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Groundwater-monitoring wells are included and are identified by the prefix 699.
Topography shown in 0.5 m intervals.

Figure 1-3. Topographical Map of the SWL and NRDWL
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Figure 1-4. Aerial Photograph of the SWL and the NRDWL
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All waste will be left in place as the landfill is closed. Closure activities will focus on the
-installation of the final cover, including oversight during cover installation and
appropriate certifications. Based on extensive research, an evapotranspiration cover is
proposed for the NRDWL to minimize long-term migration of quids through the closed
landfill. This cover will consist of 60 cm (24 in.) of a fine-grained, low permeability soil
covered by 15 cm (6 in.) of the same fine-grained soil mixed with 15 percent pea-gravel
(by weight) to form an erosion-resistant topsoil that will sustain native vegetation.

Construction of the final cover is estimated to take 56 to 60 weeks.

Geophysical surveys will be conducted before the cover is constructed to determine if
voids of significant size are present in the subsurface. Trench boundaries and the
approximate locations of waste containers will also be determined using geophysical

techniques. Large voids will either be grouted or compacted, and the site surface graded.

The Area C borrow site tentatively has been identified as a source of suitable fine-grained
soil material for the final cover. Compliance with National Environmental Policy Act of
19693 (NEPA) for Area C is necessary and therefore all NEPA documentation must be
completed and the borrow source reclamation plan approved prior to initiating field
activities. A Memorandum of Agreement and Implementation lan for use of the Borrow
Source at Area C were finalized and become effective in April 2009. Subject to meeting
final volume requirements and final NEPA documentation requirements, the Area C
borrow source, or its approved equivalent, has been identified as the most likely source of
suitable fine-grained soil material for the final cover. Other necessary fill material such as
non-structural fill, cobbles or riprap will likely be procured from locally available

commercial (off-site) sources.

The proposed strategy is to close the site as a landfill in accordance with

WAC 173-303-610, “Closure and Post-Closure,”* and WAC 173-303-665(6), “Closure
and Post-Closure Care.”® To (cilitate closure of the entire Central Landfill, closure of
the NRDWL will be coordinated and integrated with closure of the adjoining SWL,
which will be closed in accordance with WAC 173-350, “Solid Waste Handling

3 Natinnal Fnvirnnmantal Policv Act of 199 42 1ISC 4321 et sea
Department of

n State
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Terms

below ground surface

Comprehensive Environmental Response, Compensation, and Liability Act of
1980

Code of Federal Regulations

U.S. Department of Energy

data quality objective

Washington State Department of Ecology
U.S. Environmental Protection Agency
evapotr spiration

EPA/600/R-94/168, The Hydrologic Evaluation of Landfill Performance Model
Los Alamos National Laboratory

National Environmental Policy Act of 1969

Nonrad .ctive Dangerous Waste Landfill

operable unit

Resource Conservation and Recovery Act of 1976

U.S. Department of Energy, Richland Operations Office

Solid Waste Landfill

Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order

treatment, storage, and/or disposal

Washington Administrative Code
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monitoring wells are included and are identified by the prefix 699.

Groundwater-

Additional information on groundwater monitoring is provided in Section 5.

Topography shown in 0.5 m intervals.

2. Topographical Map of the SWL and NRDWL
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Figure 2-3.  Aerial Photograph of the SWL and the NRDWL (2006)
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4.2.2 Asbestos and Solid Waste Inventory

ie estimate mum inventory of asbestos-containing material and sanitary solid waste, based on the
avail e vol ir a typical trench (Figure 2-5) is 28,000 m® (36,000 yd®) and 3,000 m’ (4,000 yd*),
respectively. Specific inventory records were not kept for asbestos material or sanitary solid waste.
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will continue through the compliance period identified in WAC 173-303-645(7), “Compliance Period.”
Monitoring will continue beyond the compliance f  0d, as necessary, during postclosure according to
WAC 173-303-610(7), “Post-Closure Care and Use of Property.”
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effectively reduces the saturated hydraulic conductivity by an order of magnitude lower than would exist
with the compacted clay alone. Therefore, the equivalent performance to the conventional RCRA (
Subtitle C design would be a flux of approximately 3 mm/yr (0.12 in./yr or 9 gal/a/day).

The I rstate Technology Regulatory Council was established in 1995 as a state-led, national coalition of
personnel from the environmental regulation agencies of some 40 states, the District of Columbia, three
federal agencies, several tribes, and numerous public and industry stakeholders. The Interstate
Technology Regulatory Council is devoted to reducing obstacles in developing and deploying better,
more cost-effective, and innovative environmental techniques. Within the Interstate Technology
Regulatory Council, the Alternative Landfill Technologies Team was formed, which, in 2003 published
ITRC, 2003, Technical and Regulatory Guidance for Design, Installation, and Monitoring of Alternative
Final Landfill Covers, ALT-2. The guide focuses on a particular class or type of alternative final landfill
cover (i.e., the ET cover) indicating a preference for the ET cover concept.

The guide is based on extensive studies performed by the Alternative Landfill Technologies Team, some
of which have indicated that compacted clay liners dry and desiccate when placed near the surface,
especially in arid and semi-arid climates such as at the Hanford Site. Desiccation creates preferential leak
paths through the clay layer, which in return creates an increase in hydraulic conductivity of the flexible
membrane liner/clay soil composite « totwo« ‘hrec orders of m itude. Forth p ° ipal on,
the Alternative Landfill Technologies Team recommends that ET covers should be used in arid and semi-
arid climates, rather than the conventional RCRA Subtitle C cover.

The ET covers rely on the natural systems of the water-holding or storage capacity of a soil, evaporation

from the near-surface, and plant transpiration to minimize or eliminate water movement through the

cover. Precipitation is allowed to infiltrate at the surface, where it is retained in the soil until natural ET

processes release the water back to the atmosphere. Such designs are particularly suitable for semiarid and ‘
arid climates with a low annual amount of precipitation and a relatively high ET potential. When

precipitation exceeds ET, water is stored, and when ET exceeds precipitation, water is removed. Key

design criteria require that the soil layer be of a sufficient thickness and quality in terms of water-holding

capacity.

Deploying an ET cover in an arid climate, such as at the Hanford Site, takes advantage of several natural
systems. Specifically, a low annual precipitation of approximately 173 mm/yr (6.8 in./yr); the high water
storage capacity of the fine-grained soils associated with the cover (e.g., locally available silt and silt
loam soils have a total water storage capacity of up to 30 percent vol/vol [PNNL-14143, The Hanford Site
1000-Year Cap Design Test)); the ability of the native, semi-arid vegetation to extract water stored within
those fine-grained soils; and a potential ™ rate of approximately 1,270 mm/yr (50 in./yr) (PNNL-6750,
Status of FY 1988 Soil-Water Balance Studies on the Hanford Site) result in severely limiting water flux,
or the potential for leachate generation.

Cover design has been studied at the Hanford Site since the 1980’s. Several natural analogue test sites,
test plots and lysimeter studies have been completed; some sites have been studied for well over a decade.
All of these tests and studies have verified that, because of the arid climate, the Hanford Site for
employing covers that rely upon the natural processes of ET to minimize or eliminate leachate generation
(Appendix C).

Of particular relevance to the NRDWL is the Hanford Prototype Barrier (a large test cover) that was
constructed in 1994 at the Hanford Site. This barrier design incorporated a layer of locally available fine-
ined soils as the principal component in restricting water movement towards and through the waste.
Despite being stresse  for the first three years with three times the annual average precipitation and an ‘
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interface is compromised or disrupted because of differential subsidence or some other occurrence, water-
holding capacity of the capillary cover would diminish to that of a monofill cover of equivalent thickness.
In addition, if subsidence were significant enough in the case of deploying a capillary barrier, a large
break in the capillary barrier could result in preferential flow and focused recharge. Since landfills
typically have a high potential for differential subsidence, the thicker monofill ET cover is better suited
for the NRDWL site.

Additionally, a 75 cm (30-in.) thick ET cover would be needed to provide adequate water storage and
rooting medium to sustain a robust native plant community (median root depths for Hanford Site native
perennial forbs, grasses, and shrubs are 60 cm [24 in.], 70 cm [28 in.], and 200 cm [80 in], respectively
[PNNL-17134, Geotechnical, Hydrogeologic, and Vegetation Data Package for 200-UW-1 Waste Site
Engineered Surface Barrier Design, Table 5-10]). For some soils, the functional water storage capacity of
a 75 cm (30-in.) thick layer can be an equivalent of more than an entire average year of precipitation.
However, the coarse sands of the interim cover (i.e. the operational cover, see Section 2.2.2) provide very
little functional water storage, which is manifest by the very sparse, limited species vegetation that has
developed over the past 15 years. Functional water storage capacity is determined by the difference in
water content between the field capacity and the wilting point of a given soil, times its thickness. Field
cap (or water-ho™ 7 g capacit is defined as the amount of water held in a soil after excess moisture
has drained away by gravity and the soil is no longer draining (soil pore pressure of negative 1/3 bar).
Wilting point is defined as the water content when a common agricultural crop can no longer draw water
from the soil (pore pressure of negative 15 bar).

The field capacity of the fine-grained soil from a nearby borrow site (Area C) is 0.229 vol/vol (mean soil
properties for Area C soil [PNNL-17134]). The wilting point for that same soil is 0.056 vol/vol. At the
Hanford Site, the water content near the soil surface at the end of the dry season (summer) is typically
much lower than the wilting point. Field capacity (0.229), minus wilting point (0.056), times 75 cm

(30 in.) of soil, equals 130 mm (5.1 in.) of functional water storage capacity. This is a conservative
calculation since it has been demonstrated by numerous studies that desert plants, physiologically adapted
to hot arid climates, can extract water from the soil far below that of an agricultural crop (some exceeding
200 bars). The average annual precipitation at the Hanford Site is 173 mm (6.81 in.) (PNNL-15160,
Hanford Site Climatological Summary 2004 with Historical Data) and is coupled with an average annual
potential E  of approximately 1,270 mm/yr (50 in./yr) (PNNL-6750), resulting in a very arid climate.
Forty percent of the average annual precipitation at the Hanford Site falls during winter, when potential
ET is slightly less than precipitation. During all other times of the year, potential ET greatly exceeds
precipitation. As a 75 cm (30-in.) thick monofill ET cover would be capable of storing almost twice the
average winter precipitation, the water-storage enhancement provided by a capillary break would seldom
be needed. Since a minimum roc 1g pth of 75 cm (30 in.) is considered necessary, there would be little
to no advantage in specifically constructing a capillary break layer.

A 75 cm (30-in.) thick monofill ET cover design is proposed for placement over the NRDWL

(Section 7.3). A 75 cm (30-in.) thick monofill ET cover would severely limit water flux through the
landfill, and effectively reduce leachate generation without utilizing the enhancement of a capillary break.
However, the interim cover at the NRDWL consists of soils that are medium sands to gravelly coarse
sands. These types of soils have a textural contrast that is distinct enough from the fine-grained soils at
Area C that a capillary break would most likely form at the interface, adding conservatism to the monofill
ET cover :sign. This may require routing of interflow (i.e., water flowing laterally between the fines and
ur rlying coarse-textured soil) away from the landfill. The engineering design to mitigate percolation of
inter! ~ water into the underlying waste could include such things as extending the barrier a significant
distance away from the edge of the landfill or installing a subsurface French-drain at the toe-slope
boundary of the barrier.
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approximately 15 percent by weight to establish a stable cover resistant to expected erosion processes.
Wind tunnel studies performed on bare silt/silt-loam soils have indicated that the blending of pea-gravel
into the soil at 15 cent by wei;  would reduce wind erosion by over 96 percent, with a nominal

re (ction in water storage (PNL-8478, Soil Erosion Rates Caused by Wind and Saltating Sand Stresses in
a Wind Tunnel; PNNL-14744, Recharge Data Package for the 2005 Integrated Disposal Facility
Performance Assessment; WHC-EP-0650, Permanent Isolation Surface Barrier: Functional
Performance). As deflation occurs on a bare admix surface, more and more of the pea-gravel becomes
exposed, which reduces the potential for further surface erosion. Eventually a desert pavement forms,
armoring the bare surface from further erosion. With the addition of the pea-gravel, once the cover has
stabilized, the resultant wind erosion potential for a vegetated cover is 0.6 cm (0.25 in.) every 100 years
(200-UW1-C-001, Engineered Surface Barrier Design-Soil Losses Due to Water Erosion;
200-UW1-C-002, Engineered Surface Barrier Design-Soil Losses Due to Wind Erosion).

Very little settling or subsidence is expected at the site because of the nature of the native soil and the
method of landfilling ~ t was used. To fulfill WAC 173-303-665(6)(a)(1v), sitc preparation activities
have been proposed consisting of geophysical tests, grading, and compaction of the operational cover to
ensure that a proper foundation is prepared for the final cover to minimize any subsidence that would

c 1 wres ' addition, the monofill £, cover can acco  od: 1oderate differential
subsidence or s :e with no detrimental effects. Should any subsidence d yp that should require
future corrective measures, all that would be required would be to add additional fine-grained soils to fill
in any potential depression that would impede runoff. Repaired areas also will be revegetated, as
necessary.

The proposed final cover will be cons  icted of a low-permeability silt/silt-loam soil. The proposed
source for the silt/silt-loam soil would be a borrow site at Area C, which is approximately 10 km (6 mi)
west-southwest of the NRDWL, or an approved equivalent. Compliance with National Environmental
Policy Act of 1969 (NEPA) for Area C is necessary and therefore, all NEPA documentation must be
completed and the borrow source reclamation plan approved prior to initiating field activities. At low to
moderate compaction, the Area C silt/silt-loam soils have a saturated hydraulic conductivity that ranges
between 1.80 x 10°® cm/sec and 4.8 x 10° cm/sec (PNNL-17134). In conformance with

WAC 173-303-665(6)(a)(v), the permeability of the silt/silt-loam soil is considerably lower than the
sandy subsoils at the NRDWL, which will typically have a saturated hydraulic conductivity of
approximately 1 x 107 cmy/sec.

The surface of the final cover will be graded to a general overall slope of 2 percent (nominal), from the
crest or high points to the landfill perimeter. Wind tunnel studies performed as part of the Hanford Barrier
Program suggest that silt/silt-loam surfaces should not be sloped greater than 2 percent (PNL-8478). To
accommodate WAC 173-303-610(2)(a)(iii) and return the land to the appearance and use of surrounding
land areas to the degree possible, in small localized areas, the slope may vary somewhat from a strictly

2 percent flat plane. This will allow incorporation of some localized hummock and swale features, which
are prevalent in the surrounding area. All hollows will be oriented to drain to the perimeter of the landfill
during extreme rainfall or snowmelt events.

6.4.2 Postclosure Requirements
The WAC 173-303-665(6)(b) requires the following.
The owner or operator must:

(1)  Maintain the integrity and effectiveness of the final cover including making repairs to the
cap to correct effects from settling, subsidence, erosion, or other events

(
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(iv) Maintain an monitor the groundwater monitoring system and comply with applicable
groundwater protection requirements of WAC 173-303-645

(v)  Prevent run-on and run-off from eroding or otherwise damaging the final cover

(vi) Protect and maintain surveyed benchmarks.

The NRI /L does not have a liner/leachate system. As a result, the requirements of
WAC 173-303-665(6)(b)(ii and iii), which pertain to the monitoring and opera i of a liner/leachate
collection system, are not considered in this plan.

Comprehensive postclosure inspection and maintenance plans proposed in Section 8.1 are designed to
ensure that the integrity and effectiveness of the cover are maintained. Postclosure inspection,
maintenance, and monitoring plans are intended to satisfy requirements of WAC 173-303-665(6)(b)(i).

Run-onan -unoffd age is expected to be minimal at the site because of the dry climatic conditions,
the geometry  the cover, and the hydraulic properties of the topsoil layer of the final cover a
surround 1 ve soil. The grasses and upper soil materials specified in the final cover have been
selected so that nearly 100 percent of the expected precipitation received at the site will be retained and
subsequently will be removed by ET. The cover will have a 2 percent general slope that will promote
drainage and prevent external run-on.

