 1 1 1 5 DailyVar SinusVar lLay 1BCCycles lInterc 1D
6 6.1 0.109 0 1 1 1 1 = n E £ F £ i
7 7.32 0.109 0 1 1 1 1 7 hCrits (max. allowed pressure !
8 8.54 0.109 0 1 1 1 1 a 0
9 9.78 0.109 0 1 1 1 1 9 tAtm Prec rSoil rRoot
10 1098  0.109 0 1 1 1 1 10 1 0.00 ©0 ©0 1.00E406 0 0 0
11 122 0109 0 1 1 1 1 11 2 0.00 0 0 1.008406 o 0 o
12 1342 0109 0 1 1 1 1 12 3 0.00 0 0 1.008406 0 0 0
13 1464 0109 0 1 1 1 1 13 4 0.00 0 0 1.00E406 o 0 o0
14 15.86 0.109 0 1 1 1 1 14 s 0.00 0 0 1.00E406 o 0 0
15 17.08 0.109 0 1 1 1 1 15 6 0.00 0 0 1.00E+06 o0 0
16 18.3 0.109 0 1 1 1 1> 16 7 0.00 0 0 1.00E+06 o 0 0
| v 17 8 0.00 0 0 1.00E406 0 Q@ 0
R 18 9 0.00 o o 1.00E+06 o ) o
o] Bt el Help ‘ g 10 0.00 0 0 1.00E+06 0o 0 0
20 11 0.00 o o 1.00E+06 o v} o
[=meETEOIN B3 21 12 0.00 0 1] 1.00E+06 1] 0 ]
23 Interception 22 13 0.00 0 1} 1.00E+06 1] 0 0
0 23 14 0.51 o0 o 1.00E+06 o 0 o
CropHelght Albedo LAT rRoot 24 15 0.08 0 0 1.00E+06 0 ) a
30 0.23 3.5 0 ~ : :
Daily values 25 16 0.00 ©0 0 1.00E#06 O 0 O
t Rad TMax TMin RHMean Wind 26 17 0.00 0 1} 1.00E+06 0 1] 0
[T] [MJ/m2/d] [cl [c] [%] [km/d] 27 18 0.00 o o 1.00E+06 o 0 o
1 9 18.9 14.4 68 250 2 19 0.00 o0 o 1.00E+06e o o o
i Z 1:2’ Sz g: 223 20 0.05 0 0 1.00E+06 o 0 0
N M 0 118 on 2e0 3 21 0.00 0 0 1.00E406 0 0 O
5 a 16.7 5.9 o 250 31 22 0.00 0 0 1.00E406 0 0 0 v
[ 9 21.1 10.6 68 250 < >
7 9 20 10 68 250
8 5 18.3 7.8 6n 250 Ln:2 Col:35 Sel:54(2 Windows (CRLF)  UTF-8 INS
9 9 24.4 1z.2 68 250
39 10 ] 22.8 15.6 68 250
4 11 9 22.2 16.7 68 250
41 1z 9 18.3 6.7 68 250
4z 13 9 10 0.6 68 250
43 14 9 S 2.8 68 250
44 15 9 le.1 4.4 68 250
5 16 9 2z2.2 13.9 68 250
46 17 9 24.4 13.9 68 250
47 18 ] 15.6 8.9 68 250
48 19 9 15.6 8.3 68 250
4 20 9 15.¢6 10.6 68 250
21 9 23.3 11.1 68 250
22 9 25 6.7 68 250
52 23 9 23.3 11.1 68 250

* The Soil Profile Summary, Time Variable Boundary Conditions (ATMOSPH — Master.IN), and Meteorological
Conditions (METEO.IN) screen captures show only a small portion of the total input dataset due to their large size.

B-16



SRNL-STI-2019-00362
Revision 0

Case 3-3 — Soil Profile Summary

z[cm] theta Root[l/cm] Axz Bxz Dxz at Layer
0 0.109
1.22 0.109
2.44 0.109
3.66 0.109
4.88 0.109
6.1 0.109
7.32 0.109
8.54 0.109
9.76 0.109
10.98 0.109
12.2 0.109

13.42 0.109
14.64 0.109
15.24 0.109
17.08 0.252
18.3 0.252
19.52 0.252
20.74 0.252
21.96 0.252
23.18 0.252
24.4 0.252
25.62 0.252
26.84 0.252
28.06 0.252
29.28 0.252
30.5 0.252
31.72 0.252
32.94 0.252
34.16 0.252
35.38 0.252
36.6 0.252
37.82 0.252
39.04 0.252
40.26 0.252
41.48 0.252
42.7 0.252
43.92 0.252
45.14 0.252
46.36 0.252
47.58 0.252
48.8 0.252
50.02 0.252
51.24 0.252
52.46 0.252
53.68 0.252
54.9 0.252
56.12 0.252
57.34 0.252
58.56 0.252
59.78 0.252
61 0.252
62.22 0.252
63.44 0.252

