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EXECUTIVE SUMMARY

The 200 Areas of the U.S. Department of Energy's (DOE) at the Hanford Site are included on the

National Priorities List (NPL) under the Comprehensive Environmental Response, Compensation, and

Liability Act of 1980. Inclusion on the NPL initiates the remedial investigation (RI) and feasibility

study (FS) process of characterizing the nature and extent of contamination and selecting remedial

actions.

Under the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement), 10

aggregate area management studies were prepared for the 200 Areas in support of RI/FS activities.

These aggregate area management studies summarize characterization information for 200 Area waste-

management units. Aggregate area management studies also arrange waste-management units into

analogous groups and recommend a range of potential remedial technologies.

The aggregate area management studies also recommended that focused feasibility studies (FFS) be

performed for those alternatives that have broad application and are considered viable from an

effectiveness, implementability, and cost standpoint. One particular alternative recommended in the

Aggregate Area Management Study (AAMS) Reports for a FFS is remediation with surface barriers.

This FFS was undertaken based on that recommendation.

As the result of conducting this ES, a total of threefour oouceptnal barrier designs are carried through

__...,._ ..,. , ._.. ... , ., ... . .. ..... ....
the evaluation that

^ ^ an beused for dtfferenf 't,ypes of waste sites. Theae ^reefour

_. . -.
designs are idenhfied as tlie Hanford Barrier,"the Modified RCRA Subtitle C Barrier, the Standard

__
RCRA Subtitie C Barrier, and the 1Vl^difiecl RCRA Subtitle D Bairier These threefour designs
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_. _---. .._ , _ _ -_ -.: _....,.
provide i range of cover opttons to m^mr,;, healthand environmental.risks associated_with a site and

specifi_.-_ed_ . , . _._ _ __ _.
wast8 categoriesfor requtr design life periods of30, 100 SOO, and 1,000.yeazs., Design

_
criteria forthe 500 and 1,_000 yeardesign life_barners iaclude design performauce to extend beyond

institnfional.control and momtoringpenods.

Hanford Barrier. This arrier is the baseline design for irnplementation

at transuranic (TRU)-contaminated soil sites, sites with TRU and/or TRU-mixed waste in

nonretrievable configuration, and sites with Greater-Than-Class C (GTCC) low-level waste

(LLW) and/or GTCC mixed waste. This barrier is designed to remain functional for a

performance period of 1,000 years and to provide the maximum available degree of containment

and hydrologic protection of the three prepesedevaluated designs. The Hanford Barrier is

composed of nine layers of durable material with a combined thickness of 4.5 m(14.7 ft). The

barrier layers are designed to maximize moisture retention and evapotranspiration capabilities,

and to minimize moisture infiltration and biointrusion, considering long-term variations in

Hanford Site climate.

The primary structural differences between the Hanford Barrier and other barriers discussed in

this report are increased thicknesses of individual layers and the inclusion of a coarse-fractured

basalt layer to control biointrusion and to limit inadvertent human intrusion.

Modified RCRA Subtitle C Barrier. This barrier is the basedesign i,-reee^^for

applications at sites containing 3mzardeusdangecous waste, Category 3 LLW and/or Category 3

mixed LLW, and Category 1 mixed LLW. This barrier is designed to provide long-term

containment and hydrologic protection for a performance period of 500 years. The performance

period is based on radionuclide concentration and activity limits for Category 3 LLW. The

ES-2
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Modified RCRA Subtitle C Barrier is composed of eight layers of durable material with a

combined minimum thickness of 1.7 m(5.5 ft). This design incorporates Resource Conservation

and Recovery Act of 1976 "minimum technology guidance" (MTG) (EPA 1989), with

modifications for extended performance. One major change is the elimination of the clay layer,

which may desiccate and crack over time in an and environment. The geomembrane component

has also been eliminated because of its uncertain long-term durability. '

The Modified RCRA Subtitle C Barrier is similar in structure to the Hanford Barrier, but layer

thicknesses are reduced and there is no fractured basalt layer. The design incorporates provisions

for biointrusion and human intrusion control. However, the provisions are modest relative to the

corresponding features in the Hanford Barrier design, reflecting the reduced toxicity of the

subject waste and the reduced design-life criterion.

Standard RCRA Subtitle.C"Barrier. This barrier design can beused.at'Treatment Storage,

and Disposal (TSD)sites and_snea contain"mg dan_gerous constituents, "I'lius barrier is designed to

provide containment and, hydrologic protectiori for a period of 30 years, to include institutional

- _- __- _ _ --- -control consisting ofmomtorin$ and necessary maintenance TheStandard RCRA Subutle

. _
Barrier is composed of tiireefour`primary layers with a combined minimum. ihickness of339165

- - -
cm (65in.). The barrier layers are designed to shed surface waters, and only mimmally account

for moisture retetition and evapotranspirauoacapabilities: Biomttusion is mitigated primarily by

ES-3
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.^.
uistitutional controI_;momto^, and mamtenarice. However MTG.suggest using o.ptional

_... _r:._.^..__.__
surface layer ireatmenfsfor liiointrusion°consideratioris:

TheStandard RCRA Sul^ytle C Bamer tebhnology meets U:S Environmental Protecfion Agency

(EPA) Mimmuni Teclinology Gmdelines (MTGj as-established mEPA%530-.3aS'-89-047,

__4- --._.^_..
.

. . ...-._....... _..._ _.....
"Techm'cal Guidance Document ^inal Covers on Hazardous Waste Landfills and Surface>..^ . ...a._._^ _.-._.. __ ^. .._____.._^. _..._._w.^ ,^.,..- ^, ..-..

ImP
_

oundments " The Standard RCRAeSubt^rtle C. Barrier has limited 4phcations and useeaat the. .

HanfordSrte Liinitauons include thefoIlowing;

• Limited designlie that maybeinadequatefor the radioacave waste catUories

_._ ^..
• Anticipated high surveillance, and:mamtenance and .opeiahons cost caused by unplementation

__..__-_.^__ ^
of the_low permeability layer design features in anarid climate condition

Maintenance' and dpers costcaused by surface waternm-on and rimoff control.. . .. .._..

collection, arid discharge facilities'.

Modified RCRA Subtitle D Barrier. This bariier isthebaseline design ie^naed-for

applications at nonradiological and nonhazardous solid waste sites, as well as Category 1 LLW

sites where hazardous constituents are not present. The Modified RCRA Subtitle D Barrier is

composed of four layers of durable material with a combined minimum thickness of 0.90 m(2.9

ft). It is designed to provide limited biointrusion and limited hydrologic protection (relative to the

other two barrier designs) for a performance period of 100 years. The performance period is

consistent with the radionuclide concentrations and activity limits specified for Category 1 LLW.

ES-4
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The 100-year design life is also consistent with the minimum expected duration of active

institutional control.

Design criteria for the four designs were determined by screening potentially applicable or relevant and

appropriate regulateryions-sWutes, regulatory guidance documents, and recognized design standards.

Those regulations or standards that are relevant to conceptual designs of surface barriers were retained

as design criteria (Section 2.0).

Following design criteria development, existing cover designs for Hanford Site applications were

reviewed. These designs were modified, as necessary, to conform to the requirements and criteria

identified in Section 2.0.• The dkreefour proposed barrier designs are described in Section 3.0.

The designs were reviewed against the establisked-design criteria to verify conformance, and were

evaluated against the nine EPA CERCLA evaluation criteria

alterrtaEive (Section 4.0).

It is recognized that sources of some of the materials identified for barrier construction may be

culturally and/or ecologically sensitive. Alternative materials and sources have been considered and

further evaluation of materials may be warranted.

A flow diagram (Section 5.0) summarizes the proposed implementation logic for barrier selection for

designated waste-management units. Application of the diagram will require site-specific contaminant

inventory information. Section 5.0 also addresses design issues to be considered during definitive

design and recommendations for additional activities in support of barrier development and

construction.

ES-5
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1.0 INTRODUCTION

The U.S. Department of Energy (DOE) at the Hanford Site in Washington State is organized into

numerically designated operational areas consisting of the 100, 200, 300, 400, 600, and 1100 Areas

(Figure 1-1). In November 1989, the U.S. Environmental Protection Agency (EPA) included the

200 Areas (as well as the 100, 300, and 1100 Areas) of the Hanford Site on the National Priorities List

(NPL) under the Comprehensive Environmental Response, Compensation, and Liability Act of 1980

(CERCLA). Inclusion on the NPL initiates the remedial investigation (RI) and feasibility study (FS)

process to characterize the nature and extent of contamination, assess risks to human health and the

environment, and select remedial actions.

The Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology 1991)

was developed and signed by representatives from the EPA, Washington State Department of Ecology

(Ecology), and DOE in May 1989 to provide a framework for implementing and integrating cleanup

activities. The scope of the agreement covers afl-CERCLA past-practice, Resource Conservation and

Recovery Act of 1976 (RCRA) past-practice, and RCRA treatment, storage, and disposal (TSD)

activities on the Hanford Site. The 1991 revision to the Tri-Party Agreement required that an

aggregate area approach be implemented in the 200 Areas based on the Hanford Site Past-Practice

Strategy (HPPS) (DOE-RL 1992b) and established a milestone (M-27-00) to complete 10 Aggregate

Area Management Study (AAMS) Reports (DOE-RL 1992a through 1992j) in 1992.

The AAMS reports outlined a process, similar to the initial scoping phase of the CERCLA RI/FS

process, to evaluate existing site data to develop a preliminary conceptual model, perform a

preliminary risk assessment, and provide recommendations on the appropriate HPPS path for each

waste-management unit (WMU) and unplanned release site. The AAMS reports also recommended

that focused feasibility studies (FFS) be prepared for the 200 Areas. An FFS evaluates selected

remedial alternatives based on their implementability, cost, and effectiveness.

f • .al -
M-d:-l?es

:.....4 ' _l:....Lle
to

..C

measure ffTT Rl
or

l:n :a_.]
field

: ....,.,. paths) .:G ...]
in the

A A A.l(. --
POSGI Th1s FPS

evaluates^generic conceptual designs for coversthatcould be usedmthe 200Areas The mformation

developed in this screeriirig effort can be used during,the site-specific evaluation of200 Area c6aste sites

that will evaluate the va'rious reniedialalternativesand, ultimately, propose specific remedial action for_ ,.
each site. The use of'fhese coverdestgns for_waste sites at otherlocattons throughout the Hanford Site

_. . , ^ . .
is not precluded by the workiri this FFS.. Thye site-specific evaluatton at the other: waste sites. could

factor in consideraliops that weie not part of-Ahis evaluation (i.e.,.different land use, threatened and
^ -

endangered species, etc.); but the site-specific evaluation could use the iesulfis:of this FFS as their

baseline cover design.

1.1 BACKGROUND

The following sections provide background information regarding (1) the location of the 200 Areas, (2)

the HPPS, and (3) the AAMS program.
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1.1.1 Hanford Site 200 Areas

The Hanford Site occupies about 1,450 km2 (560 miz) of the southeastern part of Washington State
north of the confluence of the Yakima and Columbia Rivers. The 200 Areas, located near the center of
the Hanford Site, encompass the 200 West, 200 East, and 200 North Areas. Operations in the 200
Areas were mainly related to separation of special nuclear materials from spent nuclear fuel. The 200
Areas contain related chemical processing, fuel processing, and waste management facilities.

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

1.1.2 Hanford Site Past-Practice Strategy

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

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

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

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

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

• FRS path - The FRS is accomplished within the framework and process defined for RI/FS
and RFI/CMS programs with the objective of reaching a defensible final decision. All sites
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(including low-priority sites) are addressed in a comprehensive manner to reach closure. The
FRS path integrates information obtained from ERAs, IRMs, and LFIs; satisfies any
additional data needs; and conducts a cumulative baseline risk assessment to support the final
Record of Decision (ROD) for an entire operable unit or aggregate area.

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

1.1.3 Aggregate Area Management Study Program

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

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

Another objective of the AAMS program was to provide recommendations for FFSs that could be
expedited to support near-term actions at high-priority sites within the framework of the HPPS. Section
7.0 of the AAMS reports (DOE-RL 1992a through DOE-RL 1992j) identifies preliminary remedial
alternatives. This was accomplished by first establishing preliminary RAOs for various environmental
media. An overall RAO was identified for the 200 Areas:

"Reduce the risk of harmful effects to the environment and human users of the area by

isolating or permanently reducing the toxicity, mobility, or volume of contaminants from the

source areas to meet applicable or relevant and appropriate requirements (ARAR) or

risk-based levels that will allow industrial use of the area" (DOE-RL 1992a through 1992j).

Next, potential remedial technologies were screened based on their effectiveness, implementability, and

cost. Technologies considered most viable were grouped into "remedial alternatives" for each general

response action (i.e., no action, institutional controls, removal, aboveground treatment, and disposal,

containment, and in situ treatment). The remedial alternatives were then developed to treat a major

component of the 200 Areas contaminated WMUs or unplanned release sites. Finally, the AAMS

reports recommended preparation of FFSs for the viable remedial alternatives for the various media of

concern.
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For the containment general response action, an engineered multimedia cover, with or without vertical
barriers, was selected and considered applieable-ferto-pertainto sites with radionuclides, heavy metals,
inorganic compounds, and/or organic compounds. A cover satisfied the RAOs of protecting human
health and the environment from direct exposures to contaminated soil, biomobilization, and airborne
contaminants. Specifically, a cover is considered effective in minimizing (1) infiltration of precipitation
into contaminated soil, thereby minimizing the driving force for downward migration of contaminants,
(2) migration of windblown dust that originates from contaminated surface soils, (3) penetration of
biota into the waste zone, (4) potential for direct exposure to contamination, and (5) the volatilization of
volatile organic compounds (VOC) and tritium to the atmosphere (refer to Section 7.4.2 of the source
AAMS reports). Table 7-4 of DOE-RL (1992a through 1992j) indicates that covers make up one of
several alternatives that potentially have broad applicability to remediating various types of WMUs
throughout the 200 Areas. Because of the potential broad application of covers to lxigh-pfieriEy200
Area sites, the 200 Area source AAMS reports recommended that an FFS be prepared that focuses on
generic cover designs apgkeable-tefor various waste categories rather than designs for specific waste
sites.

1.2 SCOPE AND OBJECTIVES

number of

provide the ba`sis foi
specific eyalu_aiion c
in theFFS:is approF
result mmodifying i
waste, site.

vaste sites in the200Areas. The cover

to applicable or relevant and appropriate

: conceptual cover designs can then

in a site-stiecific FFS. * Iiowever: a site>

pis or a selectmg more approQriate coverforthe

The cover alternatives described in this document were derived from conceptual cover designs
originally developed in support of Hanford Site past-practices, waste management, permitting, and
RCRA closure activities. Existing designs were used as a basis because considerable engineering
evaluations and treatability studies have been completed or are ongoing to support these designs.
Therefore, implementing

^ . ^-_.
^Fsthe cover aIternanve t€erI o the 200^ ea waste sites is practical because

lengthy studies will not generally be required before application. Long-term performance and
maintenance objectives and design criteria were established based on an evaluation of ARARs and
engineering criteria. Existing cover designs were evaluated against the established criteria and
modified accordingly.

This FFS provides generic conceptual designs of covers for waste site applications rather than
site-specific definitive designs. The generic conceptual designs describe the layer sequence in section
view through the cover, but do not include construction details, such as terminating the edges of the
layers or sideslope configuration. Definitive design must consider the actual contaminant inventory,
site geology, topography, and perimeter configuration; and other physical features, such as proximity
and surface grading of adjoining facilities or waste sites.
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When a site is recommended for remediation under the IRM path, the IRM process described in HPPS
will be followed to formulate a conceptual model and perform a qualitative baseline-risk assessment
(Q$RA) for the site. The QBRA includes a human health evaluation and a separate environmental
evaluation. The specific methodology for QBRAs is provided in Hanford Site $aselitte-Risk Assessment
Methodology;Appendi;t-E (DOE-RL 1993b). The pathways typically evaluated in the QBRA include
the following:

• Soil ingestion
• Fugitive dust inhalation
• Inhalation of volatile organic chemicals from soil (if present)
• Ingestion of water
• External radiation exposure.

Additional pathways may be evaluated if site information or the physical properties of chemical
constituents present suggest that other significant exposure pathways might exist.

Based on the conceptual model and the QRA, an evaluation will be made to determine if the IRM is
justified. If so, a separate evaluation will determine if a specific remedial action can be selected. ff-a

This FF5 wiiican be used to help select
the appropriate remetfialaction by ^rovsdingafie basisfor the over aiternauvefor the application,
considering the type and concentration of waste present, and the resultsAof the QBRA.

Waste-management units in the 200 Areas that have been identified as candidates for remediation with
surface barriers (including high- and low-priority sites) are listed in Appendix B. Covers may be
selected as IRMs for high-priority (i.e., IRM and LFI candidate) sites, or as final remedies for
low-priority sites (FRS candidates). The decision logic for selecting the appropriate cover option for a
given site (presented-irrSection 5.0) is not dependent on the remediation path. Where covers are
selected initially as IRMs, it is generally expected that they would also be designated as final remedies.

This FFS report must also provide recommendations for any additional studies that may be required to
facilitate the near-term implementation of the conceptual designs described in this report. These
recommendations are provided in Section 5.0. The primary objective of this FFS report is to provide a
limited number of preengineered cover options to support the IRM path. Decision logic for selecting
the appropriate cover alternative is provided in Section 5.0.

1.3 GENERAL APPROACH

A seven-step approach was followed in conducting this FFS.

Definition of Waste Categories Present in the 200 Areas. Section 1.4 summarizes the types

of waste present at WMUs in the 200 Areas. The definitions provided in

Section 1.4 conform to existing DOE terminology. Section 1.4 also includes a table of 200

Area WMUs summarized by waste category) that have been

identified in source AAMS reports (DOE-RL 1992a through 1992j) as candidates for

remediation with engineered surface barriers, following either the IRM or the LFI path.

2. Preliminary Identification of ARARs^andTeclwica!Guidance. A matrix of petenEiallp
pertinent ARARs and other standards was developed for each waste eategerytype identified in
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_ ._ . _ ---- _
Step 1(radtoactive, dangerous or nonradtoactive/nondangerous). PetesEia}-TTie.ARARs and. ___.....^. .
standards{including chemical-, location-, and action-specific requirements) were then
screened foithe^ggneric waste types pteviously ducussed. getentialThe ARARs and
stand"& that provide criteria pertinent to covers and cover conceptual design, landfill or land
disposal facility conceptual design, or performance criteria for covering and/or containment of
waste were retained for further consideration as FFS geneno conceptual design criteria.^- _,. - "" _• _ , ; ..
Regulattons considered apphcable to a pattictilar waste;type were included'in the matnx.

the
on site ^e, were,included in
___ .._.^.. ... _..
ARARs..

: or relevant
fesign
Further

iste site-

3. Establishment of Conceptual Performance and-Design Criteria. Criteria were established
based on the ARARs and teclintcal-guidane " "

- - -regttirexients determined in Step 2 to be appkeabkrelate to generic conceptual cover designs.
The oonceptual performance and design criteria then looked at the posstbtlttie's: of potentiaily
comliinmg the vanous requirements to allow for a Iumted mm^ber of over conceptual designs
to be implemented for multiple waste types (radioactive, mixed dangerons, and
nonrad/nondange"rous).

4. Preliminary Selection of Cover Types. Alternative cover concepts were evaluated for the
various waste categories to identify specific concepts that best met the design criteria
developed for each category. The alternatives were based on existing designs for applications
on the Hanford Site (modified, as necessary, to meet the current design criteria).

5. Preparation of Generic Conceptual Designs. Generic conceptual designs were prepared
consistent with the performance and design criteria established in Step 3.

6. Detailed Evaluation. Conformance of the conceptual cover designs to their respective
performance"and design criteria and the nine criteria prescribed in EPA (1988) was evaluated.

7. Development of Conclusions and Recommendations. Section 5.0 summarizes the
results of the conceptual design process, identifies issues to be resolved during
definitive design, and provides recommendations for additional engineering studies
needed to support timely implementation of barrier technology. A logic chart for
barrier selections w4-be-included relating the cover options developed in this FFS to
applieable-waste categories.

1.4 WASTE SITES AND WASTE CATEGORY DESIGNATIONS

Terminology used at the Hanford Site and other DOE facilities for radiological, i^ardeesdangerous,
and other solid waste types is defined as follows:
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• Radioactive Waste. Solid, liquid, or gaseous material that contains radionuclides regulated
under the Atomfc Energy Act of 1954, as amended, that is of negligible economic value
considering costs of recovery. Radioactive waste includes spent tmel---^^Thigh-level waste
(HLW), transuranic (TRU) waste, and low-level waste (LLW){B9E
3828:2h).

• Spent Nuclear Fuel. Fuel that has been withdrawn from a nuclear reactor following
irradiation, but that has not been reprocessed to remove its constituent elements

!^T
5820.27k) .

^HLW. The Highly radioactive waste material that results from the reprocessing of spent
nuclear fuel, including liquid waste produced directly in reprocessing and any solid waste
derived from the liquid that contains a combination of TRU waste and fission products in
concentrations requiring permanent isolation.

• LLW. Waste that contains radioactivity and is not classified as HLW or TRU waste. Certain
test specimens of fissionable material may be classified as LLW, provided the concentration of
TRU is less than 100 nCi/g. The LLW waste aetMty'classificatioti limits are provided in
Appendix A.

When liquid HLW is separated into high-activity and low-activity fractions in connection with
reprocessing operations, the low-activity action is considered to be non-HLW. Non-HLW is managed_,....steby DOE as LLW:or T'RiJ_wa.

Byproduct Material. As defined in 10 CFR 962.3, byproduct material means any
radioactive material (except special nuclear material) yielded in or made radioactive by
exposure to the radiation incident to the process of producing or using special nuclear
material.

TRU Waste. Currently, DOE defines TRU as waste that is contaminated with alpha-emitting
transuranium radionuclides with half-lives greater than 20 years and concentrations greater
than 100 nCi/g at the time of assay, without regard to source or form. A transuranium
radionuclide is any radionuclide with an atomic number greater than 92.,. To (ie classified as. . = . _.
TRU.waste, the waste must have been disposed after

_
1970.

Before 1970, there was no requirement to segregate TRU waste from LLW, and a considerable volume
of LLW with TRU radionuclides was disposed in burial grounds at various DOE sites. In 1970, the
Atomic Energy Commission directed that all government waste with TRU radionuclides greater than 10
nCi/g be stored in retrievable form. In 1984, DOE revised the threshold limit for TRU waste from 10_....m...^.^.^-. _ .__. „
nCi/g to 100 nCilg us, ere may e TR .. constituents present at some sites, but thcy may„not.meet
the defmitionas 1RU waste.and would notberguiied to follow the TRU waste reguirements:
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Newly generated, stored, andlor retrieved solid TRU waste, including TRU mixed waste, must be
certified for shipment to the Waste Isolation Pilot Plant (WIPP). Solid TRU waste that does not need
the degree of isolation provided by a geologic repository or that fails to be certified or approved for
disposal at WIPP is to be disposed by alternative methods, which could include disposal at the Hanford
Site.

rad ieaet ive •
.

• any) . l',L..-....t a .. ..:a
w ill ine ludeand .^^ ..^.. -..........-..... present \

t-1 and I__
LL :

Y mY

A classification scheme for commercial LLW was promulgated by the Nuclear Regulatory Commission
(NRC) in 10 CFR 61-.55. This scheme identified four LLW categories: Class A, Class B, Class C,
and Greater-Than-Class C (GTCC). Waste is classified according to concentrations of listed long- and
short-lived radionuclides and other unlisted radionuclides. The DOE did not adopt this scheme for use
at DOE facilities. Instead, field offices were given latitude to develop site-specific waste classification
limits for LLW. The LLW system used at the Hanford Site is described in WHC-EP-0063-4 (WHC
1993).

The Hanford Site system has three LLW waste categories: Category 1 (analogous to NRC Classes A
and B), Category 3 (analogous to Class C), and GTCC as originally defined by NRC. Category 1 and
3 waste are defined based on the activity limits listed in Appendix A. As with the NRC system, a
"sum-of-fractions" rule is used to evaluate waste with multiple constituents.

Hazardous (RCRA Subtitle C) Waste. A solid waste is d_f..,.d in .,, ..,,,, 261 . 3 as
hHazardous waste i€-itis a,solid waste that exhibits characteristics of hazardous waste (i.e., it
is ignitable, corrosive, reactive, or toxic) according to criteria in Subpart C of the regulation,
or is listed as a hazardous waste in Subpart D_of40:C1R 261.

Hazardous waste is regulated at the federal level in accordance with RCRA Subtitle C; Washington.-._.^_
State regulates "dangerous waste" that ' ncompass_the f_ederat hazardous wastekr -.:
as well as.other state rei^wramenrs and arein accordance with Chapter 70.105 of the Revised Code of
Washington (RCW), Hazardous Waste ManagementAct. Hazardous waste is specifically listed or
characterized under Title 40 of the Code ofFederal Regulations (CFR), Part 261, and Pans

__-. .....
The=term..._ .

"dangerous waste`' will, thus, be used henceforth.

Mixed Waste. Waste containing both radioactive and listardensdangerous eenstituentswaste.

Solid (RCRA Subtitle D) Waste. Solid waste is defined 'm- "^̂-.^ ^.tas any discarded
material , resulting from._ ._...
industnal, commeictal;numtng, and agncultural

.
operations, and from cgmmtmity aotivities.

Waste-management units identified in the source AAMS reports (DOE-RL 1992a through 1992j), as
candidates for remediation with surface barriers, are listed in Appendix B. The information in
Appendix B includes waste category designations for the units, as identified in BHI (1994).
The designations are based on current inventory information and may not account for all contaminants
present at each individual unit. However, the information may to provide a reasonable representation
of the waste types in the subject units.
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As summarized in Table 1-1, the categories include TRU, LLW, Ira^ardeusdan^erous waste, mixed
dangeions and radiological waste, mixed 'An ti
nonlzezat^ena3angerous/nonradioactive solid waste. Based on the data presented in Table 1-1, four_....^...^.-_-._,.
waste eateget4estypes are identified that encompass all 209 Aiea waste. sites: reeemmended for
!°""" aetiens: (1) TRU, (2) LLW, (3) RCRA Subtitle C waste, and (4) RCRA Subtitle D waste.
These four categories establish the preliminary ARARs and perfoiinance arid.design criteria discussed
in Section 2.0.
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Figure 1-1. Hanford Site Map.
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Table 1-1. Waste Category Site Summary.

Waste category No. of sites*

TRU and TRU/mixed waste 30

LLW and LL/mixed waste 239

1lazaedeusDangerous (RCRA C) waste 8

Nonltazadensclangerons/nonradiological (RCRA D)
solid waste

14

Total 291

RCRA C = Resource Conservation and Recovery Act, Subtitle C.
RCRA D = Resource Conservation and Recovery Act, Subtitle D.
* From Appendix B
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2.0 DESIGN CRITERIA DEVELOPMENT

2.1 APPROACH TO DEVELOPING GPTRI GONCEPTITAL.DESIGN CRITERIA

Genericcoaceptual,Bdesign criteria for engineered surface barriers for 200 Area waste sites were
developed by considering ARARs and other saiirees BC-tec^irucaf gutdance documents that are or
potentially are sppfeablepettiinent to barrier design and performance. The overall objective was to
achieve adequate protection of human health and the environment.

Section 2.1.1 outlines the approach and process to evaluate and retain getent-iaiARARs---d-TBC-s .
Section 2.1.2 outlines the approach and process to evaluate technical gutdance thabcontain other
engineering factors that affect cover design. The getential-ARARs considered in this FFS for cover
design are summarized in Table 2-1. Section 2.2 describes patential-ARARs and qB@s-Section 2.3
describes the hnipal_getidance that pertain to cover design in this FFS. Further

:asereeninV Y 'Rg , T-BGs , eted bineef-inbe
O_^•^-- ^ A

. .
^,z+-Section 2.34 summarizes the lierformance anddesign criteria that pertain to the g_e

_
neric

conceptual cover designs.

2.1.1 Regulatory Criteria (Petentlai-A,ILARs-aad-3=BEs)

PetentialThe ARARs were evaluated, including contaminant-, location-, and action-specific
requirements ; "'•'^- were also evaluated . Petentia}Tlie ARARs and-qBEs-were retained for further
consideration in this FFS if they provided standardsthat pertain to the engineering design and/or
performance of barriers, covers, landfills, or land disposal facilities, or containment of waste in
engineered units. Sections 2.1.1.1 and 2.1.1.2 describe the rationale for retaining ARARs-and-4BC-,*.

2.1.1.1 ireteafial-ARARs. An ARAR is a promulgated federal or state statute or regulation that
establishes requirements that would apply to or otherwise be relevant and appropriate for the
implementation of a remedial action under CERCLA. iretentialThe ARARs are typically grouped into
contaminant-specific, location-specific, and action-specific categories, iretentialTlie ARARs in each
category were evaluated for their relevance to the development of generie cover designs in this FFS.

Contaminant-specific petea6ia4-ARARs generally are used to establish acceptable limits for hazardous
chemical and radiological constituents in various environmental media, based on human health and
ecological risks and exposure pathways. The ARARs may influence the site-specific selection of
remediation alternatives by setting objectives that the alternatives must meet to reduce risks to health
and the environment. ,

Thus;hese ARARs. relate. more to thaacceptabiiity of^..._.. . __
cover as a:remedial ait@rnative andi%ot as muc-hto-the establishment of design or perforniance crite_rt^,..
for the design of covers in this FFS. Therefore, contaminant-specific getentiai-ARARs were not
retained as cover design criteria, fer-this-FFSand apy srte-specific: cntenacanbe incorporated in the
site-spectfic FFS development.

