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ACRONYMS

aggregate area management study

applicable or relevant and appropriate requirements
American Society for Testing and Materials
Code of Federal Regulations

U.S. Department of Energy

Washington State Department of Ecology

U.S. Environmental Protection Agency
environmental restoration

expedited response action

focused feasibility study

final remedy selection

feasibility study

Greater-Than-Class C

high-density polyethylene

Hydrologic Evaluation of Landfill Performance
Hanford Site Past-Practice Strategy

high-level waste

interim remedial measure

limited field investig==">n

low-level waste

minimum functional standards

minimum technology guidance

National Priorities List

Nuclear Regulatory Commission
Nonradiological Dangerous Waste Landfill
Pacific Northwest National Laboratory
qualitative baseline-risk assessment

remedial action objectives

Resource Conservation and Recovery Act of 1976
Revised Code of Washington

F RA field investigation/corrective measures study
remedial investigation

solid waste landfill

toxic air pollutant

toxic-best available control technology

to be considered

Hanford Federal Facility Agreement and Consent Order
transuranic

treatment, storage, and disposal

U.S. Department of Agriculture

volatile organic compounds

Washington Administrative Code

Washington Department of Transportation

Waste Information Data System

Waste Isolation Pilot Plant

waste-management unit
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institutional control, monitoring, and maintesiance. " However, MTG suggest nsing optional

surface layer tréafments'f5F bioinfrusion consideratiors:

The Standard RCRA Sifite'C Bafrier @ahnclogy tmeets S, Environmental Protection Ageiy
(EPA) Miimuir Téchiology Guidelies'(MTG) S established in EPAT330-SW-89-047,

“Techrical Guidfarcs Dcumene, Fiial Covers on Hizardotis Waste Lardfis and Surface

Impoundments.” The Standard RCRA Subiitle C Barrier has fimited applicationis and use enaf hie

Hanford Stte. Limitations include the following:

»  Limited design Iife that may be Tnadequaie for the radioactive waste categories

»  Amicipated high surveiliance, and mainteriance and operations cost cadsed by iriplementation

of the low permeability Jayer design features in n arid climate condition

- Maintenange and operations 635 $40864 b SUFTAGE waleF sun-on and runoff coirol,

P eow v

Modified RCRA Subtitle D Barrier. This bartier is the baseline design is-recommended-for
applications at nonradiological and norhazardous solid waste sites, as well as Category 1 LLW
sites where hazardous constituents are not present. The Modified RCRA Subtitle D Barrier is
composed of four layers of durable material with a combined minimum thickness of 0.90 m (2.9
fi). It is designed to provide limited biointrusion and limited hydrologic protection (relative to the
other two barrier designs) for a performance period of 100 years. The performance period is

consistent with the radionuclide concentrations and activity limits specified for Category 1 LLW.
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1.1.1 Hanford Site 200 Areas

The Hanford Site occupies about 1,450 km? (560 mi?) of the southeastern part of Washington State
north of the confluence of the Yakima and Columbia Rivers. The 200 Areas, located near the cen - of
the Hanford Site, encompass the 200 West, 200 East, and 200 North Areas. Operations in the 20¢
Areas were mainly related to sepa ion of special nuclear materials from spent nuclear fuel. The 10
Areas contain related che ical processing, fuel processing, and waste management facilities.

The 200 NPL site encompasses the 200 Areas and selected portions of the 600 Area. The 200 NPL site
includes a total of 44 operable units iretudingcomprised of 20 in the 200 East Area, 17 in the 200 West
Area, 1 in the 200 North Area, and 6 isolated operable units. The 200 NPL site contains more th
1,000 waste sites, as identified in the Waste Information Data System (WIDS) (BHI 1994), includi—~
CERCLA and RCRA past-practice WMUs, unplanned release sites, RCRA TSD units, and surplu
facilities. Principal types of waste sites include storage tanks; landfills; liquid waste infiltration
structures such as ponds, cribs, and ditches; and unplanned release sites. Unplanned releases are
generally releases from WMUs or spills. The Tri-Party Agreement (Ecology et al. 1991) describes the
assignment of WMUs and unplanned release sites to specific operable units and defines the various
types of waste sites.

1.1.2 Hanford Site Past-Practice Strategy

The HPPS was developed by Ecology, EPA, and DOE to streamline the existing RI/FS and RCRA
facility investigation/corrective measures study (RFI/CMS) processes at the Hanford Site. Primary
objectives were to (1) develop a process to meet the statutory requirements and (2) consolidate
CERCLA RI/FS and RCRA past-practice RFI/CMS guidance to ensure protection of human health and
welfare and the environment at the Hanford Site. The HPPS streamlines investigations and
documentation and promotes the use of interim actions to accelerate cleanup. The process relies « the
observational approach--refining activities based on knowledge gained as work progresses—to
streamline both the documentation and cleanup activities.

For the 200 Areas, the first step was to evaluate existing information thr: the A V pr ;.
Based on this information, rec mendations were made in the AAMS reports (DOE-RL 19 h 1gh
1992j) regarding which HPPS path to pursue for individual past-practice WMUs, unplanned release
sites, and groundwater contaminant plumes. The strategy established four types of remediation paths,
including expedited response action (ERA), interim remedial measure (IRM), limited field investigation
(LFI), and final remedy selection (FRS). The four paths are defined as follows:

. ERA path - Existing or near-term unacceptable health or environmental risk from a site is
determined or suspected, and a rapid response is necessary to mitigate the problem.

. IRM path - Existing ta are sufficient to indicate that the waste site poses a risk rough one
or more exposure pathways, and additional investigations are not needed to screen the likely
range of remedial alternatives for interim actions.

. LFI path - Minimum site data are needed to support IRM or other interim decisions and n
be obtained in a less formal manner than that needed to support a final remedial decision

N

. FRS path - The FRS is accomplished within the framework and process defined for RI; 3
and RFI/CMS programs with the objective of reaching a defensible final decision. All s...s
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(including low-priority sites) are addressed in a comprehensive manner to reach closure. The
FRS path integrates information obtained from ERAs, IRMs, and LFIs; satist v

additic ~ data needs; and conducts a cumulative baseline ri  assessment to support the final
Record of Decision (ROD) for an entire operable unit or aggregate area.

The HPP  ecognizes that the NPL does not require an RI/FS before cleanup begins. The HPPS
indicates that, for IRMs, a remedy might be obvious or, at most, an FFS might be needed to select a
remedy. The FFSs focus on technologies that are most viable, thereby limiting the number of remedial
alternatives evaluated.

1.1.3  Aggregate Area Management Study Program

Ten reports resulted from the 200 Areas AAMS program (DOE-RL 1992a thror *~ 1992j), including
reports for eight source and two groundwater aggregate areas. Source aggregate areas were defined
based on major 200 Area processing plants, including the U Plant, Z Plant, S Plant, and T Plant in the
200 West Area; B Plant, Plutonium Uranium Extraction Facility (PUREX), and Semi-Works in the 200
East Area; and a fuel element storage area designated as the 200 North Area. The eight source AAMS
reports were designed to evaluate source terms, primarily for past-practice sites, on a plantwide scale.
Environmental media of interest included air, biota, surface water, surface soil, and unsaturated
subsurface soil. In addition, the AAMS r orts provide extensive documentation on contaminant
inventories, release mechanisms, transport pathways, contaminant characteristics, and conceptual
models of the individual areas (refer to Section 4.0 of specific AAMS reports). These reports also
present screening criteria for remedial action objectives (RAO) and technologies and identify
technologies applieablethat pertain to individual WMUs (refer to Section 7.0 of specific AAMS
reports).

The major objective of the AAMS program was to determine and recommend the appropriate HPPS
path for performing cleanup actions for each WMU or unplanned release site.

Another objective of the AAMS program was to provide recommendations for FFSs that could be
expedited to . port near-term actions at high-priority sites within the framework of the HP]  Section
7.0 of the AAMS reports (DOE-RL 1992a through DOE-RL 1992j) identifies preliminary remedial
alternatives. This was accomplished by ~ tablishing preliminary RAOs for various environmental
media. £/ (O JOv  idemt i 200 Areas:

" duce the risk of harmful effects to the environment and human users of the area by
isolating or permanently reducing the toxicity, mobility, or volume of contaminants from the
source areas to meet applicable or relevant and appropriate requirements (ARAR) or
risk-based levels that will allow industrial use of the area” (DOE-RL 1992a through 1992j).

Next, potential remedial technologies were screened based on their effectiveness, implementability, and
cost. Technologies considered most viable were grouped into "remedial alternatives” for each general
response action (i.e., no action, institutional controls, removal, aboveground treatment, and disposal,

¢ ainment, and in situ treatment). The remedial alternatives were then developed to treat a major
component of the 200 Areas contaminated WMUs or unplanned release sites. Finally, the AAMS
reports recommended preparation of FFSs for the viable remedial alternatives for the various media of
concern.
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(2) Function with minimum maintenance
(3) Promote drainage and minimize erosion or abrasion of the (final) cover
(4) Accommodate settling and subsidence so that the cover's integrity is maintained

(5) Have a permeability less than or equal to the permeability of any bottom liner sy
or natural s soils present. ,

(b)(5) Prevent run-on and runoff from eroding or otherwise damaging the (final) cover.
2.2.32.2 Chapter 173-303 WAC--Dangerous Waste Regulations.
WAC 173-303-610 Closure and postclosure.

(2) Closure performance standard. The owner or operator must close the facility in a
manner that:

(a)(i and ii) [Referto- CFR 264.111(a),(b)].

(iif) Returns the land to the appearance and use of surrounding land areas to the degree
possible, given the nature of the previous dangerous waste activity.

WAC 173-303-650 Surfaceii roundments.
(6) Closure and postclosure care.
(a)@)(C)() Provide long-term minimization of the migration of liquids through the clos
impoundment with a material that has a permeability less than or equal to the permeabilit
any bottom liner system or natural subsoils present
(@) (i) (C)AD-AV) [Refer to 40 CFR 264.228(a)(2)(iii)(B)-(D)].

WAC 173-303-665 Lanc lls.
(6) Closure and postclosure care.

(a)()-(v) [Refer to 40 CFR 264.310(a)(1)-(5)].

(b)(v) [Refer to 40 CFR 264.310(b)(4)].

f
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3.2.2.2 Layer 3 (Sand Filter): d Layer 4 (Gravel Filter). These layers are components of a
two-layer graded filter designed to prevent topsoil particles from moving downward and accumul: 1g
in the lateral drainage layer (Layer 5). Both layers are 15 cm (6 in.) thick. Section 3.1.2.2 prov. s
particle size information for the filter and filtrate materials.

The same graded filter design is employed in the Hanford Barrier and the Modified RCRA Subtitle C
Barrier, except that the gravel filter layer in the Subtitle C design is 15 cm (6 in.) thick where the
Hanford Barrier design calls for 30 cm (12 in.). A 15-cm (6-in.) thickness is sufficient to achieve the
design filtration function, although a 30-cm (12-in.) layer may be somewhat easier to construct. This
modification is recommended simply as an economy of material.

3.2.2.3 Layer 5 - Lateral Drainage Layer. This layer will facilitate the removal of any moisture that
moves completely through the topsoil component of the barrier (Layers 1 and 2). This layer represents
a contingency scheme to remove soil moisture in response to extreme climatic events, such as the
design storm. Layer 5 will be sloped at 2% to move water to the edge of the cover where it will |
collected and/or diverted in an appropriate manner. Layer 5 will be 15 cm (6 in.) thick and will be
constructed of clean, screened aggregate material with a hydraulic conductivity of at least 1 cm/s. As
discussed in Section 3.1.2.5, an effective particle size (D,,) of 1 mm or greater is required for the
drainage media to achieve the desired permeability value. Layer 5 will be situated approximately 1.32
m (4.33 ft) below final grade, which satisfies the design criterion for frost protection.

The lateral drainage layers in the Hanford Barrier and the Modified RCRA Subtitle C Barrier are
similar in design. The Hanford Barrier has a drainage layer that is 30 cm (12 in.) thick, whereas in the
Modified RCRA Subtitle C design, the drainage layer is 15 cm (6 in.) thick. This modification is 1
economy based on the expectation of an extremely small volume of lateral drainage. Performance
simulations with the HEI Model and UNSAT-H Model indicate that little (if any) lateral drainage will
occur (Appendices C-2 and C-4).

3.2.2.4 Layer 6 - Asphalt Layer. This layer will function as a low-permeability barrier layer a1 as
a biointrusion barrier. Layer 6 will be constructed of a durable asphaltic concrete mixture consisting of
double-tar asphalt (i.e., twice the tar content of no; 1l highway asphalt) with added sand as binder
material, conforming to WSDOT M41-10, Section 9-02.1(4), Grade AR-4000W (WDOT 1991).
Laboratory permeability tests on asphaltic concrete cores from the Hanford ~— rrier prototype yiel 1
values on the order of 1 cm/s. In-field values, measured by falling-head permeameter testing,
ranged between 107 and 10®° cm/s (DOE-RL 1994). The asphaltic concrete will be coated with a
spray-applied asphaltic material. The same asphalt layer design is incorporated in the Hanford Barrier
and the Modified RCRA Subtitle C Barrier. As noted in Section 3.1.2.6, hydraulic conductivity testing
will be performed on the asphalt layer in situ to determine the actual in-field value at the tii : of
construction. The asphalt layer will be constructed with a slope of 2% (after allowances for settle :nt
and subsidence).

The low-permeability as] 1t layer is expected to be a highly effective deterrent to intrusion by plant
roots and burrowing animals. As necessary, it will also function as a human intrusion barrier. The
strength of the asphaltic concrete material, the thickness of Layer 6, and its deliberate constructic
should serve to advise inadvertent intruders that this layer is an intentional barrier. Layer 6 can be
breached with mechanical excavation equipment, but intrusion scenarios involving the use of heavy
equipment probably would be considered advertent rather than inadvertent.

3-10
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1. Does the WMU contain TRU constituents er-FRUE-mixed-waste-in concentrations in exct  of
100 nCi/g?

2. Does the WMU contain LLW er-EE-mixed-waste-with GTCC activity (i.e., does waste
activity exceed Category 3 limits)?

3. Does the WMU contain waste regulated as hezardous-er-mixeddangerous waste?

4, Does the WMU contain LLW with Category 3 activity?

5. Does the WMU contain LLW with Category 1 activity?

6. Only nonradiological, nonhazardous solid waste is present.

Applying the logic requires that sufficient information is available regarding contaminant constitue:-:s
and concentrations to classify the radiological component of the waste against the activity limits in
Appendix A and to determine whether haz&rdeusdzmgerous constituents are present at levels of
regulatory concern.