=NeNeleoXeReoEeNole oo Boo o= elololele e e e e - = NeNeo N NeNe e lo o Bl = =Rl oleleleleleNe e Ne e - Ne Re Re N
l\)l\)NNl\)l\)l\)l\)l\)Nl\)l\)l\)l\)l\)l\)l\)l\)l\)l\.)l\-)l\)l\)l\)NNI\)I\)N[\)[\)NNNI\)NNNN—‘»—»—HHHHH»—»—_HH.—AZ
(NS NN NS I NS NS I NG T NG I NG I NS 2 S I (O I NS I O I8 (O 2 (ST (O I NS TN (O I (O T NS I NS I (O I NS NG T NG I NG I NG T NG T NG I NS I NG T\ 2 (O O 2 (O T (O I NS T (O I N T e

m b e e b e e e e b b e b e ek ek e b e b e e e b b e bk ek e ek e b b b e e b bk ek e b e b e e e e e e ek ek e e
N L T T T e S e g g S L L Ui g SV VG g G S G
T T T T e S e o S G G G GGy Ay Wy S S S L e T T e S ey Gy Gy G Gy G G G G GGy VA U G GGG VU U



z[cm]
64.66
65.88
67.1
68.32
69.54
70.76
71.98
73.2
74.42
75.64
76.86
78.08
79.3
80.52
81.74
82.96
84.18
85.4
86.62
87.84
89.06
90.28
91.44
92.72
93.94
95.16
96.38
97.6
98.82
100.04
101.26
102.48
103.7
104.92
106.14
107.36
108.58
109.8
111.02
112.24
113.46
114.68
115.9
117.12
118.34
119.56
120.78
122

theta Root[l/cm] Axz

0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.252
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

[eNeoNolelel--l " =-heholeloleololeoBoNeolclo Neo - o= Ne Nl =A== ho oo e Belelelelele oo e oo e Xe e k=)

1

. e T T S e g Gy iy gy Sy S S S T e S S Gy Gt G G Gy GGy Sy GO GGG G G GGG UGG

Bxz

. P e b bk ek e e b bk bk bk bk b e e e e b e ek bk ek et e b e bk ek bk e e b ek ek e b b b e e e e e e e

Dxz

. el T T e S e S e g gy iy Ay S Sy S S G S S T T S Sy Sy Gy G G S G Gy A VGGGV G GRS U G GG
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Case 3-4 — Upper Four Layers of Intact Multilayer Cover
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X

Main Processes

Heading:
|Multi|a_l,lel Cover with Drainage Layer - Intact Caze - Time 0

Simulate

[v wiater Flow
[~ Wapar Flow
~

[ Salute Transport
&

=
- oK

[ Irwverse Solution ?

[ Heat Transport Cancel

[v Bootwater Uptake Mest ...

Help

il

[ CO2 Transport

.
]
o

Geometry Information

Length Unitz

.

cm

m

4 Murnber of 5oil M aterials

4 Mumber of Layers for Mazs Balances Cancel

1 Decline from Yertical Axes Previous ..

[=1: wertical; =0: horizantal)
Mest ...

152389 Depth of the Soil Profils [cm]
Help

Soil Hydraulic Model

Hydraulic Model
Single Porosity Models
% van Genuchten - Mualem

Time Information

Time Units Time Dizcretization

" Seconds | | Initial Time [day]: o L

" Minutes Final Time [day]: ’W Cancel
" Hours Initial Time Step [day]: oo Previous ..
@ Days binimum Time Step [day]: ’W Mest ..
" Years M airaurn Time Step [day]: ,DD‘Ii Help

Time- ariable Boundary Conditions
[v¥ Time'Yariable Boundary Conditions

36524 Murnber of Time-Variable Boundary Becords (e.q.. Precipitation)

[¥ Daily W ariations of Transpiration During D ay Gererated by HYDRUS
[ Sinusnidal Variations of Precipitation Generated by HYDRUS
Metearological Data
[¥ Metearological Data