Contaminant-specific ARARs were evaluated on a preliminary basis in Section 6.2 of the source AAMS
reports (refer to Table 6-1 of individual reports). Based on that evaluation, it is considered unlikely
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that significant modifications would be required to any of the generic conceptual cover designs
developed in this FFS to properly account for contaminant-specific ARARs. However, this group of
patentiai-ARARs will be reconsidered during definitive designs of covers for individual sites to verify
that contaminants will be appropriately isolated and immobilized.

Although several location-specific petetttial-ARAR§ apply or may be relevant to the siting of land
disposal facilities and waste containment units, it was determined that they only address where certain
activities (e.g., waste disposal) may or may not be conducted. Although such standards prescribe the
types of environmental locations in which certain types of waste may be disposed, they do not dictate
cover design criteria or performance requirements. Consequently, the generic conceQtual cover
designs described in this FFS do not include standards based on peteatiai-location-specific ARARs.

W£ IFT end unnlnnned rel ease leeatiens. r `.,,- are

,

Peteatial-aAction-specific ARARs generally deseribeincliide design and performance considerations that
musE bewhen implementing remedial alternatives. A significant number of peteatial-ARARs of this
type were found to applyrelate to cover designs. Pete^ction-specific ARARs constitute the
majority of the regulatory criteria that were determined to be applieabieteUeA^foi the cover
designs in this FFS.

The retained ARARs are summarized in Table 2-1 and evaluated in Section 2.2. The CERCLA
mandates that remedies must comply with any promulgated standard, requirement, criteria, or
limitation under a state environmental or facility siting law that is more stringent than any federal
standard, requirement, or limitation, if applicable or relevant and appropriate to the hazardous
substance or release in question. Therefore, Table 2-1 and Section 2.2 present only the state version of
an equivalent federal requirement where the state version is more stringent.

The petenEial-ARARs have been organized by the types of waste eategeries-to which they are pertinent
€erBEA4 aeHens: TRU, LLW, hazardeus-(dangerousj wastc (regulated in aeeardanee with ^^^ "

and solid wast
Citations to the federal and state regulations are provided.

In general, 10 CFR includes regulations promulgated by the NRC and/or DOE. The 40 CFR
regulations are promulgated by EPA. Washington State regulations promulgated by Ecology and
Washington State Department of Health are adopted under WAC.

Gnee the 1.__r y eva l
Yi a the retained AnAT_ were

' rth[th L of a s lepe angle s , _-.>._ __ _cm _ ____ _i tha t _.z_ _ to
.^ ,.a

d i
e __.:c_^

" "r e s gn6 vwsaz^d Yes
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midenee,

b speeifie design ...
Y
. ....

are (1)
..ll_wL._ the use of

_._.A__.
Y

c:_r.l._

"Yes "
• • ..CT_Ll_

2 11 desigrated

f

__ in __ __dispesal . eentainment c. ^ _

.. .. .
2.1.2 Other GriteriaTechnieal Guidance Criteria

A separate evaluation was undertaken to identify other sources of technical guidance that wea}dbe, - . _
ert to the design cri^__tena

^. ,.
an
.,._ ..__.....____....,...

nda
_._.....rdsapplieablemay-. e putent dlor

._
eensE^etiesperformance sfa of surface

barriers but are not cons'idered ARARs. The value and variety of available design materials is
extensive and would be difficult to present in any comprehensive fashion; however, of the potential
reference sources, only a limited number were found that provide specific guidance applieablepeitinent
to covers. These sources are identified, , as petentiei-design criteria
for covers. The materials reviewed include proumlgated federal and state statutes or re.gitlations tliat.
are:not consideted an r1RAl2 fecie

_
ral and state gmdance documents, engineering and constraction

specifications, computer codes to evaluate hydrologic performance of surface barriers (the Hydrologic
Evaluation of Landfill Performance [HELP] Model and the Pacific Northwest National Laboratory's
[PNNL] UNSAT-H Model [Fayer and Jones 1990]), reference sources concerning frost depth and
design-storm criteria, and previous research and engineering reports on barrier topics for various
Hanford Site applications.

be -A preliminary listing of other -°`--°--- materia ls "to --_:_ --d" astechnicalguidance documents
that provide sources of design criteria is provided in Section 2.3 and7able2-2.

2.2 REGULATORY REQUIREMENTS

The peten6ial-ARARs °- Gs-that were retained for consideration in developing the generic
conceptual cover design criteria are described in the following sections.
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2.2.1 TRU andLow-Level. Waste

The EPA has promull
geological repositorie
considerationsthat_esl
for.potenttalTRU wa
be,used as anARA12
10 CFR 61; even thoi
requirements'; and the
needed to enhance the

to disposal and management of TRU wastein

ip to 10;000 yeacs. Because this k'PS evaluates covers
regulations appficable to geological reposttories cannoi
is pertaining to neai! surface;disposalcontained in
to TRU waste, can be usedas relevant:and _appropriate
;ulations can be used as,iechtucalgwdance on what is,^-F._;_.__^<..

The EPA,
Ecology, and Washington State Department of Health have a,^sopromulgated regulations controlling air
emissions of radionuclides and limiting public exposure to airborne radionuclides. These regulations
may affect design and performance of covers for TRU Fas disposal sites. Sources of pertinent
requirements and criteria have been identified as petenEial-ARARs and are described in the following
sections.

Regulanons thax pertam to land ^sposal of LLW have been promnlgated by the NRC: These
regulations include reguuemerrts affectmg design and performanceof covets for LLW dtibosal sites.
The EPA, Ecology, and Washmgton$tate Depattment of Health liaye promulgated regulations_:.
controlling air emtsstons of radtonuclides and hmtting publtc ezposure to airbome iadionucfides:
These regulations mayTMa.ff,ect design and petfotmance.of coversfoY LLW.disposal sites. The section:^f e - .,. :.__.:.. .. .:...
that follow describe selevant reguirements identtfied asARARs for LLW-, sites.

NOTE: Ori,ginal Seclton moved io Sechon 23.1:

2.2.1.51 10 CFR Part 61-Licensing Requirements for Land Disposal of Radioactive Waste;
Subpart C-Performance Objectives.

61.41 Protection of the general population from releases of radioactivity.

Concentrations of radioactive material that may be released to the general environment in
groundwater, surface water, air, soil, plants, or animals must not result in an annual dose
exceeding an equivalent of 25 mrem to the whole body or 75 mrem to any other organ of any
member of the public. Reasonable effort should be made to maintain releases of radioactivity
in effluents to the general environment as low as is reasonably achievable.

61.42 Protection of individuals from inadvertent intrusion.

Design, operation, and closure of the land disposal facility must ensure protection of any
individual inadvertently intruding into the disposal site and occupying the site or contacting
the waste at any time after active institutional controls over the disposal site are removed.

61.44 Stability of the disposal site after closure.

The disposal facility must be sited, designed, used, operated, and closed to achieve long-term
stability of the disposal site and to eliminate, to the extent practicable, the need for ongoing
active maintenance of the disposal site following closure so that only surveillance, monitoring,
or minor custodial care are required.
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_
NOTE: Moved Subpart:D Technical Recjuirements^for Land Disposal Faciltties to. Section 2.3.2.

No ........... ... .. D.,., facility shall `..':. mere a,,... 20 ..na....9 5-0^
- - -- - -, into the air .

2.2.1.42 40 CFR 192-Health and Environmental Protection Standards for Uranium and
Thorium Mill Tailings.

192.02 Standards.

(b) Control shall be designed to provide reasonable assurance that releases of 72Rn from
residual radioactive material to the atmosphere will not:

(1) Exceed an average release rate of 20 picocuries per m2 per second

(2) Increase the annual average concentration of "2Rn in air at or above any location
outside the disposal site by more than one-half picocurie per liter.

Because the standard appliesis.peidnent to design, monitoring after disposal is not required to
demonstrate compliance.

(a) The ^ ,...._...:,.^ ^rs36n^ :^ ^"°a ., , .,,a ,. „r inn s^s^- h ^- E3 ff R0

(2) 15
^^^ ^•^••UQfOVi^^1^GsG1^ZaeeC

(1) 'Dte c`' e.. ..... o`:.,...:.d_ _ :c: :,e.a. : c:W': b ., ab e, wnd reasonable effo rt shall oczia
.

^aaauciv
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2.2.1.53 Chapter 173-480 WAC-Ambient Air Quality Standards and Emission Limits for
Radionuclides.

WAC 173-080-040 Ambient Standard.

Emissions of radionuclides in the air shall hot cause a maximum accumulated dose equivalent
of more than 25 mrem/yr to the whole body or 75 mrem/yr to a critical organ of any member
of the public. Doses due to uORn, "2Rn, and their respective decay products are excluded
from these limits.

WAC 173-480-050 General standards for maximum permissible emissions.

(1) All radionuclide emission units are required to meet the emission standards in this
chapter. At a minimum all emission units shall meet WAC 402-10-010 requiring every
reasonable effort to maintain radioactive materials in effluents to unrestricted areas, as low as
reasonably achievable (ALARA).

(2) Prevention of significant deterioration: The emission requirements for an emission unit of
radionuclides shall be the same for all areas of the state independent of prevention of
significant deterioration classification.

(3) Whenever another federal or state regulation or limitation in effect controls the emission
of radionuclides to the ambient air, the more stringent control of emissions shall govern.

2 .2 . 1 . 6 /yL_pt,.r .fAL
111 WAn n_d•

gistefed Y
..,.,.at "_ o.. (n . _ _

ra) in a yeftr-

in - f 9 .02 a

2.2.1.74 Chapter 246-247 WAC-Radiation Protection-Air Emissions.

WAC 246-247-040 Standards.

The ambient air quality standards and emission limits for radionuclides shall be those
promulgated by Ecology in Chapter 173-480 WAC. The Ecology ambient standard requires
that emissions of radionuclides in the air shall not cause a maximum accumulated dose
equivalent of more than 25 mremlyr to the whole body or 75 mrem/yr to a critical organ of
any member of the public. Doses due to MRn,IRn, and their respective decay products are
excluded from this chapter.

NOTE qjiginal Section.2 2.2 has beencombined with Sectton2.2.1.
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2.2.32 RCRA Federal/State Hazudo asDangerous Waste (Subtitle C)

Both EPA and Ecology have promulgated regulations pertaining to the disposal and management of
imgardeusdangerous waste. These regulations include requirements affecting design and performance
of covers for }raeardensdangerous waste disposal sites. The relevant requirements have been identified
as petenEial-ARARS and are described in the following sections.

2.2.32.1 40 CFR Part 264-EPA Regulations for Owners and Operators of Permitted Hazardous
Waste Facilities and 40 CFR Part 265-EPA Interim Status Standards for Owners and Operators
of Hazardous Waste Facilities.

40 CFR 264 and 265 Subpart G-Closure and Postdosure; 40 CFR 264.111/265.111 Closure
performance standard.

The owner or operator must close the facility in a manner that:

(a) Minimizes the need for further maintenance

(b) Controls, minimizes or eliminates to the extent necessary to protect human health and
the environment, postclosure escape of dangerous waste, dangerous constituents, leachate,
contaminated runoff, or dangerous waste decomposition products to the ground, surface
water, groundwater, or the atmosphere.

40 CFR 264 and 265 Subpart K-Surface Impoundments; 40 CFR 264.228/265.228 Closure and
postclosure care.

(a)(2)(iu) Cover the surface impoundment with a(fmal) cover designed and constructed to:

(A) Provide long-term minimization of the migration of liquids through the closed
impoundment

(B) Function with minimum maintenance

(C) Promote drainage and minimize erosion or abrasion of the (final) cover

(D) Accommodate settling and subsidence so that the cover's integrity is maintained

(E) Have a permeability less than or equal to the permeability of any bottom liner system
or natural subsoils present.

(b)(4) Prevent run-on and runoff from eroding or otherwise damaging the (final) cover.

40 CFR 264 and 265 Subpart N-Landfills; 40 CFR 264.310/265.310 Closure and postclosure care.

(a) At closure of the landfill or upon closure of any cell, the owner or operator must cover
the landfill or cell with a(fmal) cover designed and constructed to:

(1) Provide long-term minimization of the migration of liquids through the closed landfill
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(2) Function with minimum maintenance

(3) Promote drainage and minimize erosion or abrasion of the (final) cover

(4) Accommodate settling and subsidence so that the cover's integrity is maintained

(5) Have a permeabiJity less than or equal to the permeability of any bottom liner system
or natural subsoils present. ,

(b)(5) Prevent run-on and runoff from eroding or otherwise damaging the (final) cover.

2.2.32.2 Chapter 173-303 WAC-Dangerous Waste Regulations.

WAC 173-303-610 Closure and postclosure.

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

(a)(i and ii) [Refer to 40 CFR 264.111(a),(b)].

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

WAC 173-303-650 Surface impoundments.

(6) Closure and postclosure care.

(a)(ii)(C)(1) Provide long-term minimization of the migration of liquids through the closed
impoundment with a material that has a permeability less than or equal to the permeability of
any bottom liner system or natural subsoils present

(a)(ii)(C)(II)-(IV) [Refer to 40 CFR 264.228(a)(2)(iii)(B)-(D)].

WAC 173-303-665 LandfilLs.

(6) Closure and postclosure care.

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

(b)(v) [Refer to 40 CFR 264.310(b)(4)].
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2.2.43 RCRA Federal/State Solid Waste (Subtitle D)

Both EPA and Ecology have promulgated regulations pertaining to the disposal and management of
solid waste. These regulations include requirements affecting design and performance of covers for
solid waste disposal sites. The relevant requirements have been identified as petentie}-ARARs and are
described in the following sections.

2.2.43.1 40 CFR Part 241-Guidelines for the Land Disposal of Solid Waste.

40 CFR 241.209 Cover Material.

40 CFR 241.209-1 Requirement.

Cover material shall be applied as necessary to minimi^e fire hazards, infiltration of
precipitation, odors, and blowing litter; control gas venting and vectors; discourage
scavenging; and provide a pleasing appearance.

40 CFR 241.209-2 Recommended procedures: Design.

Plans should specify:

(a) Cover material sources and soil classifications (Unified Soil Classification System or U.S.
Department of Agriculture [USDA] Classification System).

(b) Surface grades and side slopes needed to promote maximum runoff, without excessive
erosion, to minimize infiltration.

(c) Procedures to promote vegetative growth as promptly as possible to combat erosion and
improve appearance of idle and completed areas.

(d) Procedures to maintain cover material integrity (e.g., regrading and recovering).

L-ss
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2.2.43.32 Chapter 173-304 WAC-Minimum Functional Standards (MIFS) for Solid Waste
Handling.

WAC 173-304-407 General closure and postclosure requirements.

(3) Closure performance standard. Each owner or operator shall close their facility in a
manner that:

(a) Minimizes the need for further maintenance

(b) Controls, minimizes, or eliminates threats to human health and the environment from
postclosure escape of solid waste constituents, leachate, landfill gases, contaminated
rainfall or waste decomposition products to the ground, groundwater, and the atmosphere.

_. --°._.__._.._a..._._.
WAC 173-304-460(2).I.an,. ' Standards.

___
..

(2) Minimum fanctional standards for performance,.

_ ,_.._.m__ _..... ^_.._._.__.. __.-.. . . , ._.
(a) Ground_watet. An owner;or operator of a landfill shall not contaminate the
groundtT underlying the landfill, beyond the pont of compliance. Contamination and:,- . _. _..
pomt of compliance are defined in WAC 113 304-100.

(bj Air quality and toxic air emissions.

T _ ___ .. . ._. _ga_An'owner or-operator of a landfiltshall not _allow explosive. _ses generated by
the "facilitywhose concentration exceads;

(A) Twentyfive percen[ofthe lowet eaplosive limit fo; the-gases infacility
steuctures (excludinggas control or reccovery system co!nponents);

(B)--The lower explosive hmit for the gases at the property--boundary.---or
beyond; aud

_
(C One hundred parts per milkon by volume of hydrocarbons (expressed as
mettiane) in offsite stnictures.

. ._
(ii) An owner or operator of a _landfill shall not cause a viola6on;of any ambient air
quality`tandarcl at the property boundaryor emisston standard from-.any emission of
Iandfillgases, combustion, or any-other emisston associated with a landfill.

(c) Surfacewaters ' An owneror operatorof a lafill sbaII not cause a violahon of any
recetving water quality standard orvtolate chapter 90,.48 RCW from A4 hazges of surface- __ ._ ^ :.. ^ • _ r ..:^. . :_, ..
runoff, leacfiate or any ot(ter liclwd associated with a landfill.

NOTE: Chapier I73'304460(3j: znoved to'Sacfton 2`3:3:'
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2.2.54 Other Materials TBC

Other TBCs as design criteria include standards or codes that are not
areas not covered under.QRARs ', a ove,No 'BCs are currentl
to cover design requirements that are not covered in ARARs Tecbn
detail regarding the tmplementationof tSRAR reutrements discussec
2.3. The combmation`of ARARs and tec_hnical guidance then establi
for the various : :,-barriers.
doesments-

2.3 TECHPIICAI.GUIDANCE REQUIILEMEIVTS

There are documents t^at provicle erfonnance or'deigu criteria
TBC, but contams technical gutdance tbata;e constdeied pertiriei
are contained_ in secttons;of piomulgated statutes that are not coni
appropriate,state or federal statutes that are'not promul,gated sta
industry.documents,.generated to document good engineenng pra<
guidance will be integrated with the ARAR_regutrements discusse

criteria for thecoverdesigns `1'eohnmcal gdidance andtheir asso(

as

at provides more
ided mSection
il design criteria

re not considered an ARAR or
zese teclinical giudance criteria
d.appticable-or relevantand
federal gutdance documents, or
to:be'followed. "Technical
5ecfion 2.7, to develop design
source, that are contained in

federal, state, or DOE documents that relate to cover designs, are4ovided below,

2:3.1 Federal and State Statutes and Guidance' Documents

2.3.1.1 40 CFR Part191 XPA Radtation Proteetion Standards for:Managing and Disposing of

Spent Nuelear Fuel, Iiigh Level, and Transuranic Radtoacttve:Waste

191.13 Containment requirements.

(a) Disposal systems 'for spenf nnclear fuel or Iugh level,or TRU, radtoaciive waste sball be
designed toprovide a reasonable.expectatton; based on performance assessments,lhat_the
cumulative releases ofiadionuclides:to the accessible environnientfor 10,000 years after
disposal from all stgm^tcant processes and events that may affect the disposal systems shall:

.,_.-
(1) Have a Itkelthood of less than onechance in 10^qf exceeding the quanties c-alculated
accordmg to Table1(^ppendix A) of this regnlation.

_-_ofexc-eed___.(2) Have aIdceliltood of less than one chance in 1;000_
_

ing 10times the
lation4!ian_titfescalculated according to Table 1, A endix A oftlvs re^_.. _. .. _..,.._ . _. _ _ _.. _ ( Pl? v_._ ^_..,._....._
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aot.provide co
he longitime p
;nevitably be
: ofthe future :

Instead=, whatas;zequiredis areasonable
unplementing^ency,;that com^iance w

191.14 Assiuancereg^urements.

leteass^ce that't.lie'requirements of
ed.iuvolved and thenatureoftheevents
stan[ial uncertamtses in projectingY
formance of a disposal sysiem is not to
that.deal withmuch shorter timefiames.
on-the basis of%the record before the '

the requiremerits'of
shall be. conducted
s,r..Cl .ut.n.- ..

(a) rlct've mstituhonal controlsoyer disposal sttes should be maintained for as long a;penod
ofaime as isprachcable.after disposal,,however, performance assessments that a§sess isolationn_ ..
of tli ,.e wasie from e accessi le environment shall not consider any contributions from actiye
uvstitufsonal controls for more than.l00^ears after .' osal.u.,,. ^ .. ._

(b) °Disposal:systems shall'be monitored after disposal to detecCSUbstanUal and detrimental
_ ^., _,

deviations fromexpected performance This momtonng°shall be done with techniques tfiatdo.. . . .. .. ..., ^. : ...... . - - ' ^-- - -

e most

191.15 QFOtection LequirementS.

rovide a

inarkers, recorids, andother

ted to

-r.. - _r..:..._
ystem, to Any member di the public

191.24 Disposalstandards (for,groundwater rQ_otechon F

(a)(1) D>sposal systemsfor wasteand
'

any.associate
provide a reasonable eRectation tliat10,000 years
shall not causethe levels of radioactrvit, sn" anyund
accessible envir`o^ent, to^ exceed the lmiits specifie
19, 1994.

_.,_

r'ailioactive matenal shall be designed to
undisturbed performance after. disposal
groiind

z _ . -. .source..of dr^nking watez, inthe. -
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2.3.1.2 10,CER Parf 61̂ acensing Reqentenis forl:and Disposal of .liadioacfive Waste;

61:51 Disposal site. design forland disposal.

(a)`(4): Covers must be deslgned t0 mm,m,^e, to the extent practicable, water mfiltration,to-
direcfpercolatitig or surface water away from the d^sposed waste, and to resist degradation by- .^ . . _ _ . . ._...._.__. _ . _,. _. .
surface geologicQrocesses and btotie.acttvi^.

,..
(a)(5). .5urface featutes^nust duectsurface water drainage away from disposal units` at
velocities and, giadients that will not result in erosiori4hat will requira on,gomg active
maintenance lin the future. vuy

..__._^-..._..r _ . .......
(a)(6): The disposal srte must be de'signed to min,m,^e, to the extent practicable, the contact
of water with waste duruig: storage,the contact of standing water with waste during disposal,
or standmg water with waste after disosal..

_. . .. _ __....__..,__.
61.52 I and:d,apqsat fac0ity operahon and d>sposal srte closijje.

(a)(2).. Waste destgnated as C1ass C must be disposed of so tliat tlie top of the waste is a
miniroum of 5 ni (16.4 ft)'below_the t_op snrface of the cover or must bedisposed of with
intruder barriers that are destgned to rotect agamst an uiadvertent intrusion for at least
500qears.

2.3.1:3 DOE Order 5820.2A Radioactive Waste Management.

DOE Order 5820.2A describes various health, environmental, and design requirements that
must be satisfied in the management of radioactive waste. Pertinent sections of DOE Order
5820.2A are detailed as follows:

(ba) Ensure that external exposure to the waste and concentrations of radioactive material
that may be released into surface water, groundwater, soil, plants, and animals results in
an effective dose equivalent that does not exceed 25 mrem/yr to any member of the
public. Releases to the atmosphere shall meet the requirements of 40 CFR 61.
Reasonable effort should be made to maintain releases of radioactivity in effluent to the
general environment ALARA [DOE Order 5820.2A (III)(3)(a)(2)].

(eb) Ensure that the committed effective dose equivalents received by individuals who
inadvertently may intrude into the facility after the loss of active institutional control
(100 years) will not exceed 100 mrem/yr for continuous exposure or 500 mrem for a
single acute exposure [DOE Order 5820.2A (III)(3)(a)(3)].

,
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• - -- - >

_F T/1T d

requiremerm R...._d
in A^ ^TT 191 . 1 •

operations, andeipated r

l
the

T.. ..:.__ B__:,, A _
b

_•.,_
,

pkeaerxcea gesHtlaEe^fer thnalura e €aeHit} site . '
the

a_ :-e. eanfutement

needed.

P..°°`a
the maximum ___ _ t levels established
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2.3.1.4 Technology Guidance Document-Final Covers on Hazardous Waste Landfills and
Surface Impoundments (EPA/530-SW-89-047).

This document summarizes EPA's minimum technology guidance (MTG) on final cover systems for
hasardeesdangerous waste landfills and surface impoundments. The MTG cover is a multilayer design
consisting of a vegetated top layer, drainage layer, and low-permeability layer.

Se.miaar PtHlieation Design and Eonstr'd°cu-n of =ccTQ'n'GZiC^c'cei Final Go r cYe

-scc-svuiufl'° f"a'i5-

2.3.1.5 RCRA FederaUState Solid Waste ^btttle D) WAC 173 304-460

WAC 173-364-460. .Landtilling standards.

(3) MFS, for design.

.... __
(a)(iv) Designing the landfill to collect the runoff of surface waters and other hqutds-resulting
from;a 241u, 25;year s[orm from the active"area and closedT* ons of a landfill.

(ae)(i) At least 60 cm (24 in ) of 1 x 10^ cm/s or lower-per_meabilitq soilor eqorvalent shall be
placed upon the fmal lifts unless the landfill is located in anarea having mean annuai
precipitation of less than 30 cm (12 in ), in wluch case at least 60 cm (24 in of 1 x 105 cm/s
or lower permeability soil or equivalentshall be placed upon the. f'inal hfts. Artificial liners

- -,_ __.._.....
may replace soil covers if a mmimum thickness of 1.3 mm (50 mil) is used.

(e)(ii), The grade of surface slopes shall not be less ihan 27, nor the grade ofside slopes^.._. ._ . -
morethan 33%.

,, , ._._ -- .. ..
(e)(iu) Final cover, of at least 15 cm (6 in.j vf topsoil be placed over the soilcovenand seeded

_ ..._._.^, .
with grass, other shallow rooted vegetation or other native vegetation..

2.3.2 OTHER DESIGN . UIDANCE

(i.e ., design ,

Resources tha[ relate to
civil construction and engineering practice and pertain to covers for all waste categories'are pcov'ided
below in--A an alphabetical listing of these materials-is pravided belew.s Tfiese=docuiiientsareitsed in
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the evaluation.of.the con
Section 2."5; ;eaceptfor ti

y,referenced as technical.guidance in

Hanford Plant Standards: Design Criteria. Provides criteria for and descriptions of design basis
environmental events such as maximum frost depth, probable maximum flood, wind loads and
tornados, earthquake loadings, and allowable bearing pressures for foundations The.standards require- , ,,....
the bottom of foundations for^ermanent buildingsat the HanfordStte to be placed at least 0,6 m; 15
cm (2 ft, 6 in.);below final grade, For frostprotectionpurposes,this criterion will be, a^plied to the
lateral drainage layer and the-low:permeabiIity asphali component of the recommended Hanford Barrier_ _ .._ .. , ...... .:
and; Modified RCRA Subtitle CBarrmerdesigns:

HELP Model (Schroeder et al. 1988).

practice:atid is accepted t
performance of liner and

to the hydrologic
o evaluate design

FFS were

Seepage, Drainage, and Flow Nets (Cedergren
and procedures for design of graded filters. Crite
that require filter_ layer el,ements. The graded filt^(
documents, such as EPA (1989).and Ecology (19F

not

This reference neering criteria
applyto covers
i-s guidance

residential,
e-wm-r-:-1 d i_,•• -ar:-1 _e-

♦ ♦ . ..l e leetriea4 m L .. 1
and fire _ -d- _f -_ • f f •

UNSAT-H Model (Fayer and Jones 1990). Another numerical model developed to evaluate the
hydrologic performance of multilayer soil barrier systems. The UNSAT-H Model was developed_. _T._.._._.
specifically for and climate applications. Thisinodel was developed local^y by PNLand has been
calibrated for sotl textures, vegetat^on patterns; and arid climate condittons present at the Hanford Site.,. .. _..
The UNSAT-$I,vlodel was used to evaluatetlie coverdestgns recommended in this FFS. However,_ _ ,,.. _._.._.
the code itself is not asource of design criteria or performance, reqnuements.

Washington Department of Transportation Standard Specifications for Road, Bridge, and
Municipal Construction. This resource provides useful specifications for various aspects of earth
work construction. Regarding the reeexmnendedover designs discussed in this FFS, this reference
provides a source for specifications relating to asphalt sub-base preparation, asphalt preparation, and
asphalt installation. The Hanford Barrier and the Modified RCRA C Barrier include a
low-permeability asphalt layer component. The specification cited for grading fill that forms the base
layer for all recommended covers is also a Washington Department of Transportation (WDOT)
standard. These standards were selected because they are in common use in civil construction in
Washington State.
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loss.estimates have a ^direct bearmg
_.,
on design of'fhe topsoil layer component of a cover system.

_
Thes

.
i

USDA procedures are- 'stahdazd agricultural engmeering methods for esttmating soil erosion and are
particulazly useful design met[rods for surface barrtersat the conceptual design stage 'The procedures
are not sources of design criteria orpeiformance requiiements:

2.4 ARAIts AND`TECPUCAL GiJIDANCE FOR^CONSIDERAITON INDEFII^ITIVE
DESIGN

_

. .

l ist ings preN4ded in
.

2.2 and 2 . 3 . This seetien '--------- -L - -l'- -'- •

items-The ARARs andtechnmcaLguidance tliai did not contriliiite to the develqpment of conceptual
cover design critena areldenttfied in ttus section These cnteria'will need to be constdered dunngthe_ .. _ ., .
definitivedesign and > thus , are not carried into the discusstonin Secrion2^5:

s.ES:gewereretaited-

speeifie ♦ L
Thesedesign ...1

^r .

P
e_G_-..___ ___ __ _

4 relevant are th

regardless r exist _
e

_
t1tat

___i__._
all eavers ,

_a:_: a.._i _ _ __ _ _ __

40 CFR 264.111/265.111(b), 40 CFR 264.228/265.228(b)(4), 40 CFR 264.310/265.310(b)(5), and
WAC 173-303-665(6)(b)(v):(Ak^AIts).