According to the waste-site information in Appendix B and the summary in Table 1-1, there are 30
waste sites (predominantly in the 200 West Area) with TRU contaminated soil or TRU mixed waste.
According to Figure 5-1, these sites will all be candidates for the Hanford Barrier.

Table 1-1 indicates there are 239 LLW and LL mixed waste sites included in Appendix B and another 8
hazardeusdangerous was -only sites. Characterization and/or waste inventory data are currently
insufficient to provide a breakdown of these sites with respect to radiological activity. owever,
according to the logic in Figure 5-1, sites with GTCC act1v1ty (if any) would be candidate sites for the
Hanford Barrier, and Ca ;ory 3 sites and ous waste-only sites would be candidates
for the Modified RCRA Subtitle C Barrier. The Subtitle C Barrier would also be selected Catacory

1 - mixed waste sites, in consideration of the hazardeusdangerous component. Sites with ¢ 1
LLW and nonradiological, nonhazardous solid waste would be candidates for the Modifiec

Subtitle D Barrier. Table 1-1 indicates there are 14 nonradiolc ‘cal, nhazardous waste : ded
in Appendix B.
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Table B-1. Candidates for Remediation with Surface Barriers. (Page 17 of 12

200-1U-3 Solid Waste Landfill { Landfill Nonhazardous/
Nonradiological
Solid Waste

200-1U-3 NRDW T andfill Hazardous Waste

2As indicated in Tables 9-1 and 9-2 of the AAMS reports. Units that are not candidates for the
IRM or LFI paths are subject to final remedy selection.

®No remediation path has been designated for these units to date because they were not addressec
within the AAMS process. They are listed in this table because they are situated in the 200 Are..
NPL site and are scheduled and/or expected to be capped with surface barriers.

AAMS = Aggregate Area Management Study

IRM = Interim Remedial Measure

LFI = Limited Field Investigation

LL = Low-Level

LLW = Low-Level Waste

NPL National Priorities List

NRDWL = Nonradioactive Dangerous Waste Landfill
TRU = Transuranic

B-12
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1.0 CONTENTS AND ORGANIZATION OF THIS APPENDIX

This appendix presents information concerning numerical performance assessments of the three
surface barrier designs (Hanford Barrier, Modified RCRA Subtitle C Barrier, and Modified RCRA
Subtitle D Barr ) proposed as remedial action alternatives for WMUs in the 200 Areas. These
simulations were conducted to evaluate the hydrologic performance of the barriers under long-term
ambient pr pitation conditions, multiyear periods of elevated (twice ambient) precipitation, and the
design storm.

Performance of the three proposed barrier designs was evaluated using both the HELP (Version 2.0)
and UNSAT-H (Version 2.0) Models. The HELP Model is recommended by EPA for evaluating
hydrologic performance of surface barrier designs. However, for arid site applications, the HELP
Model has two si ficant limitations. The HELP Model requires the assumption of a constant
evaporative zone depth through the year. In actuality, evaporative depth varies considerably through
the year at - —*d sites, tending toward a maximum value during the summer months when soil moisture
is ty cally low, and a minimum value in the winter months when the majority of annual precipitation
is often received. Secondly, moisture movement in the unsaturated state is calculated by algorithms
in the HELP Model that are computationally efficient, but do not accurately represent unsaturated
flow. As a result, the HELP Model tends to overestimate drainage across a capillary barrier
interface. The capillary barrier is an advantageous design concept for barriers in arid locatlons and it
is used in all three of the barriers recommended in this FFS.

Because of the importance of hydrologic performance in the context of the long-term effectiveness of
each design, several different approaches were taken to prepare these calculations. The approaches
were as follows.

1. The ELP Model simulations were performed for each barrier using measured and calculated
para :r values for the fine-textured soil layers and default data for the layers of
coarse-textured material. A value of 90 cm (36 in.) was used for the evaporative zone depth.
A 1t ear climate data set consisting of actual Hanford Site meteorological records was used
in the simulations. The results are reported in Appendices C-1, C-2, and C-3.

2. The three barriers were ree’ ' iated using the UNSAT-H Madel. Mate roperties for the
variot rers were assigned, based on actual data for : __ie-textured soil co. , jnents (fr
labora“-~y and literature sources) and presumptive information (from literature sources) for
the coa.-e-textured soils. Hanford Site weather records for the same 10-year period were
used.

3. The HELP Model was "calibrated" using water-balance data from the Field Lysimeter Test
Facility at the Hanford Site. The objective of calibration was to minimize the ¢ :cts of the
assumption of constant evaporative depth and the approximations in calculating unsa  ited
flow and moisture retention. The three barrier designs were then reevaluated using best-fit
input parameters from the calibration. Evaporative zone depth was determined separately for
each t rier, using averaged annual values from the UNSAT-H modeling. The same 10-year
climate data set was used. Results of the UNSAT-H Model simulations and the "calibrated”
HELP Model simulations are reported and compared in Appendix C4.
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Selection and assembly of the input files for the "uncalibrated” HELP Model runs is discussed in
Section 2.0 below. Selection of input information for the UNSAT-H Model simulations ar the
"calibrated” HELP Model simulations is described separately i Appendix C4.

2.0 NO1 S ON HELP MODEL SIMULATIONS REPORTED IN
APPENDICES C-1, C-2, AND C-3

The HELP Model computes runoff, lateral drainage, and infiltration through a multilayer soil liner
and/or cover system for a user-specified location, using actual or stochastically generated daily
rainfall data and stochastically generated temperature and solar radiation parameters for that location.
To model the recommended barrier designs, each layer must be characterized in terms of thickness,
degree of compaction, porosity, field capacity, wilting point, and saturated hydraulic conductivity
The HELP Model contains a look-up table with default characteristics for various representative soil
textural types. Climate input information for HELP Model apolications at the Hanford Site is
documented in WHC-SD-EN-CSWD-028 (Skelly 1990). The nford Site data set includes 10 years
of daily precipitation values (for the period January 1, 1979, to December 31, 1988). The data set
also includes site-specific stochastic parameters for temperature and solar radiation, beginning and 1d
dates for the growing season, and a maximum leaf area index parameter.

For the simulations reported in Appendices C-1, C-2, and C-3, the cover area was defined as 1 acre
(43,560 ft?) so that runoff, drainage, and infiltration values in the output file are directly assessable on
a "per acre" basis. The runoff curve number of 87.21 was assigned by the program. A value of

90 cm (36 in.) was assumed for the simulations as the limiting depth of evapotranspiration.

Each model was rerun until quasi-steady state moisture conditions were identified. This was
accomplished by redefining the final moisture content values for individual layers from one run as the
initial values for the next run until the initial and final values became invariant. This procedure
eliminates the effects of overstating soil moisture conditions at the beginning of a simulation.

Input Paramete for tl v " Bart (Apy dix C-1). The Hanford Barrier design v
modeled as seven layers with the following material properties:

Layer 1-upper s layer with pea gravel admixture: 102 cm (40 in.) thick.
Material properties for McGee Ranch silt for this simulation are the same as specified
below for Layer 2; however, porosity, field capacity, and wilting point values were
reduced by 7.9% to reflect the reduced void volume attributable to the pea gravel
admixture. (The void volume reduction factor was calculated based on a mixture
consisting of 15 wt.% pea gravel [125 Ib/ft® dry unit weight and 25% porosity] and
85 wt. % silt [85 Ib/ft® dry unit weight and 51.4% porosity]).

Porosity = 0.4734

Field Capacity = 0.2381

Wilting Point = 0.0629

Saturated Hydraulic Conductivity = 9.9 x 10* cm/sec

A "poor" grass cover was specified.

Layer 2--lower silt layer: 102 cm (40 in.) thick. Mz ial properties for
uncompacted McGee Ranch silt for this simulation are from DOE-RL (1990); field
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o Saturated hydraulic conductivity: 1.6 x 10 cm/sec (based on laboratory data from
compacted samples reported in DOE-RL 1990).

These modifications to properties are consistent with the algorithm within the HELP
Model that modifies default soil properties to account for the effects of compaction
(Schroeder et al. 1988).

Layer 3-sand filter layer: The layer was modeled as consisting of 15 cm (6 in.) of
HELP Model default textural type 3 soil (fine sand). Layer 3 was modeled as a
compacted soil layer.

Layer 4—gravel filter layer: The layer was modeled as 15 cm (6 in  of HELP
Model default textural type 1 soil (sand and gravel). This layer was also modeled as
a compacted soil layer.

Layer 5--lateral drainage layer: The lateral drainage iyer was modeled as a 15-cm
(6-in.) layer of uncompacted HELP Model default type 1 soil (sand and gravel),
sloping at 2%. Specifications call for this material to be a screened product,
substantially free of fines, with a relatively high saturated hydraulic conductivity

(>1 cm/sec).

Layer 6--asphalt layer: The asphalt was modeled as a 15-cm (6-in.) barrier soil layer with a
saturated hydraulic conductivity of 1 x 10® cm/sec and arbitrarily assigned low porosity
(0.022), field capacity (0.021), and wilting point (0.020) values. These are the same values
used in the Hanford Barrier simulation.

Input Parameters for the Modified RCRA Subtitle D Barrier (Appendix C-3). The RCRA
Subtitle D Barrier design was modeled as consisting of the following three layers:

Layer 1--upper silt layer with pea gravel admixture: 20 cm (8 in.) thick. Material
prope s for M : Ranch silt for this simulat : e 1€ specif . for
Layer 1 of the ] rd Barrier and Layer 1 of the Modified RCRA Subtitle

Design. A "poor" grass 'er was specified.

Layer 2--middle (uncompacted) silt layer: 41 cm (16 in.) thick. Material
properties for uncompacted McGee Ranch silt for this simulation are the same as
specified for Layer 2 of the Hanford Barrier.

Porosity = 0.5140

Field Capacity = 0.2585

Wilting Point = 0.0681

Saturated Hydraulic Conductivity = 9.9 x 10* cm/sec

The hydraulic conductivity value is based on field and laboratory measurements.
Layer 3--lower (compacted) silt layer: 30 cm (12 in.) thick. The values cited here

are the same as values used for compacted McGee Ranch silt in Layer 2 of the
Modified RCRA Subtitle C Barrier design.
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APPENDIX C-1
HANF~RD B‘ "RIER DESIGN

PRELIMINARY P FORMANCE ASSESSMENT FO. ' TEADY-STATE CONDITIONS
(HELP VERSION 2.0 RESULTS)
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VERTICAL PERCOLATION LAYER

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

12.00 INCHES

.4170 VOL/VOL
.0450 VOL/VOL
.0200 VOL/VOL
.0442 VOL/VOL

.009999999776

COOOON

CM/SEC

VERTICAL PERCOLATION LAYER

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

60.00 INCHES

.4170 VOL/VOL
.0450 VOL/VOL
.0200 VOL/VOL
.0350 VOL/VOL

.100000001490

[eNoNoNeNoNo)

CM/SEC

LATERAIL. DRAINAGE LAYER

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE

DRAINAGE LENGTH

12.00 INCHES
0.4170 VOL/VOL
0.0450 VOL/VOL
0.0200 VOL/VOL
0.0450 VOL/VOL
1.000000000000
2.00 PERCENT

295.0 FEET

CM/SEC

BARRIER SOIL LINER

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

.00 INCHES

.0220 VOL/VOL

.0210 VOL/VOL

.0200 VOL/VOL

.0210 VOL/VOL
.000000010000 CM/SEC

[eNeoNoNeNe N
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MONTHLY TOTALS FOR YEAR 1979

PRECIPITATION (INCHES) 0.54

0.09

RUNOFF (INCHES) 0.000
0.000

EVAPOTRANSPIRATION 0.778
(INCHES) 0.090
LATERAL DRAINAGE FROM 0.0002
LAYER 6 (INCHES) 0.0002
PERCOLATION FROM 0.0040
LAYER 7 (INCHES) 0.0041

0.17 0
0.38 0
0.000 0.
0.000 0.
0.304 0.
0.285 0
0.0002 O.
0.0002 O.
0.0036 0.
0.0041 O.

000
000

208

.295

0002
0002

0040
0039

0.
0.

0.
0.

0.
0.

.000
0.

.52 0
.67 1.

000

452 0.
137 0.

0002 O.
0002 O.

0039 O.
0041 O.

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM LAYER

PERCOLATION FROM LAYER 7
IN WA' STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT ~ D OF YEAR

ANNUAL WATER BUDGET BALANCE

6

4.30

0.00

0.04

1.20

11.87

13.08

3

25

77

6

173.

4379.

43087.

47466.

.10 0.00
36 0.99
.000 0.000
.000 0.000
611 0.262
350 0.531
0002 0.0002
0002 0.0002
0040 0.003°
0040 0.0041
PERCENT
100.00
0.00
77.40
0.04
0.86
21.70
0.00

Ci-6






DOE/RL-93-33
Draft B

MONTHLY TOTALS FOR YEAR 1981

PRECIPITATION (INCHES) 0.56

0.19

RUNOFF (INCHES) 0.000
0.000

EVAPOTRANSPIRATION 0.698
(INCHES) 0.182
LATERAIL DRAINAGE FROM 0.0002
LAYER 6 (INCHES) 0.0002
PERCOLATION FROM 0.0041
LAYER 7 (INCHES) 0.0041

0.000
0.000

1.506
0.030

0.0002
0.0002

0.0037
0.0041

0.

0.
0.

.70
.60

.000
.000

.949
.102

.0002

0002

0041
0039

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM LAYER
PERCOLATION FROM LAYER 7
CHANGE IN WATER STORAGE
SOIL WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

0.000

7.211

13

12.

.00

.04

.22

.17

95

.00

.00

.00

25

81

1

0.02 0.99 0.43
0.39 1.08 1.45
0.000 0.000 0.000
0.000 0.000 0.000
0.394 0.336 1.571
0.347 0.538 0.558
0.0002 0.0002 0.0002
0.0002 0.0002 0.0002
0.0040 0.0041 0.0040
0.0041 0.0039 0.0041
(CU. FT.) PERCENT
25555, 100.00
0. 0.00
26175. 102.42
9. 0.04
174. 0.68
-803. -3.14
47810.
47007.
0.
0.
0. 0.00
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MONTHLY TOTALS FOR YEAR 1988

PRECIPITATION (INCHES)
RUNOFF (INCHES)
EVAPOTRANSPIRATION

(INCHES)

LATERAL DRAINAGE FROM
LAYER 6 (INCHES)

PERCOLATION FROM
LAYER 7 (INCHES)

0.000
0.000

0.818
0.130

0.0002
0.0002

0.0039
0.0040

.0037 O
.0040 0.0039

.00 0.39
.00 0.39
.000 0.000
.000 0.000

.642 0.531
.000 0.165

.0002 0.0002
.0002 0.0002

.0039

1.12 0.
0.01 0.
0.000 0.
0.000 0.
0.483 0.
0.205 0
0.0002 O
0.0002 O
0.0038 O
0.0040 oO.