36524 Mumber of Meteorological Becords [e.g.. Radiation]

@ Penman-mMontheith Eguation

" Harareaves Formula

Daily ariations of Meteo Data During D ay Generated by HYDRUS

[ G
| Bt |
_ter |
[ b |

M

[ with Air-Entry Yalue of -2 em Cancel

(" Madified van Genuchten

" Brooks-Corey Previous —

(" Kozugi [log-narmal) -

Dual-Porosity/D ual-Permeability Models et

" Dwal-porozity [Dumer, dual van Genuchten - Mualem) Help

(" Dual-parozity [mobile-immobils, water c. mass transfer) —

(" Duakporosity [mobile-immobile, head mass transfer)

== Models below are recommended only for experienced users ==

(._

" Dualpermeability (Gerke and van Genuchten, 19393)

" Look-up Tables «
Hysteresiz v
i® Mo hysteresis
" Hysteresis in retention curve
(" Hysteresis in retention curve and conductivity
" Hysteresis in retention curve (o pumping, Bob Lenhard)

t"“
("
Water Flow Parameters *
Mat Qr[-] Qs [-] Alpha [1/cm] n[-] Ks [cm/day] I[-]

1 0.047 0.396 0.075 1.89 267.84 0.5

2 0.181 0.35 0.027 1.23 3.5424 0.5

3 0.07 0.15 0.145 2.68 11.23 0.5

4 0.018 0.417 0.0353 3.1798 4320 0.5

Sail Catalag - MNeural Metwork. Prediction | [ Temperature Dependence
Cancel | Previous ... | Mest ... | Help

Water Flow Boundary Conditions

Upper Boundary Condition

(" Constant water Content

" Constant Elus

" Atmospheric BC with Surface Layer
i Atmospheric BC with Surface Bun Off
(" Wariable Pressure Head

" Warable Pressure Head/Flus

[ Triggered Imigation

Cancel
Previous
MNext
Help

Initial Condition
(" InPressure Heads
o |n'Water Contents

Lower Boundary Condition
(" Constant water Content
(" Constant Flus

(" Wariable Pressure Head
(" Wariable Flug

" Free Drainage

(" Deep Drainage

(" Seepage Face; h =

i Haorzontal Drainz

B-19




Case 3-4 — Upper Four Layers of Intact Multilayer Cover

Harizontal Drains Boundary Condition X

Drained System

® Homogeneous profile, drain on top of impervious layer

(" Homogeneous prafile, drain above impervious layer

(" Heterogensous profile, drain at interface between both soil layers
(" Heterogensous profile, drain in bottom laver

" Heterogeneous profile, drain in top laper

Dirainage Parameters
Loordinate af the bottam of drainage -152.389

© |
Drain gpacing 2580 Anee

Previous

HMext

il

Help

Entrance resizstance inta drains/ditches 2

[+ “ertically distributed drainage fusx [altematively applied at the bottom)

Radiation
" Potential Radistion @ Solar Radiation
Geographical and Meteorological Parameters

3322 Latitude [deg, M+.5-] |120 Altitude [m) Cancel

Anggtrom values [zshort wave radiation]:

0.25 Angztrom value a 05 Angstrom value b

Cloudiness effect on long wawve radiation [zet 0 if input transm. coeff.]: Mext ...
09 al 01 b1
Cloudiness Factor from Solar Fadiation:

1.35 ac -0.35 be Cloudiness
Emizzivity effect on long wave radiation: " Sunshine

034 al 0139 Hl " Cloudiness
Meazurement Heights: ™ Transmission c.

200 ‘wind speed [cm) 200 Temperature [cm) 8 Solar Radiation

i@ Relative Humidity or © Yapor Pressure specified Leafﬁ_uealndex
W Given
Crop Data

Previous ...

e

Help

. " From Crop Height, Clipped Grass
" MgCrop |30 Crop Height [cm] ¢ From Crop Height, &lfalfa
@ Constant 023 Albeda " From Surface Fraction

" Tables 35 LAl/Surface Fraction 0,463 Radiation Extinction
" Dail 0
LDaily Root Depth [cm] Interception

a [™ Interception
| 15

Meteorological Parameters X
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Root Water and Solute Uptake Model

Fioot ‘Water Uptake Maodel
‘wiater Uptake Reduction Madel

% Feddes
(" 5-Shape
Solute Stress Model
@ Mo Solute Stress
c
c

c

c

Cancel
Previous
Mext
Help

1 Critical Stress Index for Water Uptake

Root Solute Uptake Model

e |1l

Root Growth Parameters

Fioot Depth Specified
e

-

Root Growth Factar
® From Given Data

Foot Growth [ata

18

@ Uzing a Logistic Growth Function

(" B0% after B0 Growing season

0l Initial B ooting Diepth [cm]

E.5 Initial Roat Growth Time [day]
92 Harvest Time [day]

Maximum Foating Depth [cm)
035 Time - Roat D ata [day]
Depth - Roat Data [em]

[ ==
IEEET
_ N |
[ b |

Cancel
Previous
Hewt

Help

365 Time-Period [day]

Root Water Uptake Parameters X
Feddes' P b
PO [cm] 1]
FOpt [em)] K] Cancel
P2H [em] -300 Previous ... |
FeL [om] |-1o00

Mest ...