The scope of definitive design will include the preparation of grading plans to control the
effects of runoff and run-on of storm water from the covered area and adjacent areas. Cover
slope lengths and angles, the length and width dimensions of the covered area, and the grades
and surface conditions of adjoining areas are all site-specific considerations TBC in
developing grading plans. These issues cannot be addressed in generic conceptual designs.
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40 CFR 241.209-2 (c) and (d) (ARARs).

Procedures to promote vegetative growth and to maintain the integrity of cover material after
construction will be addressed as aspects of definitive design.

WAC 173-304-407 (3)(b)`(ARARs).

According to the waste inventory information provided in the AAMS reports, the waste
management units listed in Appendix B rarely, if ever, received putrescible solid waste (i.e.,
septage or food waste). Therefore, control of landfill gas is not expected to be a
consequential issue for definitive design of covers for most units. However, there are several
active and inactive solid waste landfills on the Hanford Site. Landfill gas production and
control is a potential design issue for units that are former solid waste landfill operations.

WAC 173-304-460 (3)(a)(iv) (Technical Guidance).

It is impractical to provide designs of systems for run-on and runoff collection as part of a
generic conceptual design study. A variety of factors at individual sites, such as areal extent,
adjoining topography, and vegetation, will have a significant effect on the volume of surface
water to be managed from the design storm. However, runoff from the design storm can be
estimated on a per-acre basis at the conceptual design stage. Design storm analyses for all
three barrier options are provided in Appendix C-4 of this FFS. Complete designs of systems
for collection and routing of surface water will be deferred to definitive design.
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NOTE: TiELP Modelmoved to.Section 2.3:2:

NOTE: Graded Filter`,Design Criteria movedto Section 23.2.

N01^ Hanford Plant Standards moved to Sec6on 2.3. 2'._

NOTE: -UNS?,T-H Ivlodel moved [o Sec[ion:2.3:2..

NOTE: :USDA Wind .ErosionEquahon and I7mversa^ Soi1 I oss,Bciationmoved.to Section 3:2:

. Bridge , and
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2.5 CONCEPTUAL DESIGN CRITERIA

number of cover, de:
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2.5.1 Design Criteria for the Hanford Barrier

m..,^. ^^
This cover is envisioned for applieatiests[obe us„ed'at WMUs in the 200 Areas containing radionuclides
with concentrations and activities corresponding to GTCC LLW, '
waste; nonretrievable TRU waste disposal sites, and TRU-contaminated soil sttes TheHanford Barriett :
could alsct be applied if dangerous. conshtuents are present inaddztion" tof these radtoaahve coni^onents.
This cover could also be sedat sites where risk assessments predict elevated, lon -term^^®u:_. P g >
environmental risks resulting from the concentrations or mobility of radionuclides and;fer ltftardeus
eenstkueffts-mpresent. Of the designs described in this FFS, the Hanford Barrier is intended to
provide the maximum available degree of waste isolation and long-term containment, environmental
protection, and human intrusion control.

ReguiafiensCriteria that erfain to the design of the Hanford Barrier include
ARARs and techirical.guifince for storage and disposal of TRU waste; and

Table 2-4 summarizes the design criteria for the Hanford Barrier
derived from these sources. A discussion of the cadioactivecriteria, as they relate to the individual
ARARs;and.#echnical gindance is provided below.

40 CFR 191.13 and.191.24.

This design ^^echnicalygti`i^ance effectively limits the amount of moisture infiltration
through the cover andthe vadose zone to the groundwater table. It requiresstates that there be
no release of contaminants to the accessible environment in amounts that exceed specified risk
levels listed in the appendix of the regulation. The design criterion suggested by-469^is
to minimize moisture infiltration through the cover (Criterion 1, Table 2-4).
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40 CFR 191.14.

This designIARiecfinical.gitidance precludes reliance on active institutional controls beyond
100 years following disposal. This - - is appHetrblebn.r;te^.ie^ to conceptual and
definitive designs. It reep}iress(es that disposal sites be designated by permanent markers,
records, and other passive institutional controls intended to preserve knowledge about the
location, design, and contents of a disposal system. It stipulates that the disposal system
design should use both engineered and natural materials to achieve optimal containment.

^^>
Appendix C of the regulation tates that passive institutional controls
are expected to be effective in limiting inadvertent human intrusion, but cannot be relied on to
rule out the possibility that inadvertent intrusion may occur. Exploratory drilling for
resources is the most severe intrusion scenario envisioned-b}-F4L4. Three design criteria are
suggested-by-dtis-ARAR: (1) design a multilayer cover of materials that are resistant to
natural degradation processes, (2) design a durable cover that will require minimal
maintenance during its design life, and (3) include appropriate design provisions limit
inadvertent human intrusion (Criteria 2, 3, and 7, Table 2-4).

40 CFR 191.15, 10 CFR 61.41, +o"" ĉ"^rac`vil92-,40 CFR 192, WAC 173-480, DbE'Orderx^_^,.^..m_...
5820.ZAA, ^46-^1-060 and ._AC246-247-040.

These fRARaiepVattons limit radionuclide releases from radiological waste disposal sites to
levels that are protective of public health. For the design of TRU waste disposal systems'in
geog`tcai^epo'sl 40 CFR 191.15 requires the disposal site to be designed to provide a
reasonable expectation that undisturbed performance of the disposal system will not cause the
annual exposure limit of 15 mrem to be exceeded for 10,000 years after disposal. In general,
the natural system will play a significant role in limiting release rates of contaminants to the
accessible environment. The cover system may be required to satisfy all performance goals
for isolating waste from the accessible environment for up to 1,000 years. Technical
reviewers of barrier development activities at the Hanford Site believe that reliance on covers
to perform for periods in excess of 1,000 years is technically indefensible. FerV4viF3s

The cover must be designed to
minimi^e moisture infiltration, prevent plant and animal intrusion, and inadvertent human
intrusion. The design criteria suggested by-these-ARaAAIs are (1) minimize moisture
infiltration through the cover, (2) design a cover with a functional life of 1,000 years,
(3) include appropriate design provisions to limit inadvertent human intrusion, (4) prevent
plants from accessing and mobilizing contamination, and (5) prevent burrowing animals from
accessing and mobilizing contamination (Criteria 1, 3, 4, 5, and 6, Table 2-4).

10 CFR 61.42.

For waste-management units containing radioactive waste that will not decay to levels that
present an acceptable hazard to an intruder within 100 years, (i.e., Category 3 waste or
greater), the cover must be designed to protect humans from inadvertent contact with the
waste at some future time assuming the loss of institutional control. This cnteria pertains' to
conceptual and definitive designs of surface barriers for qRviradiacfive wastesites. The
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design criterion suggested hy-this-^is to include appropriate design provisions to limit
inadvertent human intrusion (Criterion 7, Table 2-4).

10 CFR 61.44.

This performance ARAR requires that the cover be designed to achieve long-term stability and
to eliminate (to the degree practicable) the need for ongoing maintenance. This ARAR can be
met with an engineered cover system, supplemented as necessary by stabilization of the site
subgrade to minimize settlement. This requirement pertains to both the conceptual and
definitive design stages. Settlement issues are site specific and will be addressed during
definitive design. The design criteria suggested are to (1) design a
multilayer cover of materials that are resistant to natural degradation processes and (2) design
a durable cover that will require minimal maintenance during its design life (Criteria 2 and 3,
Table 2-4).

10 CFR 61.51.

This technt^ I juidance discusses that the cover tabe designed to
(1) minimize water infiltration, control runoff and run-on of surface water, and otherwise
minimize contact between water and waste after disposal and (2) resist degradation by surface
geologic processes (i.e., surface erosion) and biotic activity. This criteria pertains to
conceptu4l and definitive design. The design criteria suggested by4his^are as follows:
(1) minimize moisture infiltration through the cover, (2) design a multilayer cover of materials
that resist natural degradation processes, (3) design a durable cover that will require minimal
maintenance during its design life, (4) prevent plants from accessing and mobilizing
contamination, (5) prevent burrowing animals from accessing and mobilizing contamination,
and (6) facilitate drainage and minimi^e surface erosion by wind and water (Criteria 1, 2, 3,
5, 6, and 8, Table 2-4).

Hanford Plant Standards.

The standards require the bottom of foundations for permanent buildings at the Hanford Site
to be placed at least 0.6 in, 15 cm (2 ft, 6 in.) below fmal grade. For frost protection
purposes, this criterion will be applied to the lateral drainage layer and the low-permeability
asphalt component (Criterion 11, Table 2-4).

In addnton to the radioactiveerformance an^ destgn critena discussed above, it ts desired to p;oviele a
cover design that cartalsomeet the cnterta for dangetons waste performance and "design requirements..
The cover coudalso be apphed to sites with dangerousconstatuents ifthe followmg ARARs and

40 CFR 264.111;265^11, and WAC 173-303-610.

These regulahons require that a disposal facility for
iazardsttsda4gorous and mixed waste be closed in a manner that ( 1) minimizes the
need for further maintenance, (2) controls, minimizes, or eliminates releases of
hamdensaangerois constituents to the environment, and (3) returns land to the

2-23



DOE/RL-93-33
Draft B

appearance and use of surrounding land to the degree possible, given the nature of
previous waste-handling activities. These reqtt4emeatsc^ta can best be met by
developing a low-maintenance cover constructed of durable materials, that will
support perennial vegetative cover similar to vegetation on surrounding land, and be
highly effective in limiting moisture infiltration. These standards pertain to
conceptual and definitive designs of covers for ^ensd^n erous asd-e^waste
sites. The design criteria suggested by these Adbqdts-are as follows: ( 1) minimize
moisture infiltration through the cover, (2) design a multilayer cover of materials that
are resistant to natural degradation processes, and (3) design a durable cover that
will require minimal maintenance during its design life (Criteria 1, 2, and 3, Table 2-
4).

40 CFR 264.228, 265.228, 264.310, and 265.310; and WAC 173-303-650 and 173-303-665.

These six performance ARARS are functionally identical and require that the cover meet the
following requirements: (1) minimize moisture infiltration, (2) function with minimum
maintenance, (3) promote drainage and minimize erosion, (4) accommodate settlement, and
(5) have a permeability less than or equal to any natural subsoils present. These ARARs can
best be met by an engineered cover system supplemented, as necessary, by subgrade
improvement to minimize settlement. These regulations pertain to conceptual and definitive
designs of covers for dangerous waste sites. Determination of appropriate subgrade
improvement methods is a site-specific issue to be addressed during defmitive design.
The following design criteria are suggested by these ARARs: (1) minimize moisture
infiltration through the cover, (2) design a durable cover that will require minimal
maintenance during its design life, (3) design the cover to promote drainage and minimize
surface erosion by wind and water, and (4) design the low-permeability layer of the cover to
have a permeability less than or equal to any natural subsoils present (Criteria 1, 3, 8, and 9,
Table 2-4).

EPA Technical Guidance Document: Final Covers on Hazardous Waste Landfills and Surface
Impoundments.

This TBEte&tcal_guidance provides design criteria for specification of soil materials to be
used in the construction of graded filter media. These criteria will prevent failure of the
drainage layer resulting from clogging with fines. The design criterion suggested by tkisqzBE
is to design the cover to prevent the migration and accumulation of topsoil material within the
lateral drainage layer (Criterion 10, Table 2-4).
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relate to tsstres`tbat would-be addiessed m de`tailed desg%gii, regai^of wlieher they, are a design
criteria (i e:, bavmg a cô whapermeabiliy less than the suiroundmgsoil andensurmg fhat the_. .. _. . . .. , .. ,_EZa _., . -, ,^. _ .^.:.. . ^^ ,... _ -.. .

_ _.e .. „ _ N . : .. .... __ ._.. .. __We_.... .
be addressed as part of the etailed enguteenngphase._of the project):

2.5.2 Design Criteria for the Modified RCRA"Subtitle C Barrier

The Modified RCRA Subtitle C Barrier is envisioned for applieatiens-at-200 Area sites having
3^ardensdangerous waste constituents. In addition, the Modified RCRA Subtitle C Barrier is designed
to meet or exceed the regulatory requirements for applications at Category 1 and 3 LLW sites-,es-well

___.._..^;,,g
consrituents. This section discusses nteria for has^,.-.^.-...-.-:^ _
waste and LLW and traceability between the ARARs and aclimcaL^dance with the
criteria. Two ---••-- of An kn_ were identified that determine

_-:...-:-
for

__..___

. Table 2-5 summarizes the
design criteria for the Modified RCRA Subtitle C Barrier. Eiirtffierdtscussion on what "modtficati. ^. ..
were made to the StandarcfRCRA SubtttCe C Barrter areco^Sect^on3 4.1. ^he appltea)3

criteria;

_..<^
levels of contamtnants. F^or example, a less strmgent cover designvtay beacceptable f
that are not classtfied asRCRA TSDs anddo.not have dangeYousIeveIsrofcbntaminant

40 CFR 264.1119-265111, and WAC 173-303-610.

These two performance ARARs require that a disposal facility for hezardees and

ftmteFldaugeious waste be closed in a manner that (1) minimizes the need for further
maintenance, (2) controls, minimizes or eliminates releases of 3zss^an.^,gerous
constituents to the environment, and (3) returns land to the appearance and use of
surrounding land to the degree possible, given the nature of previous waste-handling
activities. As in the case of the Hanford Barrier, these requirements can best be met
by developing a low-maintenance cover constructed of durable materials that will
support perennial vegetative cover similar to vegetation on surrounding land, and be
highly effective in limiting moisture infiltration. These ARARs pertain to conceptual
and definitive designs of covers for dangerous waste sites. The design criteria
suggested bytkesezSR^4Rs are as follows: (1) minimize moisture infiltration through

the cover, (2) design a multilayer cover of materials that are resistant to natural
degradation processes, (3) design a durable cover that will require minimal
maintenance during its design life, (4) prevent plants from accessing and mobilizing
contamination, (5) prevent burrowing animals from accessing and mobilizing
contamination, and (6) facilitate drainage and minimize surface erosion by wind and

water (Criteria 1, 2, 3, 5, 6, and 8, Table 2-6).

40 CFR 264.228, 265.228, 264.310, and 265.310; and WAC 173-303-650 and yVAC173-303-665.

These six performance ARARs are functionally identical and require that the cover meet the
following requirements: (1) minimize moisture infiltration, (2) function with minimum
maintenance, (3) promote drainage and minimi^e erosion, (4) accommodate settlement, and
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(5) have a permeability less than or equal to any natural subsoils present. The two ARARs
pertain to conceptual and definitive design. These ARARs can best be met by an engineered
cover system supplemented, as necessary, by site subgrade improvement during construction
to minimize settlement. Determination of appropriate subgrade improvement methods is a
site-specific issue to be addressed during definitive design. The following design criteria are
suggested by these ARARs: (1) minimizemoisture infiltration through the cover, (2) design a
multilayer cover of materials that are resistant to natural degradation processes, (3) design a
durable cover that will require minimal maintenance during its design life, (4) facilitate
drainage and minimize surface erosion by wind and water, and (5) design the
low-permeability layer of the cover to have a permeability less than or equal to any natural
subsoils present (Criteria 1, 2, 3, 8, and 9, Table 2-6).

EPA Technical Guidance Document: Final Covers on Hazardous Waste Landfills and Surface
Impoundments.

This 4B6technical guidance provides design criteria for specification of soil materials to be
used in the construction of graded filter media. These criteria will prevent failure of the
drainage layer resulting from clogging with fines. The design criterion suggested by this T-BC
is to design the cover to prevent the migration and accumulation of topsoil material within the
lateral drainage layer (Criterion 10, Table 2-5).

Hanford Plant Standards.

The standards require the bottom of foundations for permanent buildings at the Hanford Site
to be placed at least 0.6 in, 15 cm (2 ft, 6 in.) below final grade. For frost protection
purposes, this criterion will be applied to the lateral drainage layer and the low-permeability
asphalt component (Criterion 11, Table 2-5).

^ ._.
In addition to the dangerous perfo-rmance and destgn ciitena71iscussed a6ove, tt ts desired to pro

for

these
some

used w

n ^arn c^ ^nn wn10 CFR 61.41, w-.o-^,+., CFR 192, WAC 173-480, pOEQrde^,r5820.2A; 346^-2^-06^
and WAC246-247-040.

These perfermaRee tegulations are functionally equivalent. They limit radionuclide
releases from radiological waste disposal sites to levels that provide reasonable expectation
that the annual equivalent dose to the public will not exceed 25 mrem to the whole body or
75 mrem to any critical organ. To some degree, the natural system contributes to limiting
release rates of contaminants to the accessible environment. However, a conservative
approach is to require the cover system to satisfy all performance goals for isolating waste
from the accessible environment. Therefore, the cover must be designed to prevent plants and
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animals from intruding into the waste zone and redistributing con+a*ninants into the accessible
environment. These criteria will generally pertain to the definitive design stage, when the
significance of specific release limits can be evaluated in the context of individual waste-site
conditions. The design criteria suggested by-this^e as follows: ( 1) minimize
moisture infiltration through the cover, (2) prevent plants from accessing and mobilizing
contamination, and (3) prevent burrowing"animals from accessing and mobilizing
contamination (Criteria 1, 5, and 6, Table 2-5).

10 CFR 61.42.

Table 2 5)-

For waste-management units containing radioactive waste that will not decay to levels that
present an acceptable hazard to an intruder within 100 years, (i.e., Category 3 waste or
greater), the cover must be designed to protect humans from inadvertent contact with the
waste at some future time assuming the loss of institutional control. This criteria pertains to
conceptual and definitive designs of surface barriers for radioactive waste sites. The design
criterion suggested by4iiis--^is to include appropriate design provisions to limit
inadvertent human intrusion (Criterion 7, Table 2-4).

10 CFR 61.44.

This performance ARAR requires that the cover be designed to achieve long-term stability and
to eliminate (to the degree practicable) the need for ongoing maintenance. This requirement
can be met with an engineered cover system and supplemented, as necessary, by stabilizing
the site subgrade to minimize settlement. Settlement issues are site-specific and will be
addressed during definitive design. This requirement pertains to conceptual and definitive
designs. The design criteria suggested are as follows: (1) design a
multilayer cover of materials that are resistant to natural degradation processes and (2) design
a durable cover that will require minimal maintenance during its design life (Criteria 2 and 3,
Table 2-5).

10. CFR 61.51.

._. w..„-,_ .
perfernutneeThis 'ARARiequireste guidance discus°-ses Shat the cover to-be designed to

(1) minimize water infiltration, control runoff and run-on of surface water, and otherwise
minimize contact between water and waste after disposal, and (2) resist degradation by surface
geologic processes (i.e., surface erosion) and biotic activity. This criteria pertains to
conceptual and definitive designs. The design criteria suggested by-tltig-ARAR-are as follows:
(1) minimize moisture infiltration through the cover, (2) design a multilayer cover of materials
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that are resistant to natural degradation processes, (3) design a durable cover that will require
minimal maintenance during its design life, (4) prevent plants from accessing and mobilizing
contamination, (5) prevent burrowing animals from accessing and mobilizing contamination,
and (6) facilitate drainage and minimize surface erosion by wind and water (Criteria 1, 2, 3,
5, 6, and 8, Table 2-5).

10 CFR 61.52(a)(2).

The NRC Class C LLW (equivalent to DOE Category 3 LLW) must be disposed of so that
either the top of the waste is a minimum of 5 m(16.4 ft) below final grade, or the waste is
covered with a barrier that is designed to protect against inadvertent human intrusion for at
least 500 years. This technical guidance pertains to both conceptual and definitive designs.
The design criteria suggested by-dtis^are as follows: (1) design cover with a functional
life of 500 years, and (2) ensure that the top of the waste is at least 5 m (16.4 ft) below final
grade or include appropriate design provisions to limit inadvertent human intrusion (Criteria 4
and 7, Table 2-5).

40CFR`264.111; 5.111-anilWACY73-303 610.
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to beplaced at least 0:6 m, 15 cm (2: ft, 6 in:jbelow final^grade For frost;protection

purposes, this cnterion will be applied to the drunage layer (Crrterion 9, Table 2-6j.

2.5.4 Design Criteria for the Modified RCRA Subtitle D Barrier

The Modified RCRA Subtitle D Barrier is primarily envisioned for applieatiens-aEwaste sites in the 200

Areas containing nonradiological and nonkazardeasdangero%is solid waste. This cover is also designed

for LLW sites containing waste with Category 1 activity (equivalent to NRC Class A and Class B

LLW). The Modified RCRA Subtitle D Barrier is designed to provide limited hydrologic and

biointrusion protection. Because of the nondangerous nature of RCRA Subtitle D waste and because

Category 1 LLW decays away to inconsequential activity levels within titea 100-year institutional

control period, the design includes no human intrusion control provisions.

Regulations applieablefhati"elate to the Modified RCRA Subtitle D Barrier include those pertinent to

the sterage-attd-disposal of RCRA non6azardous solid waste and Washington State nondangerous solid

waste, as well as regulations applleablefhaireiaie to disposal of Category 1 LLW. Nifte pe!enfie4
. Table 2-7

summarizes the design criteria for the RCRA Subtitle D cover .

A discussion of ARARs-an^ technical_guidance, as they relate to individual design criteria for the

Modified RCRA Subtitle D Barrier, is provided below.
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40 CFR 241.209-1.

This performance ARAR requires that solid waste be covered to minimize fire hazards,
minimize moisture infiltration, control odors and blowing litter, control gas venting and
vectors, discourage scavenging, and provide a pleasing appearance. An engineered surface
barrier constructed of earthen materials will physically isolate the waste, minimize fire
hazards, odors, and blowing litter, control vectors, and discourage scavenging. Perennial
vegetation on the cover surface should provide the site with an acceptable visual appearance.
Control of landfill gas is an issue that will be addressed on a site-by-site basis during definitive
design. This ARAR pertains to both conceptual and definitive design. Three design criteria
are suggested: (1) minimize moisture infiltration through the cover, (2) design the cover to
provide limited biointrusion control (i.e., to control scavenging and vector activity), and (3)
design a cover system with a surface layer capable of sustaining grass, other shallow-rooted
vegetation, or other native vegetation (Criteria 1, 2, and 6^, Table 2-7).

40 CFR 241.209-2(a).

This performance ARAR requires that surface grades and side slopes be determined such that
runoff will be controlled and erosion will be minimized. This ARAR pertains to conceptual
and definitive design. The design criterion suggested by-Fhis-fRAR is to design a cover
system that includes a surface layer of earthen materials with a minimum thickness of 15 cm
(6 in.) that will control runoff and minimi^e erosion of the cover surface (Criterion 34,
Table 2-7).
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WAC 173-304-407.

This performance ARAR requires that a solid waste facility be closed in a manner that
(1) minimizes the need for further maintenance and (2) controls, minimizes, or eliminates
threats to human health and the environment from the postclosure release of harmful
substances to the air, surface water, groundwater, or soil. Compliance with this ARAR can
be achieved with an engineered cover system that minimizes infiltration and effectively
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contains the waste within the confines of the cover system. This ARAR pertains to conceptual
and definitive cover designs. Four design criteria are suggested by this ARAR: (1) minimize
moisture infiltration through the cover, (2) design the cover to provide limited biointrusion
control, (3) design a cover system that includes a surface layer of earthen materials with a
minimum thickness of 15 cm (6 in.) that will control runoff and minimize erosion of the cover
surface, and (4) design a durable cover that will require minimal maintenance during its
design life (Criteria 1, 2, §4, and 85, Table 2-7).

WAC 173::^04,460 "(2).

The ;,nn,mum funcnonal standards for performanae of the cover shall consider impjacts on

runoff

WAC 173-304-460 (3)(e).

The Hanford Site is located in a section of Washington State that receives less than 30. cm
(12 in.) of precipitation annually. Considering the and climate, this design ^IARtechuical
guidance provides for solid waste landfill covers at the Hanford Site to (a) be constructed of
60 cm (24 in.) or more of soil with a permeability of I x 10'1 cm/s or less, (b) have surface
slopes of not less than 2%, and (c) have at least 15 cm (6 in.) of topsoil seeded with grass,
other shallow-rooted vegetation, or other native vegetation. These criteria pertain to both to
conceptual and definitive designs. Five design criteria are suggested by this technical
guidance: (1) design a multilayer cover system with a combined thickness of at least 60 cm
(24 in.), (2) design a cover system that includes a surface layer of earthen materials with a
minimum thickness of 15 cm (6 in.) that will control runoff and minimize erosion of the cover
surface, (3) design a cover system with a surface layer capable of sustaining grass, other
shallow-rooted vegetation, or other native vegetation, (4) design the low-permeability layer of
the cover to have a permeability less than or equal to any natural subsoils present, or a
permeability that is no greater than 1 x 101 cm/s (whichever is less), and (5) design a cover
with surface slopes of no less than 2% (Criteria 3, 4,.5, 6, 4; and 98, Table 2-7).

The.grouping of sites contatriing Category 1 acdviiy LLW into this desigu is desirable to allow all,
low-level contammahon srtes to

.
also, use this genenc conceptual cover designN The addiihonal AR^Rs

and technical guidance criteria are contained in theTollowmg section.

10 CFR 61.41, WAC 173-480-040; DOE Order5$20.2A, and WAC 246-247-040.

These three-performance ARARs are functionally equivalent. They limit radionuclide releases
from radiological waste disposal sites to levels that provide reasonable expectation that the
annual equivalent dose to the public will not exceed 25 mrem to the whole body or 75 mrem
to any critical organ. For applications at Category 1 LLW sites, the Modified RCRA
Subtitle D Cover will be required to satisfy all performance goals for isolating waste from the:,,:^ ,,«,,...

eptual
. .

accessible environment. These requirements pertain to conc anddefinitive designs.
Therefore, plants and animals must be prevented from intruding into the waste zone and
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redistributing contaminants into the accessible environment. The design criteria suggested by
dii^re as follows: (1) minimize moisture infiltration through the cover and (2) design
the cover to provide limited biointrusion control (Criteria 1 and 2, Table 2-7).

10 CFR 61.42.

This ARAR identifies design requirements that are specific to the LLW classification at a
given site. In the case of NRC Class C LLW (or DOE Category 3 LLW), this ARAR would
require a cover to be designed to protect humans from inadvertent contact with the waste at
some future time after loss of institutional control. The Modified RCRA Subtitle D Barrier is
proposed for LLW sites with activity levels that do not exceed Category 1 limits. Human
intrusion controls are not required for sites containing only Category 1 LLW, because this
waste class consists of types and concentrations of radioisotopes that will decay during the

z.z:-^--100-year institutional control period to an acceptably low hazard level. This ^^riferia
sets the design life for the Modified RCRA Subtitle D Cover at 100 years (Criterion ^,
Table 2-7). This criteria pertains to conceptual and definitive designs.

10 CFR 61.44.

This performance ARAR requires that the cover be designed to achieve long-term stability and
to eliminate (to the degree practicable) the need for ongoing maintenance. This ARAR can be
met with an engineered cover system and supplemented, as necessary, by stabilizing the site
subgrade to minimize settlement. As indicated in the previous discussions of the other cover
options, settlement issues are site-specific and will be addressed during definitive design. This
ARAR pertains to conceptual and definitive designs. The design criteria suggested by this
potential ARAR are as follows: (1) design a multilayer cover system with a combined
thickness of at least 60 cm (24 in.), (2) design a cover system that includes a surface layer of
earthen materials with a minimum thickness of 15 cm (6 in.) that will control runoff and
minimize erosion of the cover surface, (3) design a cover system with a surface layer capable
of sustaining grass, other shallow-moted vegetation, or other native vegetation, and (4) design
a durable cover that will require minimal maintenance during its design life (Criteria 3,
6; and $7, Table 2-7).

10 CFR 61.51.

This ARAR regeiresteclinical guidance discusses that the cover te-be designed to (a) minimize
water infiltration, control runoff and run-on of surface water, and otherwise minimize contact
between water and waste after disposal and (b) resist degradation by surface geologic
processes and biotic activity. These requirements pertain to conceptual and definitive designs.
The design criteria suggested by this fpd4Rtecbnieal gaidance are as follows: ( 1) minimize,^..^-._..
moisture infiltration through the cover, (2) design the cover to provide limited biointrusion
control, (3) design a cover system that includes a surface layer of earthen materials with a
minimum thickness of 15 cm (6 in.) that will control runoff and minimize erosion of the cover
surface, (4) design a cover system with a surface layer capable of sustaining grass, other
shallow-rooted vegetation, or other native vegetation, and (5) design a durable cover that will
require minimal maintenance during its design life (Criteria 1, 2, 4, 5,-6; and 87, Table 2-7).

The
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._.__ _This cnteria would add 15 cm 6 in )6 the
..
^revions46-cm (1&m') topsoayer (seeSecfiori 3A for

details) T7us_inpremenal mcrease ua design is considered negIigible, and the benefits of a streamlined
design exceeds the ^m^acts ofadding$tlus tluckaess. The site-specific evaluattton that is needed for all:waste sites coald furtttei address this tssue and elmiinate the .15 cm (6m: , of addttional topsoil ifrt is
deemed costeffective:for`that waste site: ^mT^'^
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Table 2-1. Swnmary of ARAR Requirements.

Waste type Regulation f,F6Pdts

4^vcn191i3--14r,-13

10 CFR 61.41;=A2;

10 f=52(-):=:

Applieable

Releyam and Apprepriabe

^u

40^^^-^^^8 ,4pplieable

40 CFR 192.02(b)-14 17ele:vme and APPfePriate

WAC 173480-040, -050

•••:-Ac;-:o221-0b6

ripplieable

A li bl. .