PRECIPITATION
RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM LAYER

PERCOLATION FROM LAYER

CE IGE I WATER STORAGE

2

7T wATER AT START OF YEAR

SO... ....TER AT L... OF YEAR

AT START OF YEAR

—eieei <w-——-. AT END OF YEAR

AND WATER BUDGET BALANCE

6

0.000
4.914
0.0024
0.0468
-0.783
12.65

11.87

170.

-2843.

45927.

43083.

33 0.11
82 0.40
0oo 0.000
000 0.000
582 0.791
.289 0.279
.0002 0.0002
.0002 0.0002
.003% 0.0038
0039 0.0040
PERCENT
100.00
0.00
117.56
0.06
1.12
-18.74
0.00
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1979 THROUGH 1988

PRECIPITATION
TOTALS 0.78 0.73 0.64 0.44 0.48 0.42
0.18 0.09 0.51 0.41 1.09 1.24
STD. DEVIATIONS 0.54 0.51 0.30 0.40 0.42 0.40
0.14 0.12 0.28 0.39 0.57 0.60
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.001 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.002 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.602 1.079 1.221 0.451 0.634 1.080
0.399 0.085 0.259 0.241 0.442 0.462
STD. DEVIATIONS 0.164 0.364 0.701 0.218 0.411 0.795
0.370 0.095 0.136 0.121 0.258 0.136

LATERAL DRAINAGE FROM LAYER 6

TOTALS 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000O0

PERCOLATION FROM . [(ER 7

TOTALS 0.0039 0.0036 0.0039 0.0038 0.0039 0.0038
0.0039 0.0039 0.0038 0.0039 0.0038 0.0039

STD. DEVIATIONS 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
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SRAGE ANNU TOTA & (STD. DEVIATIONS) FOR YEARS 1979 THROUGH 1988