Benchmarks used to define the NRDWL boundary will most likely be disturbed or buried during
construction of the final cover. Those benchmarks that are disturbed or buried will be replace and all
benchmarks w  be surrounded by steel posts, or similar markers, to signal their presence and provide

protection. Benchmarks will be inspected yearly and resurveyed or repaired, if necessary, as r¢ lired in
accordance w ~ WAC 173-303-665(6)(b)(vi).

Chapter 5 describes the groundwater monitoring system relevant to postclosure conditions.
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projected extent of future subsidence, and the estimated adverse impacts on the surface barrier. For
example, large voids identified within the chemical trenches would be filled with grout. Compaction of
void areas within the chemical trenches would not be proposed because of the possibility of rupturing
drums or other containers. Large voids within the sanitary or asbestos trenches would likely either be
filled with grout or consolidated by mechanical means, depending on the potential for the release of
asbestos particles into the air if the void were to collapse during compaction.

In addition, it will be necessary to decommission well 699-25-34D as it is located in the proposed final
cover area (Figure 2-2). This well may be decommissioned and replaced in accordance with the approved
groundwater monitoring plan criteria. If necessary to relocate groundwater monitoring wells to
accommodate placement of the final cover, new groundwater wells will be installed prior to
decommissioning of current wells an  installation of the cover. If warranted and approved, preliminary
plans are to extend the casing of the monitoring wells above the final barrier surface to avoid
decommissioning of any current operation wells and the unnecessary cost of drilling and constructing any
new wells. Groundwater wells will be installed and/or decommissioned according to the requirement of
WAC 173-160, “Minimum Standards for Construction and Maintenance of Wells.”

( 10t requirc by the governing  gulations, additional barrier performance monitoring that may
include time-domain reflectometry for me:  ring soil moisture, horizontal neutron access tub  (for
measuring moisture and observing roots if the tubing is clear), and heat dissipation units for measuring
soil matrix potential (primary driving force for moisture movement in the unsaturated zone) may be
installed and maintained at the discretion of DOE.

1.3 Final Cover Concej 1l Design

The closure cover for the NRDWL has been developed to a conceptual level of detail and is designed to
satisfy the WAC 173-303 requirements for a final cover for a dangerous waste disposal landfill. The final
design will be developed based on definitive material properties, information from characterization
studies, and final site survey. When the final design is complete, the clos e plan will be reviewed and
revised as necessary. The NRDW  closure cover will be coordinated/integrated with the closure cover for
the SWL that lies immediately to the south. The conceptual cover designs are basically uniform in design
and construction.

This section provides a general description of the layout of the final cover and associated structures and
identifies data needs for definitive design of the closure cover. The section also provides information on
the minimization of liquid migration, maintenance needs, subsidence, and cover permeability.

131 Ge ral Description

The design concept selected for the NRDWL final cover is a monolithic ET cover. The final cover will
consist of a single layer of fine-grained soil, mod =d at the surface by the blending in of pea-gravel to
increase resistance to erosion. A diverse selection of native plants will be planted on the cover to take
advantage of natural ET processes to  inimize i tration of meteoric water into the waste zone and to
provide the principal resistance to erosional forces. A generalized cross section of the proposed cover is
provided in Figure 7-1. Figure 7-2 shows a plan view of the cover. The covers will be constructed with a
2 percent slope from the high points near the center of the landfill so as to drain any surface water (runoff)
to the perimeter of the landfill.

7-2
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Layer 1: Topsoil Layer and Cover Vegetation. The topsoil in the proposed design must perform the
following specific functions.

e Serve as a temporary storage medium capable of retaining a significant portion of the total annual
precipitation received at the site and facilitating moisture removal by ET processes.

e Provide a suitable medium for establishing and maintaining the cover vegetation that will assist in soil
moisture removal.

e Resist erosion by wind and water in conjunction with cover vegetation.

The primary objective of this design is to exploit the relatively high ET potential at the Hanford Site and
extract all moisture from precipitation at the site by ET processes.

The proposed topsoil material (Layer 1) is Area C silt/silt-loam admix, blended with pea-gravel to form

an erosion resistant soil. The topsoil is created by blending or tilling 10 mm (3/8 in.) pea-gravel at

15 percent by weight (approximately 1.3 cm [0.5-in.] thick layer of pea-gravel) into the top 15 ¢cm (6 in.)

of a 75 ¢cm (30-1n.) thick layer of Area C silt/silt-loam. The physical properties of the soil admix relative

to water storage are 0.375 porosity, 0.210 field capacity, 0.051 wilting point, and an effective hydraulic
ictivity  '1.31x10° ecm ¢ (mear ilpro tiesofz ries of s esta’  at Area C and

adjusted to represent the addition of pea-gravel at 15 percent by weight ,. ..NL-17134]).

The placement density for the soil will be low, as it will be tilled or disked to blend in the pea-gravel and
to remove any overly compacted areas created during construction. In a relatively loose condition, the soil
will have better water retention characteristics, a much higher success rate/survival rate for
seeding/planting of native vegetation, provide a better medium for root penetration and optimal (deep)
root zone development, and enable ET processes to extend to greater depths than it would if it were

place in a highly densified state. The ET processes may extend to a depth of 100 cm (39 in.) or more.
However, sensitivity studies (using the HELP model) indicate that the proposed design will perform
adequately even if the actual ET zone does not exceed 75 ¢cm (30 in.). The HI P model results for the
cover are summarized in Appendix C.

The proposed topsoil material for Layer 1 is expected to exhibit an acceptably low level of susceptibility
to wind erosion (i.e., less than 0.18 t/a/yr [0.2 ton/a/yr]). Calculations regarding potential susceptibility of
the cover surface to erosion by surface water and wind are presented in 200-UW1-C-001 and
200-UW1-C-002, respectively.

Layer 1 will be seeded with a blend of native perennial grasses, forbs, and shrubs. Layer 1 will require
approximately 9,400 metric tons (10,400 tons) of loose topsoil and 1,000 metric tons (1,200 tons) of pea-
gravel to construct.

Layer 2: Barrier Soil ayer. Low-conductivity soil facilitates retention of soil moisture within the cover
system for later removal by natural ET processes, and minimizes percolation of moisture through the
cover system into the waste zone. Rates of soil moisture removal characteristically are greatest at and near
the soil surface. Removal by direct evaporation occurs at the highest rate at the soil surface and attenuates
toward the lower limit of the evapore ¢ zone. Plant transpiration also tends to attenuate with depth, as a
function of root density. Extending the residence time for moisture will increase the productivity of
moisture removal mechanisms in the lower part of the cover system. Numerical modeling of the cover
system with the HELP model indicates that, during the wettest ten years on record, removal of soil
moisture by ET processes will average 94 percent of the annual moisture receipts. The model predicted

t :almost all of the balance of the moisture receipts (6 percent) will be removed as runoff during
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enough area to be able to dissipate through the final cover to the atmosphere without requiring any special
features for cover ventilation. As such, no special ventilation features will be incorporated into the design.

7.3.2.3 Data Needs to Support Definitive Design

Borrow areas for topsoil and cobble or riprap must be characterized. As previously indicated, the Area C
borrow site tentatively has been identified as a source of suitable fine-grained soil material. Some work
already has been performed to characterize this soil material in the field (D&D-25575). However,
additional site characterization will be necessary to ensure that material properties of the soil do not vary
beyond acceptable limits for the proposed application and that sufficient quantities of suitable material are
available. Characterization will include test borings, sampling, and laboratory testing to better define the
depth and extent of the soil deposit and to determine if any special blending will be required to provide a
consistent material. A borrow area for cobble or riprap has not been identified, but it is anticipated that the
material will be procured from off-site (commercial) sources. Compliance with NEPA for Area C is
necessary and therefore,: ! A documentation must be completed and the borrow source reclamation
plan approved prior to initiating field activities. Site characterization efforts will include any additional
tasks necessary to support permitting tivities.

M: " ial properties of the proposed fine ained soil, the native surface soil at the NRDWL site, and the
cobble or riprap must be fully characterized in the laboratory to support definitive design. For the
proposed fine-grained soil material i . the local sandy soil at the NRDWL site, the following types of
tests are required: Atterberg limits, compaction, consolidation, shear strength, water retention, hydraulic
conductivity, and gradation curves. Data are required for hydraulic properties of topsoil and local sand
under a range of densities (compactive efforts). For the cobble or riprap material, density, durability, and
size gradation information is required.

7.3.2.4 Construction Quality Assurance Plan Outline

A construction quality assurance plan will address activities that pertain to the areas outlined in this
section. This plan will provide verification that the cover, as built, meets or exceeds design specifications.
A technical guidance document for preparation of construction quality assurance plans for hazardous
waste land disposal facilities (EPA/530/SW-86/031, Technical Guidance Document Construction Quality
Assurance for Hazardous Waste Land Disposal Facilities) will be used for the development of the
NRDWL construction quality assurance plan. The construction quality assurance plan will address the
following areas as a minimum:

e Responsibility and authority of organizations and key personnel involved with preparation and
implementation of the construction quality assurance plan

e Personnel qualifications, including a description of qualifications of all personnel and demonstration
of proper training and experience, to fulfill identified responsibilities

e Monitoring activities listed in detail, including observations and tests to ensure quality of each
installed component.

e Sampling requirements, including a description of sampling and testing activities, to project the
quality of materials installed during construction and include the following:

— Types of sampling activities

— Types of samples

— Number and location of samples
— Frequency of testing
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transpiration to minimize or eliminate water movement through the landfill. Precipitation is allowed to
infiltrate at the surface, where it is retained in the soil until natural ET processes release the water back to
the atmosphere. Such :signs are particularly suitable for semiarid and arid climates with a low annual
amount of precipitation and a relatively high ET potential. At the Hanford Site, the average annual
precipitation is 173 mm/yr (6.81 in./yr) (PNNL-15160), whereas the average potential ET 1s 1,270 mm/yr
(50 1n./yr) (PNNL-6750). The key to barrier design is to provide a soil layer of a sufficient thickness and
quality in terms of water-holding capacity.

The proposed NRDWL final cover design has been evaluated for minimizing liquid migration through the
landfill using the HELP model. Appe  x C provides an output listing of the performance simulation for
the proposed final cover  sign. The predicted long-term average annual leachate production from the
waste layer (Layer 4 in the output listing) was 0.18 mm/yr (0.007 in./yr), or six-hundredths of the target
value (0.3 cm/yr [0.12 in./yr]). On average, ET from Layers 1 and 2 removed about 94 percent of the total
precipitation received at the site. Lateral drainage from surface runoff during the infrequent condition of
rapid snow-melt on frozen ground accounted for almost all of the remaining 6 percent of the average
annual water budget. According to the output listing, lateral drainage (surface runoff) would have been at
or near zero in six of the ten years modeled. Predictc percolation from the final cover into and through
w ezone a ted aver :of 7 ’/yr (250 ft'/yr) over the entire 4 ha (10 a.) landfill.

7.3.4 Maintenance Needs

In accordance with WAC 173-303-665(6)(a)(ii), the cover has been designed to function effectively with
minimal ongoing maintenance. This section identifies design and construction provisions for minimizing
maintenance during the postclosure care period. Additional information regarding postclosure inspection,
monitoring, and maintenance of the final cover is presented in Chapter 8.

7.3.4.1 Wind Erosion

The following are the hazards of principal concern associated with wind erosion:

e Excessive soil loss from the topsoil layer of the cover, potentially leading to reduced soil moisture
storage | removal (through ET) relative to expected performance

o Breaching of the upper part of the cover system, potentially leading to exposure of the waste and/or
direct infiltration of soil moisture into the waste zone.

1e conceptual design for the NRDWL cover has been evaluated for potential susceptibility to wind
erosion. To facilitate surface drainage, the cover will be sloped at 2 percent. With fine-grained soils, the
greater the slope, the more the surface is susceptible to erosion. Several studies performed as part of the
Hanford I rier Program concluded that to enhance resistance of a bare fine-grained soil to erosion it was
advisable to maintain the slope to no  ore than 2 percent and to blend or till into the surface 10 mm
(3/8 in.) pea-gravel at ratio of 15 percent by weight (PNL-8478). With the application of a pea-gravel
admix, soil losses are projected to average approximately 0.18 t/a/yr (0.2 ton/a/yr) (200-UW1-C-001;
200-UW1-C-002).

During the first year after construction, the soil surface will be treated with straw mulch to mitigate wind
erosion. Soil loss projections indicate that this treatment should be highly effective in stabilizing the cover
surface; projected wind losses for the first year are negligible. The straw mulch should contribute to
stabilizing the site surface for one to two more years.
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forces. The vegetative cover of native grasses, forbs, and shrubs is expected to contribute significantly to

limiting soil loss fror  inoff of surface water. Plant litter organic matter will form a protective layer
tigating wind and water  sion, as well as increasing the soil’s overall water-holding capacity.

Increasing the water-holding capacity decreases percolation and subsequent leachate formation.

7.3.4.3 Burrowing Animals

Small animals indigenous to the Hanford Site have been reported to burrow to depths of more than 1.8 m
(6 ft) (PNL-4241, Relevance of Biotic Pathways to the Long-Term Regulation of Nuclear Waste
Disposal). This depth is sufficient to breach both the final and interim covers in some areas of the landfill
and potentially compromise the cover system by creating direct pathways for moisture infiltration.
Animal studies performed as part of the Hanford Barrier Program found that in actuality the an 1l
burrows tended to create a drier soil zone by opening the soil profile to direct evaporation. The burrow
entrance is typically mounded to prevent storm water runoff from surrounding areas from flowing into the
burrow. Any water that did happen to enter the burrow was quickly absorbed by the loosened soil
(PNL-10788, The Role of Plants and Animals in Isolation Barriers at Hanford, Washington). Over time,
the burrows collapse and the surface fills in naturally.

7.3.4.4 Subs 3

Subsidence refers to vertical downward displacement of the ground surface by means of one of several
mechanisms (Section 7.3.6). The covered area where subsidence is most likely to develop is near

trench IN (the one trench within the NRDWL that received municipal solid waste). Waste placed within
this trench will undergo biodegradation, with attendant reductions in density and volume over time. At
sites with arid and semiarid climates (such as the Hanford Site), biodegradation of solid waste often
proceeds slowly because water is not present in sufficient quantities to facilitate the process. Also,
subsidence has been observed at the asbestos trenches in the adjacent SWL. Consequently, the rate of
volume change within the waste zone may be quite low. During the postclosure care, surface elevations
will be monitored for long-term topsoil loss and to detect subsidence. If subsidence over trench 1N is
detected during the postclosure period, additional fine-grained soil and pea-gravel admix can be placed
over the area to prevent localized ponding and to return the surface to design final grade. A plant
vegetative cover similar to the original final cover would be planted over the area disturbed in filling the
depression. ...e additional fine-grained soil and pea-gravel admix effectively creases the thickness of
the fine soil layer. As a 75 cm (30 in.) fine soil layer will store most of the moisture that would fall on the
cover and all of that moisture is eventually recycled back into the atmosphere through the natural process
of ET, the filling and replanting of the affected area would be the only remedial action necessary.

At the NRDWL, most trenches received chemical and asbestos waste (materials that are not biodegradable).
Dangerous solid and liquid waste generally was packaged in a manner designed to ensure long-term
dimensional stability. While subsidence has been observed at the asbestos trenches in the adjacent SWL,
subsidence within the area containing chemical trenches are not expected to occur to an extent that would
result in loss of integrity of the final cover. Because the primary protection from moisture infiltration in the
proposed design is developed within the fine-grained soil layer, the proposed cover section is capable of
remaining fully functional and protective, even if the cover sustains localized subsidence.