WAC 246-247-040

pp ea e

flpp}ieeble

10 CFR 61.41, 1142; :44

• , .

Applieable

l+PPfieebie

LLW

186'-"^ `_----._,.-,

40 GFR 61.19-2

Applieable

Applieable

40 CFR 192.02(b)-4^ 3iekwmttmtd APPmpr+ate

WAC 173-080-040, -050

WAG 246 241969

t4ppHeebk

liA bl

WAC 246-247-040

eapp e

rlpp2ieebfe

40 CFR 264.111/265.111 P.pr4ieaMe

40 CFR 264.228/265.228(a)(2)(iii) Applieable

40 CFR 264.228/265.228(b)(4) r4pp8eeb}e

40 CFR 264.310/265.310(a) Applieable

`^ CFR 264'310/26i31b(b)SS) Applieeble
RCRA C

WAC 173-303-610(2)(a) rtppHeable

WAC 173-303-650(6)(a)(ii)(C) Applieable

WAC 173-303-665(6)(a)(i)-(iv) f.}rpiieable

WAC 173-303-665(6)(b)(v)

WAG 1*3 460 069

rlppFieable

40 CFR 241.209-1, .209-2

40GFR 258 )69E

App}ieable

li Ibl;: a
WAC 173-304j107(3)

es+ PP e
Applieable

RCRA D WAC,173304-d60(2)

WilFS?3 394 ". . .._,

'WAG 143 460 069

Applieabk

Applieable

Ylppfieeble

RCRA C = Retowa Con¢rvaticn mndRecovery Acl, Subtitle C.

RCRA D = Renorce Conservarion and Recovery Aa, Subti[le D..
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Table 22. Suwmaryof^Teclmieal

Guidance Sources.

Wasce.iYPe Regolation7Documgnt

4pCFR . -- .... ..__. . ._._- - _
20CFB6151_.52

DQ,E;Order 5820;2P.

1RU EFATeo'ini ^. .^^ca( Guidance DocmuenC

Fu`ial Coveison HazarGous Wasie

l.a¢d,fips and SurfaceIm^oondmeufs,

Hanfoid PtautStandaazds.

^lO,CF'R̂ 51,. S2.

DOE,Ord'et582A.2A
... _ __ ... .

EPA Technical Guidance Docimment^w .
^. __.._._,_.._..__.. .._ .

FinaiCovecs d6 Ha^ardous R'aste_
- -----._...-----.....Landtlls_alxt Sw'face_Impoundments.

- --^ ^- . .---Han.fordPlaiu.Standards

EPA'1'ectinicat Guid"a'nceDocinnent

RCRAC
FinatCoveisonHairdousWaste

.
I.audfills nnd SurCace Tmpwuffiments.

Hanfoid Plzui Standards.

RCRA D
WAC 173304460(3)

- HanfordPlantStandaMs.

RCRA. C - .Rrsoruce Cauervmmn mNItetovery A(1^Subatie C.

RCRe^D Resoumr!'onservanortadRemvay.fa,Sl^tititieD.

n___..___
Besi -.1-HI

Petf9PFBffieC

N -N

.rr
i_,PModci ^ -N

w• AT H ?d-onvc N N

N N

N N

N N

-N ^
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Table 2-3. Relationships Between Waste Categories and Cover Designs.

Cover type Waste site characterization

Hanford Barrier TRU Waste and TRU Mixed Waste
GTCC LLW and GTCC Mixed LLW

Modified RCRA Subtitle C Barrier RCRA Subtitle C (IRmardenaDangerous) Waste
Category 3 LLW and Category 3 Mixed LLW

Category 1 Mixed LLW

Standard RCRASubtitle CBarrier Dangerous Waste

Modified RCRA Subtitle D Barrier RCRA Subtitle D(Nonkazardeasdangerous and
Nonradiological) Waste
Category 1 LLW

2T-3



DOE/RL-93-33
Draft B

Table 2-4. Summary of Design Criteria for the Iianford Barrier.
1. Minimize moisture infiltration through the cover.

2. Design a multilayer cover of materials that are resistant to natural degradation processes.

3. Design a durable cover that will require minimal maintenance during its design life.

4. Design a cover with a functional life of 1,000 years.

5. Prevent plants from accessing and mobilizing contamination (i.e., prevent root penetration into the
waste zone).

6. Prevent burrowing animals from accessing and mobilizing contamination.

7. Include appropriate design provisions for limiting inadvertent human intrusion.

8. Facilitate drainage and minimize surface erosion by wind and water.

9. Design the low-permeability layer of the cover to have a permeability less than or equal to any natural
subsoils present.

10. Design the cover to prevent the migration and accumulation of topsoil material within the lateral
drainage layer (i.e., clogging of the lateral drainage layer).

11. For frost protection, the lateral drainage layer and the low-permeability asphalt layer must be located
at least 0.6 in, 15 cm (2 ft, 6 in.) below final grade.

Table 2-5. Summary of Design Criteria for the Modified RCRA C Barrier.
1. M+n;m;zP moisture infiltration through the cover.

2. Design a multilayer cover of materials that are resistant to natural degradation processes.

3. Design a durable cover that will require minimal maintenance during its design life.

4. Design a cover with a functional life of 500 years.

5. Prevent plants from accessing and mobilizing contamination (i.e., prevent root penetration into the
waste zone).

6. Prevent burrowing animals from accessing and mobilizing contamination.

7. Ensure that the top of the waste is at least 5 m(16.4 ft)below final grade or include appropriate design
provisions to limit inadvertent human intrusion.

8. Facilitate drainage and minimize surface erosion by wind and water.

9. Design the low-permeability layer of the cover to have a permeability less than or equal to any natural
subsoils present.

10. Design the cover to prevent the migration and accumulation of topsoil material within the lateral
drainage layer (i.e., clogging of the lateral drainage layer).

11. For frost protection, the lateral drainage layer and the low-permeability asphalt layer must be located
at least 0.6 in, 15 cm (2 ft, 6 in.) below final grade.
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. .. ^. _,^ _ - . .. .^. _.
Table 2 6_,T nfDesign Cr^teria for the Staudard RCRA C Barrier.

1.
.-_. .

IVl^*•i*n».e ,lltoislnrC ]nf1lt[atlon
_

Lll
_
rbngtlle Covei

°°^

2.
. . _.., ._ . - ; . _ . ... .

_ __^ . . .. .. . .. .. ._ ..
Design ^duratile cover ot`,natural matenals that.will regture m^mmal mamtenance:dur^g its design
Gfe.

,.^._ _....._^._

3.
^. ..... ._. . _.

Design a cover with a £^mctiot^l life of3`vea;^,

4. __Pig_yentpIants.from accessuig and mobilizm^ contammation,(i.e prevem;oot penefranon into the
waste zonej.

5.
_.. .

Prevent burrom
.
in^nimaLs from EEesLmg and.motiiltzii^

6. Facilitate _^_ e and rn;rm;^P su^r^face eioSi^Avby wmd andwater:

7. Design the ^o^rmeatitlrtylayer pf the cover rolSave a ,permeabil¢yless^than or eqpal to ai^ natural
sub_sqiLs present.

8.
-. ,....._-..... ^..__. _. __.
Design t1^e_coverto prevent the migrationan accumulatidn oftopsoilmatenat witfiin tfie lateral
clra^nage layer ^i,e, ofogjiug of the ral. late drainage layer^

9F

for
0 6 in, 15 cm (2f[ ^ in.if^ielo ^^yd

er aitd the low permeabilirylayer mnst be locatedaileast
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Table 2-7. Summary of Design Criteria for the Modified RCRA D Barrier

1. Minimize moisture infiltration through the cover.

2. Design the cover to provide limited biointrusion control (i.e., to control scavenging and vector
activity).

3. Design a multilayer cover system with a combined thickness of at least 60 cm (24 in.).

¢' Design a eever system that ineludes a rainitlffi thikncs of 45 em ( 1 8 in.) of earthen BkaR,"iixhsthe"Is

34. Design a cover system that includes a surface layer of earthen materials with a minimum thickness
of 15 cm (6 in.) that will control runoff and minimize erosion of the cover surface.

65. Design a cover system with a surface layer capable of sustaining grass, other shallow-rooted
vegetation, or other native vegetation.

96. Design the low-permeability layer of the cover to have a permeability less than or equal to any
natural subsoil present, or a permeability that is no greater than 1 x 10'S cm/s (whichever is less).

87. Design a durable cover that will require minimal maintenance during its design life.

98. Design a cover with surface slopes of no less than 2%.

+99. Design a cover with a functional life of 100 years.
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3.0 CONCEPTUAL COVER DESIGNS

Based on the review of Hanford Site waste classifications and the applieablepertinent regulatefy
fequirerneatsregiilationsFand other criteria relatirig to waste disposal summarized in Sections 1.0 and
2.0, design needs for Htreefoirr distinct barrier designs for 200 Area WMUs have been
establisked4ev;1oped. The tbreefour barriers are listed below in order of overall performance and
environmental protection.

Hanford Barrier. This bairier is the the baseline design it^uded-for implementation
at TRU-contaminated soil sites, sites with TRU or TRU-mixed waste in nonretrievable
configuration, and sites with GTCC LLW or mixed G^^CLLW. This barrier is designed to
remain functional for a performance period of 1,000 years and to provide the maximum
available degree of containment and hydrologic protection of the timee-recommended designs.
This barrier includes a layer of coarse, fractured basalt intended to perform the primary
biointrusion and human intrusion control functions.

Modified RCRA Subtitle C Barrier. This barrier is: the baseltne design 4s-reeenuneaded-for
applications at sites containing IisEatdensdangerous waste, Category 3 LLW or Category 3
LL mixed waste, and Category 1 LL mixed waste. This barrier is designed to provide
long-term containment and hydrologic protection for a performance period of 500 years. This
design also incorporates provisions to control biointrusion and human intrusion. However,
the provisions are modest compared to the corresponding features in the Hanford Barrier
design, reflecting the reduced toxicity of the subject waste and design life of the Modified
RCRA Subtitle C Barrier.

Stanilard RCItA Subhtle,C Batner Thts bamer is thebaselme,destgn forapplications at
sites contaming3angerons wast7us barrier provides contamnientand hydrologic.. -m_
protection for aspecified postclosure period of30years, to include mstttnuonai control^. .. ,
consistmg of monttoring and necessary maintenance.

Modified RCRA Subtitle D Barrier. This bartier is ihe_base(ine design i&ieeofrAneFAled- for
applications at nonradiological and nonhazardous solid waste sites, as well as Category 1
LLW sites where no ^ensdangerovs waste constituents are present. It is designed to
provide limited biointrusion and limited hydrologic protection (compared to the other two
evapotranspiration barrier designs7,-e Hanford Bairterand.Mod^fied RCRA Subutle C
Barriet) for a performance period of 100 years. The performance periodis selected to
conform to the minimum projected duration of active institutional control.

-- Thegmeefour barrier designs are discussed in Sections 3.1, 3.2, axd-3 3; and 3 4. Thdesigns
-- -incorporate all the generic performance and^destgnorite"ria tdentified in Section 2.0. :Site-specific

evaluations'arealso required to select an appropriate alternative for a specific waste site.. The generic
cover designscontained in this FES could be modified as part of the site-specific evaluation. For
example, if groundwater protection is not a concerrifoc a specific.site, then,criteriaI-, 8, 9,and 10 for
both the Hanford Barrier and theModifiedRCRA C Bairter do no^pl- and a more simplified barrier
can be proposed.
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3.1 HANFORD BARRIER DESIGN

This design is described in two subsections. Section 3.1.1 provides background information on
development of the Hanford Barrier. Section 3.1.2 provides a more detailed description of the
reeenxnendedpioposed.generic design.

3.1.1 Background Information Relating to the Hanford Barrier

The need for a robust, long-term surface barrier design was first formally identified in the Hanford
Waste Management Plan (DOE-RL 1987) and the Final Environmental Impact Statementfor the
Disposal ofHanford Defense High-Level, Transuranic, and Tank Wastes (DOE 1987). The Hanford
Site Permanent Isolation Barrier Development Program was organized soon after these documents were
published. This program preceded implementation of the Environmental Restoration (ER) Program at
the Hanford Site by several years. Since 1987, numerous design concepts have been explored and
evaluated while developing the Hanford Barrier's current design configuration. The current design is
summarized in a design basis concept document prepared by ICF Kaiser Hanford (Kaiser 1992).

The Hanford Barrier was originally envisioned to provide long-term isolation for high-activity
radiological waste sites, such as tank waste residuals (HLW), grout vaults (high-activity LLW), and
sites with TRU contamination. As a result of evaluating barrier needs for the ER Program '- `a. a'-:F&,
the Hanford Barrier has aise-been ' :roposed as.the baseline barrier design
epEien-for sites with GTCC LLW and cognate mixed waste.

- ----Based on its level of development and because it meets-or exeeeds any and all identified eenferms to
#he-design criteria idenfifted in S__.:__ 44. •;e existing Hanford Barrier design is ^^ammendedfor
remediatpr'oRposedasthe §aseline des^ifor cover alternativesat ER sites with waste of this type.
Figure 3-1 shows the Hanford Barrier in profile view.

The ,
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(i.e .,
...] .. ..:r._.l

in 4n
r,.^T

1 91.l engineered /

determined ,

/ may be neededf- - mpl-^-nt the
-..-1'....

barr ier. •T 1 and

3.1.2 iteeommendeilConceptual Barrier Design

The Hanford Barrier is composed of nine layers of durable material, with a combined thickness of
4.5 m(14.8 ft). The sections that follow describe in detail the functions and design attributes of each
layer. The layers are numbered and described in succession from the surface down. Table 3-1
summarizes the cover layers.

3.1.2.1 Topsoil Components - Layer 1(Topsoil with Pea Gravel Admixture) and Layer 2(Topsoil
without Pea Gravel). Layer 1 consists of 100 cm (40 in.) of sandy silt to silt loam soil containing a
15 % (by weight) admixture of pea gravel. The soil in Layer 1 will be placed in a relatively loose
condition, with a bulk density of about 1.46 g/cc (91 to 921b/ft'). Layer 1 will be constructed with a
surface slope of 2%.

Layer 2 consists of 100 cm (40 in.) of the same topsoil material without pea gravel. Layer 2 will also
be placed in a relatively loose condition, with a bulk density of about 1.38 g/cc (86.3 lb/ft'), which is
approximately the same as the in-place condition at the borrow site. The water content of the topsoil
material in Layers 1 and 2 will be essentially the same as the in-place value at the borrow site. A
minimal amount of moisture will be added at the borrow site for dust control.

The topsoil layers are required to perform several specific functions. First, topsoil must function as a
storage medium for retention of moisture arriving as precipitation. Second, topsoil must support
growth and propagation of cover vegetation. Both functions relate to water management. Moisture
stored at shallow depths in the cover system is subject to removal by direct evaporation. Cover
vegetation assists in removing soil moisture by transpiration. Numerical performance assessments
performed with the HELP Model and UNSAT-H Model predict that virtually 100% of average annual
precipitation will be eliminated from the cover system by evapotranspiration (Appendices C-1 and C-4).
By eliminating percolation into the lower portion of the cover system, reliance can be reduced on the
performance of Layers 6 and 7 as infiltration barriers, such that Layers 6 and 7 may be regarded more
as contingency elements in the overall cover system.

Moisture retention and evapotranspiration within Layers I and 2 will be enhanced by a capillary barrier
at the base of Layer 2. Conceptually, a capillary barrier develops where a layer of fine-textured soil
overlies a layer of coarser-textured soil (e.g., clean sand or gravel) (DOE-RL 1987). The capillary
barrier acts as a one-way check valve. Surface tension effects within the pore space of the
fine-textured soil exert a negative (suction) pressure on soil moisture. For moisture to drain out of the
fine-textured soil, the suction pressure must be overcome by development of an equivalent positive pore
pressure (hydraulic head) immediately above the interface. In effect, a portion of the fine-textured soil
must approach saturation before moisture can move across the interface.
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The long-term effectiveness of the capillary barrier will depend, to some degree, on the efficiency of
evapotranspiration processes within the topsoil layers. The topsoil must have sufficiently fine texture to
exhibit high water retention characteristics (i.e., high field capacity and porosity values), yet
sufficiently coarse texture (i.e., low wilting point) that plants can readily access to extract the moisture
from storage. Ideal topsoil materials are silt loams and fine sandy loams. The recommended topsoil
material for the Hanford Barrier will be obtained fr"om the McGee Ranch area of the Hanford Site
(Skelly and Wing 1992). Fine-textured soils at McGee Ranch have been characterized by preliminary
test boring and sampling (Last et al. 1987; Lindberg and Lindsey 1993; Lindberg 1994; Skelly et al.
1994).

Potential susceptibility of the topsoil in Layer 1 to wind erosion is a design issue. The Hanford Site
frequently experiences windy weather, resulting from (1) drainage (gravity) winds blowing off the
Cascade Range, (2) topographic channeling, and (3) frontal boundaries moving through the region
(Stone et al. 1983). Several strategies have been applied to minimize wind erosion of the barrier
surface. First, because wind erosion potential is a function of the surface slope, the slope will be
limited to 2% (after allowances for settlement and subsidence, as necessary). This value is steep
enough to provide for coherent drainage of runoff from the covered area, yet shallow enough to limit
exposure of the surface to wind shear. Average annual runoff from the barrier surface is estimated to
be 0.001 in. or less according to numerical modeling with the HELP Model and UNSAT-H Model (see
Appendices C-1 and C-4). Both models tend to indicate that storm events with associated runoff will be
infrequent (perhaps not more than 1 in 10 years). Second, the surface will be planted with perennial
vegetation. The shear force exerted by wind on a vegetated soil surface is a small fraction of the shear
force on a comparable bare surface. Third, pea gravel will be mixed into Layer 1 to improve its ability
to resist wind erosion when the cover is temporarily denuded of vegetation. The effectiveness of pea
gravel in controlling wind erosion of Hanford Site soils has been demonstrated in wind tunnel tests
(Ligotke and Klopfer 1990). Finally, the combined thickness of Layers 1 and 2 will be sufficient to
continue to store and remove moisture by evapotranspiration if significant topsoil losses should occur
despite these provisions. Assuming that the topsoil layers are constructed at a bulk density that is
approximately the same as the in-place value at the borrow site, and projecting a soil erosion rate of 2
tons per acre per year, the thickness of soil loss over the barrier's 1,000-year design life would be
approximately 33 cm (13 in.). Sample wind and water erosion calculations are provided in
Appendix D.

Cover vegetation will consist of a mixture of perennial grass species. Specifications for the seed mix,
and the methods of seed application, fertilizing, and mulching will be developed during definitive
design. Planting of cover vegetation will meet or exceed all applieable-recommendations in EPA's
technical guidance for final covers (EPA 1989).

3.1.2.2 Graded Filter Components - Layer 3 (Sand Filter) and Layer 4 (Gravel Filter). Layers 3
and 4 are components of a two-layer graded filter that will prevent fine-textured soil from moving
downward and accumulating in the fractured basalt layer (Layer 5) and/or the lateral drainage layer
(Layer 6). Nominal thicknesses of Layers 3 and 4 are 15 cm (6 in.) and 30 cm (12 in.), respectively.
These materials will be clean, screened aggregate materials obtained from a local borrow site on the
200 Areas Plateau.

The design of the graded filter conforms to the criteria published in Cedergren (1989) and Ecology
(1987). The criteria are as follows:
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Retention Criteria: D15 (Filter)/Dss (Filtrate) <4 to 5

DSO (Filter)/D50 (Filtrate) <25

Permeability Criterion: D15 (Filter)/D15 (Filtrate) >4 to 5

Preliminary gradation data for McGee Ranch silt loam and the two filter layer materials are as follows.

Particle Size

D15

Particle Size

D5a

Particle Size

Da5

Silt Loam 0.005 to 0.020 mm 0.021 to 0.060 mm 0.057 to 0.150 mm

Sand Filter 0.15 to 0.50 mm 0.375 to 1.2 mm 0.70 to 2.5 mm

Gravel Filter 1.5 to 2.0 mm 15 to 20 mm <37.5 mm

The symbols D15, DSO, Ds5 refer to the particle diameters on gradation curves for each material
corresponding to designated weight percentages (i.e., 15, 50, and 85 % finer). The filter criteria are
conservative for this design application because they were developed for applications in earth dams
where elevated pore pressure conditions are often present.

3.1.2.3 Layer 5 - Coarse, Fractured Basalt. Layer 5 will be constructed of coarse, quarried basalt
(shot rock) with a maximum size of 25 cm (10 in.) and a minimum size of 5 cm (2 in.). This material
will be obtained from a quarry location to be determined (Duranceau 1995). Size limits will be
controlled by screening material at the quarry site.

The functions of Layer 5 are to control biointrusion and to present an obstacle to inadvertent human
intrusion. The intent of biointrusion control is to isolate waste from any contact by plant roots and/or
burrowing animals that could result in mobilization or redistribution of contaminants, which would
compromise barrier performance. If plant roots penetrate the waste layer, soluble contaminants can be
taken up and incorporated into the aboveground biomass. Burrowing animals represent a variety of
pathways for contaminant transport. They may transport contaminated soil to the surface directly.
Other pathways involve internal contamination (i.e., ingestion, inhalation) or external (skin)
contamination of the animal. Animals may spread contamination on the surface via droppings, orthey
may pass contamination up the food chain if they are consumed by predators.

Layer 5 is designed to preclude moisture retention. The large voids within this layer are designed to
ensure that there is negligible storage capability in Layer 5 for any moisture that does move completely
through the topsoil component of the barrier (Layers 1 and 2). Liquid moisture entering Layer 5 will
drain into Layer 9. Long-term maintenance of extremely dry conditions within Layer 5 are expected to
serve as an effective deterrent to plant-root propagation into this layer. The fractured basalt to be
placed in this layer has been sized to prevent penetration by burrowing mammals that inhabit the
Hanford Site, including large predators such as badgers.
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The coarse, fractured basalt in Layer 5 is designed to present an impediment to human intrusion. A
subsurface layer consisting of loose, coarse fractured rock represents an adverse ground condition for
many types of drilling methods, typically because circulation cannot be maintained, cuttings cannot be
removed from the hole, the drill bit does not receive adequate lubrication, and firm contact cannot be
maintained between the bit and the rock, all of which contribute to high bit wear and minimal advance
of the hole. However, drilling methods exist today that would be minimally affected by the
composition of Layer 5, and more effective technologies are likely to be available in the future.
Therefore, the effectiveness of Layer 5 as a deterrent to drilling intrusion is likely to decrease over
time.

However, ' assive institutional controls or thee.^.». . ..^......._.__.^._
intruders' own exploratory procedures gan be considered^ ev_aluating f-bej-adequatecy €erol
the intruders to soon detect, or be warned'of, the incompatibility of the area with (expleraterf-drillingj
activities.= The composition and construction of Layer 5 should be sufficiently unique as to be
immediately recognizable to knowledgeable persons engaged in resource exploration as engineered fill
material, as opposed to a natural soil deposit of normal geologic origins. Thus, Layer 5 may function
either as an impediment to drilling intrusion or as a warning/marker horizon. In either case, Layer 5
will serve to alert intruders to the existence of anomalous subsurface conditions at covered waste sites.

Concrete rubble from demolition of 200 Area canyon buildings and reactor facilities in the 100 Areas
being considered as a substitute for basalt. Technologies for rubblizing

concrete are available. The applicability of these technologies to heavily reinforced concrete and the
associated cost consequences remain to be determined.

3.1.2.4 Layer 6 - Lateral Drainage Layer. This layer will facilitate the removal of any moisture that
moves through the topsoil component of the barrier (Layers 1 and 2). This layer represents a
contingency scheme to remove soil moisture in response to extreme climatic events, such as the design
storm. The lateral drainage layer will be sloped at 2% to move water to the edge of the cover where it
will be collected and/or diverted in an appropriate manner. Layer 6 will be constructed of clean,
screened aggregate material with a hydraulic conductivity of at least 1 cm/s. The effective particle size
(Dla) characteristic of the drainage media required to achieve the desired permeability value can be
estimated using Hazen's approximation (Cedergren 1989), where k is computed in cm/s and Dio is in
cm:

k = 100 DIoz

By this method, the drainage media will be required to have a DIo of 1 ttun or greater. Layer 6 will be
approximately 4 m (13 ft) below final grade, which ensures that the layer's performance will be
unaffected by frost penetration. Performance simulations with the HELP Model and UNSAT-H Model
both indicate little (if any) lateral drainage would actually occur under current climatic conditions
(Appendices C-1 and C-4).

3.1.2.5 Layer 7 - Asphalt Layer. This layer will be constructed with a drainage slope of 2% (after
allowances for settlement and subsidence), and will function as a low-permeability barrier layer and as
a redundant biointrusion barrier. Layer 7 will be 15 cm (6 in.) thick and will be constructed of a
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durable asphaltic concrete mixture consisting of double-tar asphalt (i.e., twice the tar content of normal
highway asphalt) with added sand as binder material, conforming to WSDOT M41-10, Section
9-02.1(4), Grade AR-4000W (WDOT 1991). Laboratory permeability tests on asphaltic concrete cores
from the Hanford Barrier prototype yielded values on the order of 10'10 cm/s. In-field values,
measured by falling-head permeameter testing, ranged between 10'' and 101 cm/s (DOE/RL 1994).
Natural analog studies (Waugh et al. 1994; Freemait and Romine 1994) estimate that asphalt could
remain functional for a period of 5,000 years or more, as long as the layer remains covered and
protected from ultraviolet radiation and freeze/thaw activity. The top of Layer 7 will be approximately
4.3 m(14 ft) below final grade, well below the design frost depth of 0.6 m, 15 cm (2 ft, 6 in.).

To provide additional assurance against leakage through the asphalt layer, the asphaltic concrete will be
coated with a spray-applied asphaltic coating material. This material has gained wide acceptance based
on its excellent puncture resistance, retained flexibility, and favorable constructability attributes.
Permeability values on the order of 10'" cm/s have been demonstrated in tests of samples of polymer
modified asphalt coating from the Hanford Barrier prototype (Freeman et al. 1994).

Low-permeability asphalt layers like the asphaltic concrete layer in the Hanford Barrier and the
Modified RCRA Subtitle C Barrier have been demonstrated to be highly effective in inhibiting the
diffusion of radioactive gases with low partial pressures and short half-lives, such as radon. This
conclusion is supported by documentation from the Uranium Mill Tailings Reclamation Act program,
where multilayer barriers, including a low-permeability asphalt layer, have been constructed and
evaluated (Wing 1994).

As individual barriers are constructed, field testing will be required as an aspect of construction quality
assurance to assure that the design hydraulic conductivity performance of the asphalt layer is achieved.

3.1.2.6 Layer S- Asphalt Base Course. This layer will provide a stable base for placement of the
overlying asphalt layer. The base course will consist of screened, crushed surfacing material, with
100% passing the 32 mm (1.25 in.) sieve, conforming to WSDOT M 41-10, Section 9-03.9(3)
(WDOT 1991).

3.1.2.7 Layer 9 - Grading Fill. Grading fill will be placed, as necessary, to establish a smooth,
planar-base surface for construction of the overlying layers. The preexisting site surface will be
contoured and graded to create uniform surfaces sloped at 2%, as required for internal lateral drainage
and surface runoff control. Grading the site before construction will facilitate accurate and controlled
placement of soil lifts and layers. Grading fill will consist of a well-graded granular soil mixture,
which may include as much as 20% by volume of cobbles measuring no more than 75 mm (3 in.) in the
greatest dimension.

3.2 MODIFIED RCRA SUBTITLE C BARRIER DESIGN

The Modified RCRA Subtitle C Barrier is discussed in two sections. Section 3.2.1 provides
background information on development of the conceptual design. Section 3.2.2 provides a more
detailed description of each layer in the reeenmendedconceptual barrier design.
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3.2.1 Background Information Relating to the Modified RCRA Subtitle C Barrier Design

Extensive guidance has been issued by state and federal regulatory agencies regarding cover designs for
f^azafdeusdangeious waste sites. Section 2.0 summarizes the current agency guidance. For Standard
RCRA Subtitle C Barriers, EPA has developed a set of basic design elements referred to as the MTG
(EPA 1989). Although Stan<lardRCRA Subtitle C Barriers vary somewhat in design and construction
from one region of the country to another, these elements generally are retained.

-- _The o t ted RCRA Subtitle C design is reeetmxettdedthebaseli-- ne design for applications at sites
containing not only hazardensdaiigerous waste, but also Category 3 LLW, Category 3 LL mixed waste,
and Category 1 LL mixed waste. The barrier is designed to provide containment and hydrologic
protection for a performance period of 500 years.

The term "Modified" designates that this design varies in certain key respects from EPA's MTG for
RCRA covers. The MTG cover is a 30-year design. The MTG design employs a two-component
barrier layer consisting of a 0.6-m- (2-ft) thick compacted clay layer with an overlain geosynthetic
membrane material. Neither material appears to be well suited for the Modified RCRA Subtitle C
Barrier application. At an and to semiarid site (such as the Hanford Site), a clay layer can desiccate
and develop shrinkage cracks that would compromise the layer's design function. For 30-year design
applications, the durability of geomembrane materials in covers is not generally viewed as a design
issue. However, in applications where a substantially longer design life is required, the long-term
durability of geosynthetic materials is open to question. For these reasons, the clay layer and
geomembrane materials were eliminated from consideration for the Modified RCRA Subtitle C design.