E (INCHES) (CU. FT.) PI~ “ENT
PRECTPITATION 7.00  (2.164) 25425.  100.00
RUNOFF 0.001 (0.002) 3. 0.01
EVAPOTRANSPIRATION 6.955 (2.062) 25247, 99.30
LATERAL DRAINAGE FROM 0.0023 (0.0002) 8. 0.03
LAYER 6
~~~COLATION FROM LAYER 7 0.0460 (0.0019) 167. 0.66
CHANGE IN WATER STORAGE 0.000 (0.907) 0. 0.00
PEAK DAILY VALUES FOR YEARS 1979 THROUGH 1988
T nemEs) (cu. FT.)
PRECIPITATION T o.e3 " 3375.9
RUNOFF 0.008 27.5
LATERAL DRAINAGE FROM LAYER 6 0.0000 0.0
PERCOLATION FROM LAYER 7 0.0001 0.5
HEAD ON LAYER 7 0.0
SNOW WATER 0.76 2743.4
MA MUM VEG. SOIL WATER (VOL/VOL) 0.1626
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0625
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THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

SATURATED HYDRAULIC CONDUCTIVITY

SLOPE

DRAINAGE LENGTH

THICKNESS
POROSITY

F 1 CAPACITY
W1LTING POINT
INITIAL SOIL WATER CONTENT

SATURATED HYDRAULIC CONDUCTIVITY

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH

DOE/RL-93-33
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LATERAL DRAINAGE LAYER

wan W w unn

VNP OOOOON

BARRIER SOIL LINER

{12 L TR O 1 I |

QOO0 On

.00 INCHES
.4170 VOL/VOL
.0450 VOL/VOL
.0200 VOL/VOL
.0450 VOL/VOL
.000000000000
.00 PERCENT
.0 FEET

.00 INCHES

.0220 VOL/VOL
.0210 VOL/VOL
.0200 VOL/VOL
.0210 Vi
.000000010000

'VOL

GENERAL SIMULATION DATA

UPPER LIMIT VEG. STORAGE

INITIAL VEG.
INITI

STORAGE
SNOW WATER CONTENT

[ T S T (I

INITIAL TOTAL WATER STORAGE IN

SOIL AND WASTE LAYERS

87.
1560.
36.
15.
3.

0.

4

21

SQ FT

00 INCHES
0200 INCHES
0372 INCHES
0000 INCHES

.1450 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

CM/SEC

CM/SEC

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR HANFORD SITE, WASHINGTON STATE.

MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)

1.60

113
288

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG
28.30 36.30
76.40 74.30

MAR/SEP APR/OCT
45.10 53.10
65.20 53.00

MAY/NOV

61.50
39.80
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MONTHLY TOTALS FOR YEAR 1980

PRECIPITATION (INCHES) 1.32

0.00
RUNOFF (INCHES) 0.000
0.000
EVAPOTRANSPIRATION 0.485
(INCHES) 0.303
LATERAL DRAINAGE FROM 0.0000
LAYER 5 (INCHES) 0.0000
PERCOLATION FROM 0.0000
LAYER 6 (INCHES) 0.0000

0.000
0.000

1.158
0.020

0.0000
0.0000

0.0000
0.0000

0.000
0.000

1.882
0.384

0.0000
0.0000

0.0000
0.0000

0.000
0.000

0.593
0.379

0.0000
0.0000

0.0000
0.0000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM LAYER
PERCOLATION FROM LAYER 6
CHANGE IN WATER STORAGE
SOIL WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

.001

.514

.0000

.0001

.166

.43

.60

.00

.00

.00

601.

19717.

20318.

1.41 0.96
0.44 1.89
0.000 0.000
0.000 0.000
1.668 2.041
0.287 0.314
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
) PERCENT
100.00
. 0.01
. 98.28
0.00
0.00
1.71
0.00
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MONTHLY TOTALS FOR YEAR 1981

PRECIPITATION (INCHES) 0.56 0.60 0.70 0.02 0.99 0.43
0.19 0.03 0.60 0.39 1.08 1.45
RUNOFF (IN( 1) 0.000 -0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION 0.663 1.429 1.050 0.389 0.350 1 9
(INCHES) 0.186 0.030 0.114 0.357 0.513 0.042
LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 o0.0O0OCO
PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

(INCHES) (CU. FT.) PERCENT
PRECIPITATION 704 25555.  100.00
RUNOFF 0.000 0. 0.00.
EVAPOTRANSPIRATION 7.193 26111. 102.17
LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00
PERCOLATION FROM LAYER 6 0.0001 0. 0.00
CI JIGE IN WATER STORAGE -0.153 -556. -2.18
SOIL WATER AT START OF YEAR 5.60 20318.
i Wi AT OF \R 5.44 19762.
SNOW WATER AT START OF YEAR 0.00 0.
S W WATER AT END OF YEAR 0.00 0.
ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY TOTALS FOR YEAR 1982

PRECIPITATION (INCHES)
RUNOFF (INCHES)
EVAPOTRANSPIRATION

(INCHES)

LATERAL DRAINAGE FROM
LAYER 5 (INCHES)

PERCOLATION FROM
LAYER 6 (INCHES)

0.
0.

.33
.22

.000
.000

.657
.683

.0000
0.

0000

0000
0000

.57
.20

0.000
0.000

1.105
0.200

0.0000
0.0000

0.0000
0.0000

0.000
0.000

0.949
0.300

0.0000
0.0000

0.0000
0.0000

0.75 0
1.33 0
0.000 0.
0.008 0.
0.592 0.
0.397 0.
0.0000 oO.
0.0000 O.
0.0000 oO.

0.0000 O.

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM LAYER

PERCOLATION FROM LAYER 6

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

7.615
0.0000
0.00012
0.357
5.44
5.80

0.00

1297.
19762.

21059.

.28 .75
.91 .79
000 .000
000 .000
702 .504
982 .544
0000 .0000
0000 .0000
0000 .0000
0000 .0000
PERCENT
100.00
0.09
95.43
0.00
0.00
4.48
0.00
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MONTHLY TOTALS FOR YEAR 1983

PRECIPITATION (INCHES)
RUNOFF (INCHES)
EVAPOTRANSPIRATION

(INCHES)

LATERAL DRAINAGE FROM
LAYER 5 (INCHES)

PERCOLATION FROM
""YER 6 (INCHES)

0.
0.

0
0

.44
.31

.000
.000

.574
. 946

0000
0000

.0000
.0000

.36
.12

.000
.000

.960
.121

.0000
.0000

.0000
.0000

1.00
0.46

0.000
0.000

2.199
0.460

0.0000
0.0000

0.0000
0.0000

0.42 0.
0.52 2
0.000 0.
0.000 0.
0.830 0
0.159 0.
0.0000 O.
0.0000 O.
0.0000 O.
0.0000 O.

0
.12 2.12

52 .68

000 0.000
000 0.000

.655 1.913
0

627 .446

0000 0.0000
0000 0.0000

0000 0.0000
0000 0.0000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

" "TERAL DRAINAGE FROM LAYER 5

PERCOLATTON FROM LAYER 6

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATI 2 END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

.891

.0000

.0001

.179

.80

.98

.00

.00

.00

4278.

21059.

25337.

10.65
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MONTHLY TOTALS FOR YEAR 1984

PRECIPITATION (INCHES) 0.23

0.06

RUNOFF (INCHES) 0.000
0.000

EVAPOTRANSPIRATION 0.446
(INCHES) 0.592
LATERAL DRAINAGE FROM 0.0000
LAYER 5 (INCHES) 0.0000
PERCOLATION FROM 0.0000
LAYER 6 (INCHES) 0.0000

.55
.83

.000
.000

.742
.466

.000
.000

.000
.000

0.000
0.000

2.307
0.581

0 0.0000
0 0.0000

0
0

.0000
.0000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM LAYER
PERCOLATION FROM LAYER 6
CHANGE IN WATER STORAGE
SOIL WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

0.94 1.01 0.60 0
0.00 0.42 0.07 1
0.000 0.000 0.000 0
0.000 0.000 0.000 0
1.282 2.024 0.515 0
0.000 0.225 0.263 0
0.0000 0.0000 0.0000 O
0.0000 0.0000 0.0000 O
0.0000 0.0000 0.0000 O
0.0000 0.0000 0.0000 O
YEAR 1984

(INCHES) (CU. FT.)
727 26350.
0.000 0.

9.442 34276
0.0000 0.
0.0001 0.

2173 -7886.

6.98 25337.

4.81 17450.

0.00 0.

0.00 0.

0.00 0.

-29.88
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MONTHLY TOTALS FOR YEAR 1985

PRE PITATION (INCHES)
RUNOFF (It 3)
TAPOTRANSPIRATION

(INCHES)

LATERAL DRAINAGE FROM
LAYER 5 (INCHES)

PERCOLATION FROM
LAYER 6 (INCHES)

0.34
0.12

0.000
0.000

0.656
0.031

0.0000
0.0000

0.0000
0.0000

.82
.01

.000
.000

.176
.099

.0000
.0000

.0000
.0000

0.36
0.63

0.000
0.000

0.971
0.356

0.0000
0.0000

0.0000
0.0000

0.01 0.
0.46 1.
0.000 0.
0.000 0
0.037 0
0.266 0.
0.0000 O.
0.0000 O.
0.0000 O.
0.0000 O.

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL. DRAINAGE FROM LAYER

PERCOLATION FROM LAYER 6

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT T D OF YEAR

SNOW ! AT START OF YEAR

IOW WATER AT END OF YEAR

ANNU. WATER BUDGET BALANCE

S

.000

.798

.0000

.0001

.302

.81

.11

.00

.00

.00

1098.

17450.

i8! 3.

12 .15
24 0.84
000 0.000
.000 0.000
.144 0.171
276 0.615
0000 0.0000
0000 0.0000
0000 0 )00
0000 0.0000
PERCENT
100.00
.00
94.07
.00
0.00
.93
.00
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Draft B

MONTHLY TOTALS FOR YEAR 1986

PRECIPITATION (INCHES) 1.
0

RUNOFF (INCHES) 0.
0

EVAPOTRANSPIRATION 0.
(INCHES) 1.
LATERAL DRAINAGE FROM 0.
LAYER 5 (INCHES) 0.
PERCOLATION FROM 0.
LAYER 6 (INCHES) 0.

76

.21

000

.000

534
229

0000
0000

0000
0000

0.000
0.000

1.357
0.020

0.0000
0.0000

0.0000
0.0000

0.76
0.96

.000
.000

1.798
0.353

0.0000
0.0000

0.0000
0.0000

0.00 0
0.29 0
0.000 0
0.000 0.
0.362 0.
0.263 0.
0.0000 O.
0.0000 O.
0.0000 O.
0.0000 O.

.30 0.00
.65 0.77

.000 0.000

000 0.000

362 0.415
230 0.270

0000 0.0000
0000 0.0000

0000 0.0000
0000 0.0000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL, DRAINAGE FROM LAYER

PERCOLATION FROM LAYER 6

C [ IN ’ER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

0.000

7.193

0.0000

0.0001

0.103

18548.

18175.
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DOE/RL-93-33
Draft B

MONTHLY TOTALS FOR 1

PRECIPITATION (INCHES) 0.80
0.50
RUNOFF (INCHES) 0.000
0.000
EVAPOTRANSPIRATION 0.479
(INCHES) 0.500
LATI L DRAINAGE FROM 0.0000
Li...R 5 (INCHES) 0.0000
PERC _._ATION FROM 0.0000
LAYER 6 (INCHES) 0.0000

.19
.07

.000
.000

.952
.070

.0000
.0000

.0000
.0000

.05
.01

.000
.000

.643
.010

.0000
.0000

.0000
.0000

R 1987

0.14 0.
0.00 0
0.000 0.
0.000 0.
0.386 0.
0.000 0.
0.0000 O.
0.0000 oO.
0.0000 O.
0.0000 O

17

.40

000
000

577
222

000
000

00

.00v

0.11
1.63

.000
.000

(o N

.978
.432

e N e

0
0

.0000
.0000

e N e

JoOo

) .0000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL, DRAINAGE FROM LAYER 5

PERCOLATION FROM LAYER 6

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

SOIL WATER AT END OF YEAR

SNOW W..._.l AT START OF __.i\R

SNC.. WATER AT END OF YEAR

ANNuaL, WATER BUDGET BALANCE

.00

.24

.00

.00

.17

.01

.83

.00

.00

.00

0

9

00

01

9

-650.

18175.

17525.

103.53

0.00

0.00

-3.53
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Draft B

MONTHLY TOTALS FOR YEAR 1988

PRECIPITATION (INCHES) 0.48 0.00 0.39 1.12 0
0.13 0.00 0.39 0.01 0.
RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.
0.000 0.000 0.000 0.C 0
EVAPOTRANSPIRATION 0.796 0.664 0.538 0.506 0
(INCHES) 0.130 0.000 0.173 0.196 0.
LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 O.
LAYER 5 (INCHES) 0.0000 0.0000 0.0000 0.0000 O.
PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 O.
LAYER 6 (INCHES) 0.0000 0.0000 0.0000 0.0000 O.
T mwwuaL Totas FoR vEar 1988
7 (NcEEs)  (CU. FT.)  PERCENT
PRECIPITATION --;ji; ----- igi;;_
RUNOFF 0.000 0.
EVAPOTRANSPIRATION 4.863 176
LATERAL DRAINAGE FROM LAYER 5 0.0000 0.
PERCOLATION FROM LAYER 6 0.0001 0.
IN M ) -0.683
SOIL. WATER AT START OF YEAR 4.83 '525.
SOIL. WATER AT END OF YEAR 4.14 15046.
SNOW WATER AT START OF YEAR 0.00 0.
SNOW WATER AT END OF YEAR 0.00 0.
ANNUAL WATER BUDGET BALANCE 0.00 0.

.33 0.11
82 0.40
000 0.000
.000 0.000
.580 0.722
284 0.274
0000 0.0000
0000 0.0000
0000 0.0000
0000 0.0000
PERCENT
100.00
0.00
1ll6.34
0.00
0.00
5.34
0.00
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Draft B

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1979 THROUGH 1988

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV __../DEC
PRECIPITATION
TOTALS 0.78 0.73 0.64 0.44 0.48 0.42
0.18 0.09 0.51 0.41 1.09 1.24
STD. DEVIATIONS 0.54 0.51 0.30 0.40 0.42 0.40
0.14 0.12 0.28 0.39 0.57 0.60
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.001 0.000 0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.002 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.606 1.065 1.226 0.466 0.632 1.065
0.469 0.084 0.268 0.244 0.425 0.454
STD. DEVIATIONS 0.123 0.283 0.697 0.205 0.408 0.831
0.398 0.093 0.137 0.121 0.237 0.128

LATERAL DRAINAGE FROM LAYER 5

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 o0.0000

PERCOLATION FROM LAYER 6

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.0000 0.0000 0.0000 0.0000 0.0000
.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS

(@]
(@]
o
o
[oN o]
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Draft B

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1979 THROUGH 1988

(INCHES) (CU. FT.) PERCENT
PRECIPITATION 7.0 (2.164)  25425.  100.00
RUNOFF 0.001 ( 0.002) 3. 0.01
EVAPOTRANSPIRATION 7.003 ( 2.135) 25421. 99.99
LATERAL DRAINAGE FROM 0.0000 ( 0.0000) 0. 0.00

LAYER 5

PERCOLATION FROM LAYER 6 0.0001 ( 0.0000) 0. 0.00
CHANGE IN WATER STORAGE 0.000 ( 0.974) 0. 0.00

PEAK DAILY VALUES FOR YEARS 1979 THROUGH 1988

(INCHES) (Cu. FT.)
PRECIPITATION "Bféé" ——;;;;t;-
RUNOFF 0.008 27.5
LATERAL DRAINAGE FROM LAYER 5 0.0000 0.0
PERCOLATION FROM LAYER 6 0.0000 0.0
HEAD ON LAYER 6 0.0

TOW WATER 0.’ )

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1685
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0649
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FINAL WATER STORAGE AT END OF YEAR 1988

v e e e e e e e e - = . e = e e = = = e A= = =

LAYER (INCHES) (VOL/VOL)
R 1.95 0.0977
2 1.35 0.0677
3 0.29 0.0476
4 0.16 0.0259
5 0.27 0.0450
6 0.13 0.0210
SNOW WATER 0.00
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Draft B

APPENDIX C-3

MODIFIED RCRA SUBTITLE D BARRIER DESIGN
PRELIMINARY PERFORMANCE ASSESSMENT FOR STEADY-STATE CONDITIONS
(HELP VERSION 2.0 RESULTS)

VERTICAL PERCOLATION LAYER

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

8.00 INCHES

0.4734 VOL/VOL

0.2381 VOL/VOL

0.0627 VOL/VOL

0.1356 VOL/VOL
0.000989999971 CM/SEC

VERTICAL PERCOLATION LAYER

THICKNESS = 16.00 INCHES

POROSITY = 0.5140 VOL/VOL

FIELD CAPACITY = 0.2585 VOL/VOL
"TUTING I NT = 0.0681 VOL/VOL
--.ITIAL £__.L WATER CONTENT = 0.0742 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000989999971 CM/SEC

VERTICAL PERCOLATION LAYER

THICKNESS = 12.00 INCHES

POPNATTY = 0.3470 VOL/VOL

FI CAPAC = 0.2109 VOL/VOT,
WI____.G DJI _ = 0.0681 VOL/ J
INITIAL SOTT.- WATER CONTENT = 0.0681 VOL/VOL
SATURATED JRAULIC CONDUCTIVITY = 0.000001600000 CM/SEC
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DOE/RL-93-33

Draft B

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER

TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH

UPPER LIMIT VEG. STORAGE

INITIAL VEG. STORAGE

INITIAL SNOW WATER CONTENT

INITIAL TOTAL WATER STORAGE IN

SOIL AND WASTE LAYERS

o nnu

87.
43560.
36.
16.
3.
0.

3

21

SQ FT

00 INCHES
1752 INCHES
0892 INCHES
0000 INCHES

.0892 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

USER SPECIFIED RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR HANFORD SITE, WASHINGTON STATE.

MAXTIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)

NORMAIL, MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

FEB/AUG

36.30
74.30

MAR/SEP

45.10
65.20

1

APR/OCT

53.10
53.00

.60
113
288

MAY /NOV

61.50
39.80
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Draft B

MONTHLY TOTALS FOR YEAR 1979

0.17
0.38

0.000
0.000

0.580
0.276

0.0000
0.0000

.54
.20

.000
.000

.209
.304

.0000
.0000

0.52 0
0.67 1.
0.000 0.
0.000 0.
0.468 0.
0.159 0
0.0000 O
0.0000 O

.10

36

000
000

510

.362

.000
.000

0.00
0.99

0.000
0.000

.010
.518

0 0.0000
0 0.0000

ICIPITATION (INCHES) 0.54
0.09
RUNOFF (INCHES) 0.000
0.000
EVAPOTRANSPIRATION 0.774
{INCHES) 0.090
PERCOLATION FROM 0.0000
LAYER 3 (INCHES) 0.0000
PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

PERCOLATION FROM LAYER 3
CHANGE IN WATER STORAGE
SOIL WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

.00

.26

.00

.30

.08

.39

.00

.00

.00

0

0

00

(0]

4720.

11214.

15934.

76.61

23.39
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DOE/RL-93-33
Draft B

PRECIPITATION (INCHES)

RUNOFF (INCHES)

EVAPOTRANSPIRATION
(INCHES)

PERCOLATION FROM
LAYER 3 (INCHES)

MONTHLY TOTALS FOR YEAR 1980

0.000
0.000

0.485
0.233

0.0000
0.0000

[oN o]

1.
0.

0.
0.

41
44

.000
.000

678
291

.000

ooo

0.96
1.89

0.000
0.000

2.003
0.314

.0000
.0000

0
0

PRECIPITATION
RUNOFF

EVAPOTRANSPIRATION

PERCOLATION FROM LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR

JIL WATER AT D OF °

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

.30 0.30 0.86 1.
.02 0.85 0.33 0.
.000 0.000 0.000 O
.000 0.000 0.000 O
159 1.894 0.678 1.
020 0.382 0.383 0.
0000 0.0000 0.0000 O
0000 0.0000 0.0000 O.
YEAR 1980
{INCHES) (CU. FT.)
o688 35138.
0.001 3.
9.520 34559
0.0000 0.
0.159 576.
4.39 15934.
.55 16510.
0.00 0.
0.00 0.
0.00 0.
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DOE/RL-93-33

Draft B

" MONTHLY TOTALS FOR YEAR 1981

PRECIPITATION (INCHES) 0.56 0
0.19 0

RUNOFF (INCHES) 0.000 0.
0.000 0.

EVAPOTRANSPIRATION 0.665 1.
(INCHES) 0.182 0
PERCOLATION FROM 0.0000 O
LAYER 3 (INCHES) 0.0000 O

.60
.03

000
000

433

.030

.0000
.0000

0.000
0.000

1.066
0.113

0.0000
0.0000

0.02 0
0.39 1.
0.000 0
0.000 0
0.452 0
0.358 0.
0.0000 0.
0.0000 O

.99

08

.000
.000

.406

516

000

. 000

0.43
1.45

0.000
0.000

1.426
0.543

0 0.0000
0 0.0000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION
PERCOLATION FROM LAYER 3
CHANGE IN WATER STORAGE
SOIL WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

\L BUDC__ B

0.

000

.191

.0000

.151

.55

.40

.00

.00

.00

-548.

16510.

15962.
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DOE/R1L.-93-33
Draft B

MONTHLY TOTALS FOR YEAR 1982