7.3.4.5 Seismic Events

The principal hazard from seismic events (earthquakes) relates to particle accelerations at the ground
surface. Breaching by faulting is not considered a significant risk in that no major faults have been
identified at the NRDWL and only one fault on the Hanford Site (located at Gable Mountain) shows
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2. Phase I Silt Placement — approximately 26 weeks
— Restriction: start placement after April 1 (to avoid freezing weather conditions)

3. Phase I Side Slope Placement — approximately 6 weeks (occurs during latter part of item 4)

4. Phase I Pea-Gravel Placement — approximately 6 weeks
5. Phase I Seeding/Mulching with Tackifier

6. General Fencing/! ms and Demobilization.

.5 mendment of Plan

As required by WAC 173-303-¢ )(3)(b), “Closure Plan; Amendment of Plan,” the closure plan will be
amended if unexpected events required a modification of the approved closure plan during final closure
activities. If an amendment to the approved closure plan is required, the RL will submit a written request
to Ecology to authorize a change to the approved plan. The written request will include a copy of the
closure plan amendment for approval.

1.6 Certi :ation of Closure

Within 60 days of fin. closure, the RL will submit to Ecology a certification of closure. This certification
will be signed by both the RL and an independent professional engineer registered in the State of
Washington, sta’~ ; that the facility has been closed in accordance with the approved closure plan. The
certification will be submitted by registered mail. Documentation supporting the closure certification will
be retained and furnished to Ecology upon request.

1.1 No :etolocal 1dAu ority

In accordance with WAC 173-303-610(9), “Notice to Local Land Authority,” no later than the submission
of the certification of closure, the RL will submit to the Benton County Land Planning Department and to
Ecology a survey plat indicating the location and dimensions of the NRDWL with respect to permanently
surveyed benchmarks. e survey plat submitted will meet the following standards:

e Be prepared and certified by a pr¢ :ssional land surveyor

» Contain a note, prominently displayed, that states the RL's obligation to restrict disturbance of the
dangerous waste disposal unit, in accordance with the requirements of WAC 173-303-610.

In addition, no later than 60 days after certification of closure, the RL will submit to the Benton County
Land Planning epartment a record of the type, location, and quantity of dangerous waste disposed
within the facility.

1.8 Notice in ueed

Within 60 days of the certification of closure, the RL will sign, notarize, and file a notice in deed meeting
the requirements of WAC 173-303-610(10), “Notice in Deed to Property.” The notice will be sent to the
Auditor of Benton County, P.O. Box 470, Prosser, Washington, with instructions to record this notice in
the General Index. This document normally is reviewed in property title searches.
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Institutic 1 controls will consist of continued restrictions to access and use of groundwater  d may
consist of access controls to suri e or deeper soils. Institutional controls are required to be  intained to
ensure that g indwater is not used as a drinking water or irrigation source. Because RL will maintain
control over this site for the foresecable future and potentially until the groundwater is remediated, it is
not anticipatec 1at addition: actions will be required to limit controls over groundwater use. 1ould

groundwater use restrictions be required after RL relinquishment of the area, ropric  deed restrictions
will be made. ’
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8.2 ostclosure Contact
The following office will be the official contact for the NRDWL during the postclosure care period.

Director, Environmental Management Division
U.S. Department of Energy

Richland Operations Office

P.O. Box 550

Richland, Washington 99352

(509) 376-0879

8.3 Amendment to Plan

s postclosure plan will be amended by WAC 173-303-610 when required by changes in the postclosure
operating plans or facility design. The plan may be amended any time during the active life of the facility
or during the postclosure care period. 1¢ approved postclosure plan will be amended by submitting a
written request to Ecology and the EPA to authorize a change to the approved postclosure plan. The
written request will include a copy of the amended postclosure plan fora roval.

8.4 ~ar ation of Postclosure Care

No later than 60 days after completion of the established postclosure care period, the RL will submit to
Ecology a certification of postclosure care. This certification will be signed by both the RL and an
independent professional engineer registered in the State of Washington, stating that postclosure care for
the facility was performed in accordance with the approved postclosure plan. The certification will be
submitted by registered mail. Documentation supporting the postclosure certification will be retained and
furnished to Ecology upon request.
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- 173-303-160, “Containers.”

— 173-303-310, “Security.”

— 173-303-320, “General Inspection.”

— 173-303-390, “Facility Reporting.”

— 173-303-400, “Interim Status Facility Standards.”

- 713-303-610, “Closure and Post-Closure.”

— 173-303-610(2), “Closure Performance Standard.”

— 173-303-610(3), “Closure Plan; Amendment of Plan.”
- 173-303-¢ )(7), “Post-Closure Care and Use of Property.”
— 173-303-610(9), “Notice to Local Land Authority.”

— 173-303-610(10), “Notice in Deed to Property.”

— 173-303-645, “Releases from Regulated Units.”

— 173-303-645(1)(e), “Applicability.”

— 173-303-645(7), “Compliance Period.”

—  173-303-665(6), “Closure and Post-Closure Care.”

WAC 173-350, “Solid Waste Handling Standards,” ., ashington Administrative Code. Washington State
Devartment of Ecology, Olympia, Washington

WHC-EP-0021, 1987, Interim Hydrogeologic Characterization Report and Groundwater Monitoring
System for the Nonradioactive Dangerous Waste Landfill, Hanford Site, Washington,
Westinghouse Hanford Company. Richland. Washington.

WHC-EP-0650, 1993, Permanent Isolation Surface Barrier: Functional Performance, Westinghouse
Hanford Companv. Richland. Washington.

WHC-SD-EN-AP-026, 1996, [nterim Status Groundwater Monitoring Plan for the Nonradioactive
Dangerous Waste Landfill, Hanford, Washington, Rev. 0, Westinghouse Hanford Company,
Richland. Washington.

WHC-SD-EN-TI-199, 1993, Nonradioactive Dangerous Waste Landfill Soil Gas Survey: Final Data
Report. Westinghouse Hanford Company. Richland. Washington.

Youngs, R. R., K. J. Coppersmith, M. S. Power, and F. H. Swan, III, 1985, "Seismic Hazard Assessment
of the Hanford Region, Eastern Washington State," in Proceedings of the DOE Natural
Phenomena Hazards Mitieation Conference. October 7-11. 1985, Las Vegas, Nevada,
Conf-8510118
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Appendix A

Rep nt of 91-EAB-078, Report on the Excavation and Inv: tor of
Trench 19N at e Non. dioac**~ "an¢ ous Waste Landfill, Hanford Site,
publishe~ April 25, "1



DOE/RL-90-17, REV. 1

This page intentionally left blank.



DOE/RL-90-17, =V.1

{ 13661
Department of Energy ¢ 1752

Richland Operations Office
P.0. Box 550
Richiand, Washington 99352

91-EA8-078
APR 251391

Mr_ Paul T. Day

| 'd Project Mar-qer

U.S. Environmental ‘otection Agency
Region 10

712 Swift Boulevard, Suite 5

MSIN: B5-01

Richland, Washington 99352

Mr. Timothy L. Nord

Hanford Project Manager

St e of Washington

Department of Ecology

Mail Stop PV-11

01 pia, Washington 98504-8711

Dear Messrs. Day ai  Nord:

RFCART ON THE EXCA' 'ION AND INVENTORY OF TRENCH 1SN AT THE NONRADIOACTIVE
D/ EROUS WASTE LANDFILL, HANFORD SITE

The enclosed report and Chemical Waste Inventory are being forwarded to the
U.S. Environmental otection Agency and the State of Washington Depariment of
£cology, in accordance with agreements made at the February 14, 1991, Unit
Managers' Meeting.




W

cC
aﬁs Tereh,

DOE/RL-90-17, REV. 1

91-EAB-078

Messrs. Day and Nord -2- APR 25 1991

If you have questions regarding these documents, please contact

Ms. S. L. Trine of the U.S. Department of Energy, Richland Operations Office
on (509) 376-6943, or Ms. C. J. Geier of the Westinghouse Hanford Company on
(509) 376-2237.

Sincerely,

¢ %1715ﬁ,LA/?b¢4"’/

E. A. Bracken, Director
Environmental Restoration Division
ERD:SLT Richland Operations Office

ae

R. E. Lerch, Manager
Environmental Division
Westinghouse Hanford Company

Enclosure:
Excavation Report/Chemical Waste Inventory

w/o encl.:
L. D nca.n NVEP.A
WHC -3

Stasch, Eco]oé&? w/encl.
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Excavation Methodology

The excavation of Trench 19N and retrieval of drums was performed by NRDWL
Tandfill operating } 'sonnel including a work supervisor, a heavy equipment
operator, and two labovers. Equipment used incl :d a front end wheel loader and
hand shovels. No wr .en work plan was prepared.

The excavation activity began by scraping off a portion of the operational
cover using a front wheel Toader to decrease the amount of overburden. The depth
of material removed in this manner was limited to a few feet to prevent damaging
the un ‘lying containers. Cover material that was removed was piled along the
sides of the trench.

After the upper portion of the cover was removed, the front end loader was
then used to locate the buried containers. Working in the bottom of the trench,
the loader operator carefully exposed containers by driving the loader bucket
jnto the base of the waste layer and then tilting or 1ifting the bucket. By
following the coarse gravel/cobble Tayer (Figure 2), which defined the base of
the waste layer, the operator was successful in positioning the bucket beneath
the containers. Excava . soil was piled along the edges of the trench.

After a container was located with the front end loader, laborers would
complete the excavat’ using hand shovels and place the container in the Toader
bucket. The container would then be transported out of the trench. Retrieved
containers were segregated by shipment (i.e. disposal request number) and staged
along the east side of the trench. The method of excavation was considered to
be effective in finding and retrieving containers without damage.

The retrieval process started on the south side (open side) of the Trench
19N and progressed in manner opposite to the original disposal sequence. The
activity took two days to complete at a cost of approximately $2,000. Thirty
metal drums containing regulated waste, and numerous empty containers were
retrieved. No leaking containers or evidence of sni1 contamination was observed.
The metal dr ¢ aining regulated waste were und to be in good shape with
no damage from the excavation process. Container labels; however, were often
illegible, which added some uncertainty to the identification process. This was
further complicated by the finding that a number of shipments, which were thought
to have been placed in Trench 19N were actually not present. The matching of
containers to a particular disposal request number was often based on the
arrangement in which they were found in the trench.

On November 11, 1985 containers with regulated waste were either loaded onto
a flat-bed for transportation to the 27275 Nonradioactive Dangerous Waste Storage
Facility or returned back to Trench 19N and covered. No attempt was made to open
retrieved containers at the NRDWL to verify their contents. No waste or soil
sampling was performed. Empty containers which were not regulated under WAC
173-303 were transferred to the adjacent Solid Waste Landfill for disposal as
sanitary waste.
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. APPFMNTY A
CHEMICAL WASTE INVENTORY FOR THE N_..._\DIOACTIVE DAN 0US WASTE  VDFILL
Trench #28
Date Quantity Chemical
03-16-84 0.5 pt Butyl ether
{cont) 1L Amy1 alcohol
0.5 kg n-Octylalcohol
0.5 pt No 1 paraffin hydrocarbon
1,000 mL Plexiglass* cement
1pt Todobenzene
2/3 pt Combustible liquid, n.o.s. .
0.51L Phosphenylchloride, dichlorophenyl ph  hine
500 mlL Indene
1/8 pt d
1L ir1s (hydroxymethyl) amino-methane
Ipt Hypophosphorus acid
250 g Antimony, itachloride
1L Bromine
1pt Hydriodic acid
1pt DinoyTnapthalenesulfonic acid
450 g Benzoy1l peroxide
1L 2,2-A;0~-bis~2-Methyl propionitrile
315 kg Ceric oxide
54 ft Cerous oxalate
1pt Butyl ether
11 qt Sulfurous acid
250 1b Magnesium nitrate
100 1b Bismuth nitrate
75 1b Sodium nitrate
950 1b Sodium nitrite
75 1h Disodium phosphate
96 Cesium carbonate
25 Soda ash
5 gai Kaowool* cement
100 b~ Activated aluminum
30 Sodium fluoride
05-01-84 2 gal Urethane component A
1 pt Urethane component B
21 Concentrated chemical A/B
05-23-84 20 1 Waste corrosive Tiquid, n.o.s.
(Picrolonic acid, formic acid, and
vanadous formate all absorbed)
06-13-84 10 1b Sodium hydroxide

A-13
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APPENDIX 4A
CHEMII STE INVENTORY FOR THE NONRADIOACTIVE DANGEROUS WASTE LANDFILL
Trench #28
Date Quantity Chemical
06-14-84 17 gal Ammonium hydroxide
06-20-84 0.5 kg Zirconium hydride
06-22-84 1,140 gal Lanthanum nitrate
825 gal Trichloroethane
07-05-84 100 1b Versene EDTA
25 1b Thiourea
13 gal Ethylene glycol
225 1b Ammonium persulfate
07-19-84 £ b 9 drums, Nickel, hydrated
55 1
08-23-84 1 pt Ammonium sulfide
1 pt Ethylacetate
0.5 gal Hexone
6 pt Butyl alcohol
1 qt Hexone
1qt Callodion
1pt Amyl acetate
1 pt Ethyl acetate
3 kg Methyl ethyl ketone
1 pt Hexone
qt Tetrahydrofuran
1 pt Perchloric acid (70%)
1 pt Hydrogen peroxide (30%)
5 gal Dichloromethane
1qt Bis(2-ethylhexyl)2-hexylphosphonate -
1qt Mono~-2-ethyl hexylacid orthophosphate
1 pt Glycerine
1 kg Octyl alcohol
5L Isopentyl alcohol
1qt Acetyl acetone
1 gal Dimethyl formamide
1L Hexanol
5 1b Lactic acid
1 qt Diisopropyl ketone
1 gal Sulfuric acid (93%)
09-05-84 400 1b Metal alloy - 40% Al and 60% Ca

ATT 1-4
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- APPENDIX 4A
CHEMICAL WASTE INVENTORY FOR THE NONRADIOACTIVE DANGEROUS WASTE LANDFILL
Trench #28
Date Quantity Chemical
11-09-84 75 gal Paint related material
12-20-84 69 Refill for CQC for fyrite oxygen indicator
230 mL Methanol
01-11 § 520 gal Dry salt cake: NaNO;, NaNO,, NaOH

ATT 1-5
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Appendix B

Waste Inventory
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Quantity

12-29-80
(cont)

Chemical

Lanthanum nitrate

Sodium suflate

Manganese metal chips

Nickel carbonate

DOWEX SOW-X8

Sodium sulfide

Potassium permanganate
Calcium nitrate

Mercury nitrate
Di{sobutylphthalate

10% Ammonium persulfate
Dimethylglyoxime in ethanol
0 °" ° hum hydroxide

ph .~ vuffer

Potassium hydride phthalate buffer
Acetic acid in trichloromethane
Water extracted with PCT

2:1 n-Butanol/ethyl acetate
0.05% Xylenol ora e in methanol
10% Ammonium molybpadate

DDTC in carbon tetrachloride
Iron in methanol

0.1N Trichlorochromate

3 g Cobalt nitrate - nitric acid
IN-2R 22.1 mg Water

1% Triethanol

E3426

P2246

W-2N Methanol

TTA acetone

4450 in methanol

Par water

IAKSI

--942

RO in water

Spent methanol

£238

Ortho-Phenol

E3092

EBT

E2106

0.5% PAN in ethanol
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Date Quantity Chemical
12-29-80 10.0 g/L iron
{cont) 1% Citric acid

-N Nitric acid

pH 2.5 acid spent

2N Nitric acid

0.45M HDEHP in isooctane

IN Sulfuric acid

12M Nitric acid

DTPP

Concentrated phospht ic acid

1IN Nitric acid

8M Ammonium nit ite and 0.1M nitr acid
Di2 EHPA )

0 M Nitric acid

Acetic acid

3N Hydrochloric acid

IM Phosphoric acid

0.5M Hydrochloric acid

0.6M Nitrate and sulfate

100 g/L Sodium sulfate

10M Nitric acid

Saturated oxalic acid

10% Ammonium hydroxide . hydrochloric ac
Concentrated hydrochloric acid

Hydrogen peroxide

0.2N Nitric acid

Sodium acetal and acetic acid

Hydrogen peroxide

0.054 Sulfuric acid

0.05M Ammonium formate

Nitric acid

0.1M KHCgO4

ZM Ammonium acetate

8N Hydrochloric actid

Butyl alcohol

0.05% Quinalizarin

0.01M Nitric acid

4N Nitric acid

pH 3.5 Chromium-tungsten

8.5M Perchloric acid + 0.5M hydrochloric acid
IN Nitric acid + 90% H3ON ’
0.2M Hydrochloric acid + 40% ethanol
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Date iantity Chemical
12-29-80 APDC in hydrochloric acid
(cont) 5% Na Tungsten