Before this FFS was conducted, Standard RCRA Subtitle C Barriers had been designed for the
following hffl-^gerous waste site applications at the Hanford Site:

183-H Solar Evaporation Basins (DOE-RL 1991)
Low-Level Burial Grounds (DOE-RL 1989)
Nonradiological Dangerous Waste Landfill (NRDWL) (DOE-RL 1990).

The three covers are similar in design and materials. The NRDWL design, which is the most recent
design of the three, consisted of the following six layers:

• 75 cm (30 in.) - topsoil layer
• 15 cm (6 in.) - sand drainage layer
• Geotextile filter fabric
• Geonet drainage layer
• High-density polyethylene (HDPE) geomembrane
• 60 cm (24 in.) compacted barrier soil layer.

The Modified RCRA Subtitle C Barrier design may be viewed as an evolutionary extension of the
NRDWL design. Several significant design changes were made to the NRDWL design to extend the
design life for the barrier and otherwise to bring it into conformance with the criteria in Table 2-5.
The first change was to increase the thickness of topsoil by 25 cm (10 in.) for increased protection
against soil erosion. Second, specifications for the top layer were modified to incorporate pea gravel as
in Layer 1 of the Hanford Barrier to further reduce susceptibility to wind erosion. The third change
was to eliminate the geosynthetic components (i.e., the geonet and HDPE geomembrane) and replace
them with (1) a lateral drainage layer of screened gravel and (2) a low-permeability barrier layer of
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asphaltic concrete. The asphalt layer will also serve as a biointrusion barrier to prevent plant roots
and/or burrowing animals from accessing covered waste. Figure 3-2 shows the Modified RCRA
Subtitle C Barrier in profile.

3.2.2 iteeowmender}Gonc*ual Bagrier Design

The Modified RCRA Subtitle C Barrier is composed of eight layers with a combined minimum
thickness of 1.7 m(5.6 ft). Table 3-2 summarizes each cover layer. A detailed description of the
cover layers and their respective functions is provided below, starting with the top layer.

3.2.2.1 Layer 1(Topsoil with Pea Gravel Admixture) and Layer 2 (Compacted Topsoil without
Pea Gravel). Layer 1 consists of 50 cm (20 in.) of sandy silt-to-silt loam soil from the McGee Ranch
site containing 15 % (by weight) pea gravel. Layer 1 will be placed in a relatively loose condition, with
a bulk density value of about 1.46 g/cc (91 to 92 lb/ft'). Layer 2 consists of 50 cm (20 in.) of the same
silt loam soil, without pea gravel, placed in a relatively densified state, approximately 1.76 g/cc (110
lb/ft3).

The topsoil component (i.e., Layers 1 and 2) of the Modified RCRA Subtitle C Barrier is similar in
form and function to the topsoil component in the Hanford Barrier. As in the Hanford Barrier design,
the topsoil component must serve as a storage medium for soil moisture, and it must support cover
vegetation. Likewise, the purpose of the pea gravel in Layer 1 is to improve the soil's resistance to
wind erosion (Ligotke and Klopfer 1990). As in the case of the Hanford Barrier, the surface slope will
be limited to 2%(after allowances for settlement and subsidence). This value is steep enough to
provide for coherent drainage of runoff from the covered area, yet shallow enough to limit exposure of
the surface to wind erosion.

Compaction of Layer 2 during construction will decrease its saturated hydraulic conductivity by three
to four orders of magnitude (i.e., from values in the range of 10'3 to 10' cm/s down to values between
10'6 to 10' cm/s). The indicated reduction in conductivity is readily achievable by compacting McGee
Ranch silt loam soil to densities in the range of 1.68 to 1.84 (105 to 1151b/fr). Laboratory testing
indicates that these results can be accomplished with moderate compactive effort (Skelly et al. 1994).
Compaction will retard moisture migration through Layer 2. Moisture retention and evapotranspiration
within Layers I an4 2 will be enhanced by forming a capillary barrier at the base of Layer 2, as
explained in Section 3.1.2.1. Numerical performance assessments using the HELP Model and
UNSAT-H Model predict that essentially 100% of average annual precipitation will be removed from
the barrier by evapotranspiration (Appendices C-2 and C-4).

The combined thickness of Layers I and 2 is sufficient to support continued storage and removal of
moisture by evapotranspiration even if significant topsoil losses should occur. At a bulk density of 1.38
g/cc (86.3 lb/ft3) and a projected soil erosion rate of 2 tons per acre per year, the thickness of soil loss
over the 500-year design life of the barrier would amount to approximately 16 cm (6.4 in.). Based on
numerical simulations, evapotranspiration from the topsoil component of the barrier would only be
reduced by soil losses if the losses were to exceed 35 to 40 cm (14 to 16 in.). Appendix D provides
sample wind and water erosion calculations.

Cover vegetation will consist of a mixture of perennial grass species. Specifications for the seed mix,
and the methods of seed application, fertilizing, and mulching will be developed during definitive
design. Planting of cover vegetation will meet or exceed ali-applieablrrecommendations in EPA's
technical guidance for fmal covers (EPA 1989).
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3.2.2.2 Layer 3 (Sand Filter) and Layer 4 (Gravel Filter). These layers are components of a
two-layer graded filter designed to prevent topsoil particles from moving downward and accumulating
in the lateral drainage layer (Layer 5). Both layers are 15 cm (6 in.) thick. Section 3.1.2.2 provides
particle size information for the filter and filtrate materials.

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

3.2.2.3 Layer 5 - Lateral Drainage Layer. This layer will facilitate the removal of any moisture that
moves completely through the topsoil component of the barrier (Layers 1 and 2). This layer represents
a contingency scheme to remove soil moisture in response to extreme climatic events, such as the
design storm. Layer 5 will be sloped at 2% to move water to the edge of the cover where it will be
collected and/or diverted in an appropriate manner. Layer 5 will be 15 cm (6 in.) thick and will be
constructed of clean, screened aggregate material with a hydraulic conductivity of at least 1 cm/s. As
discussed in Section 3.1.2.5, an effective particle size (D10) of 1 mm or greater is required for the
drainage media to achieve the desired permeability value. Layer 5 will be situated approximately 1.32
m(4.33 ft) below final grade, which satisfies the design criterion for frost protection.

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

3.2.2.4 Layer 6 - Asphalt Layer. This layer will function as a low-permeability barrier layer and as
a biointrusion barrier. Layer 6 will be constructed of a durable asphaltic concrete mixture consisting of
double-tar asphalt (i.e., twice the tar content of normal highway asphalt) with added sand as binder
material, conforming to WSDOT M41-10, Section 9-02.1(4), Grade AR-4000W (WDOT 1991).
Laboratory permeability tests on asphaltic concrete cores from the Hanford Barrier prototype yielded
values on the order of 10'10 cm/s. In-field values, measured by falling-head permeameter testing,
ranged between 101 and 10'9 cm/s (DOE-RL 1994). The asphaltic concrete will be coated with a
spray-applied asphaltic material. The same asphalt layer design is incorporated in the Hanford Barrier
and the Modified RCRA Subtitle C Barrier. As noted in Section 3.1.2.6, hydraulic conductivity testing
will be performed on the asphalt layer in situ to determine the actual in-field value at the time of
construction. The asphalt layer will be constructed with a slope of 2%(after allowances for settlement
and subsidence).

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

3-10



DOE/RL-93-33
Draft B

The requirmeftsitr10 CFR 61.42
human intrusion into ra8'teactive_ivi

take either of the

protecting individuals from inadvertent

The site may be capped with a combination of earth fill and engineered barrier
materials, such that the top of the waste zone is at least 5 m(16.4 ft) below the
surface of the cover.

2. The engineered barrier must be designed to protect against inadvertent intrusion for
the design life of 500 years.

may

Many radiological sites in the 200 Areas where the Modified RCRA Subtitle C Barrier may be
eenstndetedtise3 already have been covered with sufficient fill to satisfy thefirstoptioixeqaieffkentr^or
would meet gegn'tretaenE-}boonql with the additional 1.7 m(5.6 ft) of cover materials in the Modified
RCRA Subtitle C Barrier. In other cases, the thickndsses of one or more of the barrier layers (e.g.,
grading fill [Layer 8] or topsoil [Layers 1 and/or 2]) could be modified (i.e., increased) to conform to
geqnirententoption 1 in lieu of designating a human intrusion barrier layer.

Low-permeability asphalt layers, like the asphaltic concrete layer in the Hanford Barrier and the
Modified RCRA Subtitle C Barrier, have been demonstrated to be highly effective in inhibiting the
diffusion of radioactive gases with low partial pressures and short half-lives, such as radon. This
conclusion is supported by documentation from the Uranium Mill Tailings Reclamation Act program,
where multilayer barriers including a low-permeability asphalt layer have been constructed and
evaluated (Wing 1994).

As individual barriers are constructed, field testing will be required as an aspect of construction quality
assurance to ensure that the design hydraulic conductivity performance of the asphalt layer is achieved.

3.2.2.5 Layer 7 - Asphalt Base Course. This layer will provide a stable base for placement of the
overlying asphalt layer. The base course will consist of screened, crushed surfacing material, with
100% passing the 32 mm (1.25 in.) sieve, conforming to WSDOT M 41-10, Section 9-03.9(3)
(WDOT 1991).

3.2.2.6 Layer 8 - Grading Fill. Grading fill will be placed, as necessary, to establish a smooth,
planar-base surface for construction of the overlying layers. The preexisting site surface will be
contoured and graded to create uniform surfaces sloped at 2% as required for internal lateral drainage
and surface runoff control. Grading the site before construction will facilitate accurate and controlled
placement of soil lifts and layers. Grading fill will consist of a well-graded granular soil mixture,
which may include as much as 20% by volume of cobbles measuring no more than 75 mm (3 in.) in the
greatest dimension.

3.2.2.7 Potential Modifications to Design and Application. The Modified RCRA Subtitle C Barrier
design could be enhanced by increasing the thickness of the topsoil layers and by including some type
of intrusion deterrence layer (similar in function to the fractured basalt layer of the Hanford Barrier) so
that it would conform to barrier criteria for TRU waste sites. This is a potential evolutionary direction
for the Subtitle C Barrier.
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3.4 MODIFIED RCRA SUBTITLE D BARRIER DESIGN
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The Modified RCRA Subtitle D Barrier design is discussed in two subsections. Section 3.4.1 provides
background information on development of the conceptual design. Section 3.4.2 provides a more
detailed description of the reeemmendedconceptuaLliarriei• design.

3.4.1 Background Information Relating to the Modified RCRA Subtitle D Barrier Design

This design is intended for potential, applications at nonradiological and nonhazardous solid waste sites,
as well as Category 1 LLW sites where no hazarrleusdangerous waste constituents are present. It is
designed to provide limited biointrusion and limited hydrologic protection (compared to the other two
barrier designs) for a performance period of 100 years. The performance period is selected to conform
to the minimum projected duration of active institutional control. Figure 3-4 shows the Modified
RCRA Subtitle D Barrier in profile.

Regulatory guidance for designing RCRA Subtitle D Barriers is the most explicit of the categories
considered in this study. Design requirements for the RCRA Subtitle D Barrier prescribe a minimum
number of soil layers, minimum layer thicknesses, and a maximum permeability for the cover.

Before this study, one RCRA Subtitle D Barrier design was prepared for the Hanford Site. This design
is described in the permit application for the Hanford Solid Waste Landfill (SWL) (DOE-RL 1993c).
The SWL cover was designed to meet the regulatory requirements for both municipal solid waste and
asbestos. The SWL cover design consists of a two-layered soil system (76 cm [30 in.] total) with a
vegetated surface. It is designed to impede erosion and to remove soil moisture by evapotranspiration.

The reeetntueu4ed-Modified RCRA Subtitle D Barrier was developed as an adaptation of the SWL
cover design. Two design changes were made to the SWL design to improve its erosion-resistance
characteristics and water retention capabilities. The first change was to modify the upper 20 cm (8 in.)
of topsoil with a 15% pea gravel admixture. The second change was to increase the thickness of
uncompacted topsoil (Layer 1 in the SWL design; the sum of Layers 1 and 2 in the reeermnended
design) from 45 cm (18 in.) to 60 cm (24 in.). Increasing the thickness of the barrier is intended to
enhance performance margins relating to soil moisture storage and erosional losses consistent with the
extended (100-year) design life criterion. The term "Modified" designates that this design varies in
certain key respects from the MFS design for covers over solid waste sites.

3.4.2 ReeeuuseadedConceptual Barrier Design

The Modified RCRA Subtitle D Barrier is composed of four layers having a combined thickness of 90
cm (36 in.) minimum. Table 3-4 summarizes the cover layers. In the following subsections, the layers
are described in sequence, beginning with the top layer.
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3.4.2.1 Topsoil System - Layer 1(Topsoil with Pea Gravel Admixture), Layer 2(Topsoil without
Pea Gravel), and Layer 3 (Compacted Topsoil). Layer 1 consists of 20 cm (8 in.) of sandy silt-to-silt
loam soil with 15 % (by weight) admixture of pea gravel. As in the other two designs, the purpose of
the pea gravel admix is to reduce the susceptibility of the topsoil surface to wind erosion. The soil in
Layer I will be placed in a relatively loose condition, with a bulk density of 1.46 g/cc (91 to 921b/fi).

Layer 2 consists of 40 cm (16 in.) of the same topsoil material without pea gravel. Layer 2 will also be
placed in a relatively loose condition, with a bulk density of about 1.38 g/cc (86.3 lb/ft'), which is
approximately the same as the in-place condition at the borrow site.

Layer 3 consists of 30 cm (12 in.) of the same material specified for Layers I and 2, but placed in a
relatively densified condition of approximately 1.76 g/cc (110 lb/ft'). Compaction of Layer 3 during
construction will decrease its saturated hydraulic conductivity by three to four orders of magnitude
(i.e., from values in the range of 101 to 10' cm/s down to values between 10-6 to 10'' cm/s). The
indicated reduction in conductivity is readily achievable by compacting McGee Ranch silt loam soil to
densities in the range of 1.68 to 1.84 (105 to 1151b/ft). Laboratory testing indicates that these results
can be accomplished with moderate compactive effort (Skelly et at. 1994). Compaction will retard
moisture migration through Layer 3.

As with the two previous designs, the principal function of the topsoil system is to intercept,
temporarily store, and return moisture to the atmosphere by evapotranspiration. The topsoil material
must also provide a suitable medium to establish and maintain the cover vegetation that will assist in
soil moisture removal and protect the surface from erosion. The compacted soil in Layer 3 will retard
moisture migration through the lower part of the cover system, extending the residence time during
which soil moisture is available for evaporation and transpiration by plants. Moisture retention and
evapotranspiration within the topsoil system will also be enhanced by formatting a capillary barrier at
the base of Layer 3. Numerical performance assessments using the HELP Model and UNSAT-H
Model predict that essentially 100% of average annual precipitation will be removed from the barrier
by evapotranspiration (Appendices C-3 and C-4).

As indicated by the sample calculations in Appendix D, wind erosion potential at the Hanford Site is
relatively high, while water erosion potential is almost negligibly small. The recommended cover
Modified RCRA Subtitle D Barrier design calls for the surface of Layer 1 to be constructed with a
uniform 2% slope (after allowances for settlement and subsidence). This angle is steep enough to
facilitate runoff of excess surface water that may be generated from extreme precipitation events.
However, it has been set at a minimum value to limit exposure of the cover surface to wind erosion.

Cover vegetation will consist of a mixture of perennial grass species. Specifications for the seed mix,
and the methods of seed application, fertilizing, and mulching will be developed during definitive
design. Planting of cover vegetation will meet or exceed ali-applieable-recommendations in EPA's
technical guidance for final covers (EPA 1989).

3.4.2.2 Layer 4 - Grading Fill. As in the previous two designs, grading fill must be placed, as
necessary, over the preexisting site grade to establish a smooth, planar-base surface for construction of
the overlying layers. The preexisting site surface will be contoured and graded to create uniform
surfaces sloped at 2%, as required for internal lateral drainage and surface runoff control. Grading the
site before construction will facilitate accurate and controlled placement of soil lifts and layers.
Grading fill will consist of a well-graded granular soil mixture, which may include as much as 20% by
volume of cobbles measuring no more than 75 mm (3 in.) in the greatest dimension.
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Figure 3-1. Hanford Barrier Profile.
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IlCover Vegetation: Mixed perennial grasses

Layer 1: (100 cm; 401n.) Sfit loam topsoil with
pea gravel admixture

Layer 2: (100 cm; 40 In.) Silt loam topsoil
without pea gravel

Layer 3: (0.1 cm; 0.04 In.) Geotextile filter fabric

Layer 4: (15 cm: 6 In.) Sand f@er layer

Layer 5: (30 cm; 12 In.) Gravel Bfter layer

Layer 6: (150 cm; 601n.) Coarse, fractured basalt

Layer 7: (30 cm; 121n.) Lateral drainage layer
(drainage gravel)

Layer 8e (15 cm; 6 In.) Low-permeabiiity asphalt layer

Layer 9: (10 cm; 4 In.) Asphalt base course

Layer 10: (variabte thickness) Grading fill
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Figure 3-2. Modified RCRA Subtitle C Barrier Profile.
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Cover Vegetation: Mixed perennial grasses

Layer 1: (50 cm; 20 In.) Silt loam topsoil with
pea gravel admixture

Layer 2: (50 cm; 20 in.) Compacted sift loam topsoil

Layer 3: (15 cm; 61n.) Sand fliter layer

Layer 4: (15 cm; 6 in.) Gravel filter layer

Layer 5: (15 cm; 6 in.) Lateral drainage layer
(drainage gravel)

Layer 6: (15 cm; 6 In.) Low-permeability asphalt layer

Layer 7: (10 cm; 4 in.) Asphalt base course

Layer 8: (variable thickness) Grading fill
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Figure 3-3. Standard.RCRA Subtitle C Barrier Profile.
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Figure 3-0. Modified RCRA Subtitle D Barrier Profile.

Modified RCRA Subtitle D Barrier

Cover Vegetation: Mixed perennial grasses

Layer 1: (20 cm; 8 In.) Silt loam topsoil with
pea gravel admixture

Layer 2: (40 cm; 16 In.) Siit loam topsoil
without pea gravel

Layer 3: (30 cm; 12 in.) Compacted si@ loam
topsoil

Layer 4: (variable thickness) Grading tiil
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Table 3-1. Stunmary of the Hanford Barrier Layers. (Page 1 of 2)

w

73

Layer
No.

Thickness
cm (in.)

Layer description Specifications Function

1 100(40) Silt loam topsoil with McGee Ranch silt loam containing 15 % pea The topsoil material was selected for optimal
pea gravel admix gravel by WE., 2.36 to 9.5 mm in diameter, water retention properties and should provide

conforming to ASTM D448 No. 8 aggregate; to a good rooting medium for cover vegetation.
be placed at a bulk density of approximately The pea gravel is designed to minimize wind
1.46 g/cc. erosion of the silt loam without significantly

affecting its moisture retention capabilities.

2 100(40) Silt loam topsoil McGee Ranch silt loam to be placed at a bulk Same as Layer 1. Layer 2 provides a
density of approximately 1.38 g/cc. supplemental soil moisture storage capacity.

3 15 (6) Sand filter Clean, screened sand meeting the following This layer is part of a two-layer graded filter
particle size requirements: designed to prevent the migration of topsoil
D,,= 0.15 to 0.50 mm, D,o= 0.375 to 1.2 mm, particles into Layers 6 and 7.
and D,s = 0.70 to 2.5 mm.

4 30 (25) Gravel filter Clean, screened aggregate meeting the Same as Layer 4.
following particle size requirements:
D„= 1.5 to 2.0 mm, D,=15 to 20 mm, and
D. <37.5 mm.

5 150 (60) Coarse, fractured riprap Quarried basalt screened to minus 25 cm This layer is specifically designed to perform
material (10 in.) plus 5 cm (2 in.). as a barrier to inadvertent human intrusion

(i.e., exploratory drilling). The layer will
also prevent plant and animal intrusion into
the underlying layers.

6 30 (12) Lateral drainage Naturally occurring aggregate, minus 32-mm The lateral drainage layer will intercept and
aggregate (1.25-in.) material, conforming to the grading divert moisture along a 2% slope to the

requirements in WDOT M41-10, 9-03.9(3) for margin of the cover for collection and/or
base course, with D,o > 1 mm and k > 1 cm/s. discharge.

d
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Table 3-1. Stunmary of the Hanford Barrier Layers. (Page 2 of 2)

w

tJ

Layer
No.

Thickness
cm (in.)

Layer description Specifications Function

7 15 (6) Asphaltic concrete with Asphaltic concrete, consisting of asphalt This layer will function as a hydrologic
spray-applied asphalt conforming to requirements of WDOT M41-10, barrier and will provide additional protection
coating 9-02.1(4) - Grade AR-400oW, and aggregate against plant and animal intrusion into the

with particle size gradation conforming to underlying zone of contamination.
ASTM C 136. Asphalt will make up 7.5 wt. %
of total mixture. A spray-applied
styrene-butadiene asphalt material will be
sprayed onto the asphaltic concrete surface in
two layers, each 100 mils thick minimum.

8 10 (4) Asphalt base course Crushed aggregate, minus 16-mm (5/8-in.) The function of the material in this layer is to
diameter material, conforming to the provide a stable base for placing and
requirements of WDOT M41-10, 9-03.9(3) for supporting the asphalt layer.,
top course surfacing material.

9 Variable Grading fill Clean, bank run sand and gravel conforming to This layer will provide a smooth, level
WDOT M41-10, 9-03.18. subgrade for construction of the overlying

layers.

Cy
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'Barrier layers are listed in sequence from top to bottom.



Table 3-2. Summary of Modified RCRA Subtitle C Barrier Layers. (Page 1 of 2)

w

w

Layer
No.

Thickness
cm (in.)

Layer Description Specifications Function

1 50(20) Silt loam topsoil with McGee Ranch silt loam containing 15 wt. % pea The topsoil material was selected for optimal
pea gravel admix gravel, 2.36 to 9.5 mm in diameter, conforming to water retention properties and should provide a

ASTM D448 No. 8 aggregate; to be placed at a good rooting medium for cover vegetation.
bulk density of approximately 1.46 g/cc. The pea gravel is designed to minimize wind

erosion of the silt loam without significantly
affecting its moisture retention capabilities.

2 50(20) Compacted topsoil McGee Ranch silt loam without pea gravel, Same as Layer 1. Layer 2 provides a
compacted to 90% of optimum dry density as supplemental soil moisture storage capacity.
determined by standard Proctor test; in-place bulk Compaction of this layer is intended to retard
density will be approximately 1.76 g/cc. the rate of infiltration of soil moisture. The

extended residence time of moisture in Layer 2
will increase the amount of moisture removed
by evapotranspiration.

3 15 (6) Sand filter Clean, screened sand meeting the following particle This layer is part of a two-layer graded filter
size requirements: D„= 0.15 to 0.50 mm, D,= designed to prevent the migration of topsoil
0.375 to 1.2 mm, and D„ = 0.70 to 2.5 mm. particles into Layer 5.

4 15(6) Gravel filter Clean, screened aggregate meeting the following Same as Layer 3.
particle size requirements: D„= 1.5 to 2.0 mm,
D,o=15 to 20 mm, and D„ <37.5 mm.

5 15 (6) Lateral drainage Naturally occurring aggregate, minus 32-mm The lateral drainage layer will intercept and
aggregate (1 1/4-in.) material, conforming to the grading divert moisture along a 2% slope to the margin

requirements in WDOT M41-10, 9-03.9(3) for base of the cover for collection and/or discharge.
course, with D,o > 1 mm and k > 1 cm/s.
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Table 3-2. Summary of Modified RCRA Subtitle C Barrier Layers. (Page 2 of 2)

^
.A

Layer
No.

Thickness
em (in.)

Layer Description Specifications Function

6 15 (6) Asphaltic concrete with Asphaltic concrete, consisting of asphalt conforming This layer will function as a hydrologic barrier
spray-applied asphalt to requirements of WDOT M41-10, 9-02.1(4) - and as a biointrusion barrier.
coating Grade AR-400oW, and aggregate with particle size

gradation conforming to ASTM C 136. Asphalt
will make up 7.5 wt. % of total mixture. A
spray-applied styrene-butadiene asphalt material will
be sprayed onto the asphaltic concrete surface in
two layers, each 100 mils thick minimum.

7 10 (4) Asphalt base course Crushed aggregate, minus 16-mm (5/8-in.) diameter The function of the material in this layer is to
material, conforming to the requirements of WDOT provide a stable base for placing and supporting
M41-10, 9-03.9(3) for top course surfacing the asphalt layer.
material.

8 Variable Grading fill Clean, bank run sand and gravel conforming to This layer will provide a smooth, level
WDOT M41-10, 9-03.18. subgrade for construction of the overlying

layers.
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Table 3-3. Summary of Standard RCRA Subtitle C Barrier Layers.

w

^

Lay+r
a

Tlilckness
em (in.)

Layer Description Specifications Futictiou

1; 60(24) Sil,ty sandg loarato
^.

Available, hative, siitX tq sandy loam topsoil, with Proinde.3 goo^, ooting mediutqfsr cover
S.

p Je(ta sbtl with iSt:a: rag gravel tbgtavel nifx Grai^%Size,recjiiiremetitsj^ea ve^r tadon _Pea graVel adtttix ang4vegetatibit
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size Yequirements varypeYtopioii:type:, tdpsol(`particlef into Layer 3:

3 3d (^^) Later5l drainage Impor5or natura^l} dc^ilrrittg aggYegatO '(3rauj si^e FTtte I^#eYall-Uraiifage f^yer v{til mtercep^atid
aggregate iequirements vary{peroverjying topsoil aao filtei lltvertttifoiatdre alopga^nnntmt'tno3-rw (opetb
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Table 3-4. Summary of Modified RCRA Subtitle D Barrier Layers.

^
rn

Layer
No.

Thickness
cm (in.)

Layer Description Specifications Function

1 20(8) Silt loam topsoil with pea McGee Ranch silt loam containing 15 wt. % The topsoil material was selected for
gravel admix pea gravel, 2.36 to 9.5 mm in diameter, optimal water retention properties and

conforming to ASTM D448 No. 8 aggregate; should provide a good rooting medium for
to be placed at a bulk density of approximately cover vegetation. The pea gravel is
1.46 g/cc. designed to minimize wind erosion of the

silt loam without significantly affecting its
moisture retention capabilities.

2 40 (16) Silt loam topsoil McGee Ranch silt loam without pea gravel, to Same as Layer 1. Layer 2 provides a
be placed at a bulk density of approximately supplemental soil moisture storage
1.38 g/cc. capacity.

3 30 (12) Compacted topsoil McGee Ranch silt loam compacted to 90% of Same as Layer 1. Compaction of this
optimum dry density as determined by standard layer is intended to retard the rate of
Proctor test; in-place bulk density will be infiltration of soil moisture. The extended
approximately 1.76 g/cc. residence time of moisture in Layer 3 will

increase the amount of moisture removed
by evapotranspiration.

4 Variable Grading fill Clean, bank run sand and gravel conforming to This layer will provide a smooth, level
WDOT M41-10, 9-03.18. subgrade for construction of the overlying

layers.
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4.0 EVALUATION OF ENGINEERED SURFACE BARRIER DESIGNS

In this section, the tlzreefaur conceptual surface barrier designs presented in Section 3.0 are evaluated
against two sets of criteria: ( 1) the design criteria developed for each barrier in Section 2.0 and (2) the
nine evaluation criteria applied by EPA to demonstrate satisfaction of the statutory requirements of
CERCLA in selecting appropriate remedial actions, as described in Chapter 6, of Guidancefor
Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA 1988). The first
evaluation verifies the technical adequacy of the three designs in terms of conformance of each design
to its appliesble^desigu criteria. The second evaluation provides preliminary information to be
used in evaluating surface barriers against other remedial alternatives duFing the site-specific
evaluation.

4.1 CONFORMANCE TO DESIGN CRITERIA

This section reviews the threefo^ur reeetsmendedpioposed cover designs (Hanford Barrier, Modified„_ - ,..___
RCRA Subtitle C Barrier, Standard'RCBAA Subtitle GBarrier, Standard RCRA Subtitle C Barrier, and
Modified RCRA Subtitle D Barrier) for conformance with the design criteria identified for each cover
in Section 2.5. In Tables 4-1 through 4-4, each design criterion has been addressed individually; the
criteria and corresponding conformance attributes are listed in adjacent columns. Layer numbers
referenced in the tables refer to the corresponding cover layers shown in Figures 3-1 through 3-4.

The results of the conformance assessment for the Hanford Barrier are tabulated in Table 4-1; Table
4-2 presents results for the ModifiedRCRA Subtitle C Barrier; !able 4a presents results'for the
Standard RCRA Subtitle C Barrier; and Table 4-4 presents results for the RCRA Subtitle D Barrier.

The EPA MTGs for the Standazd RCRA Subtitle C.Barrier are presented in EPA/530^SW 89 047,
adapted herein with modifications, as noted in Section 3.0 for site-specific condthons.

The Hanford Barrier, the Modified RCRA Subtitle C Barrier, and the Standard RCRA Subtitle C
Barrier area designed for application at the site containing waste. Therefore, the EPA's MTG applies
to all three designs.

1. A vegetated or armored topsoil surface component with a minimum thickness of 60 cm
(24 in.), with a surface slope of at least 3% but not more than 5%.

2. A lateral drainage layer with a minimum thickness of 30 cm (12 in.) and a minimum hydraulic
conductivity of 1 x 10-2 cm/s, and a minimum final slope (after settlement and subsidence) of
at least 3 %.