P2 [em] 16000 Q
2H [emsday] [05 Hele
2L [emdday] |01

Database | j
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Case 3-4 — Upper Four Layers of Intact Multilayer Cover

ElEEE
23 Interception ~
24 0
S5 CropHeight Albedo LAI rRoot
26 30 0.23 3.5 o
27 Daily values
28 t Rad TMax TMin RHMean Wind
29 [T] [MJ/m2/d] [ci1 ci1 [%] [km/d]
30 1 9 18.9 14.4 €8 250
31 2 9 13.9 8.9 68 250
32 3 9 14.4 7.2 68 250
33 4 9 20 13.9 33 250
34 5 9 16.7 8.9 €8 250
35 3 9 21.1 10.6 €8 250
36 7 9 20 10 €8 250
37 8 9 18.3 7.8 €68 250
38 9 9 24.4 12.2 €8 250
39 10 9 2z2.8 15.6 68 250
40 11 9 2z2.2 1e.7 68 250
41 iz 9 18.3 6.7 68 250
4z 13 9 10 0.6 33 250
43 14 9 5 2.8 €8 250
44 15 9 16.1 4.4 €8 250
5 16 9 22.2 13.9 €8 250
17 9 24.4 13.9 €68 250
18 9 15.6 8.9 €8 250
19 9 15.¢6 8.3 68 250
20 9 15.6 10.¢6 68 250
21 9 23.3 11.1 33 250
22 9 25 6.7 €8 250
23 9 23.3 11.1 €8 250
24 9 26.1 14.4 €8 250
25 9 24.4 17.2 €68 250 v
< >
length : 2,886,820 lines:3¢Ln:1 Col:1 Sel:0|0 Windows (CR LF) UTF-8 INS
[=] ATMOSPH - Master.IN E3 Soil Profile Summary X
1 Pcp_File Version=4 ~
2 *%* BLOCK I: ATMOSPHERIC INFORMATION %% %&t#+s z[em] | theta Root[ffem] Axz | Bxz | Dxz [ Mat [=
3 MaxaT (MaxAL = number of = 1 0 0.109 0 1 1 1 1 _I
a 36524 2 2.58896 0.109 0 1 1 1 1
5 DailyVar SinusVar 1lLay 1BCCycles lInterc 1Dt 3 4 69746 0109 0 1 1 1 1
5 + £ £ £ £ i 4 6.80597 0.109 0 1 1 1 1
7 hcrits (max. allowed pressure I 5 8.91448 0.109 0 1 1 1 1
8 0 6 11.023 0.109 0 1 1 1 1
9 tAtm Prec rSoil rRoot 7 13.1315 0.109 1] 1 1 1 1
10 1 0.00 0 0 1.00E+06 0 0 o0 8 15.24 0.109 0 1 1 1 1
11 2 0.00 0 0 1.00E+06 o0 0 9 17.3485 0.252 0 1 1 1 2
12 3 0.00 0 0 1.00E+06 00 o 10 18.995 0.252 0 1 1 1 2
13 4 0.00 0 0 1.00E+06 0 0 0 11 206415 0.252 0 1 1 1 2
14 5 0.00 0 0 1.00E+06 0o 0 o0 12 | 222879 0.252 0 1 1 1 2
15 € 0.00 0 0 1.00E+06 0o 0 0 13 | 239344 0.252 0 1 1 1 2
16 7 0.00 0 0 1.00E+06 0 0 0 14 25.5809 0.252 0 1 1 1 2
17 8 0.00 0 0 1.00E+06 0 0 0 15 27.2274 0.252 1] 1 1 1 2
18 ] 0.00 0 ] 1.00E+06 0 0 0 16 288738 0252 0 1 1 1 2|
19 10 0.00 0 0 1.00E+06 0o 0 0 ’
20 11 0.00 0 0 1.00E+06 o0 0 )
21 12 0.00 0 0 1.00E+06 0 0 o Eancel Brevious Hext hep |
22 13 0.00 0 0 1.00E+06 o 0 0
23 14 0.51 0 0 1.00E+06 0o 0 0
24 15 0.08 0 0 1.00E+06 o0 0
5 16 0.00 0 0 1.00E+06 00 0
26 17 0.00 0 0 1.00E+06 0o 0 0
27 18 0.00 0 0 1.00E+06 o 0 0
B 1% 0.00 0 0 1.00E+06 0o 0 0
29 20 0.05 0 0 1.00E+06 o0 0
30 21 0.00 0 0 1.00E+06 0o 0 0
31 22 0.00 0 0 1.00E+06 o 0 0
€ >
Ln:2 Col:35 Sel:54|2 Windows (CR LF) UTF-8 INS