Hydroquinone solution
Hydrogen peroxide
Benz: e
1% Methyl glyoxime in ammonium hydroy ie
Solutions:
Gold
Copper
Europium
Potassium iron {IIl) cyanide
Al inum
Barium chlor” "’
Bromocresol purple
Cromium (III) cation
8-Hydroxyquinoline
Selenium 10 mg/L
Aluminum 1 g/L
Selenium (V1) cation in 10 g/L
Butyl cellosolve
1M St Fasulacylic acid
0.1% Alizarine in hexanol
0.2% PCT in hexane
30.7 g Manganese chloride hydrate/1 L water
11.1N Phosphoric acid
0.5N Phosphoric acid
TTA 0.5 in Xylene
DOTC in chloroform
Hydroxide of hyamin 1M
10% Acetylacetate in hexanol
15% Potassium cyanide
Ethylene glycol
D,D IN Hydrochloric acid
- Ludox* stock solution
2.5M Dimethyliglyoxime
20% 1 'O in benzene
1.6N Nitrilotriacetic acid
5% TOPO in cyclohexane
Dowex, chloroform
Phosphoric acid in water
DHDECMP
33% in cyclohexane
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Date antity Chemical
03-16-81 0.5 pt p-Dimethylamine benzaldehyde
(cont) 0.5 pt Hexone

400 g Hydrazine dihydrochloride
11b Aluminum nitrate
11b Potassium permanganate
1.25 b Sodium sulfate
2 1b Sodium thiosulfate
2 oz Cerium nitrate
2 o7 Sulfamic acid
0.: 1b Strontium nitrate
5 1b Sodium acetate
3 Boric acid
1l Sodium chlioride
4 Sodium sulfite
11b Magnesium
51b Calcium chloride
30 1b Boric acid
560 1b Orocol*
04-01-81 350 1 Alkaline metal cleaner
' 1 pH 7 butter solution
04-01-81 350 1b Alkaline metal cleaner
22 1b Sodium hydroxide
1b Sodium hydroxide pellets
4 b Sodium nitrite
9 1b Sulfuric acid
04-15-81 108 » Cupric sulfate
7 b Chromium nitrate
i Potassium sulfide
B Sodium acetate
] Sodium nitrate
b Ammonium nitrate
1b Potassium fluoride
} oz Sodium peroxide

Hydrazine (64% in water)
Acetaldehyde

Perchloric acid

Methyl iodide
Chlorosulfamic acid
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Date ntity Chemical

03-09- 4 g Gramine
(cont) g Aurnic acid natural
g 2,6 dicarbonypyridine-n-oside
g Butyl alcohol
¥4 Chel. 300 acid
oz Cyclohexamine-N,N,N,N,L-tetraficetic acid
' g B8 ace + oxyquinoline
q Dithizone
Alizarin reds
Ammonium rhodanilate
25 Dimercapto-1,3,4-thiadiazole
Fleischmann’s* pure dry yeast
0z Cale’ chloride crystal
Ammonium perrhenate
Bismuth trioxide
Calcium fluoride
Ammonium tetrasulfate cerate
Calcium fluoride
Ammonium tetrasulfate cerate
Calcium fluoride
Ammonium tetrasulfate cerate
Fluorescein isothiocyanate
Benzenesulfohydroxamic acid
1b Barium permanganate
Ferrous surfactant
Murexide
8-Mercaptopurine
3-Hydroxyflacene
1-(2-pyridylaze) 2-naphthol
indicator grade
f-Mercaytopurine
Nickle oxide powder
Calcium sulfamate
Periodic acid H510
Acetyl-D-phenylalanine
1-Thyrexine sodium salt
Titanium oxide anhydrous
Copper-iron
Silicon-carbon
Potassium acid phthalate crystals
Manganese dioxide powder
Calcium chloride
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Date Quantity Chemical
03-09- ml Glucoronolaetone
{cont) 25 g D-{-)-penicillamine

25 g Dimethyl big vanide hydrochloric acid
20 g Erio glaucine
12 g Glycocyamine
20 EMPC
5g Dihydro-ketoquinoxalii carboxylic acid
10 g Synthetic arbotin
Aimost empty Osmium tetoxide
5¢ 2,6-Dihydroxy-isonicotinic acid
59 4,4-Bis-Dimethylamino-diphenylcarbinol
500 mg Deferal
4 gq 3,4-DL-Dihydroxyphenylalanine
25 g Diothylstil ;terol
5g Ethoxzolamide
5g Dibenzoyl-diamino ethylene
249 29-Dimethyl-1, 10-pherantnrolire
2 g 4,7-Diphenyl-1,10-phenanthraline
5g Dihydronaphtlool naphthofurofuran
1g Neocuproine
10 g 2-Nitrosolnaphtlool-4-sulfuric acid
5gq Beta-alanine
9g Calciferol
5¢ Chondroitin sulfate
0z N-{4-amino 3-carboxyphenyl sulfonyl)
0z Calmagite
15 g Calcein
102 Benzotriazol purified
5g Diazine green
24 Pan indicator
25 ¢ Imidazole-4,5-dicarboxylic acid
25 g Isatin
249 Dipotassium pentacalcium dicalcein
8g Sulfaethidole
02 Thio-Michler’s ketone
102 Pepsin
5gqg N-acetyl-DC-penicillamine
25 g 2-mercaptocihydrouract] propionic acid
10 g Nile blue A
0.5¢ DL-proline
10 g 2-Nitrosolnaphth-4-sulfonic acid
5g 2,4,6-Tripyridyl-S-triazine
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{cont)
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DL-penicillamine

D-penicillamine disulfide

2-{DL-penicillamine acetone adduct
hydrachloride)

2-{a,a-dicarboxy-n,n-diformyl-4-
piperazinediaianine-tetreathylester)

Thiazolilidine-4-carboxylic acid

Polyaspartic acid

Hodizonic acid, potassium salt

d1-homocystine

D-penicillamin puriss

4,7-diphenyl-1, 10-phenanthroline

7-a T ic acid

Poti 11fate

1,2 lene

2.4 wr'~'do

lincoa-

Eri Chrome blue black

p-Nitrobenzeneazocrornal

Acetazolamide

D-serine

Enemethyl blue

Poly-L-glutamic acid sodium salt

Sodium an raquinone sulfenate

Uric acid

4-N-maleysulfanilamide

2-Meraptobenzothiazolylbutyric acid

5-Salicylsulfonic acid

Naphthol-beta

1-{p-sulfophhenyl}-5-pyrazdene-3 carboxylicaad

4-dimethylamino-azobarizene

Hydroxylamine hydrochloride

De-acutite anich exchanger

Ferric nitrate crystals

Acid citric monohydrate crystal

Jaguar A-20-A

Hydroxylamine hydrochloride

Cupric sulfate

Ferric ammonium sulfate

Pyrogallol

Pl ylhydrazine hydrochloride

Potassium phosphate menobasic

“imidine (54)
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Date Quantity Chemical

Siractan AF #2 (arabinogalactin)
Potassium jodide
beta-Methylumbelliferone
Paraformaldehyde

Potassium permanganate crystals
Ferrous ammonium sulfate crystals
Monogram ink (black)

Guantec E-2
2-Mercaptoacetanilide
2-Mercaptoacetanilide
2-Mercaptoacetanilide
2-Mercaptoacetanilide

2- it canil”

Ferrous ammonium suirate crystals
Fluroescent zinc sulfide

Sodium fluoride powder

Schoor 1n

2-Mercaptoacetanilide carbonate
Potassium chloride crystals
Rexyn RG 50* (H)

‘Magnesium perchlorate

Purulic chloride

Lead carbonate

Sodium titanate

Seelex-C

Seelex-A-100

Morclire white petroleum jelly
Potassium hydroxide

Phenol

Zinc oxide

Hood potassium cyanide

Sulfur powder

Potassium thiocyanate

Ammonium carbonate

Calcium gluconate

Potassium thiocyanate
2-Aminoethan-1-hydrochloride
Sodium malonate water

Sulfamic acid

Nitroso R salt

Phloriazin

2-Mercaptoorotic acid

03-09-82
{cont)
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Date Quantity Chemical
03-09-82 0.75 1b Boric acid
{cont) 0.5 1 Ammonium acetate
102 Titanium oxide anhydrous
0.75 1b 3 Zinc carbonate
0.75 1b Ammonium thiocyanate
0.33 1b Anhydrone
0.5 1b Calcium powder
0.75 1b Potassium sodium tartrate
0.5 1b Linc oxide
11b Koiic acid
25 g Used drierite
44 1b Car bopol 941
4.5 IR S
vesium ny  _  sulfate
125 mi Hydrazine

1-1t mL boxes
10 g

Procaine peniciliin 6

Batteries AA

Spermidin

Service batteries

Duracell* battery

Lecithin

Deferrichrome

Rhodotorulic acid

Barentrifluoride-methanol

Cyclopentadienyithallium

Chloroacetontrile

Glutanaidenyde

Iron-dextran injectible

t-Pyriclidinecarbodithicic acid
ammonium salt

Acufine developer

Soluble powder-terramycin

Scotchcast* electrical resin

Scotchcast electrical resin

Nitric acid

CH-USP cholesterol

Bromine

Ethylchloroformate

Ammonium sulfide solution

B{2FVRYL)-acrylic acid

Colchicine
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Quantity Chemical

03-09-82 4 vials Cytochrome-C from horse heart
{cont) 100 mg ea.

500 mg Cytochrome-C from horse heart

100 mg Cytochrome-C, type 11-A, horse H

100 mg Cytochrome-C, type 11-A, horse H

0.1 Methyl palmitoleate

3 viars, 1 ¢ ea. DL-isocitric lactone

25 g Tributyrin

5ml Tran  ~~inase chem, control sch.

3 vials, 1 g ea.

10 mg

2 vials, 1 g ea.

lg
2 vials
25 mg ea.
251
2.5 mo
2 vials, 5

(3 ug/mL)
l1g

100 mg
lg
1g
500 mg

mg
2 vials

0.1 g ea.
500 |
<l
10 caps

25 mg ea.
59

0.1g

3 vials, 1 ¢ :a.

25 g
5 mb

3 vials, 1 ¢ :a.

N,N-B1s-{2-carboximidoethyl)
tantarmide dimethyl estea
dihydlicchloride

Hemoglobin .andard

Pepsin 3X cyst {parcine stomach

Pepsin

Gangliosides

icous)

N-acetyl neuraminic acid

Lactic dehydrogenase enzyme

N-4-nitrobenzo-Z-iva 1,3 diazide
phosphetidyl ethanolamine

Pepsin crystallizer

Cholesteryl oleate

4-fluore-3-nitro-phenylazide

0-phenyl

Peroxidase

Cyto-C

Cytidine-5-diphosphc choline

Cytochrome-C, type II1
NEC-0B4H sodium acetuate-1-C (1 mCi C1%)
Fast blue RR salt

2-acetamido-2-deoxy-1,2,3,4-

tetra--acetyl-b-diglueopyrabose

Methyl palmitoleate

DL-isocitric lactone

Tributyrin

Trans. inase chem control sch.

N,N-Bis-(2-carboximidoethyl)
tantarmide dimethyl estea
dihydlicchloride -
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Date

Quantity

—

05-19-76

{cont)

06-24-76
07-76
07-12-76

08-20-76

09-76

v DD
Lol ia]

NUO OO O

1b

[ B o ]

nio gNO&OwOOMH
» * L} »

500 g
100 Tbs

10 gal
120 1b
10 ¢
85 ¢
100 1
10 gal
2L

10 1b
15 1b
1.5 gal
51b
7 gal

500 1bs

10 g
110 11

Chemical

Napthol

p-Nitroaniline

Phenyl mercury chloride
Potassium citrate

Quinidine sulfate

Rosin

Sodium bromide

Sodium formate

Sodium molybdate

Succinic acid disodium salt
Sulfosalicylic acid
Triketohydrindene hydrate
Tripyridine

2,4-D

Ferric chloride
1-10-(ortho) phenanthralin monohydrate
p-Toluene sulfonic acid

Paraffin
Cyclopentane

Cadmium nitrate solution 50%
contaminate cleanup items

Foam concentrate
Butvar BR 50%
Pluco ic acid
Versenex 80
Sodium cluconate
Rodine #214
Rodine #92-A
Methyl violet
0il blue A {dye)
Zef-pure
Fire-sord
Petrogon

Sodium oxide contaminated shipping
containers

Mercury

TURCO 4521
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Date Quantity Chemical
03-29-77 11b Sodium phosphate
{cont) 11b Sodium borate
11b Boric acid
11b Cuprous cyanide
6 1bs Cupric suylfate
11b Lithium fluori¢
11b Al iinum chlorige
11b Lithium carbonate
11b Sodium fluoride
13 cans Spray paint (pressurized)
1 pt Dow Corning* fluid 200
173 Paper cement
1 gt Dowanol*
3.05 gal 2-pro nol
6 1bs Calcium carbonate
0.25 pt Unknown
11 Sodium cyanide
1pt Dimethyl formamide
1qt Cyclohexane
4 pt Ethylene dichloride
1 gal Carboline thinner 2J
2 oz Fine sulphide
1qt Mineral oil
1pt Chloroform
1 pt Collodion
1pt Ethylene qlycol
1pt Diethylene glycol
6 pt Butyl alcohol
14 Benzene
04-77 185 1 Paint/solvent
0.2 Hydrochloric acid gas
1.4 Hydrobromic acid gas
04-19-77 NA Sodium oxide contaminated equipment including
two 2-inch valves and one 6-inch-diameter and
18-inch-long tank
04-24-77 26 gal Liquid penetrants
05-77 40 - Ton-exchange cleaner
0 ib Sodit phosphate tribasic
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Date Quantity Chemical
02-15-78 200 m} 30% DI (secondary butyl) phenol
(cont) phosphon: :/xylene

150 ml 100% Di butyl N,N-diethylcarbamoyl- phosphonate
500 ml Chloroform

250 ml 5% TOPO/cyclohexane

130 mi Dy EHPA

150 ml Hexone

400 ml . 1@ TOPO/cyclohexane

400 m] 15% Aliquot 336/xylene
200 mi 30% Aliquot 336/xylene
500 ml Soap 1 isopropano

500 ml Cyclohexane

500 ml Hexone

700 B

300 ...