A two-component low-permeability layer, consisting of (1) a flexible membrane liner with a
minimum thickness of 20 mils (0.5 mm) and (2) a compacted soil component with a minimum
thickness of 60 cm (24 in.) and a maximum in-place saturated hydraulic conductivity of
I x 10•' emis.

The MTG is not imposed as regulation. The EPA recognizes that other design configurations (e.g.,
with fewer layers or optional layers) may be appropriate for site-specific applications. However, EPA
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requires that recommended alternative designs provide long-term performance that is equivalent to that
implied in the MTG design as-a-rnL-Araum-(EPA 1989).

The Hanford Barrier and the Modified RCRA Subtitle C Barrier both include a vegetated topsoil layer,
a lateral drainage layer, and a two-component low-permeability layer. The feeeramended^designs
depart from the MTG in the following respects: -

1. The surface slope and the slopes of internal layers are specified at 2%.

The thickness of the lateral drainage layer in the Modified RCRA Subtitle C Barrier is 15 cm
(6 in.).

3. The two-component low-permeability layer will be constructed of 15 cm (6 in.) of
low-permeability asphalt with a spray-applied asphaltic coating material.

The provision in the MTG for slopes of between 3 and 5% -°ff°-'_ ,-, .'„ :_.__. to -ncourage runoff
and to minimize or eliminate any tendency for ponding of rainwater on the barrier surface. Because
the climate at the Hanford Site is semiarid, nearly all precipitation arriving at the site infiltrates into the
soil column regardless of the surface slope. As shown in performance simulations in Appendix C,
precipitation events resulting in excess surface water (i.e., runoff or standing water) are relatively rare
at the Hanford Site. Even in design-storm simulations and analyses where precipitation is modeled at
twice the actual ambient values, relatively little runoff is generated. Estimates of potential losses of
topsoil caused by water erosion are small (Appendix D, Section 3.0). For these reasons, water erosion
of the barrier surface from stormwater runoff and ponding of surface water are not viewed as
consequential issues at the Hanford Site.

Conversely, wind erosion is a potentially significant problem. The Hanford Site is situated in a
particularly adverse location within Washington State with respect to wind erosion potential, as
illustrated in Appendix D, Figure D-3. Estimates of topsoil losses to wind erosion (Appendix D,
Section 2.0) indicate that losses would be expected to exceed 2.0 tons per acre
per year for surface slopes of 3%. If slopes are limited to 2%, soil losses are predicted to be
acceptable. '

The lateral drainage layer of both the Hanford Barrier and the Modified RCRA Subtitle C Barrier will
be sloped at 2% rather than the 3% recommended in the MTG. In part, this departure reflects the
assessment from performance simulations in Appendix C that the amount of lateral drainage will be
small and sporadic. Additionally, barrier construction is simplified if all layers are parallel and of
constant thickness. Lowering the gradient will have the net effect of reducing drainage efficiency. The
reduced gradient and the reduced layer thickness (in the case of the Modified RCRA Subtitle C Barrier)
will be more than offset by constructing the layer of drainage gravel with a saturated hydraulic
conductivity of 1 cm/s (100 times higher than the value specified in the MTG).

The substitution of materials for the low-permeability layer was made because (1) the design life
criteria for the Hanford Barrier and the Modified RCRA Subtitle C Barrier call for materials with
long-term durability that cannot presently be demonstrated for geosynthetic materials and (2) compacted
clay soils in and environments may be subject to desiccation cracking and may develop secondary (i.e.,
fracture) permeability. The use of asphaltic materials will substantially eliminate concerns over
long-term durability, stability, and retention of function. Research needs relating to the issue of
long-term durability of asphaltic materials are discussed in Section 5.0.
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Ecology has implemented MFS guidance for fmal covers on solid waste landfills based on criteria in
WAC 173-304. The MFS design is a two-layer cover system with the following specifications:

Topsoil layer: A minimum of 15 cm (6 in.) of loamy topsoil material capable of supporting
vegetation, with a surface slope of at least 2%, but no more than 33%.

Barrier layer: A minimum of 60 cm (24 in.) of soil with a maximum permeability of 10-5
cm/sec for and regions within the state.

Ecology recognizes that other designs that meet or exceed the MFS specifications may be appropriate.
The recommended Modified RCRA Subtitle D Barrier includes three layers of topsoil materials. The
combined thickness of Layer 1(topsoil with pea gravel) and Layer 2 (topsoil without pea gravel) is 60
cm (24 in.), which exceeds the specifications for the topsoil component in the MFS design. Layer 3
(compacted topsoil) in the recommended design is only 30 cm (12 in.) thick, but the permeability of
this layer is expected to be almost an order of magnitude lower than the value specified in the guidance;
therefore, the recommended design is considered to satisfy all functional equivalence requirements
relative to the MFS design.

4.2 ASSESSMENT AGAINST EPA EVALUATION CRITERIA

The EPA has developed nine criteria for comparing remedial
underCERCLA (EPA 1988). In a typical site-specific

CERCLA FS, these criteria are applied to compare between specific remedial options, including barrier
and nonbarrier options. This FFS focuses exclusively on engineered surface barriers as generic
remedial alternatives. This study does not provide a basis for comparing barrier and nonbarrier
alternatives for a specific waste site. The following discussion documents the evaluation of the three
conceptual designs from Section 3.0 against the nine criteria, for use or reference in conjunction with
future FS applications.

The nine EPA criteria are based on regulatory guidance that originally appeared in the National
Contingency Plan [40 CFR 300.430 (e)(9)] in 1985. The criteria can be subdivided into threshold,
balancing, and modifying criteria as follows:

Threshold criteria:
1. Overall protection of human health and the environment
2. Compliance with ARARs

Balancing criteria:
3. Long-term effectiveness and permanence
4. Reduction of toxicity, mobility, or volume
5. Short-term effectiveness
6. Implementability
7. Cost

Modifying criteria:
8. State acceptance
9. Community acceptance.
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4.2.1 Overall Protection of Human Health and the Environment

Because it is a threshold criterion, this evaluation criterion must be satisfied by the selected remedial
alternative. This criterion provides a final check to assess whether a given alternative will provide
adequate protection of human health and the environment. The overall assessment of conformance to
this criterion draws on the assessments conducted under other evaluation criteria, specifically long-term
effectiveness and permanence, short-term effectiveness, and compliance with ARARs (i.e., this
criterion is not independent and can be considered to be evaluated in terms of the other eight criteria).

4.2.2 Compliance With ARARs

Section 2.2 presented a-e^ivean evaluation of ARARs and-q2B6s-as getenHa}-sources of
performance:arid:design criteria for surface barriers. Conceptual design criteria for the Hanford
Barrier, the Modified RCRA Subtitle C Barrier, the Sfandard RCRA Subtitle C Barner, and the
Modified RCRA Subtitle D Barrier were developed in Sections 2.5.1, 2.5.2, and-2.5.3;-and 2:5:4,
respectively. The criteria, which are summarized in Tables 2-4, 2-5, and-2-6, and2=7, reflect the

ARARs, TB$Gs; and chiucal
guidance document-consierations.

Three categories of ARARs are distinguished: (1) chemical-specific, (2) location-specific, and (3)
action-specific. The initial screening of ARARs described in Section 2.0 produced the following
conclusions.

The only getenFiaihemical-specific ARARs identified that applyrelate to the generic
conceptual cover designs are those that address releases of radon. Others, such as regulations
that limit radioactive dose to individuals, could not be related to the conceptual design in the
absence of specific knowledge of the contaminants at individual waste sites.
Chemical-specific ARARs mustbe reconsidered "e^g"the ^te=
specific evaluation.

No getential-location-specific ARARs were identified t3teESpp}ieab}e-tofor the generic
conceptual cover designs. Location-specific criteria, ,
should be considered on a site-by-site basis during deftniEive-designthe site-specific evaleation.

A number of gotential-action-specific ARARs were identified that relate to barrier design or
performance. These requirements address factors such as maintenance, run-on/runoff control,
infiltration, and other considerations relating to long-term waste isolation and overall barrier
performance.

Each barrier design described in Section 3.0 has been evaluated for conformance to design criteria in
Section 4.1. The criteria were related to individual ARARs-,4BEs; and ether applieabfetechnical
gu'idance sources in Section 2.5 and Tables 2.4, 2.5, aad-2.6, and;2`7. Based on this information, it is
established that the t}fee-barrier designs comply with applieaHleARARs and conform to their
respective criteria.

The requirements associated with the radtoactive com^onent of the.barner design criteria arecotttained
in 40CFR61; 40 CF.R192 WAC I73-480;:and WAC246-247 (see Table2-1 for spectfic sections of
tliese regulations thatare ARARs). rThe desi,gnof the Hanford Ba=rier; Modified RCRA C Barrier, and
Modified RCRA D Barrier all sat'isfy the requirements contained in those'regulauons The
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requirements contamed in 10 CAt;61 are mcreastngly more struigent as the category of radioactivity
increases, andthese m.qeasedvrequirementsare cons^vdeied in the development of:the barriers. For
Class C LLVttechn;ca^ ^dance in 10 CFR 61S21a usedasa ^Sasts forsntrnsto^i protectton Form ,.: _. . ^. . _
TRU, technica^gutdance in 40 CF.R_ 1p1 was used asan basis for intrusion protection:

Barrier
D

with W SC 173=303, requiiements)^or ^elevantand appropriate (contammantsbelow dangerous waste
limits but aboveMTCi) ^ed^ad C_cleanup levels) dePending on sitespecific conditions Iiowever; in
either case, they.aze ARARs arid "the conceptual design meets these ARARs.. ^ ^

4.2.3 Long-Term Effectiveness and Permanence

This criterion addresses the residual health and environmental risks at a, site after a remedial alternative
has been implemented. This assessment focuses on the extent, effectiveness, and reliability of
environmental control attained by the selected remedy.

In remedial investigations conducted thus far in the 200 Areas (DOE-RL 1993d), direct exposure and
groundwater contamination have been identified as the exposure pathways that pose significant
long-term human health and environmental risks. In response to these findings, the following RAOs
were specified for the 200-BP-1 Operable Unit:

Reduce the potential for intrusion and (direct) exposure to contaminants
Minimize future groundwater contamination.

Based on broad similarities in the nature and extent of contamination and commonality in vadose zone
and groundwater geology among waste sites in the 200 Areas, it is expected that these two RAOs will
also apply to the majority of other sites in the 200 Areas that are candidates for remediation with
surface barriers. Accordingly, the following conforrnance measures are recommended for evaluating
the long-term effectiveness and pennanence criterion with respect to barriers: (1) intrusion control, (2)
moisture infiltration control, (3) long-term durability, and (4) conformance with the appearance and use
requirements in WAC 173-303-610.

4.2.3.1 Intrusion Control. The Hanford Barrier is the
Ereatnteatbaseline design for sites containing TRU and GTCC waste (if any). In these applications, the
Hanford Barrier is-reqeired-te-include's provisions for control of biointrusion and inadvertent human
intrusion ., ..,-„ 191 and ,0 .,F., 6 1. The Modified RCRA Subtitle C Design,
which is e baseline design for sites containing Category 3 LLW, is also
required to satisfy the intrusion control requirementsa-`-'r ^ vr.
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Y that ' passive

As ''°°'-"'' in 10 """ ` :', ' , inadvertent intruder is characterized as a person who physically
occupies the disposal site after closure and engages in normal subsistence activities, such as agriculture
or dwelling construction, wherein he might unknowingly be exposed to radiation from buried waste or
contaminated soil. variety of requirements and controls azeintended to
(1) minimize the potential for inadvertent intrusion and (2) protect an intruder from unacceptable
exposures (defined in 10 CFR 61.41 as an annual dose exceeding an equivalent of 25 mrem to the
whole body, 75 mrem to the thyroid, and 25 mrem to any other organ).
-vVarious forms of institutional controls ar^eenvisioued,by the site owner to ensure that occupation or
improper use of the site does not occur after closur ,

. Waste designated as Class C (DOE Category 3) sx3st-'Cbe
disposed of so that the top of the waste is a minimum of 5 m ( 16.4 ft) below the top surface of the
cover or must be disposed of with intruder barriers designed to protect against inadvertent intrusion for
at least 500 years (per guidance contained in 10 CFR 61.52).

.u <:..._.,
scenarano Two separate featur

.
es of the Hanford Barrier will function as intrusion controls.

The primary provision is a 1.5-m- (60-in.) -thick layer of coarse, fractured basalt designed to deter
animal burrowing, root penetration, and unintentional intrusion by humans. Individual rock fragments
in this layer are too large and heavy to be excavated by any indigenous burrowing animals at the
Hanford Site. The overlying capillary barrier will generally prevent moisture from entering the
fractured basalt layer, and the coarseness of the material basalt will severely limit moisture retention.
Consequently, extremely dry conditions are expected to be sustained within this layer, which should
effectively discourage root penetration. The fractured basalt layer is also designed to present difficult
drilling conditions to inadvertent human intruders engaged in exploratory drilling for mineral resources
or water-well development.

The second control provision of the Hanford Barrier design is the 15-cm- (6-in.-) -thick
low-permeability asphalt layer. The asphalt layer will be a highly effective deterrent to plant and
animal intrusion (although it will not deter drilling intrusion). The asphalt layer will be particularly
effective in thwarting intrusion by insects (e.g., carpenter ants).

The same asphalt layer design is used in the Modified RCRA Subtitle C design. For Class C (i.e.,
DOE Category 3) LLW, a human intrusion barrier is required as part of the cover design only in cases
where the combined thickness of cover materials and earth-fill placed directly over the waste is less
than 5 m(16.4 ft). Aside from the issue of the utility of fill to satisfy the requirement, the asphalt layer
in the Modified RCRA Subtitle C design provides sufficient control of inadvertent human intrusion to
meet the intent of 10 CFR 61K2.
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_^_- ^
The Standaid RCRA Subutle C Bamer does not provide long term protection against penetrationof
deep-rooting plants mto tfie waste (ot^ier rhan protection caused bythickness,of the barrier). If
maintenance 'ofthe facilitycfuded xemoval of deep iog plants before they penetrate the was[e, the

'
...

effectrveness. o th^s. type of barner could be enhanced Morutoizng and n^aintenance willbereqaired
for.the Standatd RCRA Suntttle Cilamer to maintain effectiveness Antmal andhuman intrusio3i
prevention is by'way ofinsdtutional eontrol.

The Modified RCRA Subtitle D Barrier provides modest biointrusion control in the form of the
thickness of the barrier layers combined with the thickness of existing fill materials. The design of the
Modified RCRA Subtitle D Barrier does not address provisions for human intrusion control.
The Subtitle D barrier has a design life of 100 years. The Ffederal government is obligated to maintain
active institutional control at the Hanford Site for at least 100 years after closure. Therefore, reliance
for control of inadvertent human intrusion will be placed on existing institutional controls (e.g.,
signage, fencing, surface markers). This approach is consistent with the intent of 10 CFR 61.7(b)(4)
for disposal of Class A (DOE Category 1) LLW.

4.2:3.2 Moisture Infiltrahon Control Foithe Standard ItCRA Subtttle C Bar;ier,=the compacted
soil component of the IpSVpermeability layer would need to achieve 4 maximum ir%place saturated
hydraulic coiiducttvrtyof no_greater than i x30 7cnt/sec, Tivs-is t_yptcally accomplished with clay or
silty. clay soils, _ At best, readily available andsuiiable Hanford:Site^native or nearby soils for-this layer,
are predominanfly finesazid to silt..To consistently achievea compacted permeabiltry of 1 x:10 7:cm/s,
soil admix; such as bentontte will:,typicallqbe required to a,mend native borrow soiis.

In wet chmates, clay covers or Imezs can be generally effective andreliable.' However; the and
climate at the Hanford:Site mcreases ihe Iikelihood of drpmg, whiclt can cause cracking and raise
enneabilip t,qsigntficantly of 'such compaeted soils. This canbe miUgat_e_d_bx continuai maintenance and

monitonng, aswell as lilcely repair and replacement.

A.detailed hydrologic apalys^s of surface infiltration for ageneric, MTG compltant Standard RCRA
Subtitle.C Bati9er was not performed for this`FFS. Comparative hydrologic.studies for surface
infiltration of various,surface barriers were, iricluded in the Remedial lnvestigation and FS Report for
the ER Disposal Facility (RT/FSERDF DO$(RL 93-99j. However, the^comparanve analyses did not,.
include a_Standard RC^tt1 Subtitle C Barrier. In additiqn, avaiiable documentation for the
Nonradioactive:DangeroiLs Waste Landfill did not include hydrologic studtes for siufac^ mfiltrationfoi
a StandardRCRA Stbtitle C Ba"rrier.

..._.-_W. __ . _.. .--Hydrologic Evaluation. of. Landfill Perfoln^ance, (HELP) computer modeling and analyses were
performed for aStandardRCRA Subtitle C Barrier for the low-level.burial.grounds intIie200 East and_ •.:.._.:. . ^ . _200 West Areas, as presented in Low LevelBurfal Grounds D

.
angezous Wastej3ernzitAppkcation

(DOE-RL-8820) In addihon, for tlie 183:.H'Solar Basias in the 300 Area,4HELP computer modeiing
and analyses were performed for a Standard RCRA Subtule C Bainer, as presented in I83-H Solar..:>. __.
Evaporation' Basuz CZosurelPost Closure Plan _(DOE RL 88-04) In summay; both studies.used
current ambient prectpitation aud meteorological conditions as input parameters, andas canbe -
expected, the majority:of the precipitation was, evaporated in the upper vegetattvefarmoring layer.^ For
both studies;, only a small percentage of the^toial preci,pitanon iufiltrated to Inc throngh the admix and
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flexible membiane line'rs ' Infiltration
was estimated at 0 00Lzn annualIy((
Grounds Project Infiltcatton through
estimated at)07 m(0^85% of 8:221
geoniemiirane failure._:. ^

In eeneral. this tvne of-i(feauate field
Barrier;uder ouirei
monitorin'g'; and`neee
flexible membrane li
utility for Hanford E
ambient pzecipitation

-volume th P^...__.rou .- _ the i_ .

;C

tlayer and
n has limited

Numerical performance assessments of the ' ' Hanford Barrier-; the
Modifiedl2CRA Subatle:C:Bazrier ,^and the Modified RCRA Stirbtitle D Barrier were made with the

-
. _ _- _ , ._.. ._.,._...__....._...^. _. ...-.,.

HELP Model (Version 2.0) and UNSAT-H Model (Version 2.0). The HELP Model is recommended
by EPA to evaluate hydrologic performance of surface barrier designs. However, for and site
applications the HELP Model has two significant limitations. The HELP Model requires the
assumption of a constant evaporative zone depth throughout the year. In actuality, evaporative depth
can vary considerably during the year at and sites, tending toward a maximum value during the
summer months when soil moisture is typically low, and a minimum value in the winter months when
most annual precipitation occurs. Secondly, moisture movement in the unsaturated state is calculated
by algorithms in the HELP Model that are computationally efficient, but do not accurately represent
unsaturated flow. As a result, the HELP Model tends to overestimate drainage across a capillary
barrier interface. The capillary barrier is an advantageous design concept for barriers in and locations,

-and it is used in all feitraf-the barriers reeexmtendedtpoposed in this FFSI except the Standard RCRA_-_-
Subtitle CBai^rier.

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

HELP Model simulations were performed for each barrier using laboratory data for the
fine-textured soil layers and default data for the layers of coarse-textured material.
A conservative value of 90 cm (36 in.) was assigned as the evaporative zone depth.
A 10-year climate data set consisting of actual Hanford Site meteorological records was used
in the simulations. The results are reported in Appendices C-1, C-2, and C-3.

2. The three barriers were reevaluated using the UNSAT-H Model. Material properties for the
various layers were assigned based on actual data for the fine-textured soil components (from
laboratory and literature sources) and presumptive information (from literature sources) for
the coarse-textured soils. Hanford Site weather records for the same 10-year period were
used.

The HELP Model was "ealibrated" using water balance data from the Field Lysimeter Test
Facility at the Hanford Site. The objective of calibration was to minimize the effects of the
assumption of constant evaporative depth and the approximations in calculating unsaturated
flow and moisture retention. The three barrier designs were then reevaluated using best-fit
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input parameters from the calibration. Evaporative zone depth was determined separately for
each barrier, using averaged annual values from the UNSAT-H Model. The same 10-year
climate data set was used. Appendix C-4 reports and compares results of the UNSAT-H
Model simulations with the "calibrated" HELP Model simulations.

Performance predictions for ambient precipitation conditions are summarized below for the three
barrier designs. Average annual precipitation for the 10-year period of interest is 18 cm (7 in.).
Runoff refers to the percentage of precipitation that drains off of the barrier surface without being
absorbed. Evaporation and transpiration, also shown collectively as evapotranspiration, are the
percentages of precipitation that are absorbed into storage in the topsoil layers of the barrier, where
they are subsequently removed by direct evaporation and plant transpiration. Lateral drainage is the
percentage of precipitation that infiltrates to the level of the lateral drainage layer of the barrier, where
it is intercepted and diverted to the perimeter of the barrier. Deep infiltration represents the percentage
of precipitation that is able to infiltrate completely through the barrier system, such that it could come
into contact with buried waste or contaminated soil.

Water Balance Summary - Ambient Precipitation, Steady State HELP Model,
Uncalibrated (in Percent of Average Annual Precipitation)

Barrier Runoff Evapotranspiration Lateral
drainage

Deep
infiltration

Hanford Barrier 0.01 99.30 0.03 0.66

Mod. RCRA C Barrier 0.01 99.99 0.00 0.00

Mod. RCRA D Barrier 0.01 99.99 N.E. 0.00

N.F. = Not evamatea.

One of the inherent limitations with the HELP Model is the unrealistic assumption that the depth of the
evaporative zone is static through time. For the uncalibrated HELP Model simulations of the three
barrier designs in Appendices C-1 through C-3, a constant 91-cm (36-in.) evaporative zone depth value
was specified. The HELP Model calibration (see Appendix C-4, p. C4-53), helped determine that
separate evaporative depth values should be identified for the three individual barriers. In the case of
the Hanford Barrier simulation, the calibrated evaporative zone depth was 175 cm (69.2 in.) (nearly
double the value used in the uncalibrated simulation). This change had the effect of significantly
improving performance predictions for the Hanford Barrier, as indicated below. Evaporative zone
depth values were less affected by calibration for the other two designs.

Water Balance Summary - Ambient Precipitation, Steady State HELP Model,
Calibrated (in Percent of Averaee Annual Precioitation)

Barrier Runoff Evapotranspiration Lateral
drainage

Deep infiltration

Hanford Barrier 0.01 99.85 0.00 <0.15

Mod. RCRA C Barrier 0.01 99.85 0.00 <0.15

Mod. RCRA D Barrier 0.01 99.85 N.E. <0.15

N.E. = Not evaluated.
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Water Balance Summary - Ambient Precipitation, Steady State
UNSAT-H (in Percent of Average Annual Precipitation)

Barrier Runoff Evaporation Transpiration
Lateral drainage

and deep
infiltration

Hanford Barrier 0.00 97.71 2.24 <0.06

Mod. RCRA C Barrier 0.00 90.43 9.54 <0.04

Mod. RCRA D Barrier 0.00 90.43 9.57 <0.02

The HELP Model is not configured to provide separate reporting of evaporation and transpiration
totals. The UNSAT-H Model simulations do not distinguish between lateral drainage and vertical
drainage through the low-permeability asphalt layer. In the Modified RCRA Subtitle D design, there is
no lateral drainage layer.

In spite of the different assumptions and computational methods employed in the two simulation
methods, the results listed above all indicate that the three barriers should perform as designed under
ambient precipitation conditions (i.e., virtually all precipitation will be eliminated by
evapotranspiration).

In consideration of the relatively long performance periods specified in this FFS for the Hanford

Barrier and the Modified RCRA Subtitle C Barrier, hydrologic performance was also modeled for the

hypothetical "twice ambient" climate condition. For these simulations, all recorded daily precipitation
values in the 10-year data set were doubled. These simulations indicate the capabilities of the three
designs to accommodate multiyear periods of above-average rainfall. The "twice ambient" simulations

were performed using the UNSAT-H Model and the calibrated HELP Model (Appendix C-4).

Water Balance Summary - Twice Ambient Precipitation, Steady State
UNSAT-H (in Percent of Twice Ambient Annual Precipitation)

Barrier Runoff Evaporation Transpiration
Lateral drainage

and deep
infiltration

Hanford Barrier 0.00 98.49 1.51 0.00

Mod. RCRA C Barrier 0.00 92.74 7.26 0.00

Mod. RCRA D Barrier 0.00 92.64 5.36 2.00
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Water Balance Summary - Twice Ambient Precipitation, Steady State HELP
Model, Calibrated (in Percent of Twice Ambient Annual Precipitation)

Barrier Runoff Evapotranspiration Lateral
drainage Deep infiltration

Hanford Barrier 1.29 98.57 0.00 <0.15

Mod. RCRA C Barrier 1.66 87.29 10.07 0.98

Mod. RCRA D Barrier 1.50 97.57 N.E. 0.93

N.E. = Not evaluated.

In the "twice ambient" simulations, the HELP Model predicts that a slight amount of runoff will be
observed, whereas the UNSAT-H Model predicts no runoff. For the Modified RCRA Subtitle C
Barrier, a significant increase in lateral drainage is predicted over the ambient precipitation case, but
deep infiltration is still predicted to average less than 1% of "twice ambient" precipitation. Deep
infiltration for the Modified RCRA Subtitle D Barrier is about 2% of "twice ambient" precipitation in
the UNSAT-H Model simulation and about 1% according to the HELP Model.

One additional group of simulations was conducted to assess runoff production from the design storm.
The design-storm analyses are reported in Appendix C-4, Table 23. Results of the analysis are
summarized below. The design-storm is the maximum precipitation event that would be expected to
occur during the design life of each barrier. The design-storm amount is based on a storm of maximum
intensity and given duration occurring once within a specified return period and is deterrnined from
statistical analysis of historic precipitation data for a given locale.

Design Storm Analyses - HELP Model, Calibrated

Return period Design storm Runoff Runoff
Barrier and duration amount amount (% storm amt.)

(yrs and hrs) (in.) (in.)

Hanford Barrier 1,000/24 2.68 0.85 31.6

Modified RCRA C 500/24 2.47 0.91 36.8
Barrier

Modified RCRA D 100/24 1.99 0.60 30.1
Barrier

' From Stone et al. (1983), Table 61.

Reflecting the Hanford Site's and climate, the design-storm amounts are comparatively small. In more
humid parts of the United States, storms of this magnitude are likely to have return periods on the order
of 2 to 5 years. The design-storm simulations predict that runoff would be less than 1 in. in all cases.
Because this amount of runoff takes place over a 24-hr period, it is unlikely that the design storm would
induce significant erosion of the barrier surface. The simulations also show indirectly that during even
the largest storm events at the Hanford Site, the majority of precipitation (60% or more) will infiltrate
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into the topsoil layers of the barrier, where moisture would be retained in storage until it is removed by
the combined action of evapotranspiration processes.

The baiT4eff Iviodifiefl RCRA Subtttle C;Bar;ter, and the Iviodified RCRA
Subtitle DBanier options described in this FFS are principally designed to maximize shallow
infiltration, storage within the topsoil layers, and removal by evapotranspiration. The barriers are not
optimized to maximize runoff. The design-storm simulations indicate that runoff is not a significant
design issue because precipitation events that produce surface runoff are infrequent, and the volume of
runoff is small. The barriers are all sloped at 2% to provide coherent drainage toward the perimeter of
covered areas, where water would be pemlitted to infiltrate into the soil column at a distance from
contaminated media. In certain applications, a runoff collection and diversion system may be provided
at the margin of the barrier. This is a site-specific consideration to be addressed during definitive
design.

4.2.3.3 Long-Term Durability. The principal issues associated with long-term durability of surface
barriers are (1) potential changes in barrier morphology (thickness) caused by erosion and (2) potential
chemical or physical alteration (weathering) of barrier materials.

If an excessive amount of topsoil material is removed from the barrier surface by erosion, hydrologic
performance would be adversely affected. In all tbuee-barrier options

, the topsoil system is designed to perform the key
role in moisture management. The topsoil layers will serve as a storage medium for moisture received
as precipitation. Storage will be enhanced by developing a capillary barrier at the base of the topsoil
system. Increasing the storage capacity and the residence time for soil moisture within the topsoil
system will facilitate moisture removal by evapotranspiration processes. Performance simulations in
Appendix C indicate that, as designed, the topsoil systems of the fhree hmrierslianford Barrier;^_., _.-- ....,.^... .-_.-...
Modified RCRA Subntle C Barri¢r, and the Modified RCRA Subtitle D Barrier can be expected to
store and remove essentially 100% of average annual moisture receipts. Numerical sensitivity studies
indicate that a minimum thickness of topsoil (61 to 66 cm [24 to 26 in.]) is required to sustain moisture
removal at this level of efficiency.