* The Soil Profile Summary, Time Variable Boundary Conditions (ATMOSPH — Master.IN), and Meteorological
Conditions (METEO.IN) screen captures show only a small portion of the total input dataset due to their large size.
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Case 3-4 — Soil Profile Summary

z[cm] theta Root[l/cm] Axz Bxz Dxz
0.0 0.109
2.58896  0.109
4.69746  0.109
6.80597  0.109
8.91448  0.109
11.023 0.109
13.1315  0.109
15.24 0.109
17.3485  0.252
18.995 0.252
20.6415  0.252
22.2879  0.252
23.9344  0.252
25.5809  0.252
27.2274  0.252
28.8738  0.252
30.5203 0.252
32.1668  0.252
33.8133 0.252
354598  0.252
37.1062  0.252
38.7527  0.252
40.3992  0.252
42.0457  0.252
43.6922  0.252
453386  0.252
46.9851 0.252
48.6316  0.252
50.2781 0.252
51.9245  0.252
53.571 0.252
55.2175  0.252
56.864 0.252
58.5104  0.252
60.1569  0.252
61.8034  0.252
63.4499  0.252
65.0964  0.252
66.7428  0.252
68.3893 0.252
70.0358  0.252
71.6823 0.252
73.3287  0.252
749752  0.252
76.6217  0.252
78.2682  0.252
79.9147  0.252
81.5611 0.252
83.2076  0.252
84.8541 0.252
86.5006  0.252
88.147 0.252
89.7935  0.252

at Layer

[=ReNeNeoleNeoReo el lo oo o e oo Neh = Ne o N e Ne N e e -2 " e e o e e e Ho i =Re oo el N N e o Ne)
e T e e N e e e e e e S e R e e e T T i Sy
e e e N e N N el e e e e T e e R N e T T S
e e e N e i N N el e e e e T T e e R N e e T T
l\)NNNI\)I\)N[\)Nl\)l\)l\)l\)l\)l\)l\)l\.)l\)l\)l\.)l\.)l\)l\)l\)NNNI\)NN[\)NNNNNNNNNNMNNNHP—*'—*'—‘»—H—‘—‘Z
RN NN NODNDNODNDNODNODNDNDNDNDNDNDNDNNDDNDNDDNDNDNDDNDNDDNDNDNDDND = = - —
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z[cm]
91.44
93.0865
94.7826
96.4787
98.1747
99.8708
101.567
103.263
104.959
106.655
108.351
110.047
111.743
113.44
115.136
116.832
118.528
120.224
121.92
123.616
126.019
128.224
130.246
132.102
133.804
135.366
136.798
138.113
139.319
140.425
141.44
142.372
143.226
144.01
144.729
145.389
145.994
146.549
147.059
147.526
147.955
148.348
148.709
149.04
149.344
149.622
149.878
150.113
150.328
150.525
150.706
150.872
151.025
151.165
151.293

theta
0.252
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045

Root[1/cm] Axz

[eReolaNoloNeoE=-Nele RNl = A=R=heleolelalaoleolo el = Ee-lololeoNeleoNe oo e R - e e o e o Re = o o Neo o e - Ne N Ne N R =N

1

bmt e e bt e e e e i i i b e e e b b b b e e b b ek e b bk e e b b i i i b b e e e b b b e bk b e b e e e e e

Bxz

b b e b b e b e e e e e b b b e e e b b bk b b ek b b b bk e b e e e e e e e b b e e ek ek e b bk ek ek e e e e e e

Dxz

b b e b b e b e e e e e b b b e e e b b b b bk ek b b b bk e e b e e e e e e b b e e ek ek e b bk e ek e e e e e e
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Mat
2
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

Layer
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z[cm]
151.411
151.519
151.618
151.709
151.792
151.869
151.939
152.003
152.062
152.116
152.166
152.212
152.254
152.292
152.327
152.36
152.389

theta
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045

Root[1/cm] Axz

SO OO O OO0 OoOO

1

— = e b e e e e e b e ek ek e ek

Bxz

— = e e e e e e e e b ek ek ek ek e

Dxz

— = e b e e e e e e b ek ek ek ek e
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Appendix C. HYDRUS-1D Output
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Case 3-1a — Operational Soil Cover (Annual Weather Data)