3L . e e

11b Barium perchlerate

2 oz Lirconyl nitrate

36 oz Mercuric nitrate

0.7 1b Stlver nitrate

11b Lead nitrate

2 Lead dioxide

21b Larnthanium nitrate

2.5 1b Mercuric nitrate

11ib Magnesium perchiorate

5 1b Sodium perchlorate

5 1b Phosphorous pentoxide
b Potassium oxalate

21 Larthanum nitrate cryst: s
11 Sodium bisulfate

11b Graphite powder

0.25 1b Lithium f1' ride

5¢g Ferric sulfate

11b Potassium bromide

100 g Reinecke salt NHq(Cr(NH3)2(SCH))-Hp0
4 oz Sodium stearate

6 1b Sodium sulfate, anhydrous
0.25 1b Turgatic anhydride

17 Sodium silicate

11b Potassium carbonate
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Date Quantity Chemical
03-05-80 4 0z Cupferron
(cont) 51b Ceric sulfate
11b Talc
11b Magnesium turnings
6 1b Potassium dichromate
2 1b Dextrose
100 Diazole
25 g 1,8-dihydrosynaphthalene-, 6-disulfonic acid
200 g M-dinitrobenzene
45 g Diphenylthiocarbazone
11b Ethylenediamine tetraacetic acid
11b Ferric nitrate
11b Fe us sulf"’
100 g Fluorescein gisodi  salt
21b Gelatin
500 L-1 )}-Glutamic acid
11b Zinc sulfate
11b Zinc oxide
21b 1inc acetate
11b Zinc chloride
11b zinc nitrate
1 oz Zirconium chloride
500 Zirconyl chloride
1 oz Zirconyl nitrate
100 g Acetyl choline chloride
11b Aluminum chloride
1.5 1b Aluminum sulfate
6 oz Asbestos
0.5 1b Agar agar
2 oz Ammonium chromate
402 Ammonium iodide
0.25 1b Ammonfum oxalate
4 oz Ammonium phosphate
21 Ammonium thiocya te
4 02 Arsenic trioxide
4 0z Arsenic acid
51b Ammonium persufate
0.25 1b Barium hydroxide
11b Barium nitrate
0.5 1b Beryllium sulfate
03-15-80 500 Acetonitrile
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Date Quantity Chemica)
04-15-80 1pt 1% Chromium trioxide
{cont) 1qt 2% Chromium trioxide

6.5 pt 25% Sodium hydroxide

5 ot 10% Oxalic
2g s Ballards triple-distillied mercury
co1 ainers
11hb Magnesium oxide
14 Fluorochemical inert
2 1b Cupric sulfate
1 gal Dimethyl phosphate
1 tb‘ Dimethylformamide

ic
Afuminum 0X31g€e

1ib Aluminum metal
6 1b Aluminum nitrate
51b " Ammonium persulfate
31b Acid citric
11b Ammonium fluoride
11b Cesium nitrate
11b Copper metal
11ib: Cupric chloride
2 1b Chromium oxide
g 1b Chromium trioxide
g8 1b Cupric sulfate

1b Disodium dihydrogen

ethylene diaminetetracetate dihydrate

21b Ferric chloride
4 oz Fe(NO3)3
1 oz Fluorescein sodium
2 1b [ron metal
61 Lead metal
4 1b Mercuric nitrate
10 Oxalic acid dihydrate
4 1b Magnesium permanganate
41b Potassium permanganate
4 1b Potassium ferricyanide
11b Potassit thiocyanate
51b Sodium sulfite anhydrous
0.25 1b Sodium iodide
1.25 1b Sodium metabisulifite
4 oz Sodium cyanide
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Trademarks {cont)

Medrol is a trademark of the Upjohn Company
Monoplex is a trademark of C.P. Hall Company
Nalclean is a trademark of Nalco Chemical Company
Nalco is a trademark of 1co Chemical Co.
Neo-Cortef is a trademark of the Upjohn Company
Neosporin is a trademark of Burroughs Wellcome Co.
Novahistine is a trademark of Dow Pharmaceuticals
Qakite is a trademark of Oakite | )duct, Inc.

Olin is a trademark of Olin Corporation

Orocol is a trademark of Betz Laboratories
Plexiglass is a trademark of Rohm and Hass Company
Pc” rsporin is a trademark of Burroughs Wellcome Co.
Reayn is a trademark of Fisher Scientific Company
Rodine is a trademark of S.B. Penick and Co.
Sarkosyl is a trademark of Ciba-Geigy Corporation
Scotchcast is a trademar¥ of Minnesota Mining and Manufacturing Co.
Suu A LTRSS Co

Jequescrene 1s a Lracemark o7 Lipa-weigy corpuration
Sterotex is a trademark of Capital City Products Company
Teflon is a trademark of E.I. DuPont de Nemours

Tordon is a trademark of Dow Chemical Company

Tri-Si1 is a tradi._rk of Pierce Chemical Company

TURCO is a trademark of Turco Praducts Incorporated
Versenex is a trademark of Dow Chemical Company

Versenol is  trademark of Dow Chemical Company

Zeokarb is a trademark of J.M. Huber Corporation

Zincon is a trademark of La Motte Chi ical Products Company
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Appendix C

Conceptual Design of the Final Cover for the Nonradioactive Dai jerous
Waste Landfill
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Terms
CFR Code of Federal Regulations
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
ET evapotranspiration
HELP Hydrologic Evaluation of Landfill Performance
ITRC Interst : Technology Regulatory Council
LAI leaf area index
" "NL Los Alamos Nati 1l Laboratory

NRDWL Nonradioactive Dangerous Waste Landfill

RCN Runoff Curve Number

RCRA Resource Conservation and Recovery Act of 1976
SCS So  Conservation Service

SWL Solid Waste Landfill

WAC Washington Administrative Code
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Standards for Hazardous Air Pollutants.” According to 40 C1 61, final closure of the asbestos trenches
cc ve been achiew« nply by cov  ng the trenches with a sufficient ickness of soil and rock to
pr 1 simple physic rrier. However, because of the cor i1 rofthetr ches thatreceived
asbestos waste with the trenches that received solid waste, the entire landfill will be covered with the
san cover. Suitable soil material having adequate water storage capacity and rooting thickness must be
placed over the a estos trenches to develop and retain vigorous native perennial cover vegetation at the

site.
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taken directly from the tables. The density values (particle density [p;] and dry bulk density [py]) for the
mean soi] irameters were used to derive the porosity {¢s) of the soil using the equation:

Pb
¢s = 1-—
Ps
All of the values used, including porosity, for the cover soil in all of the model cases were either taken or
derived from Area C sample data documented in D&D-25575, Silt Borrow Source Field Investigation

Report, and expanded on in PNNL-17134.

Field capacity and wilting point for the silt-loam admix and the silt-loam soil were derived by
interpolating the pore pressure and moisture content values provided in PNNL-17134, Table BS5 for the
sample B18DD3/B18DD2 Composite. Pore pressures between field capacity (-3.37 x 10° cm of water

).33 BAR]) and wilting point (-1.53 x 10" ¢cm of water [-15 BAR]) for composite blend

[8DD?2 plot on, or very close to, the “Mean Predicted Curve” shown in PNNL-17

Figurc 3.3. Interpolating  m ] --17 |, Table B5 provided values o three sign  :ant figures.
Intersects were plotted on the “Mean Predicted Curve” shown on PNNL-17134, Figure 3.3 for pore
pressures of -3.37 x 10* cm for field capacity and -1.53 x 10* cm for wilting point to confirm the
interpolate results (Figure C-5). This process provided the resultant moisture content parameters of
0.229 vol/vol for field capacity and 0.056 vol/vol for the wilting point for the mean Area C silt-loam. A
similar process, using Figure 3.4 of PNNL-17134, was performed to determine the field capacity and
wilting point for the silt-loam soil gravel admix (see Figure C-6).

The initial moisture content was developed through an iterative process of repeatedly running the model
to identify the water storage at the end of the ten-year period, then entering that value as the initial soil
water content until the two sets of values were essentially the same. This equilibrates the model to infinite
repeated wettest ten-year weather cycles.

Other than thickness, the properties for the interim soil cover (Layer 3) and the waste layer (Layer 4) were
entered by selecting generic materials from the HELP database that best approximate the NRDWL. The
NRDWL interim cover is documented to be 1.2 to 3.0 m (4.0 to 10 ft) in thickness and consists mostly of
a coarse to fine sand, with gravel. For simplicity, and to address probable re-grading efforts, Layer 3 will
be modeled in all simulations as a 1.2 m (4.0 ft) layer of soil having properties best described by HELP as
Material Texture Number 3 (a well graded, gravelly sand with few fines, defined by the Unified Soil
Classification System as SW). The 3.65 m (12 ft) thick waste layer will be defined as Layer 4, and will be
modeled in all simulations as a waste layer having properties best described by HELP as Material Texture
Number 18, Municipal Waste.
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As a sensitivity analysis on Area C soil properties, several compar ve HELP model runs were made
using the properties for a blend of some of the more coarse soil samples taken at Area C. Using the same
process identified above for determining the properties for the mean Area C soil, properties for the sample
blend B18DD3/B18DD2 were input into the model. A soil represented by sample blend
B18DD3/B18DD2 will have a slightly lower porosity (0.402 verses 0.409) and a slightly higher saturated
hydraulic conductivity (3.96 x 10" cm/sec verses 1.53 x 10 cm/sec) than the mean for Area C silt-loam
soil, but wi 1ave very close to the same water storage capacity.

C3.3 Model in its - C eral Design and Evaporation Data

The HELP model requires the inputs for Soil Conservation Service (SCS) Runoff Curve Number (RCN),
the fraction of the cover that will allow runoff (the portion of the area that is sloped in a manner that
would permit drainage off the surface [EPA/600/R-94/168a, The Hydrologic Evaluation of Landfill
Performance (HELP) Model: User’s Guide for Version 3]), the a  of the cover, the Latitude of the site,
the maxin area inc . (L/ ,the Julian date for the start ¢ e grov season, the Julian date of
the end of the growing season, and the depth of the evaporative zone.

The HELP model has a routine that assists in calculating the SCS RCN. The RCN is a widely used
method in determining the approximate amount of runoff from a rainfall or snowmelt event over a
particular area, and is based on that area's hydrologic soil group, land use, treatment (e.g., plant
community), and hydrologic condition. The HELP model will only calculate the RCN when one of the
default soils contained in the HELP database is used as the surface soil. To use the properties for an
Area C soil for Layer 1 in the model, an iterative process was ¢ ployed using the HELP default soils to
identify an RCN that would be appropriate for a 147 m ( 0 ft) long, 2 percent slope consisting of a
general . inford silt-loam type of soil. A conservative value of 75 was selected for the majority of
comparative runs with a value of 85 used in a sensitivity analysis. The lower RCN would produce less
runoff; therefore, more water would be available to infiltrate the final cover. This correlates well with
what has been observed at the Hanford Prototype Barrier (i.¢., little runoff).

The HELP model also calculates when the temperature is near or below freezing and holds precipitation
at the surface, simulating snow. When the model calculates the temperature has risen above freezing, it
releases the stored water, inducing snow melt events to the simulation. A separate routine calculates when
the ground could be frozen and, when it is, automatically changes the RCN to 95 for surfaces where the
RCN is set to 80 or lower, and 98 when set above 80 (EPA/600/R-94/168b, The Hydrologic Evaluation
Of Landfill Performance (Help) Model: Engineering Documentation For Version 3). These RCN values
are typical for a tight clay soil surface and the model will derive significantly more runoff. This feature
cannot be turned off or ad  ted by the user, and may result in the over-prediction of runoff. With the
exception of one day in one of the sensitivity runs, the only times the model predicted there would be
runoff at the NRDWL were during snowm:  events on frozen soil. In actuality, when the surface has not
been compacted, and native vegetation is present, runoff very rarely occurs on the Hanford Site.

As the entire surface of the final cover will be sloped a nominal 2 percent towards the landfill perimeter
the fraction of landfill cover allowing runoff was set to 100 percent for all model runs, with the exception
of a runoff area sensitivity run, in which the variable was set to a conservative 10 percent. The area of the
cover will be approximately 4 ha (10 a).

The start and end of the growing season was derived by subjectively (and conservatively) averaging the
growth state dates contained in PNNL-17134, Tables 5.15 (Leafy Spurge as a typical perennial forb),
5.16 (Indian Rice Grass), 5.17 (Thickspike Wheatgrass), 5.18 (Needle-and-Thread Grass), 5.19 (Sandberg
Bluegrass), 5.21 (Big Sagebrush), and 5.22 (Rabbitbrush). These native species are predominant in the
area that surrounds the NRDWL. Leaf growth for ¢ grasses typically starts around day 91 to day 98,
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C5 Model 1put/Output Files

C5.1 Ou ut File: Proposed Design (Base Case)

Section C3.4.1 summarizes the following output file for the proposed design.

NRDWL-30.0UT

: for each of the simulations summarized in Section C3.4.

g
bt 3% gt sk ok ok ok 2k ob ok 3k ab ok b ok abatab abab abob o b abababobab b b bk ek obab ok k¥ ot ababab bbb et ab ok b bbb ok kb abababobabababababab bbb bbb by
ot 3% b o ok Ak ok o ok ok b ob b ab 3% abab ab abab ab abab ab ababab b ab ok ob ok abab abab b ab ab ok abab ababab b st b ok bbb b ok bbb ab ok abab b b b bbbt ababab b okt

£ 23
%3t
£ 23
£ 23
*
E 2
Fat
*
*

HY OLOGIC EVALUATION OF LANDFILL PERFORMANCE
LP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY

USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

¥t
E 2
Fax
*%
a3t
%3t
E
*%
*t

ot b2 b 3k ok o ot ok ok ob b ok % gk o b 2t ab abab ob oF shabab b abab ok %ok ot ok ob b ab ot o At ab bt ababsb ab ok bt ababab b atak ab ok b okt ab ok bt ababab b ab bbb obad
b3t ot abab 9t aE ot aF ab ab b ob oot b ab ot ok ok b ot abab b a¥ab b ob b o b ot ok ab Aok ok abab abababababab bbb ababobab b et arababababababt bbb ababab bbb bbb

PRECT ATION DATA FILE:
TEMPERAIURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

:\HELP3\N 'L\HANFORDP.D4
: \HEL P3\NRDWL\HANFORDT.D7
:\HELP3\NRDWL\DATA13.D13
:\HELP3\NRDWL\HPV-ET30.D11
: \HELP3\NRDWL\AS-PV-30.D10
: \HELP3\NRDWL\NRDWL-30.0UT

[alakalalaksl

TIME: 8:28 E: 7/ 6/2009

sttt st bbb atatab ottt

TITLE:

253ttt b b ot ot bkt b bt Y

NOTE:

30-INCH SOIL COVER (AVE.[Mean] AREA C SILT PROP w/ POOR VEG)

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 0O

= 6.00  INCHES

0.3750 vOL/VoL

0.2100 VOL/VOL

0.0510 VOL/VOL

0.2107 VOL/vOL
0.130999997000E-04 CM/SEC

THICKNESS
POROST™

FIELD + ‘CACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

L [ TR T

TYPE 1 - VERTICAL PERCOLATION LAYER
Page 1

C-26

3573 o o abab ot st gt gt o oF ot bbb ok bt gb ot ot ababab bbb ok b abab ok obab bababababavabrabatabababababdtababatab

% abat ot abab oE b oF b o b ab b abab ob S ot ot ot ab st ot 3t ab b ek b ab ab b otk ab b ab bbb bbb bk ab oot ab bbbt



—————————‘

DOE/RL-90-17, REV. 1

NRDWL-30.

THICKNESS
POROSITV

FIELD C CITY
WILTING INT
INITIAL IL WATER CONTENT
EFFECTI SAT. HYD. COND.

1T I (I

ouT

MATERIAL TEXTURE NUMBER 0

24.00  INCHES
0.4090 voL/voL
0.2290 voL/voL
0.0560 voL/voL
0.0737 voL/voL

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 3
48.00  INCHES
0.4570 voL/voL
0.0830 vOL/VoL
0.0330 voL/voL
0.0841 voL/voL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

[ T T (A

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18
144.00 INCHES
0.6710 voL/voL
0.2920 voL/voL
0.0770 voL/voL
0.2917 voL/voL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.153000001000E-04 CM/SEC

0.310000009000E-02 CM/SEC

0.100000005000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

USER-SPECIFIED.

75.00
100.0
10.000
30.0
3.033
12.066
1.650
0.000
49.075
49.075
0.00

L1 1 T O T | T

EVAPOTRANSPIRATION AND WEATHER DATA

Page 2
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NRDWL-30.0UT

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

FORD CP WASHINGTON
STATION LATITUDE = 46.51 DEGREES
MAXIMUM LEAF AREA INDEX = 1.00
START OF GROWING SEASON (JULIAN DATE) = 98
END O “ROWING SEASON (JULIAN DATE) = 304
EVAPO IVE ZONE DEPTH = 76.2 CM
AVERA ANNUAL WIND SPEED = 12.16 KPH
AVERA 1ST QUARTER RELATIVE HUMIDITY = 68.30 %
AVERA 2ND QUARTER RELATIVE HUMIDITY = 43.30 %
AVERA 3RD QUARTER RELATIVE HUMIDITY = 37.00 %
AVERA 4TH QUARTER RELATIVE HUMIDITY = 70.00 %
NOTE: PRECTPITATION DATA FOR Hanford CP washington
! . ENTERED BY THE USER.
NOTE: TE :RATURE DATA FOR Hanford CP washington
wn3 ENTERED BY THE USER.
NOTE : ION DATA FOR Hanford CP washi on

WAS ENTERED BY THE USER.