The Standard RCRA Subtitle C Bainer ts n
__-..
itend

-
dto..provide.a 30=year, postclosure,destgn We, with

expected maiutenance, dperdtions and repairs. Long=term duraliiIitylieyond 30'yeais is not an intend
designfeatuze.of the Stapdard RCRP, Subtt^le C Batrier. L"ong-term durabilit^ beyond 30 y.ears is an
intended design_feature-of the Hanford,Barrier, the ModifiedRCRr1 SubtitleCBarrier; and the
Modified RCRA Subtitle D Barriei:

---^...._. .
Several provisions have been incorporated into the t$reelatrierHan£o^±d. Barrl"ei,.the Modi.ffed RCRA_ _. _ _ .. . . _..__. _._. __ ... . .__- ^_-._
Subtitle CBazrier; andtheIvIodified RCRA Subtifle D Bairier designs to protect the topsoil system
from and/or otherwise compensate for the effects of erosion. The top layer of each barrier includes an
admixture of pea gravel that will assist in armoring the barrier surface to protect it from wind erosion.
Cover vegetation will be cultivated to further assist in reducing exposure of barrier surfaces to wind.
Third, and perhaps most importantly, each barrier design includes excess thickness in the topsoil layers
to provide performance margins against long-term wind erosion and long-term climate change. Sample
calculations of potential wind and water erosion rates are provided in Appendix D and Sections 2.0 and
3.0. Projected soil losses for the three barrier options over their respective design lives are reported in
Appendix D, Section 4.0. For the Hanford Barrier (1,000-year design life), the thickness allowance
for wind erosion is 30 cm (12.1 in.). For the Modified RCRA Subtitle C Barrier (500-year design
life), the allowance for wind erosion is 15 cm (6 in.). And for the Modified RCRA Subtitle D Barrier
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(100-year design life), the allowance for wind erosion is 3 cm (1.2 in.). These losses are all tolerable
(i.e., soil losses of these magnitudes would not reduce the composite thickness of topsoil components
into the range of 61 to 66 cm [24 to 26 in.]). The beneficial effect of the pea gravel admixture in
limiting wind erosion is not considered in the calculations in Appendix D, Section 4.0.

Aside from the low-permeability asphalt layer specified in the Hanford Barrier and the Modified RCRA
Subtitle C Barrier, the three long-term durabili t̀y barriers will be constructed entirely of natural rock
and soil materials. Chemical and physical weathering rates for these materials are low relative to the
performance periods of interest; it is known that these materials will not experience any significant
deterioration during the respective performance periods. The low-permeability asphalt layer is also
expected to provide adequate durability, based on studies of naturally occurring asphaltic materials. It
is anticipated that additional studies of long-term durability of asphalt will be performed. The asphalt
layer and lateral drainage layer in the Hanford Barrier and the Modified RCRA Subtitle C Barrier are
both situated at sufficient depths below the surface to ensure permanent protection from frost damage.

4.2.3.4 Conformance with Appearance and Use Requirements in WAC 173-303-610. The closure
performance standard described in WAC 173-303-610 is apglieablepertains to the Hanford Barrier and
the Modified RCRA Subtitle C Barrier. The WAC 173-303-610 requires that land be returned to the
appearance and use of surrounding land areas to the degree possible, given the nature of the previous
dangerous waste activity. Surface barriers will be seeded with a mixture of perennial shrubs and/or
grasses (which may include native and nonnative species), such that barrier sites will resemble
surrounding lands that support native shrub-steppe vegetation to a degree._. ..
^T$e_IianfordBa;ner, ihe IvlodifedltCRA Subtitle C^Barrter, and the Modified
RCRA.Subtitle D Barrier are designed to retain moisture close to the surface within the topsoil layers,
and to minimize moisture retention in the deeper layers. This strategy is intended to facilitate moisture
removal by evapotranspiration and to prevent plant roots from accessing covered waste. Consequently,
these barriers will preferentially support shallow-rooted vegetation. As'iiiilicated iiiSection4:2:3:2,_..
HELP modeling for-StandardRCRA.Sulititle C Bartiers applications at the Hanford Site use current__ y
ambient precipitation and meteozologicai conditions as snputparameters; the ma,loiiirXof.'the
precipitation evaporated in theupper vegatative/armoring, layer. It is considered unlikely that deep-
rooted native perennials will develop to maturity on surface barriers, except along the margins where
(perhaps) there may be discharges of lateral drainage.

Surface barriers over WMUs in the 200 Areas would impose some constraints on future uses of these
unit areas. It is likely that DOE would impose certain land-use restrictions on these sites similar to the
deed restrictions that municipalities impose on closed landfill sites. Most industrial uses probably
would be precluded by the restrictions. However, there may be light industrial uses that would not
conflict with the restrictions. Agricultural uses for crop production (particularly uses that would
involve tilling or irrigating the barrier surface) would likely be precluded. However, grazing of
livestock probably would be acceptable. Hunting and gathering uses would be acceptable to the extent
that the barriers would support native food plant and game resources.

4.2.4 Reduction of Toxicity, Mobility, or Volume

This criterion addresses the statutory preference in the CERCLA process for remedial actions that
employ treatment technologies (i.e., technologies that will permanently and significantly reduce the
toxicity, mobility, or volume of contaminants). This preference is satisfied when treatment is used to
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reduce the principal threats at a site through destruction of contaminants, irreversible reduction in
contaminant mobility, reduction of the total mass of contaminants, or reduction of the total volume of
contaminated media.

The principal contaminants of concern at most 200 Area waste sites are radionuclides. The activity or
toxicity of radionuclides cannot be reduced by any means other than natural decay; therefore, treatment
options for radionuclides are limited to technologies intended to reduce volume or mobility.

The reeemrKendeckproposel surface barriers primarily function as hydrologic barriers, reducing
contaminant mobility through containment. Mobility is reduced by minimizing or eliminating moisture
infiltration into and through the zone of contamination. Moisture infiltration provides the principal
mechanism for contaminant transport in the vadose zone. The barriers also control biointrusion, as
well as inadvertent intrusion by humans. Activity or toxicity of radionuclides gradually diminishes
naturally over time due to radionuclide decay.

,
the serae that either

preference for reducaonoftoxicrty', mobility,
will, however,prevent^tirther spread of contaz
situ via riatiual decay.

4.2.5 Short-Tenn Effectiveness

contatnment technology.that does not satisfy the
lutne througli treatment. Use ofsurface barriers

This criterion addresses the human health and environmental consequences of a given remedial
alternative during the construction and implementation phase. The following subcriteria normally are
considered under short-term effectiveness.

• Risk to the community. This issue addresses potential risks to the public resulting from
implementation of the recommended remedial action, such as fugitive emissions of
contaminated dust or transportation of contaminated materials over public roads.

• Risk to workers. This issue addresses potential health and accident risks to workers from
implementation of the recommended remedial action, such as radiation exposure, and the
reliability of recommended protective measures.

• Environmental impacts. This issue deals with potential adverse environmental consequences
that may result from the recommended remedial action and the reliability of recommended
mitigation measures.

• Time until RAOs are achieved. This consideration estimates the time required to complete
the recommended remedial action and short-term health effects consequences (if any)
associated with the timing of remedial activities.

The only exposure pathway of any significance to the offsite public related to construction of surface
barriers is the air pathway. Barrier construction activities are not expected to generate contaminated
particulate in rates or quantities that would be of any consequence to the offsite public. For example,
the RI report prepared for the 200-BP-1 Operable Unit (DOE-RL 1994) concluded that the worst-case
air release scenario (assuming surface exposure of all subsurface contamination within the operable
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unit) would not exceed 101 to any offsite community. Therefore, it is expected that baseline risk
assessments for individual waste sites in the 200 Areas will consistently show that risk to the offsite
public from airborne releases of contamination during barrier construction projects is low in relation to
onsite worker risk and low in absolute terms.

Barrier construction activities at 200 Area waste sites will be performed on surfaces where radiological
contamination is demonstrably below levels of concern with regard to worker health and safety. Most
waste sites identified in Appendix B already have undergone surface stabilization. This practice
involves placing a blanket of a few feet to several feet of clean fill over a radiological site. The fill
provides shielding that eliminates direct exposure hazards to workers and reduces short-term problems
associated with biointrusion. Radiological surveys are used to verify that surface contamination has
been reduced to acceptably low levels as a result of stabilization activities. In any case where a surface
barrier is to be built at a site with residual surface radiological contamination, the site would be
stabilized with grading fill before barrier construction activities are initiated to ensure that shielding is
adequate to protect consttuction workers. After a site has been stabilized, the risk of coming into
contact with subsurface waste or releasing contaminants into the air during barrier construction
activities is considered low. Radiological monitoring will be performed during construction to verify
that contamination is not disturbed or released.

Concerning surface stabilization activities, work inside radiological areas on the Hanford Site is subject
to rigorous procedural controls that ensure that appropriate training, protective clothing, equipment and
support are provided to workers, and that the activities are managed and performed to maintain worker
exposures as low as reasonably achievable.

Most or all waste sites in the 200 Areas that have been identified as candidates for remediation with
surface barriers are already disturbed areas and do not support any unique or significant ecological
resources (i.e., candidate, threatened, or endangered plant or animal species). Therefore, construction
of surface barriers is not known to represent a potentially significant environmental consequence (e.g.,
habitat destruction) at any of these sites.

The amount of time required to achieve RAOs is a factor only in cases where current risks are
significant. Because 200 Area waste sites are all under active institutional control, short-term risks are
low.

In summary, worker risk is the one potentially significant short-term effectiveness issue identified in the
context of constructing surface barriers. Risks associated with direct radiological exposures will be
minimal. Consequently, health and accident risks to workers engaged in barrier construction are
expected to be comparable to other types of earth work construction where contamination is not a
consideration. Considering short-term worker risk alone, remedial alternatives involving construction
of surface barriers for 200 Area waste sites should consistently be preferred over alternatives that
would involve excavation and transportation of contaminated soil.

4.2.6 Implementability

The implementability criterion can be divided into technical feasibility, administrative feasibility, and
availability of services and materials. Implementability issues are significant in that they focus on
factors that directly affect schedule, cost, public opinion, and the likelihood of success or failure.
Implementability issues acquire greater significance as remedial options increase in complexity or
reliance on innovative technologies.
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4.2.6.1 Technical Feasibility. Technical feasibility is determined by constructability, reliability, and
ease of undertaking additional remedial actions. Monitoring considerations were not assessed because
the activity will be determined on a site-specific basis.

Constractability. In terms of complexity and expertise, surface barrier construction is
similar to other types of earth work such as highway construction. Remedial alternatives that
involve capping sites with any of the Hn'eefonr barrier designs feee>th-tendedpi=esente`d in this
FFS would be expected to receive high ratings for constructability.

The
are nredicted to nertbrnt as

designed in terms of limiting moisture infiltration and resisting erosion by wind and water for
their respective design lives, based on the computational methods documented in
Appendices C and D. Performance margins are expected to be sufficient to accommodate a
wide variety of transient conditions. The Standatd CRA Subtitle C Barner is destgtied,for a
30 yearpenodunder znstitunonal control2 ..........^wrth.expeeted matnt0nance monitoring, andY .. P .._..^......._ .

necessary ieQaus to provtde rehability

One surface barrier has already been built at the Hanford Site (the Hanford Barrier prototype at the
200-BP-1 Operable Unit). Design, materials, and construction issues that were identified during that
project have been summarized and evaluated for future reference (DOE-RL 1994). Monitoring and
testing activities are ongoing to identify and evaluate any unresolved issues relating to barrier
performance. Most materials of construction consist of natural soil and rock materials that are

_--__ _-_. -available on the Hanford Site. Asphalt; ^lexible membrane
. ..
line
m
r,

.
and bentonite. (ar other) admix_- -- ._._.T...___. ._ . __... ___:

materials'are 4s-the only essential material that must be brought to the site. Consequently, it is not
likely that significant schedule impacts would be experienced because of nonavailability of materials.
As experience with barrier wtypa construction accumulates, the likelihood of encountering significant..>._,,a..;.,
technical problems, schedule delays, or cost overruns will be reduced. Th--e> proJect ts m^ .
progressof ^arge scale prozluctton of admtxing antfplacing bentonite amende soil;fot impermeable
liner iitaterrnls.

Ease of undertaking additional remedial actions . Fbr rthe Hangord Bartzeri Modtfiefl
RCI2A Subtule:C Bamer,, and the MbdifiedRCRA Subtitie D Bairie^rL^vfminimal needs for
maintenance and repairs are anticipated. Only the surface of the barrier is accessible to
damage. Repairs to the surface layer(s) are easily performed by replacing eroded or_..._.., .
deliberately removed soil material with similar material. Maintenance, m.onitorirag, and
repairS to the Standard yRCRA Subtifle CBamei would bexyected m-and climate conditions.

Should performance monitoring indicate that a barrier is not performing as designed for some
unforeseen reason, remedial action could simply take the form of adding another lift of topsoil to the
existing structure.

The existence of a surface barrier at a given waste site would complicate efforts to implement many
other types of remedial actions at a later date. This may be a significant disadvantage, particularly in
situations where capping a site is recommended as an interim action.

4.2.6.2 Administrative Feasibility. Administrative feasibility issues relate to requirements for
coordinating with or between various agencies of government for concurrence, approvals-germitsr or
variance actions. A procedural framework has been negotiated between the DOE, EPA, and Ecology
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for developing, prioritizing, implementing, and monitoring ER and remediation activities on the
Hanford Site (Tri-Party Agreement [Ecology et al. 1992]). Administrative issues at the Hanford Site
are primarily resolved through this agreement. Surface barriers as remedial alternatives do not
represent any unique or unusual requirements for regulatory approvals-er-peffaits.

4.2.6.3 Availability of Services and Materials. Barrier construction will not require any specialized
construction equipment or personnel with unique skills or education not available to local contractors.
No specific issues are anticipated in seeking or obtaining competitive bids from contractors to do this
work.

The silt loam soil at the McGee Ranch site has been characterized for use as topsoil material in barrier
construction, as indicated in Section 3.1.2.1. The site contains approximately 40 million yd' of suitable
material (Lindberg 1994). The McGee Ranch site has been reserved as a borrow site to support ER
activities at the Hanford Site (Skelly and Wing 1992).

Parallel efforts are ongoing to evaluate potential borrow sources for basalt riprap (i.e., coarse,
fractured basalt) and aggregate materials (pea gravel, filter sand and gravel, and drainage gravel) at the
Hanford Site (Duranceau 1995). These materials exist on site in sufficient quantities, but specific
borrow locations have not been established.

4.2.7 Cost

C-empme6ve-eCost estimates are reported in Appendix E for the conceptual Hanford Barrier, Modified
RCRA Subtitle C Barrier, and Modified RCRA Subtitle D Barrier designs for an actual waste site in the
200 East Area. The subject site is an area 126 by 162 m(415 by 530 ft) (5.05 acres) within the
200-BP-1 Operable Unit, consisting of eight adjacent cribs (216-B-43 through 216-B-50). These cribs
received low-level radioactive liquid waste from U Plant uranium recovery operations and condensate
from the adjacent 241-BY Tank Farm. Construction of a Modified RCRA Subtitle C Barrier over this
site has been recommended (DOE-RL 1993d).

The three cost estimates in Appendix E have been prepared to a conceptual level of detail.
The estimates address costs related to barrier construction only. Costs for inspection and maintenance
of the barrier after construction were not estimated. The cost estimates also do not include costs related
to cover vegetation. . Vegetation
costs (i.e., for disking, fertilizing, seeding, and mulching) are minor ($1,000 to 2,000 per acre)
compared to the earth work involved.

The three estimates in Appendix E are summarized in Table 4a45. For the subject 5-acre waste site
(216-B-43 through 216-B-50 cribs), the table indicates that construction of a Hanford Barrier would
involve approximately twice the capital cost of a Modified RCRA Subtitle C Barrier, and a
RCRA C Barrier would involve approximately three times the capital cost of a Modified RCRA
Subtitle D Barrier. These eeraparisensco.sts are offered as order-of-magnitude eenqariaenacosts only.
G

r
three L_r:..-„ dll L of theeemparisem J

Y b Y J (whielt will
d.,
-- _ _ the

_
-_ and ex tent of s ite

gmding - --'e f 1 and ees ts 1 fi b• ailag pretreafment to eRntifta te l_ ... ' ___•`y fil l
stihatirfaee veids. Regarding the three estimates in Appendix E, significant costs are identified for site
grading, reflecting the existing irregular site surface over the eight cribs.

' Hewever , they-Costs such as these vary widely as a
_ __ ._.

percentage of total project cost dep
.
endtng on site"s'p ecific

^
condiu Ano

_
th

.<
er significant distertiencost
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in the estimates relates to costs for constructing the low-permeability asphalt layer. Based on the
available information, a disproportionately high cost is associated with the fluid-applied asphalt top coat
material that is currently specified for the Hanford Barrier and the Modified RCRA Subtitle C Barrier.
Further engineering work on this topic is necessary.

amer was not performed for this RFS.

^.
general fill.layer severat feet untittek, tt construction costs were eptlmated at $59/m ($S 5/ff2).. _.
Constructton,"cost fo^r $ej;3anfozd Barrter was e^tmlated at $135/m2 ($12 6/ft^), and :construction cost
for.a bamer similaz to,tfiejyl.odtf^t`ed RCRA_Subtitle C Barnerwas estunatedat $79/mz ($7.3/ft ^j. The
cost differences between the Hanford Barrierand ttie Modified RCRA Subtitie C Barrier are eonsistent
with thosepresented inthis FFSin Appendtx

^
Not presented in this FESaze m5tituttonal control, maintenance and operations; and repair,and
replacement costsjoz anyof the barrier altervahves, As noted inprevious secttons.of:this FFS,
implementation of these^ctors ate, ct^cal to theshort--andong term performance of low permeability,
barriers, such as`the Staiulard RCRA Subhtle C Barrier, par^cularlym azidYO semiaiid regtons: M

Categoiies er,
such as thi
(Hanford;

__rma.._n_ae..._o.f surface watEnsurefunctional erfoerrun on and runoff controls coIIecnon
• discharge devtces^

• Ensure the. inte rity oMfIIe lemembiane liner

• Ensure the integry of 1ow _rmeability, compacted soil layer.

4.2.8 State Acceptance

This criterion makes provision for resolution of state technical and administrative issues and concerns
raised regarding the

eppertuttity' to review and " ' - election ofz
remedial alterpattve:_,^^echonofazemedialalternarivew"Till be p'ieiformed ,aspart ofa stte specific
evaluation and state acceptance of that evaluation wtll satisfVthis requirement.

4.2.9 Community Acceptance

This criterion provides for public input on recommended remedial action plans. Public comments
regarding

: Genunew>.
disposifiens

_ ,. _. __. .__ .
e srte-specific evaluation,wilI satisfy

this reqnirement.
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Table 4-1. Conformance Assessment of Hanford Barrier to Design Criteria. (Page 1 of 3)

^

Design Criteria Assessment of Conformance

1 Minimize moisture infiltration through the cover. The Hanford Barrier design facilitates moisture retention in the topsoil
layers for removal by evaporation and plant transpiration.

Capillary barrier interface at the base of the topsoil will restrict
drainage and increase moisture storage capacity in the topsoil layers.

A high saturated hydraulic conductivity value (I cm/sec) is specified
for the lateral drainage layer to prevent buildup of hydraulic head
within the layer.

The low-permeability (approximately 10'8 cm/sec) asphalt layer will
be highly impervious to moisture infiltration.

Numerical performance assessments in Appendix C predict that
infiltration through the barrier will be negligible (i.e., less than 0.1 %
of annual precipitation).

The Hanford Barrier is designed to accommodate significant increases
in annual precipitation (up to twice ambient) with no significant
adverse effects on performance.

2. Design a multilayer cover of materials that are resistant to Long-term durability of asphalt is being evaluated through natural
natural degradation processes. analog studies. Preliminary information indicates that asphalt offers

adequate durability over periods in excess of 5,000 years.

The geotextile filter fabric in Layer 3 is a constmction aid only. It
has no long-term function (i.e., no durability requirements).

Except for the asphalt layer and the geotextile, the barrier is designed
entirely of natural soil and rock materials that will provide appropriate
long-term resistance to chemical and physical weathering.

C
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Table 4-1. Conformance Assessment of Hanford Barrier to Design Criteria. (Page 2 of 3)

H
N

Design Criteria Assessment of Conformance

3. Design a durable cover that will require minimal Perennial vegetation will be cultivated on the cover surface to
maintenance during its design life. minimize susceptibility to wind and water erosion.

The topsoil in Layer 1 will contain 15 wt. % pea gravel. As silt
particles are eroded from the surface, pea gravel will form a lag
deposit that will tend to protect the surface from further erosion.

The surface slope has been limited to 2% to limit wind erosion.

4. Design a barrier with a functional life of 1,000 years. The thickness of topsoil in the Hanford Barrier is sufficient to
accommodate soil losses at a rate of 2 tons per acre per year for 1,000
years with no significant adverse effect on performance.

The Hanford Barrier is designed to accommodate substantial increases
in annual precipitation (up to twice ambient) with no significant
adverse effect on performance.

The 1,000-year, 24-hr storm has been evaluated (Appendix C-4).
Although the design storm delivers 6.8 cm (2.68 in.) of precipitation,
runoff during the 24-hr period is less than 2.5 cm (1 in.) (i.e., runoff
is not excessive, and the design storm is unlikely to cause severe
erosion of the cover surface).

5. Prevent plants from accessing and mobilizing Extremely low soil moisture conditions are expected to be maintained
contamination (i.e., prevent root penetration into the in the coarse-textured soil layers (i.e., Layers 4, 5, 6, and 7) below
waste zone). the capillary barrier interface. These conditions are expected to deter

root zone development below the topsoil layers.

The low-permeability asphalt in Layer 8 is expected to present an
impenetrable barrier to plant roots.

6. Prevent burrowing animals from accessing and mobilizing The coarse, fractured basalt rip-rap in Layer 6 will contain material
contamination. that is too heavy and bulky to be excavated and moved by indigenous

burrowing animals at the Hanford Site.

The low-permeability asphalt in Layer 8 is expected to present an
impenetrable barrier to burroiving animals.
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Table 4-1. Conformance Assessment of Hanford Barrier to Design Criteria (Pa e 3 of 31
Design Criteria

g
Assessment of Conformance

Include appropriate design provisions for limiting _:a___„ :_ ^n nrn ^^ •a •^n, .u, a Drilling asis consideted the most
inadvertent human intrusion. potentially adverse human intrusion scenario for TRU waste sites.

The coarse, fractured basalt rip-rap in Layer 6 is designed to
constitute an obstacle to drilling because of its loose, porous, and
fragmented condition.

Layer 8 could be excavated, but only with the aid of mechanized
equipment. Layer 8 constitutes a second obstacle to inadvertent
intrusion.

8. Facilitate drainage and minimize surface erosion by wind The surface slope is specified at 2% to provide for coherent drainage
and water. off the barrier surface while limiting wind erosion potential.

Perennial vegetation will be cultivated on the cover surface to
minimize susceptibility to wind and water erosion.

The topsoil in Layer 1 will contain 15 wt. % pea gravel. As silt
particles are eroded from the surface, pea gravel will form a lag
deposit that will tend to protect the surface from further erosion.

9. Design the low-permeability layer of the cover to have a The low-permeability asphalt layer is expected to demonstrate an
permeability less than or equal to any natural subsoils in-field saturated hydraulic conductivity value on the order of
present. 10" cm/sec. This value is several orders of magnitude lower than the

conductivity values of natural subsoils in the 200 Areas.
10. Design the cover to prevent the migration and A two-layer graded filter (Layers 4 and 5) separates the topsoil layers

accumulation of topsoil material within the lateral from the underlying layers of coarse-textured aggregate materials that
drainage layer (i.e., clogging of the lateral drainage will perform the biointrusion and drainage functions.
layer).

Design specifications for the two graded filter layers conform to
standard filter criteria.

11. For frost protection, locate the lateral drainage layer and The top of the lateral drainage layer will be situated approximately
the low-permeability asphalt layer at least 0.6 in, 15 cm 3.95 m(13 ft, 2 in.) below final grade.
(2 ft, 6 in.) below final grade.
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Table 4-2. Conformance Assessment of Modified RCRA Subtitle C Barrier to Design Criteria. (Page 1 of 3)

Design Criteria Assessment of Conformance

Minimize moisture infiltration through the cover. Design facilitates moisture retention in the topsoil layers for removal
by evaporation and plant transpiration.

Capillary barrier interface at the base of the topsoil will restrict
drainage and increase moisture storage capacity in the topsoil layers.

A high saturated hydraulic conductivity value (1 cm/sec) is specified
for the lateral drainage layer to prevent significant hydraulic head
buildup within the layer.

The low-permeability (approximately 10" cm/sec) asphalt layer will be
highly impervious to moisture infiltration.

Numerical performance assessments in Appendix C predict that
infiltration through the barrier will be negligible (i.e., less than 0.2%
of precipitation).

The Modified RCRA Subtitle C Barrier can accommodate significant
increases in annual precipitation (up to twice ambient) with no
significant adverse effect on performance.

2. Design a multilayer cover of materials that are resistant Long-term durability of asphalt is being evaluated through natural
to natural degradation processes. analog studies. Preliminary information indicates that asphalt offers

adequate durability over periods in excess of 5,000 years.

Except for the asphalt layer, the Modified RCRA Subtitle C Barrier is
designed entirely of natural soil and rock materials that will provide
appropriate long-term resistance to chemical and physical weathering.

3. Design a durable cover that will require minimal Perennial vegetation will be cultivated on the cover surface to
maintenance during its design life. minimize susceptibility to wind and water erosion.

The topsoil in Layer I will contain 15 wt. % pea gravel. As silt
particles are removed from the surface by erosion, pea gravel will
form a lag deposit that will tend to protect the surface from further
erosion.

The surface slope has been limited to 2% to limit wind erosion.
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Table 4-2. Conformance Assessment of Modified RCRA Subtitle C Barrier to Design Criteria. (Page 2 of 3)

^
in

Design Criteria Assessment of Conformance

4. Design a cover with a functional life of 500 years. The thickness of topsoil in the Modified RCRA Subtitle C Barrier is
sufficient to accommodate soil losses at a rate of 2 tons per acre per
year for 500 years with no significant adverse effect on performance.

The Modified RCRA Subtitle C Barrier can accommodate substantial
increases in annual precipitation (up to twice ambient) with no
significant adverse effect on performance.

The 500-year, 24-hr storm has been evaluated (Appendix C-4).
Although the design storm delivers 6.2 cm (2.47 in.) of precipitation,
runoff during the 24-hr period is less than 2.5 cm (1 in.) (i.e., runoff
is not excessive, and the design storm is unlikely to cause severe
erosion of the cover surface).

5. Prevent plants from accessing and mobilizing Extremely low soil moisture conditions are expected to be maintained
contamination (i.e., prevent root penetration into the in the coarse-textured soil layers (i.e., Layers 3, 4, and 5) below the
waste zone). capillary barrier interface. These conditions are expected to deter root

zone development below the topsoil layers.

The low-permeability asphalt in Layer 6 is expected to present an
impenetrable barrier to plant roots.

6. Prevent burrowing animals from accessing and The low-permeability asphalt in Layer 6 is expected to present an
mobilizing contamination. impenetrable barrier to burrowing animals.

7. Ensure that the top of the waste zone is at least 5 m(16.4 G-•'a°°°°'_,., ..r„ 61 :.,__.:c__ ti^*uman habitation of the site
ft) below final grade or include appropriate design surface asiS considefec) the most potentially adverse human intrusion
provisions for limiting inadvertent human intrusion. scenario for LLW sites.

Many radiological waste sites in the 200 Areas have already been
stabilized with coarse fill that would approach or exceed this
requirement. At other sites, the requirement could be met by
placement of additional grading fill (same material as in Layer 8).

Layer 6 represents a substantial barrier to inadvertent human
intrusion. Layer 6 could be excavated, but only with the aid of
mechanized equipment.
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Table 4-2. Conformance Assessment of Modified RCRA Subtitle C Barrier to Desien Criteria. (Pa2e 3 of 3)

Design Criteria Assessment of Conformance

8. Facilitate drainage and minimize surface erosion by wind The surface slope is specified at 2% to provide for coherent drainage
and water. off the barrier surface while limiting wind erosion potential.

Perennial vegetation will be cultivated on the cover surface to
minimize susceptibility to wind and water erosion.

The topsoil in Layer 1 will contain 15 wt. % pea gravel. As silt
particles are eroded from the surface, pea gravel will form a lag
deposit that will tend to protect the surface from further erosion.

9. Design the low-permeability layer of the cover to have a The low-permeability asphalt layer is expected to demonstrate an
permeability less than or equal to any natural subsoils in-field saturated hydraulic conductivity value on the order of
present. 10-8 cm/sec. This value is several orders of magnitude lower than the

conductivity values of natural subsoils in the 200 Areas.

10. Design the cover to prevent the migration and A two-layer graded filter (Layers 3 and 4) separates the topsoil layers
accumulation of topsoil material within the lateral from the underlying layers of coarse-textured aggregate materials that
drainage layer (i.e., clogging of the lateral drainage will perform the biointrusion and drainage functions.
layer).

Design specifications for the two graded filter layers conform to
standard filter criteria.

11. For frost protection, the lateral drainage layer and the The top of the lateral drainage layer will be situated approximately
low-permeability asphalt layer are to be located at least 1.3 m(4 ft, 4 in.) below final grade.
0.6 in, 15 cm (2 ft, 6 in.) below final grade.
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Table 4-3. Conformance Assessment of Standard RCRA Suhtitle C Barrier to Desien Criteria. fPaee 1 of 21

^

^

Design Criteria Assessment of Confortnance

1. MiniChize moisture infiltration through the cover: D'esign facilitates: (1) over land flow, or runoff of precipitation
directed toperipkiery of surface cover wllere ivnoff is collected an$
dtscherg641thriSugh peCcolation mto^adjacent grodnd, or othek
basin/pipitig facility and (2) a two-component low perineability.
layer (Layers 3 and,4).