Boundary Water Fluxes and Pressure Heads X Boundary Water Fluxes and Pressure Heads s
Haorizarkal W ariable: |Time ﬂ Horizantal Variable: |Tirne j
Vertical Variable: Cum. Actual Boot ' ater Uptake Yertical Variable: |Cum_ Surface Run-0ff j
Cum. Actual Root Water Uptake Cum. Surface Run-Off

3500 T 10 +
3000 +
0.8 +
. 2500 + 3
E L,
S 2000 + 5 067
“5 =
o [
na: 1500 + E 04 4+
1000 + o
02+
500 +
0 } } } } { 0.0 } } } } {
0 20 40 60 80 100 0 20 40 60 80 100
Time [years] Time [years]
Default | Prririt | Previous | Met | Close | Default | Brint | Previous | Hest | Cloze |
Boundary Water Fluxes and Pressure Heads X Boundary Water Fluxes and Pressure Heads X

Harizantal ' ariable: |Time ﬂ Harizantal \fariable: |Time j
WVertical Variable: Cum. Evapaoration Wertical Varable: Cum. Battorn Flus
Cum. Evaporation Cum. Bottom Flux
5000 T 0
E 4000 + -1000 -
L,
c
2 =
® 30007 E -2000
v o
3 &
g 2000 + 7 -3000 4
E
O 1000 + -4000 -
0 } } } } { -5000
] 20 40 60 80 100 0
Time [years] Time [years]
Default | Pririt | Prewious | Meut | Cloze | Default | Frirt | Previouz | Hest | Claze |

 Inches/year = Cumulative [cm] / 100 years / 2.54 cm/inch
® Cum. Precipitation = Cum. Root Water Uptake + Cum. Evaporation + Cum. Surface Run-Off + Cum. Bottom Flux

¢ Cum. Bottom Flux = Cum. Percolation Rate
4 Cum. Evaporation = Cum. Evapotranspiration
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Case 3-1b — Operational Soil Cover (Daily Weather Data)

Boundary Water Fluxes and Pressure Heads * Boundary Water Fluxes and Pressure Heads >
Horizontal Variable: |Tirne ﬂ Harizontal ' anable; |Time j
Vertical Yariable: Cum. Actual Boot " ater Uptake Yertical Variable: |Cum. Surface Run-OFff j
Cum. Actual Root Water Uptake Cum. Surface Run-Off

7000 T 10 +
6000 +
08 +
= 5000 + 'g‘
S, 4000 1 5 067
o o
n:a 3000 + E 04 1
2000 + O
02+
1000 +
0 t t t | 0.0 t t t {
0 10000 20000 30000 40000 1] 10000 20000 30000 40000
Time [days] Time [days]
Drefault | Pritt | Previous | Mext | Cloze | Liefault | Print | Previous | Mext | Claze |

Boundary Water Fluxes and Pressure Heads * Boundary Water Fluxes and Pressure Heads X
Harizontal ' ariable: |Time ﬂ Horizantal W ariable: |Time j
WVertical Variable: Cum. Evapaoration Yertical Variable: Cum. Bottom Flus
Cum. Evaporation Cum. Bottom Flux

2500 T 0 f f f f
_ 500 1
E 2000 +
=3 -1000 +
5 E -1500 +
% 1800 T E-
g = 2000 +
m JuT]
7 1000 + B 2500 1
E
= -3000 +
O 500
-3500 +
0 } } } | -4000 } } } |
] 10000 20000 30000 40000 0 10000 20000 30000 40000
Time [days] Time [days]
Drefault | Brint | Previous | Hext | LCloze | Lefault | Brint | Previous | Mest | Cloze |

 Inches/year = Cumulative [cm] / 100 years / 2.54 cm/inch
® Cum. Precipitation = Cum. Root Water Uptake + Cum. Evaporation + Cum. Surface Run-Off + Cum. Bottom Flux

¢ Cum. Bottom Flux = Cum. Percolation Rate
4 Cum. Evaporation = Cum. Evapotranspiration
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Case 3-2a — Institutional Control (Kt upre = 5.0E-08 cm/sec)
Boundary Water Fluxes and Pressure Heads * Boundary Water Fluxes and Pressure Heads X
Horizontal Variable: |Tirne ﬂ Horizontal Variable: |Tirne ﬂ