*******************************************************************************

ANNUAL TOTALS F YEAR 1989

MM CU. METERS PERCENT
PRECIPITATION 17577 T7113.235 100.00
RUNOFF 17.219 696.829 9.80
EVAPOTRANSPIRATION 164.406 6653.413 93.54
PERC./LEAKAGE THROUGH LAYER 4 0.595025 24.080 0.34
CHANGE IN WATER STORAGE -6.452 -261.090 -3.67
SOIL WATER AT START OF YEAR 1246.495 50444.945
SOIL WATER AT EI OF YEAR 1240.043 50183.852
SNOW WATER AT S T OF YEAR 0.000 0.000 0.00
SNOW WATER AT E  OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0001 0.004 0.00

*******************************************************************************

Page 3
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NRDWL~30.0UT

Aok stk ab abab ok ob bk ab bt ob ok okt ab at b sk okl abat bbb A st bbb ab b ok ot bbb st ok ab b b ab b b b ab b obabab b abobababobabab b abobob sbobab b abob ok bat ot

ANNUAL TOTALS FOR YEAR 1990

MM

PRECIPITATION _-iiéj
RUNOFF 0.
EVAPOTRANSPIRATION 142.
C./LEAKAGE THROUGH LAYER 4 0

' NGE IN WATER STORAGE -14.
SOIL WATER AT START OF YEAR 1240.
SOIL WATER AT END OF YEAR 1221.
W WATER AT START OF YEAR 0.
SNOW WATER AT END OF YEAR 3.
ANNUAL WATER BUDGET BALANCE 0

F Ak Tk A Atk sk skt b bt ok b ST b o o b ok ot bk b A ab A T b A ab A b ab M b abab bbbt kot Akt ak bbbt A bt bbb b ab b ar bbbt

ANNUAL TOTALS FOR YEAR 1991

MM

CIPITATION —_i;i?
RUNOFF 0.
EVAPOTRANSPIRATION 150.
PERC./LEAKAGE THROUGH LAYER 4 0
CHANGE IN WATER STORAGE 20.
SOIL WATER AT START OF YEAR 1221.
SOIL WATER AT END OF YEAR 1246.
SNOW WATER AT START OF YEAR 3.
! W WATER AT END OF YEAR 0
ANNUAL WATER BUDGET BALANCE 0

****************************#****#**********************#**********************

Page 4
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.000000
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043
906
000
981

.0000
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NRDWL-30.0UT
ANNUAL TOTALS FOR YEAR 1992

MM CU. METERS PERCENT
PRECIPITATION 200.66 8120.600  100.00
RUNOFF 0.000 0.000 0.00
‘AP0 NSPIRATION 174.520 7062.715 86.97
PERC./LEAKAGE THROUGH LAYER 4 0.000000 0.000 0.00
CHANGE IN W R ¢ RAGE 26.140 1057.882 13.03
SOIL WATER AT START OF YEAR 1246.516 50445.789
SOIL WATER AT END OF YEAR 1257.072 50872.996
SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 15.584 630.677 7.77
ANNUAL WATER BUDGET BALANCE 0.0001 0.003 0.00

3E 5% 3% 3% o% aF 3ok ab ok ob ¥ o % ok ot ab ok ot ok gk ot b o ob b ok b b ot at ok ab b ab st ok b ot ob ot ab gt ok abab ab b ok ab ok sbab ok abababab ok sbababobgbsbab b ot b abobabobabobsbabab oy

75 3 5% 3E 9% o% ab 3 o 3t 3tk ot ab ab ok 3bab ob ob ot gt ab ok ok b b ok gbab ot ok ob ab ok b ot ab ok ot ok ok b abab b ab b ot ab sbabab ob b ab b ok b b ab otk b ok ok ab ok obabab ok gt gk gk bbbt

ANNUAL TOTALS FOR YEAR 1993

MM CU. METERS PERCENT
PRECIPITATION " 198.88 ©8048.645  100.00
RUNOFF 15.458 625.575 7.77
EVAPOTRANSPIRATION 228.161 9233.562 114.72
PERC./LEAKAGE THROUGH LAYER 4 0.596142 24.126 0.30
CHANGE IN WATER STORAGE -45.333 -1834.614 -22.79
SOIL WATER AT ST. T OF YEAR 1257.072 50872.996
SOIL WATER AT END OF YEAR 1226.505 49635.996
SNOW WATER AT ST ~ OF YEAR 15.584 630.677 7.84
SNOW WATER AT END OF YEAR 0.817 33.062 0.41
ANNUAL WATER BUD [ BALANCE -0.0001 -0.004 0.00

2% 3b 2 2% o b 3E ot ot b ab ab sk ot abab abab ob b ok b ob ot ot abab ab sk b ob ok abob ot b ab ab ab ot b bbb b b ab b abob b ab bbb ok b obabababobab b ab b ababobababsbabab baboba b

75 9% 3 3F 5% 3% 91 a% o 9 ab ot 3 ot ot o abab 4 2 b b b ot ot ot ab a0 5k ot 3% b ok ot abak ab ot ot oE oY ob ok Ak at o abab ab ob ob ¥ ok gt ok ot obab b atab b bk ab oot ok b ab bt bbb okt et

Page 5
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NRDWL-30.0UT
ANNUAL TOTALS FOR YEAR 1994

MM CU. METERS PERCENT
PRECTPITATION 155.45 © 6290.896  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 123.065 4980. 369 79.17
PERC./LEAKAGE THROUGH LAYER 4 0.000000 0.000 0.00
CHANGE IN WATER STORAGE 32.383 1310.524 20.83
SOIL WATER AT START OF YEAR 1226.505 49635.996
SOIL WATER AT END OF YEAR 1259.705 50979.582
SNOW WATER AT START OF YEAR 0.817 33.062 0.53
SNOW WATER AT END OF YEAR 0.000 0.000 0.00
ANNUAL WATER BUDGET BALANCE 0.0001 0.004 0.00

3% 9% 9% 3% 9% o ob ob 9% 9% 2k 3k ok 5% ok ok ok 9% oF o¥ ok ok ob ok ok 1ot ab b ab ok ok 5% ok 3b sb b b otk ok b ok ok b ot ababababab ab gk ot ok ot bbb bbb obobababab b ot abababababobababat oy

31 3% 3t 3% 3t 5% 3t ot sk sk aba¥ ok kb st abab ok abab sbsbak st b ok ok ok ab sk o ot gb st abab ok ab ot of abab b skabab sbab b ot abab abab sk s ab st sb sb st ababab sk abab st sbab b sbabababababat

ANNUAL TOTALS FOR YEAR 1995

MM CU. METERS PERCENT
PRECIPTTATION 312,67 '12653.746  100.00
RUNOFF 0.000 0.000 0.00
EVAPOTRANSPIRATION 278.375 11265.676 89.03
PERC./LEAKAGE THROUGH LAYER 4 0.000000 0.000 0.00
WNGE IN WATER STORAGE 34.299 1388.071 10.97
SOIL WATER AT START OF YEAR 1259.705 50979.582
SOIL WATER AT END OF YEAR 1292.849 52320.871
SNOW WATER AT START OF YEAR 0.000 0.000 0.00
SNOW WATER AT END OF YEAR 1.156 46.782 0.37
ANNUAL WATER BUDGET BALANCE 0.0000 -0.001 0.00

3538 3t 3k 3k o b ok st ok ob ok a% ok b o sk sk ok ok oh b ok o ob 2% ob 5% ok o¥ ob 5 3 ot ab ab ab ab ok ab bt st b b ok 5bak ok ot ab st v ab sk ab oot sbabaab abatabababababakababobababatatat

3H31 3t 5h b 3T b sk sb ot shobab ot ab b sk sk ot sbob o% o% 5k ob sb ot shabab ab o ob sk sk sbob ok abab b ok b sk sbob b abab o o abab ab b ab ok b ab ok gb ot ok sbab b obab ob bob b ok abab sk bt gt

ANNUAL TOTALS FOR YEAR 1996
Page 6
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NRDWL-30.0UT

MM CU. METERS PERCENT
PRECIPITATION 309.63 '12530.396  100.00
RUNOFF 66.864 2705.940 21.60
EVAPOTRANSPIRATION 224.084 9068.563 72.37
PERC./LEAKAGE THROUGH LAYER 4 0.000000 0. 000 0.00
CHANGE IN WATER RAGE 18.678 755.890 6.03
SOIL W . AT ST OF YEAR 1292.849 52320.867
SOIL WATER AT END OF YEAR 1305.526 52833.910
SNOW WATER AT START OF YEAR 1.156 46.782 0.37
SNOW WATER AT END OF YEAR 7.157 289.628 2.31
ANNUAL WATER BUDGET BALANCE 0.0001 0.002 0.00

S5 3% 3t 3% 3t 5t b oF 2% ot 3% 2k 9% 9 b ot 4k o ok skl oh oh ¥ ot 2hab o ohab ¥ o AT st ab b ot ot b ot ot ot abab ot b ababab b ab o ab bbb bbb bt ot bk ot bbb bbb ok ok b ot kot

3E3E 5t 39t 5t 3% 5t b ok 3% ok ok 3% ok 5% 4% ok o% 4k 2k 5T 3 ab 2B abab ob ababab b dhab kb ot ot bbb b ab b ab b ab b b Ak b ok b b ok ob b abab b oot b A b bababakababakababab bk

ANNUAL TOTALS FOR YEAR 1997

MM CU. METERS PERCENT
PRECIPITATION 16231 6568.435  100.00
RUNOFF 12.768 516.734 7.87
EVAPOTRANSPIRATION 214.208 8668.859 131.98
PERC./LEAKAGE THROUGH LAYER 4 0.000000 0.000 0.00
CHANGE IN WATER STORAGE -64.670 -2617.161 -39.84
SOIL WATER AT ST OF YEAR 1305.526 52833.910
SOIL WATER AT END OF YEAR 1248.013 50506.379
SNOW Wt ! AT ST OF YEAR 7.157 289.628 4.41
SNOW WA AT END OF YEAR 0.000 0. 000 0.00
ANNUAL WATER BUD ' BALANCE 0.0001 0.003 0.00

SE 7 3% 351 51 31 5% 2F 3% 3% 9b 3b 2 4% 5% ob 9% % 5% 3% 3% 5% 9% 5k ok 3% ok Ak b a¥ ok bab ok abab b sbab b sk ok b abab ok okt b ok ok ok ok ok b ¥ ababab b b ab abab abab ok bbb ababababababab ot

% 3 3HaE aF 3EaE 3% 3 3h 2 ab ab 5% ab 2 5% ot 5k b ok obab ok ok ok ok sk ak st ab b ab abab st sk ok ok abab ok sbak ab ok ok sk ok gk sk kb ok ab b ab b okt ok abab bbb oabababababababobabab

ANNUAL TOTALS FOR YEAR 1998
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CIPITATION
RUNOFF
EVAPOTRANSPIRATION
C./LEAKAGE THROUGH LAYER
CHANGE IN WATER ST \GE
SOIL WATER AT START OF YEAR
SOIL WATER AT END YEAR
SNOW WATER AT START OF YEAR
SNOW WATER AT END YEAR

ANNUAL WATER BUDGET RALANCE
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NRDWL-30.0UT
MM

.000
.215
.000000
.385
013
628
.000
.000
.0000

4

CU. METERS

.001

AVERAGE MONTHLY VALUES (MM) FOR YEARS 1989 THROUGH 1998

JAN/
PREC  TATION
TOTALS 24.
9.
STD. DEVIATIONS 16.
12.
RUNOFF
TOTALS 1
0
STD. DEVIATIONS 3
0
EVAPOTRANSPIRATION
TOTALS 9
35
STD. DEVIATIONS 4.
18.

TOTALS 0.

C-33

JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV
89 19.00 16.64 16.05 15.42
50 4.75 4.67 16.03 26.54
14 14 .30 12.55 10.38 8.48
72 6.14 6.15 7.50 18.50
.791 2.651 1.183 0.000 0.000
.000 0.000 0.000 0.000 0.000
.911 5.453 2.754 0.000 0.000
.000 0.000 0.000 0.000 0.000
.690 10.237 24.053 27.311 20.174
.770 5.236 4.368 5.788 8.864
793 5.817 9.337 17.177 10.732
349 5.750 4.159 2.481 3.319
LAYER 4
0595 0.0596  0.0000 0.0000 0. 0000
Page 8

PERCENT

0.
0.
0.

*******************************************************************************

13

31.

11.
.07

NO wviOo

HO oo

0.

00
00
00

*******************************************************************************

JUN/DEC

.23

22
93

.000
.612

.000
.748

. 405
.619

.213
.505

0000
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NRDWL-30.0UT
0.0000 0.0000 0.0000 0.0000 0.0000 0.0595

STD. DEVIATIONS 0.1882 0.1885 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.1883

33k 3k 3t ot o ab ok 3t ok gt b ob abab ok abab ob ob b b abab shabab b sb ok ok gt abab ok sbob gb ok ok abab sk gk sbab b ab b ob b ok sb ot b sbab ob b ob bbb ob ot ok ok ok gk b b ok ok gk ok ok b ok ob

3591 9t 3% 3% aF ok ok ok 3% 9bob ok 3tk ot b ok o Shak s 9 ab ab sk ok o o ot 5% ok bk 3t o S ot ab ok sh b b ab ob ok b ab ab ot o ab ok ob 3k ok sk ab ok ot b ab b ot b bbb ok b ¥ b ok b ok ob ottt

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1989 THROUGH 1998

MM CU. METERS PERCENT
PRECIPITATION 19794  ( 63.124)  8010.6  100.00
RUNOFF 11.236 ( 20.8344) 454.73 5.677
EVAPOTRANSPIRATION 186.514 ( 47.9393) 7548.11 94.226
PERCOLATION/LEAKAGE THROUGH 0.17866 ( 0.28767) 7.230 0.09026
LAYER 4
CHANGE IN WATER STORAGE 0.013 ( 1.3231) 0.54 0.007

b At ab Ak b ab Sb ot ab ot ab At ob T ob bt At ab sk ob b ot bbb b b ot bt r bbb ot bbb b ababab ok abob bbb bab v rabob bbb ot babob bbb atot

a
35t 3t 5T 3T 3B 9F 3 3 5t ab ot aF 5E b o 4 b b % 5% b Tt 5k ob AT ab AT 4 ST ab ab b ab o ab ot 4 ab ot o ot ¥ b ab At b b ottt At b At ot b bt b bbb b b ot bbb ababab b obabab by

PEAK DAILY VALUES FOR YEARS 1989 THROUGH 1998

(Mm) (CU. METERS)
PRECIPITATION 35,31 1428.814
RUNOFF 56.123 2271.2717
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.596142 24,12555
SNOW WATER 49.93 2020.6846
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2250
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0550

bbb abababab b abatarababab b kot Aot o b atabab bbb Aot ab b R bbb ot abatabababab bt ob bbb ababab bbb abababababab bbb ot

a5 % 3 2t ot a% Eab b At ot o ab b At ab b ab b shatabababab abab b abab ab ob bbb abab sbabababsbab st ababababab ab b abab bbb b obabab abababab b abababab b ababab obab ot v b

FINAL WATER STORAGE AT END OF YEAR 1998

LAYER (cm) (voL/vOL)
1 3.2115 0.2107
Page 9
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NRDWL-NV.OUT
MATERIAL TEXTURE NUMBER 0

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

v

24.00

INC

HES

0.4090 voL/voL
0.2290 voL/voL
0.0560 voL/voL
0.1792 voL/voL

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 3

THICK" S

PORO

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 4

48.00

INC

0.153000001000E-04 CM/SEC

HES

0.4570 voL/voL
0.0830 voL/voL
0.0330 v~ /voL

0.1117

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

[LA I A R TR |

1

44.00

INC

/voL

0.310000009uuuE-02 CM/SEC

HES

0.6710 VOL/voL
0.2920 VoL /voL
0.0770 VOL/VOL
0.2912 voL/voL

0.100000005000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITTA! WATER

TOTAL SUBS ACE INFLOW

USER-SPECIFIED.

LV 1 O T I T

75.
100

10

30.