PRECIPITATION (INCHES) 0.33 0.57 0.30 0.75 0.28 0.75
0.22 0.20 0.55 1.33 0.91 1.79
RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.008 0.000 0.000
EVAPOTRANSPIRATION 0.660 1.10° 1.032 0.607 0.676 0.408
(INCHES) 0.697 0.199 0.300 0.400 0.988 0.547
PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 o0.0000
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 O0.0000
7 awuau ToraLs Fom vEAR 1982
(INCHES) (Cu. FT.) PERCENT
PRECIPITATION --;j;; ----- ;;;;;j 166?66-
RUNOFF 0.008 28. 0.09
EVAPOTRANSPIRATION 7.623 27671. 95.52
PERCOLATION FROM LAYER 3 0.0000 0. 0.00
CHANGE IN WATER STORAGE 0.350 1269. 4.38
SOIL. WATER AT START OF YEAR 4.40 15962.
JIL WAT AT D OF YEAR 4.75 1 1.
SNOW WATER AT START OF YEAR 0.00 0.
SNOW WATER AT END OF YEAR 0.00 0.
ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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Draft B

" MONTHLY TO

PRECIPITATION (INCHES) 1.44 1
0.31 0.

RUNOFF (INCHES) 0.000 0.
0.000 0.

EVAPOTRANSPIRATION 0.577 0
(INCHES) 0.758 0
PERCOLATION FROM 0.0000 O
LAYER 3 (INCHES) 0.0000 O

FOR YEAR 1983

.52
.12

000
000

.720
.578

.000
.000

0
0

.68
.12

.000
.000

.989
.445

.0000
.0000

PRECIP;TATION

RUNOFF

EVAPOTRANSPIRATION
PERCOLATION FROM LAYER 3
CHANGE IN WATER STORAGE
SOIL WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT D OF YEAR

A Wi N LANCE

.36 1.00 0.42 0
12 0.46 0.52 2

000 0.000 0.000 O.

000 0.000 0.000 O.
.965 2.210 0.848 0
.121  0.460 0.161 0
.0000 0.0000 0.0000 O
.0000 0.0000 0.0000 O

YEAR 1983

(INCHES) (Cu. FT.)
11,07 40184.
0.000 0.
9.832 35690
0.0001 0.
1.238 4493,
4.75 17231.

5.98 21724.

0.00 0.

0.00 0.

0.00 0.

.00

11.

18

.00

C3-9



DOE/RL-93-33

Draft B

MONTHLY TOTALS FOR YEAR 1984

PRECIPITATION (INCHES) 0.23

0.06

RUNOFF (INCHES) 0.000
0.000

EVAPOTRANSPIRATION 0.444
(INCHES) 0.729
PERCOLATION FROM 0.0000
LAYER 3 (INCHES) 0.0000

0.000
0.000

2.100
0.230

0.0000
0.0000

0.000
0.000

0.539
0.260

0.0000
0.0000

0.000
0.000

0.753
0.468

0.000
0.000

.99
.57

0.000
0.000

2.115
0.577

2
0

.0003
.0000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION FROM LAYER 3

CHANGE IN WATER STORAGE

SOIL WATER AT START OF YEAR
YIL WA AT END OF

SNOW WATER AT START OF YEAR

SNOW WATER AT END OF YEAR

ANNUAL, WATER BUDGET BALANCE

0.

9.

0.

-2.

000

490

0005

221

-8061.

21724.

13663.

130.54

-30.55
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Draft B

MONTHLY TOTALS FOR YEAR 1985

PRECIP. .TION (INCHES) 0.34
o]

.12

RUNOFF (INCHES) 0.000
0.000

EVAPOTRANSPIRATION 0.652
(INCHES) 0.031
PERCOLATION FROM 0.0000
LAYER 3 (INCHES) 0.0000

.82
.01

.000
.000

.169
.099

.0000
.0000

.000
.000

.033
.362

.0000
.0000

0.01 0.
0.46 1.
0.000 0
0.000 0.
0.010 0.
0.273 0.
0.0000 O
0.0000 O

12
24

.000

000

142
278

.000
.000

0.15
0.84

0.000
0.000

0.150
0.612

0 0.0000
0 0.0000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERC(C™ "TION FROM LAYEﬁ 3
CHANGE IN WATER STORAGE
SOIL WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WAT™” AT END OF YEAR

A J”” WATER BUDGET BALANCE

.00

.81

.00

.28

.76

.05

0

1

00

9

10489.

13663.

14712.
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Draft B

MONTHLY TOTALS FOR YEAR 1986

PRECIPITATION (INCHES) 1.76 1.
0.21 0.

RUNOFF (INCHES) 0.000 0
0.000 0

EVAPOTRANSPIRATION 0.533 1.
(INCHES) 1.136 0.
PERCOLATION FROM 0.0000 O
LAYER 3 (INCHES) 0.0000 O

.000
.000

350
020

.0000
.0000

.76
.96

.000
.000

.805
.365

. 0000
.0000

0.00 0.
0.29 0.
0.000 0.

0.000 0.
0.452 0.
0.267 0
0.0000 O
0.0000 O

30 0.00
65 0.77
000 0.000

000 0.000

364 0.406

.233 0.271

.0000 o0.0000
.0000 o0.0000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION
PERCOLATION FROM LAYER 3
CHANGE IN WATER STORAGE
SOIL WATER AT START OF YEAR
SOIL WATER AT END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

.00

.11

.05

.94

.00

.00

.00

00

1

-403.

14712.

143089.

100.00

0.00

101.57

-1.57
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MONTHLY TOTALS FOR YEAR 1987

17

.40

000
000

597

.226

.000

000

0
0

.11
.63

.000
.000

.007
.423

.0000
.0000

.00

.03

PRECIPITATION (INCHES) 0.80 0.19 1.05 0.14 0.
0.50 0.07 0.01 0.00 0
RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.
0.000 0.000 0.000 0.000 0.
EVAPOTRANSPIRATION 0.274 1.012 0.697 0.406 0.
(INCHES) 0.500 0.070 0.010 0.000 0
PERCOLAT FROM 0.0000 0.0000 0.0000 0.0000 O
LAYER s (INCHES) 0.0000 0.0000 0.0000 0.0000 O.
T awNuav ToTaLs FOR vear 1987
(INCHES) (CU. FT.)
PRECIPITATION —-;ja; _____ i;;a;-
RUNOFF 0.000 0.
EVAPOTRANSPIRATION 5.223 18961
PERCOLATION FROM LAYER 3 0.0000 0.
CHANGE IN WATER STORAGE -0.153 -557.
SOIL WATER AT START OF YEAR 3.94 14308.
SOIL WATER AT END OF YEAR 3.79 13752.
AT START OF YEAR 0.00 0.
AT END OF °~ 1R 0.00 0.
iR BUDGET E ~ \NCE 0.00 0:

.00
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Draft B

MONTHLY TOTALS FOR YEAR 1988

PRECIPITATION (INCHES) 0.48

0.13
RUNOFF (INCHES) 0.000
0.000
EVAPOTRANSPIRATION 0.776
(INCHES) 0.130
PERCOLATION FROM 0.0000
LAYER 3 (INCHES) 0.0000

0.00

0.000

0.000

0.655
0.000

0.0000
0.0000

0.000
0.000

0.550
0.177

0.0000
0.0000

1.12 0.33
0.01 0.82

0.000 0.000
0.000 0.000

0.529 0.590
0.200 0.287

0.0000 0.000
0.0000 o0.000

0.11
0.40

.000
.000

.711
.276

0 0 000
0 0 000

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION
PERCOLATION FROM LAYEﬁ 3
CHANGE IN WATER STORAGE
SOIL WATER AT START OF YEAR
SOIL ' L ' END OF YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END OF YEAR

ANNUAL WATER BUDGET BALANCE

.000

.880

.0000

.700

.79

.00

.00

.00

-2540.

13752.

0.00

-1l6.74
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1979 THROUGH 1988

PRECIPITATION
TOTALS 0.78 0.73 0.64 0.44 0.48 0.42
0.18 0.09 0.51 0.41 1.09 1.24
STD. VIATIONS 0.54 0.51 0.30 0.40 0.42 0.40
0.14 0.12 0.28 0.39 0.57 0.60
RUNOFF
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.001 0.000 0.000

STD. DEVIATIONS .000 0.000 0.000 0.000 0.000 0.000
0

0
0.000 0.000 0.000 .002 0.000 0.000

EVAPOTRANSPIRATION
TOTALS 0.584 1.071 1.259 0.499 0.644 1.023
0.449 0.083 0.270 0.246 0.423 0.453
STD. DEVIATIONS 0.156 0.279 0.697 0.216 0.408 0.809
0.370 0.083 0.138 0.122 0.233 0.127

PERCOLATION FROM LAYER 3

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.0000 0.0001 o0.0001
.0000 0.0000 o0.0000

STD. DEVIATIONS .0000 0.0000 0.0000

.0000 0.0000 0.0000

[oNe]
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1979 THROUGH 1988

{INCHES) (CU. FT.) PERCENT
PRECIPITATION 7.00  (2.164)  25425.  100.00
RUNOFF 0.001 ( 0.002) 3. 0.01
EVAPOTRANSPIRATION 7.003 ( 2.134) 25421, 99.99
PERCOLATION FROM LAYER 3 0.0001 ( 0.0002) 0. 0.00
CHANGE IN WATER STORAGE 0.000 ( 0.996) 0. 0.00

PEAK DAILY VALUES FOR YEARS 1979 THROUGH 1988

{INCHES) (Cu. FT.)
PRECIPITATION _-6?;;__ ——;;;;j;_
RUNOFF 0.008 27.5
PERCOLATION FROM LAYER 3 0.0000 0.0
SNOW WATER 0.76 2743.4
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1698
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0667
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FINAL WATER STORAGE AT END OF YEAR 1988

LAYER (INCHES) (VOL/VOL)

I 1.09 0.1356

2 1.19 0.0742

3 0.82 0.0681
SNOW WATER 0.00
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APPENDIX C-4
CALIBRATIO]~ OF HELP VERSION 2.0 AND PERFORMANCE

ASSESSMENT U¥ THREE INFILTRATION BARRIER DESIGNS
FOR HANFORD SITE REMEDIATION
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ABSTRACT

The U.S. Environmental Protection Agency’s HELP model was used to evaluate water balances of
three altemnative covers for buried waste at the semi-arid Hanford Si  The evaluation was made tc s
the =ffects of restrictive assumptions within the HELP model on simulations of arid sites. The HELY model
a.._mes that only gravitational forces act upon pore water movement. However, the cover Aesigns*  ize the
concept of a capillary b~ier to minimize meteoric water infiltration into the waste. Th fuation was
performed by ~~~ompli._..ng two objectives. The first objective was to calibrate the HELY model to Hanford
Site lysimeter __a. e second objective was to compare results from the calibrated HELP model with *
results from the UNSAT-H model for equivalent barrier performance simulations.

Th ‘eport presents results of the calibration exercise and cove = “ations. The calibration results
suggest !~ the > model may adequately account for near-surface rity at sermi-arid sites by
considering the comoined effects of evaporation and transpiration if: (a) e vegetative option in the model is
used and (b) the evaporative depth is known beforehand. However, estimating the evaporative depth at the
Hanf 1Site is difficult because it is not temporally static and may be specific to soil type and profile
layerng.

Simulations were performed for three precipitation scenarios: (a) ambient, (b) two times (2x)
ambient, and (c) design storm. The results of the barrier simulations indicate that for the ambient and design
storm precipitation conditions, the barriers will perform as designed and will return nearly 100% of the
precipitation to the atmosphere through evaporation and transpiration. For the 2x ambient precipitation
conditions, two of the three cover designs are projected to provide only marginal protection from deep
infiltration into the stored waste.
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3.2 HELP Model
3.2.1 General Descriptioh’

‘ The Hydrologic Evaluation of Landfill Performance (HELP) Model Version 1.0 was developed to
assist hazardous waste landfill designers and regulators evaluate the hydrologic performance of proposed
landfill designs. The model was specifically designed to rapidly and economically assess landfill designs
without an in-depth knowledge of unsaturated soil hydraulic parameters or computational techniques. To
meet these objectives, HELP contains a broad meteorologic and soil type data base and operates interactively
with the user. In Version 2.0, the capabilities were enhanced by the addition of a synthetic weather generator
(Richardson and Wright, 1984) and a vegetative growth model (Amold et al., 1986).

The code is written in FORTRAN 77 and consists of two modules: (1) HELPI, an interactive input
program and (2) HELPO, the execution and output program. The program is designed to run efficiently on
an IBM or compatible personal computer.

3.2.2 Theoretical Background
HELP is a quasi-two-dimensional, deterministic water budget model that maintains a continuous
water balance between surface runoff, evapotranspiration, vertical drainage, and lateral subsurface drainage.

Each component of the water balance is computed as follows:

e Surface runoff is computed using the Soil Conservation Service (SCS) method

e Evapotranspiration is computed using the PET concept

Percolation is computed using Darcy's law modified for unsaturated conditions

Lateral drainage is computed using a mass balance equation.

In the SCS method, infiltration rates have been empirically found for different soil types and levels
of vegetation. The amount of runoff is computed by the equation

2
0= 5 ®
where
Q = runoff
P = precipitation
S = retention parameter.

Tha retention parameter is a non-linear function of soil moisture and vegetative cover density. This
f-—-tion described by a series of curves developed by the SCS. The method attempts to en sass all
processes uivolved in infiltr:  n and redistribution (i.e., surface storage due to roughness, ramwop effects,
soi. _ irface compaction, and any number of other factors that may affect runoff).

The evapor i calculated by HELP is a portion of the PET that is determined by the Penman
method, as develop__ Oy Ritchie (1972) from

1.284AH

PET = (A+G)254°

4

where

H = net solar radiation
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G = psychrometric constant, 0.68
A = slope of saturation vapor pressure curve computed from
5304 (21.255 - 5304/
= -——2_2 e " , ®)
where
T = the mean daily temperature.

If a LAl is specified, the PET is partitioned into PT and ET by using the LAI the equation

PT = PETe 44,

(6)
The daily PT is first applied to any free water on the surface. PT demand in excess of surface water is first
extracted through soil evaporation and any further demand is extracted through transpiration. Soil
evaporation occurs in two stages. Stage 1 assumes evaporation is controlled by atmospheric demand.
However, when the evaporation amount exceeds an upper limit determined from the evaporation coefficient
for the soil type, stage two evaporation occurs and the soil’s unsaturated conductivity crrtrols the
evaporation. The sum of the evaporation and transpiration is then distributed throughou static evaporative
zone depth using a function in which the weighting factors decrease with depth.

Infiltration through the drainage layers is computed by Darcy’s law for unsaturated cond ons. The
hydraulic gradient is assumed to be a downward unit gradient. This assumption neglects capillarity and
assumes that only gravitational forces act on the pore water. The downward flux is then equivalent to the
unsaturated hydraulic conductivity of the soil, which is assumed to be a linear function of soil moisture and

can be expressed as
K{e—e'J3+(2M) ] '
g=K -—F : | Q)
8.-6,

where
q = rate of downward flux
© = soil water content
8, = residual soil water content
O = porosity
A = pore size index.

Infiltration through the barrier (i.e., low permeability) layer is assumed to occur under  “urated conditions
and proceeds by Darcy’s law where the pressure gradient is determ  :d from the water  :umulated over the
barrier.

The amount and timing of percolation through each layer is calculated by applying the mass-balance
equation over each segment, with the amount of storage evaluated at the midpoint of e~~h time step. This
method is analogous to the Crank-Nicholson finite difference scheme used to numeric y solve Richard’s
equation in UNSAT-H.

Finally, the amount of lateral drainage that occurs is estimated by an approximated solution of the
mass-balance equation for lateral drainage. The approximated solution assumes steady-state conditions and a
unitgra ™ itinthe« ction of drainage. The lateral drainage equation is
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Kscoszaéa;-(yg-g)+R-KB(l + %_) =0, (8)

where

= horizontal distance from drain

= saturated thickness in lateral drainage layer
= inclination angle of lateral drain

elevation of phreatic surface

= vertical drainage rate into saturated portion of lateral drainage layer

oW TR o< X
I

s = saturated hydraulic conductivity in lateral drainage layer
Kg = saturated hydraulic conductivity in barrier soil

T = thickness of barrier soil layer.

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

3.3 Discussion of Differences

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

The most significant of these assumptions is a unit gradient for vertical infiltration. This assumes
that only gravitational forces affect pore water below the arbit ly defined evaporative zone depth.
Although HELP does not directly consider capillary forces, the effect of capillarity is ind] tly  :ounted
for by applying continuity to evapotranspiration and pore water above the evaporative zone depth. FFor humid
conditions, the unit gradient assumption is appropriate. However, for semi-arid conditions, the arbitrary and
-+=**= -——=—orative zone depth could either over- or under-estimate deep infiltration into the vadose zone.

mating the evaporative zone depth could result in over-estimation of infiltration be'~- the root

t *'~~"~g deeper pore water to return to the surface. Over-estimating the evaporati.. zone depth,
/ the  iny wl  the raporati 0 th may becon relatively shallow, could
nare uccp infiltration.
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4. PREVIOUS EVALUAT )NS

The ability of HELP to accurately simulate arid and semi-arid vadose zone processes has een
investigated by several researchers with conflicting results. This section summarizes their previous work and
conclusions regarding the application of the HELP model for arid sites.

4.1 Thompsonand Ty :r

Thompson and Tyler (1984) compared the results of HELP Version 1.0 and UNSATID (an early
predecessor of UNSAT-H) in simulating fluid flow in covered fly ash landfills. The models were applied to
a landfill profile consisting of bare topsoil underlain by compacted clay and fly ash waste. The simulations
were performed for three locations: (1) a humid site at Cincinnati, Ohio, (2) a semi-humid site at
Brownsville, Texas, and (3) a semi-arid site at Phoenix, Arizona. To ensure consistency of input data used in