Vertical Yariable: Cum. Actual Boot ' ater Uptake Wertical Wariable: Cum. Surface Run-0Off
Cum. Actual Root Water Uptake Cum. Surface Run-Off
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 Inches/year = Cumulative [cm] / 100 years / 2.54 cm/inch
® Cum. Precipitation = Cum. Root Water Uptake + Cum. Evaporation + Cum. Surface Run-Off + Cum. Bottom Flux

¢ Cum. Bottom Flux = Cum. Percolation Rate
4 Cum. Evaporation = Cum. Evapotranspiration
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Case 3-2b — Institutional Control (Kt npre = 1.0E-09 cm/sec)
Boundary Water Fluxes and Pressure Heads * Boundary Water Fluxes and Pressure Heads X
Horizontal Variable: |Tirne ﬂ Horizontal Variable: |Tirne ﬂ

Wertical Wariable:

Cum. Actual Boot ' ater Uptake

Cum. Surface Run-Off

Wertical Wariable:

Cum. Actual Root Water Uptake Cum. Surface Run-Off
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WVertical Variable: Cum. Evaporation WVertical Variable: |Cum. Bottarn Flus ﬂ
Cum. Evaporation Cum. Bottom Flux
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 Inches/year = Cumulative [cm] / 100 years / 2.54 cm/inch
® Cum. Precipitation = Cum. Root Water Uptake + Cum. Evaporation + Cum. Surface Run-Off + Cum. Bottom Flux

¢ Cum. Bottom Flux = Cum. Percolation Rate
4 Cum. Evaporation = Cum. Evapotranspiration
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Case 3-3 — Upper Three Layers of Intact Multilayer Cover
Boundary Water Fluxes and Pressure Heads * Boundary Water Fluxes and Pressure Heads X
Horizontal Variable: |Tirne ﬂ Horizontal Variable: |Tirne ﬂ
Vertical Yariable: |Cum. Actual Root Water Uptake ﬂ Vertical Yariable: |Cum. Surface Run-Off ﬂ
Cum. Actual Root Water Uptake Cum. Surface Run-Off
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Harizontal ' ariable: |Time ﬂ Harizontal ' ariable: |Time ﬂ
WVertical Variable: Cum. Evaporation WVertical Variable: Cum. Bottorn Flus
Cum. Evaporation Cum. Bottom Flux
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 Inches/year = Cumulative [cm] / 100 years / 2.54 cm/inch
® Cum. Precipitation = Cum. Root Water Uptake + Cum. Evaporation + Cum. Surface Run-Off + Cum. Bottom Flux

¢ Cum. Bottom Flux = Cum. Percolation Rate
4 Cum. Evaporation = Cum. Evapotranspiration
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Case 3-4 — Upper Four Layers of Intact Multilayer Cover
Boundary Water Fluxes and Pressure Heads x Boundary Water Fluxes and Pressure Heads X
Horizortal Variable: |Time ﬂ Horizantal ' ariable: |Tirne ﬂ

Cum. Actual Boot ' ater Uptake

Wertical Wariable:

Cum. Surface Run-Dff

Wertical Wariable:

Cum. Actual Root Water Uptake Cum. Surface Run-Off
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 Inches/year = Cumulative [cm] / 100 years / 2.54 cm/inch
® Cum. Precipitation = Cum. Root Water Uptake + Cum. Evaporation + Cum. Surface Run-Off + Cum. Bottom Flux

¢ Cum. Bottom Flux = Cum. Percolation Rate
4 Cum. Evaporation = Cum. Evapotranspiration
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Appendix D. HELP Model Input Parameters for Slit-and-Engineered-Trench Cases used in
HYDRUS-1D Comparisons
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Table D-1. HELP Model Input Data for Case 3-1 — Operational Soil Cover
(ST_OpCover.D10).

Input Parameter (HELP Model Query) Generic Input Parameter Value

Landfill area = 0.0689 acres

Percent of area where runoff is possible = 100%

Do you want to specify initial moisture storage? (Y/N) Y

Amount of water or snow on surface = 0 inches

CN Input Parameter (HELP Model Query) CN Input Parameter Value

Slope = 1%

Slope length = 80 ft

Soil Texture = 4 (HELP model default soil texture)

Vegetation = 4 (i.e., a good stand of grass)

HELP Model Computed Curve Number = 53.06

Layer Layer Number Layer Type

Topsoil 1 1 (vertical percolation layer)

Layer | Layer | Layer Soil Total Field Wilting Initial

# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)

1 1 48 0.396 0.109 0.047 0.109

Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface

# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (f (%) (%) #) (in/yr)

1 1 1.0E-03

Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile

# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm?/sec)
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Table D-2. HELP Model Input Data for Case 3-2 — Institutional Control
(ST_IC.D10).