5.
12.
1

Vil
ONMNO

00

n
0

v

672
064

.650
.000
.967
.967
.00

EVAPOTRANSPIRATION AND WEATHER DATA
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DOE/F " 90-17, REV. 1

NRDWL-NV, OUT
10.329 3.077 2.182 8.088 7.557 5.623

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.8860 0060 0.8273 2.1713 1.9153 1.4352
1.9157 1.2290 1.4901 1.1261 0.8246 1.0672
STD. DEVIATIONS 1.1801 0.7805 1.1112 3.9962 4.6214 2.1376

3.0130 1.7469 2.1181 1.1306 1.0403 0.8696

Frabababab b abab bk b abab ok ababab b b s ab bbb b s abababab skt abababab tab b abab b abab bbb bbb ok abab ab b o bbb b b bbb bbb b b b obob bt o

36 5% sk ot sk st ok ok ST At ok bk abab ot sk ok ob b ab b ab sk sk b ok b At ot b sk abab ok bbb ababababab b ab b ab abababab ot abab b b b ab bbb ab bk b ababab ok sb ot obabab kb oy

AVERA ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1989 THROUGH 1998

MM CU. METERS PERCENT
PRE  ITATION '197.94  ( 63.124)  8010.6  100.00
RUNOFF 12.587 ( 21.5383) 509.41 6.359
EVAI ANSPIRATION 169.482 ( 42.5210) 6858.83 85.622
PERCOLATION/LEAKAGE THROUGH 15.89388 ( 21.51371) 643.216 8.02955
LAYER 4
CHANGE IN WATER STORAGE -0.021 ( 1.6180) -0.84 -0.010

3T ababab b A ab ot ab b ob ok sk ab ok abab b b abab abatab bbb abab b b ab bbb ab b ab st b b ok st abab b bbb ab b ab ot abab ababob ot b b ab b ab b bbb b bbb bk ot

0

T b stab b abab okt obatob b abab b ab b ab bbb ab sk ¥ o ab ot b ab b ot b ab ab o ababab st ob P ab bbb abab b st abobabab ababab ab ab b abab b b abab sk b abab b b ab ot ot

PEAK DAILY VALUES FOR YEARS 1989 THROUGH 1998

(mm) (CU. METERS)

PRECIPITATION 35031 1428.814

RUNOFF 56.632 2291.8713

PERCOLATION/LEAKAGE THROUGH LAYER 4 1.254587 50.77244

SNOW WATER 49.93 2020.6846
XIMUM VEG. SOIL WATER (vOL/VOL) 0.3223
NIMUM VEG. SOIL WATER (vOL/VOL) 0.1352

b ababab b abab ot b obabab gk b abab s b b ab bt sbababab abab ot ab b ok b At b ot ab bbb b obab b ab b o b b st ab b b ab b ok b ot ab sk ab ¥ b abab ob ok b b ok ok okt oy

a3 At b A A sb ok b A A ob ab o 3% 5h ok ¥ 35t ab Ao s ot st oF ab ot st b Sbob At sh ot ob gt b ababab ob ot st st st ob bt ab st ababab st o sb ob ¥ st kot sk abob ab stk ot st sk b sk ot ok
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DOE/RL-90-17, REV. 1

NRDWL-NV.OUT
FINAL WATER STORAGE AT END OF YEAR 1998

LAYER (™) (voL/voL)
1 73,4859 0.2287
2 10.9215 0.1792
3 13.6198 0.1117
4 106.4892 0.2911
SNOW WATER 0.000
AAAAAA AT SR AL AA **********************************ﬂ****ﬂ****ﬂ*************
33k ab 3t b st b ek ok st ababab obab bt s!********************************************ﬂ************
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C5.3 Outputl : Sensitivi Case 2

Section C3.4.3 summarizes the fi  owing output file for the sensitivity case 2.

AS-GV-30.0UT

******************************************************************************
******************************************************************************

stat
st
sttt
st
st
sk
st
st
stat

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

stat
*at
3
stat
stat
st
stk
stat
stat

******************************************************************************
******************************************************************************

P IPITATION DA FILE:
TurrERATURE DATA rilE:
SOLAR RADIATION DATA FILE:
E''*PQTRANSPIRATION DATA:

S . AND DESIGN DATA FILE:
0 UT DATA FILE:

:LP3\NRDWL\HANFORDP . D4
: \ncLP3\NRDWL\HANFORDT.D?
:\HELP3\NRDWL\DATA13.D13
:\HELP3\NRDWL\HGV-ET30.D11
:\HELP3\NRDWL\AS-GV-30.D10
:\HELP3\NRDWL\AS-GV-30,0UT

alsXa¥alala!

TIME: 8:58 DATE: 7/ 6/2009

******************************************************************************

TITLE:

30-INCH SOIL COVER (AVE.[Mean] AREA C SILT PROP w/ GOOD VEG)

******************************************************************************

NOTE:

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER O

6.00 INCHES

0.3750 voL/voL

0.2100 voL/voL

0.0510 voL/voL

0.2079 voL/voL
0.130999997000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INTTIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

o

TYPE 1 - VERTICAL PERCOLATION LAYER
Page 1

C-41







DOE/RL-90-17, REV. 1

AS-GV-30.0UT

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

HANFORD CP WASHINGTON
STATION LATITUDE = 46.51 DEGREES
MAXIMUM LEAF AREA INDEX = 2.14
START OF ~POWING SEASON (JULIAN DATE) = 98
END OF GlI [NG SEASON (JULIAN DATE) = 304
EVAPORAT: -~ ZONE DEPTH = 76.2 CM
AVERAGE / JAL WIND SPEED = 12.16 KPH
AVERAGE >~: QUARTER RELATIVE HUMIDITY = 68.30 %
AVERAGE : QUARTER RELATIVE HUMIDITY = 43.30 %
AVERAGE 5ku QUARTER RELATIVE HUMIDITY = 37.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %
NOTE: PRECIPITATION DATA FOR Hanford cpP washington
WAS ENTERED BY THE USER.
NO TEMP A FOR Hanford cP rington
WA> cnickbu sY THE USER.
NOTE: SOLAR RADIATION DATA FOR Hanford cp washington

WAS ENTERED BY THE USER.

******************************************************************************

AVERAGE MONTHLY VALUES (MM) FOR YEARS 1989 THROUGH 1998

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV  JUN/DEC

PRECIPITATION
TOTALS 24.89 19.00 16.64 16.05 15.42 13.23
9.50 4.75 4.67 16.03 26.54 31.22
STD. DEVIATIONS 16.14 14.30 12.55 10.38 8.48 11.93
12.72 6.14 6.15 7.50 18.50 28.07
RUNOFF
TOTALS 1.811 2.642 1.179 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 5.612
STD. DEVIATIONS 3.920 5.444 2.765 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 17.745
EVAPOTRAN  'RATION
TOTALS 8.412 8.297  21.375 29.230 32.340  45.755
10.289 4.724 4.518 5.773 8.050 7.747
S DEVIATIONS 3.766 4.737 10.446  15.992 12.374 18.019
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NRDWL-40. OUT

MATERIAL TEXTURE NUMBER O

34.00  INCHES

0.4090 VOL/VOL

0.2290 voL/voL

0.0560 VOL/VOL

0.0673 VOL/VOL
0.153000001000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

1 (I (T |

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 3
48.00  INCHES
0.4570 VOL/vOoL
0.0830 VOL/VOL
0.0330 vOL/VOL
0.0643 VOL/VOL
0.310000009000E-02 CM/SEC

THICKNESS

POROSTITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

L I T

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18
144.00  INCHES
0.6710 VOL/VOL
0.2920 voL/voL
0.0770 VOL/VOL
0.1638 VOL/VOL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

o

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

75.00

100.0 PERCENT
10.000 ACRES
40.0 INCHES
3.627 INCHES
16.156 INCHES
2.210 INCHES
0.000 INCHES
30.301 INCHES
30.301 INCHES
0.00  INCHES/YEAR

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

LT T 1 1 1 (1

APOTRANSPIRATION AND WEATHER DATA
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NRDWL-40.0UT
17.300 5.564 4,416 2.348 2.858 2.412

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0033 0.0004 0.0013 0.0029 0.0017 0.0004
0.0029 0.0021 0.0004 0.0033 0.0008 0.0008

S DEVIATIONS 0.0018 0.0013 0.0020 0.0020 0.0022 0.0013
0.0020 0.0022 0.0013 0.0018 0.0018 0.0018

2% 3% 2t 3% ot % ab o ok ok ab ok ab ab ot 5t 3k ab bt P ob 3h ok b ab S ab ot abab abab bt ot ab bbb bt bt b bt ab bbb ab b ot ab ot abat bt b bob b bbb bbb b bbbt ot

kb ot ab tab bbb b gt ok bk b Attt abab bbb abab bbb bbb ababab bbb bababobababobbab b bbb b b bbb b sbab bbb bbb bbb oot b

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1989 THROUGH 1998

MM CY. METERS PERCENT
PRECIPITATION 197.94  ( 63.124)  8010.6  100.00
RUNOFF 11.482 ( 23.6136) 464.67 5.801
EVAPOTRANSPIRATION 186.441 ( 48.0410) 7545.16 94.
PERCOLATION/LEAKAGE THROUGH 0.02048 ( 0.00725) 0.829 0.01035
LAYER 4
CHAN IN WATER STORAGE -0.001 ( 1.2796) -0.05 -0.001

31 9% 3T a1 3 2k 9 ob 3% ot abab ok o ot ab oY o b A b ot sb ot ot b ab ok b Y b ok b ot ab ATt b bbb ot b b abab ot abab st b ot ab ab b st gt abab b abab A kbbb ab b b ot ab bbb b ot ot

31 3% 21 5%t ok 4k 5t ab ot ¥k sk ok st b ahat b b b ot ob b ok st ab ot ab sk ok ab sk ab st aY 3 ab bt ab ek at ot ot ettt st b ababab b ab bbb ababab bbb b sttt b ab b b ababab ot ot

PEAK DAILY VALUES FOR YEARS 1989 THROUGH 1998

(MM) (CU. METERS)

PRECIPITATION 3531 1428.814

NOFF 55.918 2262.9683

IRCOLATION/LEAKAGE THROUGH LAYER 4 0.004195 0.16978

SNOW WATER 49.93 2020.6846
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1898
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0552

ARF AT A XXX AR AT AFA AT AR XA AT AR Aottt oab bbb abatab ot bbb bbb ob bbbt b skt b bbb okt

3551 #F At bt b At bbb b ab st atab b ab ot sk st ot ot b ok ab st b b ot abab b st ob ab kb b ab b ab b ab ab b b b b b ab abab b ab st b ab b ok o skt ol ab b b ob b b b abak b okt

Page 4

C-49



DOE/RL-90-17, REV. 1

NRDWL-40.0UT
FINAL WATER STORAGE AT END OF YEAR 1998

LAYER (cM) (voL/voL)
1 '3.4021 C0.2232
2 5.8112 0.0673
3 7.8393 0.0
4 59.9108 0.1638
SNOW WATER 0.000

******************************************************************************
***ﬂ'*ﬂ'************ﬁ'*******ﬁ'***************************************************
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C5.5 Output Fi*  Sensitivity Case 4
Section C3.4.5 st rizes the following output file for the sensitivity case 4.
NCOMP-30.0UT

ST 5% 3% 3% 5t 3 9F a¥ ot 3% 7F 5 5% kb 3% 5h ok sb ot ¥ o sk abab ab b sbababab ¥ sbab ob b ok b abab b ababab kb abab ot ab b st b ab ab ok ¥ abab bbb b abab abab ok ab ok ab abab ok aba¥abat
713 3% 9% 3% 3t 31 3 8 ot 73t ot abab 2t ababab ab ot ab ababab abab sb b ababab sbob s ot abab sbab b abab ot abab b abab ot ab b st ab ababab abobababab sb ababababab st ok ab ababababobatat

*% *at
x5 *it
ok HYDROLOGIC EVALUATION OF LANDFIL' PERFORMANCE 2
R HELP MODEL VERSION 3.07 (1 NO 1BEP 1997) i
bk DEVELOPED BY ENVIRONMENTAL LapuR RY il
bkl USAE WATERWAYS EXPERIMENT STATiun bl
el FOR USEPA RISK REDUCTION ENGINEERING LABORATORY bl
% R
£33 *%

X% 3t 3% 5% 3% 5 3% 3t 2% 4% 5 sb gt st ot 35k 5% ot 2% 0% 5% 5k 3 ob 3% ok 5b ot ab b ok 5k 5k 5h T oY 5k bk obob 3% ab ¥ st abab o st ot b ababab gk gtabab ababab st ababab ok ab obababab b atababal
783 3t 3% 5% o 2% 2% 5t 3o 3t abat 3t bt 5t abab sk abab abab ot ot abab gt A ab % ob abab st ab st ab ab b st abababababab st ababababab ot sbababab st absbababab ot ab sbabab b abatababat

P FILE: C:\HELP3\! IL\HANFORDP . D4
T LE: C:\HELP3\hnuwL\HANFORDT.D7?7
SULAP “ADIATION DATA FILE: C:\HELP3\NRDWL\DATA13.D13
EVAPt NSPIRATION DATA: C:\HELP3\NRDWL\HPV-ET30.D11
SOIL ) DESIGN DATA FILE: C:\HELP3\NRDWL\COMP-30.D10
OUTPI JATA FILE: C:\HELP3\NRDWL\NCOMP-30.0UT

TIME: 9:14 DATE: 7/ 6/2009

31 3% 3 3k ot a% 9k o o 5b 5k ok ok ab o o¥ ok gk ab ab b ot kgt ok ab ¥ ot ab ok ok 5h ok ok ok ab b ob bk ab ok ab ok ok ok ok st ot abab ok ababababab b ot abab ok gt bt ab b sk ababababababatababay

TITLE: 30-INCH SOIL COVER (Area C Composite Blend D3/D2 - POOR VEG)

b a3t ot 7 ot ot sk ok 3k ab b ab b o % sk ab b ot g ab ok ok ok abab sb abab b ob ab ot ot abab ot abab b abab sk abab ot ook sk ababarababab abababababab o stabababab ot ababababab ot obabat

E: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER O
6.00  INCHES
0.3630 VOL/VOL
0.2100 VOL/VOL
0.0510 VOL/VOL
0.1937 vOL/VOL
0.341000014000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

[ I I A

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
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NOTE:

DOE/RL-90-17, REV. 1

NCOMP-30.0UT

HANFORD CP

STATTI"™ LATITUDE
MAXTM

WASHINGTON

LEAF AREA INDEX

STAR1 OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND
AVERAGE 1ST QUARTER
AVERAGE 2ND QUARTER
AVERAGE >"D QUARTER

SPEED

RELATIVE HUMIDITY
RELATIVE HUMIDITY
RELATIVE HUMIDITY

L T 1 T TR R T

AVERAGE H QUARTER RELATIVE HUMIDITY
NOTE: PRECIPITATION DATA FOR Hanford cp
WAS ENTERED BY THE USER.
NOTE: TEMP TURE DATA FOR Hanford
WA> c©NTERED BY THE USER.
NOTE: SOLAR RADIATION DATA FOR Hanford cpP

WAS ENTERED BY THE USER.

**********\h\-*******************************************************************

EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

46.51
1.00

12.16
68.30
43.30
37.00
70.00

DEGREES

washingt

w. ington

washii

AVERAGE MONTHLY VALUES (MM) FOR YEARS 1989 THROUGH 1998

JAN/3JUL
PRE: 'ITATION
TOTALS 24.89
9.50
STD. DEVIATIONS 16.14
12.72
RUNOFF
T LS 2.047
0.000
STD. DEVIATIONS 4.682
0.000
EVAPOTRANSPIRATION
TOTALS 10.550
36.878
S DEVIATIONS 5.694

FEB/AUG MAR/SEP APR/OCT MAY/NOV

19.00 16.64
4.75 4.67
14.30 12.55
6.14 6.15
1.317 1.241
0.000 0.000
2.489 2.772
0.000 0.000
11.289  25.111
4.021 4.278
7.199  13.144
Page 3
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16.