the two models, the same climatological, initial conditions, and material hydraulic properties for each site
were used to the extent practical.

The results of the simulations reflected the different solution algorithms used by each model. For
semi-humid and arid conditions, UNSAT1D predicted an upward flux through the clay layer while HELP
predicted a downward or zero flux. UNSATID also predicted more evaporation for all cases. In addition,
over the entire simulation period, HELP predicted an increase in storage for all sites while UNSATID
predicted an increase in storage only for the humid site. HELP also predicted more runoff for all three sites.
This result was thought by the authors to be more representative of actual conditions because HELP uses the
SCS’s empirical method while UNSATI1D simply assumes that runoff is equivalent to any precipitation in
excess of the soil’s infiltration capacity. The two models showed good agreement for predicted infiltration
and final water storage only for the humid site.

4.2 Nichols

Nichols (1991) compared the results of HELP Version 2.0 and UNSAT-H Version 2.0 in simulating
the performance of a two-layer infiltration barrier designed to minimize de  infiltration at the Hanford Site.
The landfill barrier was modeled as a silt-loam top layer with grass underlain by a fine sand capillary break.
Water movement in the soil profile was modeled for a lO—year period using daily meteorologic data recorded
at the Hanford Site. As in the Thompson and Tyler study, input parameters were chosen to achieve a

comparable represe1  ion of the physical system by both models. However, ad v
subsequently identified in the precipitation totals, resulting in the applicatic of water in the
HELP simulation than in the UNSAT-H simulation. Another difference betweer *the two

models was the length of the growing season. The growing season used in the HELP model was specified to
be 50-days longer than that specified in the UNSAT-H model.

The results from both models indicated that very little deep infiltration would occur through the
infiltration barrier. UNSAT-H predicted no infiltration while HELP predicted that approximately 0.2% of the
precipitation total precipitation would infiltrate through the barrier. Other differences between the two
simulations were that HELP predicted a higher percentage of precipitation would be return  to the
atmosphere than was predicted by UNSAT-H. HELP aiso predicted no change in storage while UNSAT-H
predicted a slight increase in storage over the period simulated.

4.3 Stevens and Coo s

Stevens and Coons (1994) applied HELP Version 2.05 to simulate long-term infiltration from a
proposed landfill in southern New Mexico. The infiltration rate predicted by the model was cor ired to
estimates of infiltration based on predictions from chloride mass-balance studies and laboratory evaluations
of core samples from the site. The model was used to simulate moisture movement in the landfill during 80
years of operation and approximately 4,500 years after closure. Default hydraulic parameters for fine loamy
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sand and refuse provided in HELP were used with model-generated precipitation and evaporation data to
simulate landfill perfformance.

The chloride mass balance method assumes that the principle source of chloride in the soil water is
from precipitation. At ailibrium, the rate of chloride mass entering the soil frc  precipitation will equal
the rate of chloride mass leaving the soil through deep infiltration, and the recharge rate can be calculated by
the equation

R = (Clp/Clsw) XP, (9)
where
R = recharge rate
Cl, = chloride concentration in precipitation
Clg,, = chloride concentration in soil water
P = average annual precipitation.

To estimate recharge rates from core samples taken from the site, the van Genuchten relations (van
Genuchten, 1980) were fit to moisture retention and unsaturated hydraulic conductivity curves obtained from
laboratory analysis of the core sections. The unsaturated hydraulic conductivity at the in-situ moisture
content was then used to calculate the darcy velocity, assuming a downward unit gradient.

Their HELP simulation predicted infiltration would reach a maximum of 0.0084 in/yr after 1,200
years and equilibrate at 0.0027 in/yr after 4,200 years. The recharge estimate from the chloride mass balance
method was 0.0077 in/yr and 0.0072 in/yr for two locations. The geometric mean of laboratory estimates of
recharge was 0.0062 in/yr.

4.4 Conclusions of Previous Evaluations

In summary, the study by Thompson and Tyler concluded that HELP and UNSATID yield similar
fluid-flow results only under humid conditions, and the assumption on which HELP is based (nar y the
downward unit gradient) appears to limit its applicability at arid sites. Nichols concluded that HI is
“cor _ vative” in the sense it over-predicts deep infiltration. However, the differences in simulated water
balance between ELP and UNSAT-H were relatively small compared to the differences encountered by

"hompson and Tyler. The results from Nichols should be viewed with caution because of the data entry error
and the appreciably different growing seasons specified for the two simulations.

The udy by Stevenr ~=d  ons concluded that HELP predicted reasonable = i1
a semi-arid site because the r...lts compared well to estimates from chloride mass balance and laboratory
evaluation of ~nre samples. Their results should also be viewed with caution because the laboratory
estimates of ___harge used the same unit gradient assumption. The estimates of recharge based on the
chloride mass balance were determined from the average chloride concentration. If the peak and lowest
values were used, the recharges estimate would be 10 times smaller or 3 times larger, respectively.
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5. LHELP CALIBRATIC |

Model calibration is a trial-and-error process of adjusting input data until computed data match field
observations. The Field Lysimeter Test Facility (FLTF) was specifically constructed to test the performance
- of capillary barriers. The measurements collected at the FLTF provide a readily available source of data to
calibrate numerical models of potential barrier designs at the Hanford Site.

Moisture content, drainage, and storage data gathered in the four weighing lysimeters from January
1, 1988 to December 31, 1992 were used to calibrate HELP Version 2.05 to the Hanford Site. The main -
focus of the calibration was to estimate the depth of the evapotranspiration zone in the subject lysimeters. A
description of the weighing lysimeters is presented in Section 5.1. The calibration method and results are
given in Sections 5.2 and 5.3, respectively.

5.1 Weighing Lysimeter Descript ns

Covers with a capillary barrier have been proposed to isolate low-level radioactive waste at the
Hanford Site. The FLTF was designed and constructed to test this concept. Four weighing lysimeters were
chosen to calibrate HELP Version 2.0 because the weighing capability of the lysimeters provided an
additional calibration parameter (i.e., storage). The four weighing lysimeters represent vegetated and bare
surfaces for ambient and augmented precipitation. Each weighing lysimeter measures 1.5 m square and 1.7
m deep and is filled with 1.5 m of soil over 0.2 m of #20 - #30 sand, as illustrated in Figure 2.

Silt

Figure 2. Weighing lysimeter configuration

Two of the four weighing lysimeters received augmented precipitation which was 2 times the
ambient precipitation during the first three years of operation (November 1987 - October 1990) and 3 times
the ambient during October 1990 through the present (Gee et al.,1993). Table 1 lists the four weighing
lysimeters and their respective precipitation treatments and surface conditions.
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Table 1. Weighing lysimeter precipitation treatments and surface conditions.
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Precipitation Surface
Lysimeter Treatment Condition
WO01-1 Ambient Vegetation
Ww02-2 Ambient Bare
W03-3 2x and 3x Vegetation
W04-4 2x and 3x Bare

5.2 Calibration Procedure
5.2.1 Evaluation Criteria

Them  ired values of lysimeter storage and drainage were used to evaluate how well the HELP
model approximated the lysimeter observations. Because no drainage was observed from any of the
lysimeters during the calibration period, the result of using drainage as a calibration parameter was to
minimize drainage in all simulations.

Evaluating the match between simulated and measured storage required both quantitative and
qualitative criteria. Two quantitative indicators were chosen to measure the agreement between field data
and simulation results. The first indicator was the root mean square (RMS) error; the second was the
correlation coefficient.

The RMS error provides a good estimation of the average error throughout the two data sets and is

defined by the equation
k
G
RMS = -1zl 7 , (10)
where
f; = lata point
s; = simulation data point
k number of compa: n points.
™ » correlation coefficient measures the degree to which there is a linear n
ng F~1d data and simulation  1its. It provides an estimate of how w en the
ree ., the shape of the data curve). The correlation coefficient is de y
k k k
kY sfi- 2 s ),
;= i=l i=1 i=1 . (11)

Jez Az bz (2]

A perfectly linear relationship between data sets would result in a correlation coefficient of 1. 2 e other
end of the scale, a correlation coefficient of O would indicate that the data sets are completely independent.
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Finally, graphical comparisons between the measured and simulated data were used to qualitatively
judge how well the simulation results represented the lysimeter data. Plots were made of the measured data
superimposed over the simulation results, and the agreement was visually evaluated.

- 5.2.2 Calibration Parameters and Methods

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

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

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

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

e The evaporative depth is the maximum depth at which water may return to the surface as a result of
evaporation and transpiration. Increasing the evaporative depth decreases the amount of water in stor-
. :byal ng 1spi  ion.

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

Initial estimates for the values of these parameters in the calibration simulations were those of the
original barrier simulations by WHC (DOE, 1993). The uncompacted McGee Ranch Silt specified in the
WHC simulations is identical to the fill used in the weighing lysimeters. The initial hydr lic parameters for
the barrier silt are presented in Table 2. Parameter values for the lysimeter sand were thc. > of the HELP
default soil type 1 (coarse sand). Initial estimates of moisture content corre: ind to the Iy neter storage at
the beginning of the calibration period. Each parameter was varied to obtain a best fit to the observed water
storage while minimizing drainage. After improvement trends were identified, all of the parameters were
adjusted to obtain the best overall agreement with the lysimeter observations.
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Table 2. Initial hydraulic parameters for silt.

Parameter : Initial Value
Porosity (cm’/em®) 0.514
Field Capacity (cm3/cm?) 0.25%
Wilting Point (cm3/cm3 ) 0.068
Saturated Conductivity (cm/s) 0.001
Evaporative Depth (in) 36.0
L Leaf Area Index 1.60

The calibration methods discussed above was applied to three representations of the weighing
lysimeter soil profile. The three profiles are described below and are illustrated in Figure 3.

» Two layers consisting of McGee Ranch Silt and coarse sand: This is the simplest representation of the
weighing lysimeter’s two soil types and is how HELP was intended to represent a two-layer cover sys-
tem.

» Six layers consisting of five identical silts and a coarse sand: This representation was evaluated
because HELP assumes a uniform moisture content in each layer when solving for the water balance.
The multi-layered representation of the silt allows portrayal of different moisture contents as a func-
tion of depth.

» Four layers consisting of silt, coarse sand, barrier membrane, and barrier soil: This representation
was used to depict a zero flux bottom boundary condition because no drainage was observed from the
lysimeters during the calibration period.

Depth (in) Depth (in)
Silt Loam
11.8
Silt Loam
-1 236
Silt Loam )
Silt Loam 1 354 Silt Lo
Silt Loam
4 472
Silt Loam
59.1 59.1 =
Coarse Sand Coarse Sand 66.9 (

_— 66.9 - 9/4q

Barrier Membrane

_3ure 3. Weighing lysimeter representations used in HELP simulations.
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Figure 4. Simulation results of storage for the uncalibrated two-layer lysimeter representation.
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A quantitative comparison of measured and simulated lysimeter storage using the calibrated final
parameters discussed above is provided in Table 4. Dividing the silt profile into several layers to permit
different moisture contents with depth did not significantly change the simulation results. Nearly identical
storage and drainage results were obtained with two-layer and six-layer representations which could be seen
. in identical RMS error and correlation coefficients between the two- and six-layer representations. These
six-layer results were not included in the figures or in Table 4. Plots comparing measured and simulated

lysimeter storage for the two-layer and four-layer representations are illustrated in Figures 6 and 7,
respectively.

Table 4. Quantitative evaluation of HELP simulation results using calibrated parameter values.

Two-Layer Representation
Root Mean Square Correlation
Lysimeter Error Coefficient | Drainage (%)

WwWOl1-1 0.674 0.967 1.75
w02-2 1.048 0.830 6.99
W03-3 1.071 0.934 0.91
W04-4 1.193 0.847 10.9

Four-Layer Representation
WwO1-1 0.987 0.963 0
wO02-2 2.473 0.425 0
WO03-3 1.385 0.930 0
W04-4 5.728 0.383 0
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Figure 6. Simulation storage results using best-fit parameters for the two-layer lysimeter representation.
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5.4 Discussion of Calibration Results

Overall results of the calibration exercise indicate that HELP under-predicts evapotranspiration and
over-predicts drainage in the weighing lysimeters, as can be seen in Figure 7. These tendencies were more
evident in the bare-surface lysimeters than in the vegetated surface lysimeters, as indicated in the larger RMS
and lower correlation coefficients for the bare lysimeter simulations. These results suggest that HELP
Version 2.05 inadequately models the physics of a shallow capillary barrier. The departure of simulated from
the observed storage is primarily due to the unit gradient assumption implied within the model’s solution
algorithm, as well as the assumption of a static evaporative depth.

The results of the simulations of vegetated surfaces suggest that the model may adequately simulate
the combined effects of evaporation and transpiration at a semi-arid location in a non-capillary barrier
application if the evaporative depth is known beforehand and the location experiences a temporally constant
evaporative depth. However, the partitioning between evaporation and transpiration, and the evap ition
algorithm may not correctly portray conditions at the Hanford Site. T s is evident in the simulated
performance of the vegetated and bare lysimeters. The simulations of the vegetated lysimeters predicted
evaporation and drainage near the measured values. However, the simulations of the bare surfaced lysimeters
significantly over-predicted drainage and under-predicted evaporation.

The average evaporative-zone depth appears to be more than the 59-in. depth of the lysimeter’s silt
layer. However, the assumption of a static evaporative depth may not be appropriate for Hanford Site
conditions. The dynamic nature of soil processes in northern arid climates results in relatively shallow winter
and early spring evaporative depths, and relatively deep late summer and early fall evaporative depths.
Assuming an average depth tends to smooth out the observed extremes in storage. Hence, this assumption