Input Parameter (HELP Model Query) Generic Input Parameter Value

Landfill area = 0.0689 acres

Percent of area where runoff is possible = 100%

Do you want to specify initial moisture storage? (Y/N) Y

Amount of water or snow on surface = 0 inches

CN Input Parameter (HELP Model Query) CN Input Parameter Value

Slope = 2%

Slope length = 585 ft

Soil Texture = 4 (HELP model default soil texture)

Vegetation = 4 (i.e., a good stand of grass)

HELP Model Computed Curve Number = 46.2

Layer Layer Number Layer Type

Topsoil 1 1 (vertical percolation layer)

GCL 2 4 (geomembrane liner)

Topsoil 3 1 (vertical percolation layer)

Layer | Layer | Layer Soil Total Field Wilting Initial

# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)

1 1 0.0001 0.396 0.109 0.047 0.109

2 4 0.06 0.75 0.747 0.4 0.75

3 1 48 0.396 0.109 0.047 0.109

Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface

# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (f (%) (%) #) (in/yr)

1 1 1.0E-03

2 5.0E-08

3 1 1.0E-03

Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile

# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm?/sec)

2 4 1 4 3
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Table D-3. HELP Model Input Data for Case 3-3 — Upper Three Layers at Time of Cap Installation

(ST3L00.D10).

Input Parameter (HELP Model Query) Generic Input Parameter Value

Landfill area = 0.2686 acres

Percent of area where runoff is possible = 100%

Do you want to specify initial moisture storage? (Y/N) Y

Amount of water or snow on surface = 0 inches

CN Input Parameter (HELP Model Query) CN Input Parameter Value

Slope = 2%

Slope length = 585 ft

Soil Texture = 4 (HELP model default soil texture)

Vegetation = 4 (i.e., a good stand of grass)

HELP Model Computed Curve Number = 46.2

Layer Layer Number Layer Type

Topsoil 1 1 (vertical percolation layer)

Upper Backfill 2 1 (vertical percolation layer)

Erosion Barrier 3 1 (vertical percolation layer)

Layer | Layer | Layer Soil Total Field Wilting Initial

# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)

1 1 6 0.396 0.109 0.047 0.109

2 1 30 0.35 0.252 0.181 0.252

3 1 12 0.15 0.1 0.07 0.1

Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface

# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)

1 1 3.1E-03

2 1 4.1E-05

3 1 1.3E-04

Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile

# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
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Table D-4. HELP Model Input Data for Case 3-4 — Upper Four Layers at Time of Cap Installation

(ST4L00.D10).

Input Parameter (HELP Model Query) Generic Input Parameter Value

Landfill area = 0.2686 acres

Percent of area where runoff is possible = 100%

Do you want to specify initial moisture storage? (Y/N) Y

Amount of water or snow on surface = 0 inches

CN Input Parameter (HELP Model Query) CN Input Parameter Value

Slope = 2%

Slope length = 585 ft

Soil Texture = 4 (HELP model default soil texture)

Vegetation = 4 (i.e., a good stand of grass)

HELP Model Computed Curve Number = 46.2

Layer Layer Number Layer Type

Topsoil 1 1 (vertical percolation layer)

Upper Backfill 2 1 (vertical percolation layer)

Erosion Barrier 3 1 (vertical percolation layer)

Lateral Drainage Layer 4 2 (lateral drainage layer)

Layer | Layer | Layer Soil Total Field Wilting Initial

# Type | Thickness Texture | Porosity Capacity Point Moisture 2
(in) No. (Vol/Vol) (Vol/Vol) (Vol/Vol) (Vol/Vol)

1 1 6 0.396 0.109 0.047 0.109

2 1 30 0.35 0.252 0.181 0.252

3 1 12 0.15 0.1 0.07 0.1

4 2 12 0.417 0.045 0.018 0.045

Layer | Layer | Sat. Hyd. Drainage Drain Leachate Recirc. to Subsurface

# Type | Conductivity Length Slope Recirc. Layer Inflow
(cm/sec) (ft) (%) (%) (#) (in/yr)

1 1 3.1E-03

2 1 4.1E-05

3 1 1.3E-04

4 2 5.0E-02 585 2

Layer | Layer | Geomembrane Geomembrane Instal. | Geomembrane Geotextile

# Type | Pinhole Density Defects Placement Quality | Transmissivity
(#/acre) (#/acre) (cm*/sec)
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