.05
.03

.38
.50

.000
.011

.000
.036

.855
.423

696

on

on

JUN/DEC
15.42 13.23
26.54 31.22
8.48 11.93
18.50 28.07
0.012 0.016
0.006 3.992
0.038 0.051
0.019 12.604
17.748 26.627
9.691 9.840
9.096 6.719







DOE/RL-90-17, REV. 1

NCOMP-30.0UT
FINAL WATER STORAGE AT END OF YEAR 1998

LAYER (cMm) (voL/voL)
1 2.9513 T0.1937
2 4.8717 0.0799
3 12.7500 0.1046
4 106.7896 0.2920
SNOW WATER 0.000

******************************************************************************
******************************************************************************
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NCOMP-40.0UT

MATERIAL TEXTURE NUMBER 0

34.00 INCHES

0.4020 voL/voL

0.2290 voL/voL

0.0560 voL/voL

0.0657 voL/voL
0.395999996000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POTNT

INITIAL L WATER CONTENT
EFFECTIve >AT. HYD. COND.

I no

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 3

48.00  INCHES

0.4570 VOL/voL

0.0830 vOL/vOL

0.0330 voL/voL

0.0804 voL/voL
0.310000009000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

| (R 1 1}

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 18

144.00 INCHES

0.6710 vOL/voL

0.2920 voL/voL

0.0770 voL/voL

0.2801 voL/voL
0.100000005000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

1 T [ I (I 1}

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.

75.00
100.0 PERCENT
10.000 ACRES
40.0 INCHES
3.371 INCHES
15.846 INCHES
2.210 INCHES
0.000 INCHES
47.565 INCHES
47.565 INCHES
0.00 INCHES/YEAR

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

L A T [ T

EVAPOTRANSPIRATION AND WEATHER DATA
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NCOMP-40.0UT
24.774 7.754 3.943 3.870 4.010 3.145

PERCOLA IN/LEAKAGE THROUGH LAYER 4

TOTALS 0.0428 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.1352 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

St drabatabat babababab dbab b abab ab ot b sbab b ababobabob abababab st abab b abab b ot abobobababab ot obobabababab st ab b qb abab ot fob bbb bbb ot ababab bkt

31 3% 3% 5%k st ok ot 4 ot A ot 3t ab ot st st ¥ ab ot ot ob ot ot abab ob ot bt b ot ab ab ot abab b ab ok sbob ok obab gt ottt ot sbab abab bt abab ab bbb b abab ok ab b ababab b ababababab b

ERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1989 TH IGH 1998

MM CU. METERS PERCENT
PRE  ITATION "197.94  ( 63.124)  8010.6  100.00
RUNOFF 7.392 ( 14.7916) 299.16 3.735
EV ' TRANSPIRATION 190.523 ( 49.1611) 7710.38 96.252
PERFQEQTIQN/LEAKAGE THROUGH 0.04277 ( 0.13525) 1.731 0.02161
CHANGE IN WATER STORAGE -0.016 ( 1.5582) -0.65 -0 8

331 3% 2b 3k o 3 ok ot 9t b sk ot ot ot oF ot ok ok sk ot ok ab ot ok sk o A ok ok 3tk ok b ok ab abab o s ot ot ob ok b gk b ot ok b ok sk b oot b ab b abab ot b abababab obabababab kot atotorat

3% 3% 7t 3t ot ab ok ot 3 ok ok ok ok gt b ok ok ok b Atk o skt ot ot b abob b b abab b ababab b stab babababab bbb ab b ab ok abatabababobabsbabababob sbababab st ababaray bt

PEAK DAILY VALUES FOR YEARS 1989 THROUGH 1998

(MM) (CU. METERS)
PRECIPITATION 35031 1428.814
RUNOFF 39.255 1588.6217
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.427682 17.30807
SNOW WATER 49.93 2020.6846
MAXIMUM VEG. SOIL WATER (voL/vOL) 0.1989
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0552

2% 3% 3% 3% 9t o 3t ok 5% oF ab sk ok ok o 5% 3k ok o ot 3k ok 3% 5t ot At ot o 3% 3k o% 3F kot 3t ok ok a¥ ot ot at o ok ok sk at o ok ok 5% ok g%k ok abat ok skab s kot sk b ok ab ok b b okt ot ab kb at ooy

3 3% 3% o1 3t 31 5% 3 oY 7 abab ot o ok % ot ot T kb b ob b At ok ot ok sk ot ab at bt sk o 5T 5b ob ok sb ab b 0T % ok sk ob b AT b AT b shob b abab ot ohob b abab b bababobabbababatar bt
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NCOMP-40.0UT
FINAL WATER STORAGE AT END OF YEAR 1998

LAYER (™) (voL/voL)

1 2.8893 0.1896

2 5.6725 0.0657

3 9.8053 0.0804

4 102.4318 0.2801
SNOW WATER 0.000

25 2% 3% 3t ot 3k 2t ¥ b 2% 3tk gb 3t ok 3t ab 2% b b o b 9tk ob 3t ab b b ot b ¥ otk ok stk ab abab 3t abab b Ak ab b ababab sbabab b abab ok ababababobababakobababatababsbabababababat
3% 3F 2F 9b 3% b 3% 9t 3% st ab 3t 2t ab 2b b ¥ b 2k 3t ab ok ok ¥ ok ob 9t 2% ot ab b ab ok abab At b st ob kgt b abab ab kb ab ab babab ¥ ab ok ababab ot sbabababsbababab b abababababababat
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C57 Ot n I e: Sensitivity Case 6

Section C3.4.7 summarizes the following output file for the sensitivity case 6.

30PVRC85.0UT

2E 3t 3t 3% o 3% ob ab b 5% ob 4 9t A ab 4 b ab ok o ot sk ok b ok ab a5t 9T 5t ok b ok ok ok 5T b st ok ok ot gb sk ot s ab b sk b ot ab bk b b gk ab b ab b bbb ob b b st ok gb obak b st ababat oty
2E 3% 2 b o 3k 2b b 9t % ok ot 9t 3 ot ob ot gk o b ok 3 9tk ot ot ob ob a¥ T 3t 3k ok b ot st ab b akak ok gbabab bt b sk ot abababab b abab ot b ot b ab b ot bbb ab b ab oot bbbk ottt

et %
*% o
i HYDP"' OGIC EVALUATION OF LAN LL PERFORMANCE e
x H * MODEL VERSION 3.07 (1 NOVEMBER 1997) ke
*x 'VELOPED BY ENVIRONMENTAL LABORATORY ke
xR USAE WATERWAYS EXPERIMENT STATION bk
ok FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ::
s

*at *

9 3% 3 3 % 3 o 3 9% G ok ot 9 3 5% 5T ot o 4 g 9% o ot b ot 3k b ¥ oY 3t gk g gt b ab b gk ot ot ab ot b ot ok gk Bt b gt b abab ok abab ababab ot ababababab gt ababob b abababobat
3% 3% 5% 3% 5k 5F 3k 3t 5F 5T 2% 3% 3% 31 3% 5F T s 2t ok 5k 4 5T 5% 3% 3% ok 3% o¥ T ot % ot ak ob 5T ot ot ST ok 3 5T 5T T Ak ok T ok b T T s ob b ok st stobab bbb atabatababararabatabobababaratat

TION DATA C: \HELP3\NRDWL\HANFO

RE DATA FI C:\HELP3\NRDWL\HANFORDT.D7
suLak KAUTATION DATA ricE:  C:\HELP3\NRDWL\DATA13.D13
EVAPYTRANSPIRATION DATA: C:\HELP3\NRDWL\HPV-ET30.D11
SO AND DESIGN DATA FILE: C:\HELP3\NRDWL\30PVRC85.D10
ou T DATA FILE: C:\HELP3\NRDWL\ 30PVRC85.0UT

T 9:49 DA 7/ 6/2009

3 31 9% ot ot ot 3k ok 2% 9t st ok ok b gt o ot b ok oot o 9% sk ok Jh ok ok ook 2b 3k Ak b ok 5ok ot b ok sk sk o kot sk ot gt ok 3% ab ot ok ahat ok b ok ok ab ot b sk sk bbb b st sk kot abab ooty

TITLE: 30-INCH SOIL COVER, M.AREA C SILT, P.VEG, 100% RUNOFF SCS 85

33k 3% 5 3t ot 5% ok 3% 3b 5% ¥ 3% 2b ot o oY sk ok ok ok sk ot % 0% ook st ok ot o 3k b sk ok 5T ¥ ok otk sk ok 5t 3k ab ot sk ot sk st ok b 5k 5k ok ok b ok ok ook ah bt ok ab b ot b sk sk ababab ot

NOTE: INITIAL “OISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE :CIFIED BY THE USER.

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER O

6.00  INCHES

0.3750 voL/voL

0.2100 voL/voL

0.0510 voL/voL

0.2092 voL/voL
0.130999997000E-04 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

e anu

TYPE 1 - VERTICAL PERCOLATION LAYER
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30PVRC85.0UT

NOTE: EVAP"TRANSPIR IN DATA WAS OBTAINED FROM
HA RD CP WASHINGTON

STATION ' ATITUDE 46.51 DEGREES

MAXIMUM :AF AREA INDEX = 1.00
START O >ROWING SEASON (JULIAN DATE) = 98
END OF © JWING SEASON (JULIAN DATE) = 304
EVAPORA11LVE ZONE DEPTH = 76.2 CM
AVERAGE ANNUAL WIND SPEED = 12.16 KPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 68.30 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 43.30 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 37,00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %
NOTE: PRECI TION DATA FOR Hanford cP washington
WAS ENIERED BY THE USER.
NOTE: TEMPERATURE ‘A FOR Hanford CP washington
WAS ENTERcu oY THE U .
NOTE: SOLAR RADIATION DATA FOR Hanford CP washing

WAS ENTERED BY THE USER.

3E 3% 5% a% ob sb ok ok 2t ot ab b ok o¥ b ot sb ok ob ot ok ob ¥ gk ot 285k ok s ot 2k ob v sk ot sk o b abab oot 7 b ok ob ob sk ook abab ot ababababab b abababobabababababobobababavabobatatay

AVERAGE MONTHLY VALUES (MM) FOR YEARS 1989 THROUGH 1998

JAN/3UL  FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

IPITATION
TOTALS 24.89 19.00 16.64 16.05 15.42 13.23
9.50 4.75 4.67 16.03 26.54 31.22
STD. DEVIATIONS 16.14 14.30 12.55 10.38 8.48 11.93
12.72 6.14 6.15 7.50 18.50 28.07
RUNOFF
TOTALS 4.126 3.430 2.707 0.000 0.000 0.000
0.001 0.000 0.000 0.000 0.000 5.508
S DEVIATIONS 8.359 6.570 5.194 0.000 0.000 0.000
0.002 0.000 0.000 0.000 0.000 16.479
EVAPOTRANSPIRATION
ALS 9.575 10.348 23.190 27.266 20.283 26.2°°F
31.955 5.488 4.390 5.881 8.986 8.4
STD. DEVIATIONS 4.510 6.052 8.623 16.762 10.794 6.304
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30PVRC85.0UT
FINAL WATER STORAGE AT END OF YEAR 1998
________________ LAYER @) eLweny T

1 13,1885 ©0.2002°

2 4.4320 0.0727

3 9.7059 0.0796

4 100.7145 0.2754

SNOW WATER 0. 000

**#****##i’***#****#****#‘#*****#*****************#************i****************
*********i’**********ﬂ'*****i’**##******************##*******#*******Ri*****#***ﬂ'
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30ASPV10.

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LI I T

/.1

ouT

MATERIAL TEXTURE NUMBER 0

24.00 INCHES
0.4090 voL/voL
0.2290 voL/voL
0.0560 voL/voL
0.0736 voL/voL

TYPE 1 - VERTICAL PERCOLATION LAYER

THICKNESS
POROSITY
FIELD CAPACITY
WI' TTMG POINT
It L SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 4

MATERIAL TEXTURE NUMBER 3

0.153000001000E-04 CM/SEC

48.00  INCHES
0.4570 voL/voL
0.0830 voL/voL
0.0330 voL/voL
0.0841 voL/voL

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18
144.00 INCHES
0.6710 voL/voL
0.2920 voL/voL
0.0770 voL/voL
0.2852 voL/voL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

o wnan

0.310000009000E-02 CM/SEC

0.100000005000E-02 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS

SCS RUNOFF CURVE NUMBER

FRACTION OF *REA ALLOWING RUNOFF
AREA PROJEC ) ON HORIZONTAL PLANE
EVAPORATIVE NE DEPTH

INITIAL WAT IN EVAPORATIVE ZONE
UPPER LIMIT ur EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIA' WATER

TOTAL SUBSU \CE INFLOW

USER-SPECIFIED.

75.00

10.0

10.000
0

3.029
. 066
1.650
0.000
48.135
48.135
0.00

L T 1 I [ O
=
)

EVAPOTRANSPIRATION AND WEATHER DATA
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30ASPV10.0UT
17.943 5.616 4.170 2.478 3.299 1.444

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0495 0.0000 0.0496 0.0000 0.0000 0.0497
0.0000 0.0496 0.0496 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.1566 0.0000 0.1570 0.0000 O 00 0.1571

0.0000 0.1568 0.1568 0.0000 0.uv00 0.0000

b2t st ot b ot ab b sb % b ot abababababab b abababshabob obabsbatobob b absbababobababab b obab b b ob bbb ot b obab b b b ot b b b obabab sbob b sbab b b ab b b sbab b obob ot

3bab o abab sb ab ot st ot ababab bbb otab bbb abatobab b ab ob b abab ab sbabsbababob bbb sb ot ob b s ab sbab ob b b s absbab st b ab bbb b ob b ob sbab st b b o b ababab ot b ot

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1989 THROUGH 1998

MM CU. METERS PERCENT
P I N '197.94  ( 63.124)  8010.6  100.00
RUNOFF 8.290 ( 13.5152) 335.50 a.188
E OTRANSPIRATION 189.395  ( 49.4326) 7664.73  95.682
P OLATION/LEAKAGE THROUGH  0.24798 ( 0.26139) 10.036  0.12528
CHANGE IN WATER STORAGE 0.009 ( 1.9458) 0.35 0.004

9% 3% 5% 3t ob o ot 5% ok %ot ok abab ot ot ob b ot ab ot ot b abab ok abab gt ok ot ot o b ot ob ok ot ab ot ab bbb b ot gt ob ok ot ab sbab ob atabab bbb atabab abab b bbb ab ot b ababab

23 7h 7t ob ot 3 ot 3 ab ot b ot o ok ok ok o obab ot sb ob ot st ab ok o sb ot ab ot ot ok absb ok ob ab b ab sbab b abab sb b o ob ab ob b ob b abo¥ ababsb sbab b b b b ab bbb ab b ababababat

PEAK DAILY VALUES FOR YEARS 1989 THROUGH 1998

(MM) (CU. METERS)
PRECIPITATION 35.31 1428.814
RUNOFF 9.545 386.2992
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.496654 20.09930
SNOW WATER 49.93 2020.6846
MAXIMUM VEG. ¢ L WATER (VOL/VOL) 0.2289
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0550

33t 71 At st ob o 3ttt sttt st bt st kb s b ot bbb st b st ot ab st b sk abab 3t bt ab b v st bt ab oo Sk abab bbbk st bbb bbb bbbt b ot sbab bbb by

3 aF bl s ab ot ab st At o ab okt b ob A b AT b g T bbb St b b bt bbb A bbb bbb bbb bbbt ot b ababababaratababab b oty
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30ASPV10.0UT
FINAL WATER STORAGE AT END OF YEAR 1998
________________ LAYER @ oiven

N 73,2082 0.2105

2 4.4856 0.0736

3 10.2530 0.0841

4 104.3246 0.2852

SNOW WATER 0.000

AP AE A At et b ab abab AP At ob At ob b ab At ab b ob ot b ok abobabab b b At b kst abababab ababababababababab b abab b drab ok ababab abab obabababobabobobob b ababababat
A A Attt Fab At At b b ok b bbb At b b ab ababababab ok ab ababab b b ot ot b ab b ratab bbb ot ab st ob ab abab ababob ok ab ababab otk
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