may limit the application of HELP at northern arid sites because seasonal variations in climatic tend to be
very severe.

Finally, it should be noted that these conclusions were drawn from a seemingly unfair evaluation of
the HELP model. The odel was calibrated to experimental data collected from a capillary barrier designed
to hold moisture near the surface. This is because the capillary forces withir ner textured soil are much
larger than gravitational or capillary forces in the coarser material below. However, the solution algorithm
within the HELP model assumes that only gravitational forces are present.

5 H L ensitivity

Sensitivities to the key input parameters discussed in Section 5.2.2 were identified throughout the
calibration process, as well as through a separate parametric sensitivity analysis. During the fc 1l
sensitivity analysis, the input parameters that provided the “best” fit to the measured lysimeter storage were
used as the base case. These parameters were individually increased and decreased by 20%, and the resulting
change in predicted storage was evaluated through their effect on the RMS error and the correlation
coefficient. The sensitivity ranking of each parameter for each lysimeter is presented in Table 5.
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Layer 7 is a 12-in. thick gravel.layer designed to facilitate lateral drainage and prevent head build-up
over the underlying asphalt (layers 8 and 9).

Layers 8 and 9 are 6- and 4- in. thick asphalt layers designed to act as a hydraulic barrier, thereby min-

* imizing infiltration into the underlying materials.

Hanford Barrier RCRA Subtitle C RCRA Subtitle D
Depth (in) Depth (in) Depth (in)
8 Silt/Pea Gravel
Silt/Pea Gravel Silt
SilYPea Gravel 20 . 24 Compacted Silt
Compacted Silt 36
40 40
46 |_Filter Sand
52 Filter (=ravel
. 58 [Drainaye wiravel
Silt 64 ‘—I Asphalt
68
80 ZIﬁugz‘uJ \
86 |—er Sand Filter Fabric
o8 Filter Gravel
Crushed Basalt
158
1;3 A
176 b — sphait
180 P
\arrier layers.

\ wwbtitle C Cover Design

The RCRA Subtitle C barrier is an economical version of the Hanford barrier ti :lude

: " "rusion layer. The conceptual model used to represent the barrier consists of s lis

] bea as follows:

Lay ° is a20-in. thick silt and pea-gravel mix designed to function in a manner analogous to layer 1
oft  Ianford barrier.

Layer 2 is a 20-in. thick compacted silt layer designed to function in a mat..... uanal i 2 of
the Hanford barrier. It is compacted to retard moisture migration through the lower | > ___ __rer.

yer 3 is a 6-in. thick sand filter designed to function in a manner analogous to layer 4 of the}  ford
barrier.

-Layer 4 is a 6-in. thick gravel filter designed to function in a manner analogous to layer 5 of the Han-

ford barrier.
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e Layer 5 is a 6-in. thick gravel layer designed to function in a manner analogous to layer 7 of the Han-
ford barrier.

e Layers 6 and 7 are 6- and 4-in. thick asphalt layers designed to function in a manner analogous to lay-
ers 8 and 9 of the Hanford barrier.

6.1.3 RCRA Subtitle ' Cover Design

The RCRA Subtitle D barrier was designed for use at solid-waste sites that do not contain hazardous
or radioactive wastes and does not include the filter sand and gravel layers used by the Hanford and Subtitle
C barrier designs. Instead, it relies on the coarse nature of the grading backfill to provide the capillary break.
The design can be described as consisting of:

e Layer 1 is a 8-in. thick silt and pea-gravel mix designed to function similar to the Hanford barrier
layer 1.

e Layer 2 is a 16-in. thick silt layer designed to function in a manner analogous to layer 2 of the Hanford
barrier.

e Layer 3 is a 12-in. thick compacted silt designed to function in a manner similar to layer 2 of the
RCRA Subtitle C barrier.

6.2 Precipitation Treatments

Water balance simulations for each barrier design were conducted for three precipitation scenarios:
(a) ambient precipitation, (b) 2x ambient precipitation, and (c) design storm conditions. The ambient
precipitation scenarios used daily precipitation data collected at the Hanford Meteorologic Station for the
time simulated. The 2x ambient precipitation scenario was realized by doubling the precipitation that was
recorded each day rather than by doubling the number of days during which precipitation occurred. This was
done to maintain better agreement with the other meteorologic records used in the simulations (e.g., solar
radiation and dew point). The 2x ambient and scenario was simulated to evaluate the effects of climatic
changes which result in dramatically more precipitation. The design storm scenario was simulated to
determine the maximum runoff which may occur during the barriers’ life-span.

A different design storm intensity was used to evaluate the performanre of each harrjer, Tha
simulation of the Hanford barrier used a 1,000-year, 24-hour storm scenario. ...21 A _ubtitle _ 3 1
simulation used a 500-year, 24-hour storm scenario, and the RCRA Subtitle D barrier simulation used 2 100-
year, 24-hour storm. The 1,000-year, 24-hour storm was projected to deliver 2.68 in. of precipitation. ....
500-year, 24-hour storm was projected to produce 2.47 in. of precipitation, and the 100-year, 24-hour storm
was projected to generate 1.99 in. of precipitation (Stone et al., 1983). These precipitation values were
applied on the day following the largest simulated precipitation event when soil moi content was at a
maximum (December 31, 1983). This date was chosen by WHC to result in 2 largest simulated runoff
during the modeling period.

6.3 Application of UNSAT-H

To solve Richard’s equation, UNSAT-H must be supplied with soil hydraulic parameters, a
computational grid, initial conditions, and boundary conditions. Each of these components is discussed in the
following sections.

6.3.1 Barrier Hydraulic Parameters

The hydraulic parameters specified in the UNSAT-H simulations represent three basic soil
properties: (a) the moisture characteristic curve, (b) the hydraulic conductiv. = curve, and ' saturated
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relative humidity measurement methods. The resulting tension versus moisture content data were en
simultaneously fit to the van Genuchten equations. The work perfc  =d by Gee et al. di 10t include
estimation of hydraulic parameter values for very dry conditions. Therefore, the residual moisture content
resulting from the curve fitting was predicted to be unrealistically low. However, because moisture
conditions for the simulations never approached the values represented by the driest portion of the soil
moisture curves, the unrealistic residual moisture content did not affect the simulation results. The resuliting
hydraulic parameters are presented in Table 7.

Table 7. UNSAT-H McGee Ranch Silt hydraulic parameters.

Parameter Value
K, (cm/sec) 9.9 x 107
- (cm’/cm’) 0.496
8,(cm’/cm’) 0.0049
o (1/cm) 0.0163
n 1.3716

Because the hydraulic parameters for siit have the largest impact on barrier performance, the fitted
silt parameters were validated by simulating weighing lysimeters W02-2 and W04-4 during the period form
January 1, 1988 through December 31, 1992. For both the lysimeter simulations, and the barrier simulations
the pore interaction term (/) in Equation 13 was set to zero, as proposed by Fayer et al. (1992). In ayer’s
analysis, UNSAT-H was used to model eight lysimeters at the Hanford Site’s FLTF and the match between
lysimeter observations and the UNSAT-H simulations were greatly i proved by setting / to zero. 1e effect
of setting ! to zero was to increase the unsaturated hydraulic conductivity for dry conditions, thereby
reducing summer storage while not significantly changing winter storage. The PET was also set to zero and
the precipitation amounts were modified to account for melting and freezing. An in-depth description of this
procedure is presented in Section 6.3.4.1

The re; ywed od ement! w ¢« 1la = lobser valhh both

lysimeters. The agreement is 1ilustratea below in Figure 9. RMS errors of 0.39 and 0.7 lcc  ation
coefficients of 0.96 and 0.94 were obtained for lysimeters W02-2 and W04-4, respectively.
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gure 9. Validation results for McGee Ranch silt.

6.3.1.2. Compacted Silt.

The compacted silt properties were determined from unsaturated hydraulic conductivities of the
compacted silt and from the compacted silt properties. The unsaturated conductivities were obtained from
WH( and were determined using the Unsaturated Flow Apparatus (UFA) method (Conca and Wright,
1L_.). This method uses an open-flow centrifuge to achieve hydraulic steady state and Darcy’s Law to

:alculate the ur " arated conductivity. '

su€Ct  acted silt hydraul ters were then determined in three steps. First, the inverse air-
ent1, potential (ct) in Equation 13 was calculated from the uncompacted silt air entry potential, and from an
empirical relation by Campbell (1985). The relation is

Ve = Vs (pbc/pbuc) oo (14)
where
Y., = uncompacted silt air-entry potential
Ppc = compacted bulk density
Ppuc = uncompact ulk density
b = -2y,+020,in which G is the particle size geometric standard deviation.

Second, the porosity was determined by calculating the paniclé density (p,) from the relation
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_ pbuc
Pr= 10 (1)

5

~ where

Pruc = uncompacted bulk density

0 uncompacted porosity.

Third, the UNGRA computer program (van Genuchten, 1988) was used to curve fit the UFA unsaturated
conductivity data. The resultant hydraulic parameter estimates are presented in Table 8.

Table 8. UNSAT-H hydraulic parameters for compacted silt.

Parameter Value
K (cm/sec) 5.236 x 107
8, (cm’/cm?) 0454
8 (cm’/cm®) 0.1114
a (1/cm) 0.0077
n 1.783 J

6.3.1.3. Silt/Pea Gravel Mix.

Hydraulic parameters for the silt/pea gravel mix were estimated from the silt parameters. The
porosity and residual moisture content were reduced 8% to reflect the reduction in void volume due to the
pea gravel addition. B' bling pressure and saturated hydraulic conductivity were not significantly changed
because flow would occur principally in the silt matrix. The reduced porosity and residual moisture content
are 0.457 and 0.0045, respectively.

6.3.1.4. Filter Si |.

au€ hydraulic parameters for the filter sand were taken fr____ Fayer et al. (1992).The moisture
characteristic curve for sand was derived from combined data for two sands. The particle diameters were 0.5
to 1.0 mm and 0.25 to 0.5 mm. These sizes are comparable to the particle size distributions specified in
DOE-RL-93-33 (i.e., D5 = 0.15-0.5 mm, D5y = 0.375-1.2 mm, and Dgs = 0.7-2.5 mm). The hydraulic
properties for the barrier filter sand are given in Table 9.

Table 9. UNSAT-H hydraulic properties for filter sand.

Parameter Value
K (cnv/sec) 0.109
es (cm3 /cm3) 0.445
er(cm3lcm3) | 0.010
a (1/cm) 0.0726
n 2.8 N
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APPENDIX D

SAMPLE CALCULATIONS OF WIND AND WATER EROSION
FOR ENGINEERED SURFACE BARRIERS
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L = unsheltered distance
V = vegetative factor.

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

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

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

The distribution of climatic factor (C) values across Washington State is indicated in Figure D-3.
Appropriate C values for the Hanford Site are in the range of 60 to 70.

The unsheltered field length (L) will vary with individual barrier applications. For this analysis, a
value of 500 ft is assumed. Unbroken slope lengths much larger than 500 ft are likely to require
special provisions for wind erosion control.

The vegetative factor (V) is the most difficult parameter in the WEQ to characte: During the first
year after cover constru n, before a  ture stand of cover vegetation has been _  luced, the soil
surface will be protected from wind erosion by spreading and crimping 4,000 1b of straw per ac
on/into the soil surface. For subsequent years, the amount of plant production must be estimated.
The USDA Soil Conservation Service has performed a number of evaluations of range site conditions
for varying soil and precipitation conditions. Average annual rainfall for the Hanford Site is in the 6
to 7 in. range. Using data from similar climate and land use areas, the total annual production of air-
dry weight per acre for cover vegetation of mixed wheatgrasses is predicted to range from a minimum
of 200 1b in unfavorable years to 500 1b in favorable years (USDA 1981), yielding a m" *ian value for
V of 350 1b of air-dry material. Based on data for crested wheatgrass in Table D-2, the .lat sm: -
grain equivalent quantity is roughly 1,100 Ib per acre.

With the given information I equals 40, K equals 0.6 for the first year and then 1.0 for e life of the
barrier, C equals 60 to 70, L equals 500 ft, and V equals 4,000 Ib per acre for the first year and then
1,100 Ib per acre for subsequent years; the value of E in the WEQ is determined by interpolation of
Soil Conservation Ser e wind erosion charts for these values. Sample wind erosion charts are
provided as Table D-3. Wind erosion for the first year is estimated to be essentially zero, attributable
primarily to the projected effectiveness of the straw mulch treatment. 1 subsequent years, wind
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erosion is predicted to average between 1.4 tons per acre per year (for C equals 60) and 1.8 tons per
acre per year (for C equals 70). The straw mulch will continue to assist in reducing wind erosion for
2 to 3 yr after placement, depending on actual weather conditions experienced during that time span.

For a 3% slope angle and the same 500-ft slope length, for which I equals 48, and K, C, and V
defined as above, predicted wind erosion would average between about 2.0 tons per acre per year (for
C equals 60) and 2.75 tons per acre per year (for C equals 70).

Th il loss projections represent average annual estimates and are highly dependant upon

che. . terization of the vegetative factor. In years when cover vegetation yield is above average, the
erosion rate will be significantly reduced. Until the vegetative cover is established, erosion rates may
exceed t mr =d range. After vegetation has been established, erosion rates should coincide more
closs with the predicted range. Increasing vegetative growth to optimal production (500 1b air-dry
weight per acre) would decrease predicted soil losses to zero.

3.0 SAMPLE CALCULATIONS OF POTENTIAL WATER EROSION

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

A = RKLSCP
where,
A = average soil loss in tons per acre
R = rainfall and runoff erosivity factor
K = soil erodibility factor
LS = slope-length factor
C = cover/management factor
P = erosion control practice factor.

The followi topsoil properties and cover design information are used to evaluate A:

Topsoil type: « "y silt
Organic matter: <0.5%
Estimated percent sand (coarser than 0.1 mm): 18%
Estimated percent silt and sand finer than 0.1 mm: 77%
Estimated percent clay: 5%
Cover slope: 3%
e length: 231.5 ft
:r veget ~n: (first year) 2 tons of straw mulch crimped into the ™ su
(subsequent years) 60 to 80% ground cover consisting of mixed perenmial grasses.

~

The R factor in the 1 LE is a rainfall erosion index value that accounts for site meteorological
conditions. In Figure D4, R values of less than 20 are shown for most of eastern Washington,
including the Columbia Basin and the Hanford Site. More detailed information provided in
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Figure 5-2 in Israelsen et al. (1980) indicates that appropriate R values for the Hanford Site are in the
range of 9 to 12 (use R equals 12).

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

The USLE combines the effects of cover length and steepness into a single topographic factor, LS.
From Figure D-6, LS for a 2% slope angle and 500-ft slope length is about 0.32. (For a3% sl e
angle and 500-ft slope 'ngth, LS is about 0.45.)

The cover/management factor addresses the effects of vegetation and other agric ural (as opposed to
engineering) erosion-control practices. On freshly covered surfaces without any vegetation or
erosion-reducing vegetative controls (such as mulch), the C factor usually has a value of about 1.
Application of straw mulch is highly effective in reducing the C factor component of the U! E
during the initial period before perennial vegetation becomes established, particularly if the mulch is
punched or tacked in place (Israelsen et al., 1980; p. 11). For the purpose of developing these
estimates, it is assumed that approximately 2 tons per acre of straw mulch would be spread and
crimped into the soil surface in conjunction with seeding barrier surfaces. Based on this assumption,
the expected C value for the first year would be about 0.10. For subsequent years, C values can be
estimated from Table D-3. It is envisioned that a 60 to 80% grass cover will be attained over the
cover area within a 3- to 5-yr period after cover construction, corresponding to a range of C val s of
0.01 to 0.04 (use C equals 0.025).

The supporting practices factor P takes into account some agricultural practices other than vegetation

effects (e.g., contouring, terracing and contour strip cropping) and also includes the beneficial effects
of engineering treatments such as compaction, soil blending, and stal ization with additives. For this
analysis, no credit is taken for any ongoing support practices that would be performed after the cover
is constructed and planted (use P equals 1).

Fort fi 1y -, E  estima tobe:

E = (12)(0.64)(0.32)(0.10)(1) = 0.25 tons per acre per year.
For subsequent years, E is estimated to be:

E = (12)(0.64)(0.32)(0.025)(1) = 0.06 tons per acre per year.

Comparing these estimates with the previous calculations for wind erosion potential, it can be seen
that water erosion potential for barrier surfaces at the Hanford Site is relatively low compared to
potential wind erosion. The sum of projected soil loss rates (i.e., wind and water erosion) for the
first year after construction is less than 1 ton per acre per year. Expected wind and water erosion
rates for subsequent years (1.5 to 1.9 tons per acre per year) are consistent with EPA’s target value
(2.0 tons per acre per year). Increasing the surface slope to 3% would tend to increase water erosion
potential slightly (i.e., from about 0.06 to 0.08 tons per acre per year). However, the beneficial
effect of the lower slope angle on wind erosion is the primary rationale for maintaining the surface
slope at 2%.
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4.0 PROJECTED SOIL LOSSES OVER BARRIER DESIGN LIFE

The projected thickness of soil that may be lost to wind and water erosion over a barrier’s design life
can be estimated from the annual loss rate projections (developed in Sections 1.0 and 2.0 above) and
the in-place bulk density of the topsoil. The estimates developed below are for topsoil material
consis © 7 of M« :e Ranch silt loam without pea gravel admixture. A representative value for in-
place bulk density for this  “zrial is 1.38 g/cc (86.3 Ib/ft®). With the 15 wt% pea gravel admixture
in the topsoil surface layer, actual losses should be significantly below these projections.

1.9 tons/acre/yr = 3,800 Ib/acre/yr
3,800 Ib/acre/yr x 1 acre/43,560 ft* = 0.0872 1b/ft?/yr
0.0872 Ib/ft*/yr / 86.3 1b/ft> = 0.00101 ft/yr
0.00101 ft/yr x 12 in./ft = 0.0121 in./yr

For the Hanford Barrier (design life of 1,000 yr):
0.0121 in./yr x 1,000 yr = 12.1 in. per 1,000 yr

For the Modified RCRA Subtitle C Barrier (design life of 500 yr):
0.0121 in./yr x 500 yr = 6.0 in./500 yr

For the Modified RCRA Subtitle D Barrier (design life of 100 yr):

0.0121 in./yr x 500 yr = 1.2 in./100 yr
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Figure D-3. Annual Wind Eroesion Climatic *C’ Factor in Percent (USDA 1987)
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Figure D-6. Length-Slope Factor (LS) for Different ! jpes (Ecology 1987).
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Tak'~ D-1. Soil-Wind Erodibility Index I (Israelsen et al. 1980).

Percent of dry soil not

11-d

passing a 20 me 0 % 2% 3% 4% 5% 6% 7% 8% 9%
(Units) Noncrusted soil surface (tons/acre)
0 - 310 250 220 195 180 170 160 150 140
10 13 131 128 125 121 117 113 109 106 102
20 G 95 92 90 88 86 83 81 79 76
30 7 72 71 69 67 65 63 62 60 58
40 56 54 52 51 50 48 47 45 43 41
50 3 6 33 31 29 27 25 24 23 22 g
60 y 20 19 18 17 16 16 15 14 13 g E
70 12 11 10 8 7 6 4 3 3 2 o '8
80 2 - - - - - - - - - e
Fully crusted soil surface (tons/acre)
0 - 517 417 367 325 300 283 267 250 233
10 3 218 213 208 202 19.5 18.8 18.2 17.7 17.0
20 16.3 15.8 15.3 15.0 14.7 14.3 13.8 13.5 13.2 12.7
30 12.3 12.0 11.8 11.5 11.2 10.8 10.5 10.3 10.0 9.7
40 9.3 9.0 8.7 8.5 8.3 8.0 7.8 7.5 7.2 6.8
50 3 6.0 5.5 52 4.8 4.5 4.2 4.0 3.8 3.7

60 5 33 3.2 3.0 2.8 2.7 2.7 2.5 2.3 2.2
70 0 8 1.7 1.3 1.2 1.0 0.7 0.5 0.5 0.3
80 3
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Table D-2.

Guide for Converting Range Vegetation to an Equivalent Quantity
of I :, Small-Grain Residue (USDA 1987).

Grass plants

Pounds per acre of range vegetation

50 100 200 300 400 500 600 700 800 900 1,000
Buffalograss’, burrograss, and Inland saltgrass 320 720 1,630 2,630
Big bluestem” 45 110 280 480 705 950 1,215 1,495 1,785 2,090 2,410
Western wheatgrass’, creeping wildrye, and sideouts 155 245 775 1,240 1,740 2,260 2,795 3,345
grama
Litde bluestem® 45 110 285 495 735 995 1,280 1,580 1,900 2,230 2,575
Blue grama®, threadleaf sedge, and perennial 110 235 490 760 1,040 1,325 1,610 1,905
three-awn
Galleta and tobosa 150 300 800 1,200 1,700 2,600
Bottlebrush squirreltail, needle-and-thread®, and 70 150 300 600 800 1,200
Thutber's needlegrass
Alkali sacaton 60 150 400 800 1,400 2,200 2,800 3,600
Bluebunch wheatgrass 50 120 300 550 850 1,150 1,500 1,900 2,300 2,600 3,000
Idaho fescue 100 200 400 900 1,500 2,300
Indian ricegrass 100 175 300 600 900 1,400
Crested wheatgrass 130 300 600 900 1,300 1,800 2,400 3,100 4,000
Cheatgrass 100 200 300 600 800 1,000 1,200 2,000 2,500 3,000

NOTE: Other grass species equivalents were estimated by compa

"Lyles and Allison (1980).

the growth characteristics with the tested species.

g ye1q
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Table D-4. Values of C for Idle Land
(Ecology 1987).

Grass cover 95-100% C
As grass 0.003
As weeds 0.01

Ground cover 80%

As grass 0.01
As weeds 0.04

Ground cover 60%

As grass 0.04
As weeds 0.09
No ground cover 1.00

D-T4
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APPENDIX E

COST ESTIMATES
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exclusively with fill. It is estimated that approximately 65,900 bank yd* of grading fill will be needed
(corresponding to 79,000 loose yd®, assuming 20% swell). The material will be sourced from Pit 30,
situated between 200 West Area and 200 East Area, opposite the 609-A fire station. Moisture
conditioning (i.e., addition and control) will be performed at Pit 30 before transportation to the
construction site. The one-way haul will be approximately 4 mi. Grz ng fill and existing site so
will be densified by making several passes over the site with a vibratory compactor to create a
suitable sub-base for barrier construction.

Place Asphalt Base Course: The base course material will be >80% minus 5/8-in. material
conforming to WSDOT [41-10, 9-03.9(3). The material will be provided by a local commercial
supplier. Cover construction will require hauling and placing approximately 5,350 tons of materi
(corresponding to approximately 3,300 yd®). These quantities were determined based on placing 4 in.
of material over an area of (530+48)(415+48)ft? and a dry unit weight of 120 Ib/ft>. A track dozer
will spread and grade the material. A vibratory compactor will densify the base course material as it
is placed. The base course layer will be constructed on a 2% slope.

Place Asphalt: The asphalt layer will be placed by a qualified contractor (possibly different from the
one performing other construction activities). The asphalt will be a double-tar asphaltic concrete mix
with a spray-applied top coat of a proprietary liquid styrene-butadiene asphaltic material. The asphalt
layer will be 6 in. thick and will be placed over an area of (530+48)(415+48) ft* = 267,600 ft> =
29,700 yd>. The asphalt layer will be constructed on a 2% slope.

Place Gravel Drainage Layer: The specification for the gravel drainage material is a saturated
hydraulic conductivity value of 1 cm/sec. Material will be sourced from Pit 30 between 200 West
Area and 200 East Area. Run-of-pit material will be screened to specification at the pit. The
one-way haul will be approximately 4 mi. Construction of the gravel drainage layer will require
hauling and placing approximately 16,300 tons of material (corresponding to approximately
10,200 yd®). These quantities were determined based on placing 12 in. of material over an area «
(530+56)(415+56) ft?; a material density of 0.70 ft solids per ft* volume and a specific gravity of
2.70, corresponding to 117.9 Ib/ft®. A motor grader will be used to spread and grade material.
vibratory ¢i actor also will pport construction of this layer.

™-~ce Coarse, Fractured ™ isalt Layer and Side Slopes: The coarse * alt layer and the per ieter side
slope will be built up by placing basalt above the drainage gravel layer described in the previous task.
The side slopes of the barrier will be constructed at 2H:1V. There will be a 15-ft-wide perimeter
access road bed for service vehicles at the crown. The maximum thickness of basalt, 13 ft + 2 in.,
will be beneath the access road. The coarse basalt layer will be a uniform 5 ft thick. At the margin,
the basalt layer will taper up to the crown on a slope of 3H:1V. The basalt will be minus 8- to 12-in.
material that is free of fines (similar to the coarse, fractured material specified for the biointrusion
barrier layer). The material will be sourced from an existing quarry immediately east of State
Highway 24 on the east end of Umtanum Ridge, overlooking the Vernita Bridge. The one-way haul
will be approximately 17 mi. It is estimated that barrier construction will require hauling and placing
approximately 128,000 tons of material (corresponding to approximately 75,000 yd®). These
quantities were determine using a material density of 0.75 ft* solids per ft* volume and a specific
gravity of 2.70, corresponding to 126.4 1b/ft’.

Plg~~ ©-~ve! ~~4 €~~4 Titer [ayers: The two filter layers will prevent entry and accumulation of
fines 1n the age layer. Filter gravel will be sourced from Pit 30. Run-of-pit erial will






DOE/RL-93-33
Draft B

3.0 MODIFIED RCRA SUBTITLE C BARRIER COST ESTIMATE

3.1 ENGINEERING

Definitive Design: Definitive design will be performed by a consulti  civil engineer. Definitive
design activities will include preparation of plan and section drawings, specifications, and quality
control plans for construction; materials testing to support preparation of specifications; stability and
performance analysis ¢ :ulations; and preparation of procurement documents. Costs for this task
(including OH&P) are estimated as 5% of construction costs.

Construction Management, Engineering and Inspection: This task covers bid evaluation control and
review of vendor submittals, engineering support during construction (including survey support),
design change control, inspection planning, constructibility reviews, and production of as-built
drawings. This task includes costs for QC overview, and sampling and testing exclusive of SDRI test
(see following task). Costs for this task (including OH&P) are estimated as 10% of construction
costs.

Sealed Double-Ring Infiltrometer (SDRI) Test on Asphalt Layer: Costs are included in the estimate

for performing two SDRI tests on the asphalt layer: after construction of the layer and before
construction of any superimposed layers, to obtain a direct measurement of the hydraulic conductivity
of the layer as built. The tests will be performed by a consulting geotechnical engineering
subcontractor. The task will include equipment, labor, per diem and travel expenses related to
construction, installation, and monitoring, followed by disassembly of the testing apparatus.
Equipment costs are limited to expendable portions of the apparatus. Costs for this task (including
OH&P) are estimated at

3.2 IMPROVEMENTS TO LAND

f Grading ™" I wil
su ipprc  tely 415 ft (E-W)
d ___bbing will be necessary). 1 is

slightly irregular and slopes at approximately 1.5% to the north. A planar ¢

to placement of the barrier layers, to facilitate survey control and QC of material placement and layer
thicknesses. Consistent with ALARA principles, balanced cuts and fi  will not be used > create a
uniform site surface. Surface grading will be done exclusively with fill. It is estimated that
approximately 56,600 bank yd® of grading fill will be needed (corresponding to 67,900 loose yd®,
assuming 20% swell). The material will be sourced from Pit 30, situated between 200 West and

200 East, opposite the 609-A fire station. Moisture conditioning (i.e., addition and control) will be
performed at Pit 30 before transportation to the construction site. The one-way haul will be
approximately 4 mi. Grading fill and existing site soils will be densified by making several passes
over the site with a vibratory compactor to create a suitable sub-base for barrier construction.

Placement of Base Course for Asphalt Layer: The base course material will be >80% minus 5/8-in.
material conforming to WSDOT M41-10, 9-03.9(3). The material will be provided by a local
commercial supplier. Barrier construction will require hauling and placing approximately 4,400 tons

E-4
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Placement of Uncompacted (Middle) Silt Layer: The silt soil will be sourced from the McGee Ranch
site. The middle silt layer will be 16 in. thick. Construction will require hauling and placing
approximately 12,700 tons of material (corresponding to 10,900 yd®). Quantities were computed
based on the area and layer thickness and the following dry unit weights -- bank unit weight of 86.5
1b/ft?, loose unit weight loaded on haul trucks of 72.1 Ib/ft® (assumes 20% swell), and placement at
bank unit weight of 86.5 1b/ft>. The layer will be constructed in three lifts, using a motor grader or a
small dozer to spread material. A water tanker truck and a farm tractor with disk will be required to
support construction.

Placement of Upper Silt Layer With Pea Gravel Admix: The silt loam soil will be sourced from the
McGee Ranch site. However, the material will first be transported to an admix plant (assumed to be
sited at Pit 30). Pea gravel will be mechanically mixed with the silt to produce a product that is 85%
silt and 15% pea gravel by weight. Construction will require hauling and placing approximately
6,600 tons of material (corresponding to 5,400 yd®). These quantities were determined based on
placing material to a depth of 8 in., the area defined previously and the following dry unit weights -
bank unit weight of 86.5 1b/ft*, loose unit weight loaded on haul trucks of 72.1 1b/ft’ (assumes 20%
swell), and placement to a unit weight of 90 Ib/ft’, similar to the original bank density. A motor
grader or a small dozer will be used to spread the material. Minimal compaction of this material is
needed (i.e., wheel or track loads of placement equipment will provide sufficient compaction; no
additional compaction equipment will be requ™" ™.

Placement ~“ “oarse, Fractured Basalt Surfacing Material on Perimeter Berm: The fractured bas:
will be minus 12-in. material sourced from the existing quarry overlooking Vernita Bridge. The
one-way haul will be approximately 17 mi. Construction will require hauling and placing
approximately 3,400 tons of material (corresponding to approximately 2,000 yd®). These quantities
were determined based on placing 12 in. of material around a perimeter of

2(530 + 415) + 8(27)/2 = 1,998 line: feet over a width of 27 lineal feet; a material density of
0.75 ft? solids per ft* volume and a specific gravity of 2.70, corresponding to 126.4 Ib/ft’. A tra
dozer will be used to spread and grade the material. Compacting equipment will not be required.
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Tablg E-1  Wonfand Basine. Canceptual Cost Estimate. (3 Pages)
COST ITEMS Estimated Indirect Subtotal 158% Cont | Taotal
Base for Perimeter Access Road
- Bi :ourse material, 1-1/2" minus, delivered 18,084
tC __e.
- Spread  .vel and level with dozer/grader, 6" deep. 1,001
- Compu.. witl ~ Dratory roller, 2 passes. 403
- Sales Tax @ /.0 1,226
- OH&P (on markups only) 183
Subtotal 20,899 2,926 23,825 3,574 27,399
TOTALS 5,027,796 718,892 5,746,688 862,005 6,¢
PROJECT TOTALS 718,892
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