2, Destgn a durable bover` of natilral maierials thatg^iii Desigii anclu#les;a top layai co^isiih`g of tv(o riatiiral corllponettts;,E
require minimal maitikenauce durtiig its desigA hfe.

F
(1) either a4eg^tated^tlr armored sutFaoe corrlponent to•niitYhnize
erosion, and;to the extentpossible,.promote. drainage.off th,c:coei'y
And (2) a soil odmporient with a minuhum total thickness of 60 cin

This.top layer should be.comprised of topsoil and/or local
'fili soil; as appropriate;, the surface ofwhicH slopes tinifotntly at
least 3%; but not more it 5% (Layer 1):

3. Design a coyer ^ytth a fdiichonal lile bf 30:years. AdequateFpetftlririance^oan^beTexpecCed wrth"sititabie'maiiiten^`ce,i
monitorutg, arld.any necessarrtepaIrs/replacement,

4 1'ceventp^arttsfromaccessingandmobilg Whecere^êgetationasusedfor,€rosidn,control;; shaIlowr#obftil
contammation(ie., preventrdot penetration into the

,
vegetatiott'istised Sl:lective plarttuig, monitoring, arid ariy

waste zone):
r

necessary rembval of deep-roated:vegetation will meet tfus critei^ia

5 t'rroPreventt b , wing awiiins=frbmaccessing and tiga pan;be^ roVideil ny'su^Citlitloe;^iliilizuig cbntammamo erm ^on Isi sary, manrtenance and repairagmet^e
3^bear^ fi^eof the overduring y

6. Facilitate;diainage and mininiize surfabeerosion by tyind
and water

Atsotl,dramage and PIxllrprotecttve^beMnrg)'iayer is,pro,^id'ed
th ii ^ e h Q': wt a;mnumut [thtc (u 3 etn1 f^2=tn )^a^^ a mintmlutjsso

z 'hyd^auhb oonditCttvity of ix 10, Cm^se^ thatwiil effect[^elji
iminiinize water infiltration into the lo,w peYmeability.layer, nndwiil
have a finaj slope of at least 3% afteY settlemerit arid subsitietibe;: or
a drainage layer..con$i`sting of.geosynthetic matLrials.vVitfi
bquivalent ,p erforrnadce. charaeteristics'(Layer 3).
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Table 4-3. Conformance Assessment of Standard RCRA Subtitle C Barrier to Design Criteria. (Page 2 of 2)

^

^

Design Criteria Assessment of Confoirnance

7. Design the low-permeability layer of the cover to have a Design mcludes,' a two domponent low-permeabiltty layer; lying
permeability less than orequal to any natiiral subsoilS wholly below^tfie frost zpne; that provides long-term niinimization
pYesent: of w*ater. nifiltratibn inta.the'untierlyiuig,'tyaste; consisting of (1) a

20-mil (0.5-mmj mtmmifin thtckness FML cbmponent and(2) ,a
eompacted soil oomponetitwith a mitdmum tliiclmess of at least 60
ctit (24 in .) and amaxuntstH ntplace Saturated.liydrauliO
^Conducttvitq of 1 x 1Q'' cm%seo (Layer 4);'

8. Design the cover to pievent the migration and
tiod of topsoil niateri l,within the lateralaccru l

Desigd;meIttdes,a4filter,lapter tb^pre±le^tt migration of fine,ntatertais
f otit tfie'u t Su f ce laye ^ o the U derYying?8 H d ainag ei•:iaanu a

drainage layer !(i cloggirig <if the lateral drainagee: j
r ppe r ; rs )a n o r e y

. .,.
layer):

9 Fcr,6ost:protebnoni, tlie^laterai^draiiige layer and the The^mitiittittm deslgn thi^kries^^of tHe; Serlying layers;p"laces tiie
^Idw-permeabilityrlayer are to be located afleaet 0.6 m; lateral,$ratnage layer and tlie lov^=p^ eabilitp.layer af I°east (1,G mjN

f5cm(2•R, 6 in.) below the f1na1 grade: 15 cnl (2 ft, 6:ini) be o^ tiie final grade.i .
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Table 4-4. Conformance Assessment of Modified RCRA Subtitle D Barrier to Design Criteria. (Page I of 3)

Design Criteria Assessment of Conformance

1. Minimize moisture infiltration through the cover. The Modified RCRA Subtitle D Barrier facilitates moisture
retention in the topsoil layers for removal by evaporation and plant
transpiration.

Capillary barrier interface at the base of the topsoil will restrict
drainage and increase moisture storage capacity in the topsoil
layers.

Numerical performance assessments in Appendix C predict that
infiltration through the barrier will be negligible (i.e., less than
0.5% of annual precipitation).

Because of its shorter design life, the Modified RCRA Subtitle D
Barrier is not designed to accommodate wide deviations in average
annual precipitation.

2. Design the cover to provide limited biointrusion control Limited biointrusion control will be provided by adding soil layers
(i.e., to control scavenging and vector activity). over existing fill and by compacting topsoil in Layer 3.

Compaction will provide increased resistance to burrowing activity
and root penetration.

Solid waste sites in the 200 Areas do not contain putrescible waste
that attract vectors.

Modified RCRA Subtitle D Barrier does not address human
intrusion. The 100-year design life corresponds to the minimum
limit of active institutional control.

3. Design a multilayer cover system with a combined Discounting grading fill (Layer 4), the combined thickness of
thickness of at least 60 cm (24 in.). Layers 1, 2, and 3 is 90 cm (36 in.).
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Table 4-4. Conformance Assessment of Modified RCRA Subtitle D Barrier to Design Criteria. (Page 2 of 3)

H

4- The
wR,.a:cf,.w nnn ♦

Subtitle x) Barrier t__:r: __ ntaisture

interfflee:

54. Design a cover system that includes a surface layer of Perennial vegetation will be cultivated on the cover surface to
earthen materials with a minimum thickness of 15 cm (6 minimize susceptibility to wind and water erosion.
in.) that will control runoff and minimize erosion of the
cover surface. The topsoil in Layer i will contain 15 wt. % pea gravel. As silt

particles are removed from the surface by erosion, pea gravel will
form a lag deposit that will tend to protect the surface from further
erosion.

The surface slope has been limited to 2% to limit wind erosion.

Layer I of the Modified RCRA Subtitle D Barrier has a design
thickness of 20 cm (8 in.).

65. Design a cover system with a surface layer capable of The combined thickness of topsoil materials of 90 cm (36 in.) will
sustaining grass, other shallow-rooted vegetation, or provide adequate thickness to establish and maintain cover
other native vegetation. vegetation of perennial grass species.

96. Design the low-penneability layer of the cover to have a The compacted topsoil in Layer 3 is expected to have a saturated
permeability less than or equal to any natural subsoil hydraulic conductivity value of between 104 and 10-7cm/sec. This
present, or a permeability that is no greater than value is less than the penneabilities of native subsoils in the 200
1 x 10-' cm/sec (whichever is less). Areas.
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Table 4-4. Conformance Assessment of Modified RCRA Subtitle D Barrier to nPqipn ftritaria. lPaaa a.,e ai

A

, -a.. .. ., „,

97. Design a durable cover that will require minimal Perennial vegetation will be cultivated on the cover surface to
maintenance during its design life. minimize susceptibility to wind and water erosion.

The topsoil in Layer 1 will contain 15 wt. % pea gravel. As silt
particles are removed from the surface by erosion, pea gravel will
form a lag deposit that will tend to protect the surface from further
erosion.

The surface slope has been limited to 2% to limit wind erosion.

98. Design a cover with surface slopes of no less than 2%. The surface slope is specified in the design at 2%.

i04. Design a cover with a functional life of 100 years. The thickness of topsoil in the Modified RCRA Subtitle D Barrier
is sufficient to accommodate soil losses at a rate of 2 tons per acre
per year for 100 years with no significant adverse effect on
performance.

The barrier is designed entirely of natural soil and aggregate
materials that will provide appropriate long-term resistance to
chemical and physical weathering.

The 100-year, 24-hr storm has been evaluated (Appendix C-4).
Although the design storm delivers 5.05 cm (1.99 in.) of
precipitation, runoff during the 24-hr period is less than 2.5 cm
(1 in.) (i.e., runoff is not excessive, and the design storm is
unlikely to cause severe erosion of the cover surface).
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Table 4-5. Sample Barrier Cost Estimates Based on Actual Estimated Costs for Barriers over 216-B-43/50 Cribs.

H-

Cost Items Hanford Modified Modified
Barrier RCRA Subtitle C RCRA Subtitle D

Barrier Barrier

Engineering

Definitive Design (Technical Services) 287,500 139,150 23,000
Engineering/Inspection (Technical Services) 575,000 278,300 46,000

SDRI Test on Asphalt Layer (Technical Services) 20,700 20,700 0

Engineering Totals 883,200 438,150 69,000

Improvements to Land

Site grading, compaction, and fill 618,728 534,213 534,213
Placement of base course 86,454 71,046 0

Placement of asphalt layer 2,141,519 1,766,573 0

Placement of gravel drainage layer 165,770 66,670 0
Placement of coarse basalt layer and side slope 2,565,267 68,407 68,407
surfacing material

Placement of side-slope fill 0 50,030 0
Placement of sand/gravel filter layers 257,263 157,663 0
Placement of lower silt layer 335,017 220,101 168,194
Placement of middle silt layer 0 0 222,439
Placement of silt/pea gravel admix layer 411,276 249,221 121,088
Base material for perimeter access road 27,399 0 0

Improvements to Land Totals 6,608,693 3,183,924 1,114,341

Project Totals 7,491,893 3,622,074 1,183,341

0
O

i^
toW



DOE/RI.-93-33
Draft B

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 COVER FEASIBILITY - CONCLUSIONS

The results of the detailed assessments in Section 4.0, in which each of the three ree mimendedfour
presented surface barrier designs was assessed against its design criteria and the EPA evaluation
criteria, demonstrate that the barrier designs tvili-constitute

poteniI genenc i;emedW aiternative for200,9rea waste sites A,site-
specific evaiuation can tben comliare the stngle surface barrier alternative to other alternattves;proposec
for the utdividnal wastpsite. The tliree estgns presented in this FF3 ar@ aS follows_

• Hanford Barrier. Designed to provide 1,000-year isolation of waste sites containing TRU
contaminants, mixed TRU , and GTCC LLW and GTOC mixed
waste.

• Modified RCRA Subtitle C Barrier. Designed to provide 500-year isolation of waste sites
with hazardeusdangeions waste, Category 3 LLW, Category 3 LL mixed waste, and Category
1 LL mixed waste.

...^ ____-• Standacd TL<;BA Subtitle C Bamer Destgtted to rpoyide 30-^ear rsolation of dangerous
wastesites.

• Modified RCRA Subtitle D Barrier. Designed to provide 100-year isolation of waste sites
with Category 1 LLW and nonhazardous/nonradioactive solid waste.

Performance simulations indicate that the barriers can be relied upon to perform as designed and to
provide effective short- and long-term protection of human health and the environment. From an
implementability perspective, surface barriers are readily constructable, are viewed as reliable remedial
measures, and are not constrained by administrative issues or the availability of labor or materials.
Sample engineering and construction costs are presented in Section 4.2.7 and Appendix E.

The StandardRCRA. Subtifle
project srtes `I unrtattons _inc
surveillance, maintenance an
implementationof such in ari
surface water run-on and rnn
limttations, the Standard'RCI
projects:

as, limrted applications and use.atthe'T3anford Site, individual
owing: (1) }imited desigri life and (2) anticipated bigh
cosf"causedby low-permeability layer design features, and
rnditions and maintenance and operations cost caused by

and di

^._ _..
The Modifred RCRA'Stibtitle C'Barrler is considered to be the baseline design tn lieu of tfte, Standard:.^ .
RCRA Subtitle C Barrier. Advatages ofthe Modified RCRA Subtitle C Barrier include the following:

----Design for operation and low maintenance in and climata conditions

Biiminatton ofneed for suiface water'zun-on and rnnoffcontrol .--coIlechonand discharge
devices.
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5.2 SITE-SPECIFZC,EVAI.iTATIQN AND DEFINITIVE DESIGN REQUIREMENTS

The jL16reefourbiselinesurface barrier designs in this FFS report have been developed as eeneric
conce tual desiP gns..k4 ,on.ARARs.
The design process has aeeeuntedfe^
criteria except for site-specific items.
Ai2ARs and techmcal guidance devel
considered during the de€utiEYdest[e-^
individua1200 Area waste sites. Site

to

requirements

ttwasie. sites.

and criteria;as;weIl astailoring the
ndtttons jif app'ropriate); will be
guent»clefin3[iye design of barriers for
riteria include the following items.

• ARARs, including design-specific ARARs that were not addressed in the concepfual design,
together with contaminant- and location-specific ARARs that were not evaluated in detail in
Section 2.0.

• Results of site characterization studies, including chemical, radiological, and physical
characteristics.

• Adaptation and/or detailing of conceptual designs to address side-slope design, crown slope
geometry, drainage requirements, the size and shape of the cover footprint, and edge effects.

• Settlement and subsidence issues and control measures, including void reduction and,subgrade
compaction specifications.

• Gas control requirements.

• Evaluations of seismic susceptibility.

• Thickness of barrier layers and materials with respect to shielding requirements.

• Availability of construction materials.

• Safety and construction quality assurance plans.

• Specification of suitable cover vegetation.

• Monitoring and maintenance plans.

Research and engineering activities are ongoing to refine barrier materials and specifications. These
activities include work associated with the monitoring and testing of the Hanford Barrier prototype and
the work described in Sections 5.3.2 and 5.3.3 below, which is related to the selected remedial actions
for units within the 200-BP-1 Operable Unit. Refinements will be incorporated into definitive cover
designs as they become available.

Seismic susceptibility of the Hanford Barrier prototype has been evaluated (Wing et al. 1995). The
results indicated that potential damage to the barrier from the design earthquake was confined to the 2:1
sideslope. The sideslope was susceptible to a sliding wedge failure mode, with sliding occurring on top
of the fluid-applied asphalt layer. Seismic evaluations have not been carried out to date for the other
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two barrier designs described in this FFS. However, it is anticipated that results for the other designs
will also demonstrate that seismic susceptibility is confined to the sideslopes and is readily controllable
by design.

5.3 RECOMMENDATIONS FOR FURTHER WORK

The following subsections highlight several design issues recommended as priority topics for further
barrier development work Recommendations made withmxh^sFFS should be dtspositioned before.._. _ . ..
implementation (except for the matenais data base, Sec'cn 5 3_6).

5.3.1 Prototype Testing

Plans €efto monitor* and test€ng-e€ the Hanford Barrier prototype over the 216-B-57 Crib are
summarized in Treatability Test Plan for the 200-BP-1 Prototype Surface Barrier (DOE-RL 1993e).
After construction, the barrier is expected to take approximately 1 year to stabilize. Barrier
performance will be evaluated for an additional 2-year period (i.e., active monitoring and testing are
planned for 3 years). Because this timeframe is limited compared to the barrier's 1,000-year design
life, the program emphasizes stress testing (i.e., imposition of harsher environmental conditions on the
barrier than those that occur naturally). Monitoring and testing activities will focus on the following
performance issues:

• Water infiltration control
• Water erosion
• Wind erosion
• Biointrusion
• Asphalt performance.

The barrier's ability to control moisture infiltration and to resist mass wasting will be evaluated from
the data to be obtained.

5.3.2 Asphalt Durability Assessment

Durability of the low-permeability asphalt layer in the Hanford Barrier and the Modified RCRA
Subtitle C Barrier is a design issue. Preliminary information from analog studies of natural asphaltic
materials (Waugh et al. 1994) indicates that asphaltic materials are likely to exhibit adequate durability
for surface barriers with design life criteria of 500 or 1,000 years. Additional investigations are
planned (Freeman and Romine 1994) to obtain defensible data on the long-term performance of
asphaltic materials for barrier applications. These investigations will (1) develop and perform a
defensible accelerated aging test procedure to measure asphalt properties over 1,000 years, and (2)
supplement and validate laboratory aging data by comparisons to asphalt artifacts from archaeological
sites. The scope of work recommended by Freeman and Romine (1994) has been initiated.

5.3.3 Alternative to Fluid-Applied Asphalt Top Coat

The Hanford Barrier and Modified RCRA Subtitle C Barrier designs both include a low-permeability
asphalt layer consisting of 15 cm (6 in.) of "double-tar" asphaltic concrete with a seal coating of
spray-applied polymer-modified asphalt. The specification calls for the fluid-applied asphalt to be
applied in two coats, each approximately 100 mil thick. During construction of the Hanford Barrier
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prototype at the 216-B-57 Crib, constructability problems were experienced with the fluid-applied
asphalt (DOE-RL 1994). When the material was applied in 100 mil thickness as specified, it tended to
develop bubbles up to 1 cm (0:4 in.) in diameter. Remedial measures were implemented to detect and
eliminate bubbles while the material was hot. Other bubbles, which were not identified until after the
material had cooled, were repaired by remelting the material with a propane torch. The tendency for
bubbling was reduced by applying the material in thinner layers. It is reported that, ultimately, it was
necessary to apply five to seven thin layers of the polymer-modified asphalt to get acceptable results.

In view of the constructability problems, there is an apparent need to reevaluate the specification of
polymer-modified asphalt in the two designs. Moreover, this is a disproportionately expensive
material. In initial permeability tests (DOE-RL 1994), the asphaltic concrete layer exceeded design
requirements. Therefore, it may be appropriate either to identify an appropriate substitute for the
fluid-applied asphalt coating or to eliminate it altogether.

5.3.4 Biointrusion Barrier

During this FFS, there was extended consideration of a fourth barrier option, a so-called "biointrusion
barrier. " The biointrusion barrier was envisioned for waste sites containing only ^deesdangerous,
LLW, or LL mixed waste constituents that are strongly sorbed onto the soil column (i.e., constituents
that are highly immobile in the calcic vadose zone environment of the 200 Areas). In such cases, it is
expected that baselitke-risk assessments would generally show that moisture infiltration does not pose a
significant risk to groundwater quality. Consequently, the biointrusion barrier was conceptualized as a
design consisting of multiple layers of coarse-textured soil materials that would isolate waste physically,
but not hydrologically.

A L• ......-
havethe 209

L .,-•-^ ^^

V1^

T^ns concept was
- ,_ ..

considered to best beaddressed in the site-specific evaiuation for,the individual wate srtes The
ARARs delineated m QusFFS mdtcate whtch performance anddesign crrteria are pertinent when
certain con+aminan+c ex^st at the srte If these cop+ammanrc do not^ose athreatto, groundwater, then
the performance anddesign oriteria telatmg to groundwater protection maynot be relevant and
appropriate: and can be elimmated ia thesite-spectfic evatttation. 'T1us would then result rn a barrier
criteria that is dommated by tholiiointrusion scenano, `If an.alternate destgn. is then de5tred, that design
can be best-developed by factoin all othei.srte-specific ARARs information.

5.3.5 Settlement and Subsidence

Settlement and subsidence refer to various forms of soil response to surcharge loading of the site
surface. In the context of engineered barriers, surcharge loading refers to the combined weight of
materials placed in various cover layers per unit area of the site surface. Settlement refers to a change
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in elevation of a structure or the ground surface caused by compressive stresses acting on the subgrade,
leading to densification (void volume reduction) within the soil. Subsidence generally refers to
localized anomalous settlement patterns produced by collapse of large individual voids within the
subgrade or the cumulative densification of low-density fill material.

Earth structures, such as surface barriers, generallycan tolerate a significant amount of settlement,
provided the settlement is short-term and relatively uniform. However, localized or uneven settlement
is a potential performance issue for barriers.

This FFS does not address settlement and subsidence issues as they relate to eeversthe surface,barriers..._^W9.evaluated intliisTo deal effectively with this issue, the engineering focus must be redirected
from the barrier to the subgrade. A follow-on engineering study is recommended to address settlement
and subsidence issues associated with various types of waste sites in the 200 Areas. This study will be
performed in two parts.

Conventional foundation engineering methods will be used to make estimates of normal
settlement for the three recommended surface barriers on sites with undisturbed subgrade.
Estimates will be prepared for a range of barrier sizes (i.e., 9.3-, 46.5-, and 93-m2 [100- ,
500- , and 1,000-ftz] areas), and separate estimates will be prepared for sites in the 200 East
Area (where the shallow subgrade generally consists of coarse alluvium) and the 200 West
Area (where the subgrade includes finer alluvial materials).

2. The remainder of the study will address subsidence issues associated with specific waste site
types (e.g., cribs, trenches and ditches, ponds, burial grounds) and make specific
recommendations on appropriate subgrade modification methods for eliminating subsidence
potential in advance of barrier construction.

5.3.6 Barrier Materials Data Base

The information that has been collected in Appendix B of this FFS could serve as the basis for a
spreadsheet or data base for accumulating and correlating data on material quantity and scheduling
requirements for barrier construction. Such a data base would be useful in budgeting and planning for
tracking material quantity requirements, scheduling borrow site operations, planning capital
expenditures, and other related tasks.

5.4 IMPLEMENTATION LOGIC FOR GRADED BARRIERS

This FFS provides a sequence of generic conceptual designs of surface bamers for 200 Area waste__. .---
sites. These generic conceptual. desi^ns cau be usedas a baseline cover,deaignto eval'ate various
remedial alternatives during a site-specific evaluauon,During this srte specific evaluation, the tailoring
of the cover design can Ge`accomplisIted factormg inspecific location, contaminants, risk levels, etc.

=- °The genenc design provided:here reflects a bai-nerthat meets, all potential design criteria and can be
simplified.orreduced if not all:thedesign cnteria is needed forihe specific site. Figure 5-1 represents
the logic for barrier selection and for implementation of the "graded approach" to surface barriers for
the 200 Areas. Decision gates numbered in the figure correspond to the following questions and
statements.
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1. Does the WMU contain TRU constituents or """' -°i°-' -°-°' - in concentrations in excess of
100 nCi/g?

2. Does the WMU contain LLW er L^; ft4-wftst:e-with GTCC activity (i.e., does waste
activity exceed Category 3 limits)?

Does the WMU contain waste regulated as *ecous waste?

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

Does the WMU contain LLW with Category 1 activity?

6. Only nonradiological, nonhazardous solid waste is present.

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

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

Table 1-1 indicates there are 239 LLW and LL mixed waste sites included in Appendix B and another 8
hazafdettsdangerous waste-only sites. Characterization and/or waste inventory data are currently
insufficient to provide a breakdown of these sites with respect to radiological activity. However,
according to the logic in Figure 5-1, sites with GTCC activity (if any) would be candidate sites for the
Hanford Barrier, and Category 3 sites and itazardetqangerovs waste-only sites would be candidates
for the Modified RCRA Subtitle C Barrier. The Subtitle C Barrier would also be selected for Category
1 - mixed waste sites, in consideration of the lftffdeusdangerous component. Sites with Category 1
LLW and nonradiological, nonhazardous solid waste would be candidates for the Modified RCRA
Subtitle D Barrier. Table 1-1 indicates there are 14 nonradiological, nonhazardous waste sites included
in Appendix B.
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Figure 5-1. Implementation Logic for the Graded Barrier Approach (the numbered notes
refer to statements listed in Section 5.4).

TRU? Yes Select
Hanford
Barrier

No

Yes

No

ngerous yes Select
Modified RCRA

(3 Subtitle C Barrier

No

C3? Yes

(4)

No

Cl? Yes Select
Modified RCRA

Subtitle D Barrier

No

Solid Waste Yes

(6)
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APPENDIX A

LOW-LEVEL WASTE ACTIVITY LIMITS

A-i



DOElRL-93-33
Draft B

THIS PAGE INTENTIONALLY
LEFT BLANK

A-ii



DOE/RL-93-33
Draft B

The LLW is divided into three categories at the Hanford Site: Category 1(analogous to NRC Classes
A and B), Category 3 (analogous to NRC Class C), and GTCC as defined by NRC in 10 CFR
61.55(a)(2). The DOE Categories 1 and 3 waste are defined according to the radiological constituents
and corresponding activity limits tabulated in Section 3.0 of WHC (1995). The information in this
appendix is reproduced from that source. Waste with multiple constituents are characterized
according to a"sum-of-fractions" rule derived from 10 CFR 61.55(a)(7).
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Categories 1 and 3 Activity
Limits for Disposal. (Page 1 of 3)

Activity limits (Ci/m3)
Nuclide

Category 1 Category 3

3H 5.0 E+06

"Be 1.0 E+00 2.2 E+02

'^C 4.0 E-02 9.1 E+00

"C' 4.0 E-01 9.1 E+01

36CI 4.0 E-04 8.3 E-02

°0I{ 1.7 E-03 3.4 E-01

GOCo 7.7 E+01

"Ni 4.0 E+00 8.3 E+02

"Ni' 4.0 E+01 8.3 E+03

°Ni 4.8 E+00 1.7 E+04

"Ni' 4.8 E+01 1.7 E+05

ISe 3.8 E-01 8.3 E+01

'Sr 4.3 E-03 1.5 E+04

"Zr 2.7 E+00 5.9 E+02

'°Nb 2.6 E-04 5.6 E-02

'°Nb' 2.6 E-03 5.6 E-01

"Mo 3.0 E-01 7.1 E+01

9°Tc 5.6 E-03 1.2 E+00

9°Tc 5.6 E-03 1.2 E+00

t0'Pd 4.8 E+00 1.0 E+03

"'mCd 2.0 E-01

12'mSn 6.3 E+00 2.0 E+05

"^Sn 1.8 E-04

2.9 E-03 5.9 E-01
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Categories 1 and 3 Activity
Limits for Disposal. (Page 2 of 3)

Activity limits (Ci/m3)
Nuclide

Category 1 Category 3

"'Ba 7.7 E-01

116Cs 1.9 E-01 4.2 E+01

"Cs 6.3 E-03 1.3 E+04

"Sm 1.6 E-02 3.4 E+00

15'Sm 3.8 E+01 1.8 E+05

10Eu 1.6 E-03 7.7 E+02

IMEu 5.3E-02

'UEu 8.3E-01

'nGd 6.3 E-03 1.3 E+00

18'Re 5.3 E+00 1.1 E+03

IPo 2.9 E-02 7.7 E+01

210Pb 1.0 E-02 5.6 E+05

=6Ra 1.4 E-04 3.6 E-02

nBRa 1.9 E+01

^Ac 4.5 E-03 3.2 E+05

="fh 4.8 E-04 1.1 E-01

^Th 2.1 E-03 1.3 E-01

n2Th 1.2 E-04 2.2 E-02

"'Pa 1.6 E-04 3.3 E-02

02U 5.3 E-04 4.0 E+00

B"Ub 7.7 E-03 1.1 E+00

"°U 9.1 E-03 2.1 E+00

MU 3.2 E-03 5.9 E-01

MU 1.0 E-02 2.2 E+00

23SU 6.3 E-03 1.4 E+00
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Categories 1 and 3 ActYvity
Limits for Disposal. (Page 3 of 3)

Activity limits (Ci/m3)
Nuclide

Category 1 Category 3

^ Npb 1.9 E-04 4.0 E-02

n6pu° 9.1 E-03 4.5 E+01

""Pa" 3.6 E-03 7.7 E-01

Mpu" 3.6 E-03 7.7 E-01

U"pub 7.7 E-02 3.1 E+01

'AZpu" 3.8 E-03 8.3 E-01

2uPub 8.3 E-04 1.7 E-01

N'Am" 2.6 E-03 1.1 E+00

21mAm" 2.6 E-03 2.4 E+00

N'Am" 1.3 E-03 2.8 E-01

V"Cm" 2.5 E-02 6.3 E+02

mCm" 2.3 E-01 2.9 E+02

^Cmb 2.1 E-03 3.3 E-01

'"`Cmb 3.3 E-03 7.7 E-01

'"'Cmb 7.1 E-04 1.5 E-01

'ABCm" 9.1 E-04 2.0 E-01
° mut or isotope in activated me .
b Category 3 limit is the lower of this value
and 100 nCi/g.
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APPENDIX B

WASTE MANAGEMENT UNITS IN THE 200 AGGREGATE AREA
DESIGNATED IN THE AGGREGATE AREA MANAGEMENT STUDY REPORTS

AS CANDIDATES FOR REMEDIATION WITH SURFACE BARRIERS
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Table B-1. Candidates for Remediation with Surface Barriers. (Page 1 of 12)

Operable unit Unit name Unit type Waste category AAMS Path'
(IRM/LFI?)

200-PO-2 216-A-2 Crib LL/Mixed Waste Y

200-PO-2 216-A-3 Crib LL/Mixed Waste Y

200-PO-2 216-A-4 Crib LL/Mixed Waste Y

200-PO-2 216-A-5 Crib LL/Mixed Waste Y

200-PO-2 216-A-9 Crib LL/Mixed Waste Y

200-PO-2 216-A-10 Crib LL/Mixed Waste Y

200-PO-2 216-A-11 French Drain LL/Mixed Waste N

200-PO-2 216-A-12 French Drain LL/Mixed Waste N

200-PO-2 216-A-13 French Drain LL/Mixed Waste N

200-PO-2 216-A-14 French Drain LL/Mixed Waste Y

200-PO-2 216-A-15 French Drain LL/Mixed Waste N

200-PO-2 216-A-21 Crib LL/Mixed Waste Y

200-PO-2 216-A-22 French Drain LL/Mixed Waste N

200-PO-2 216-A-26 French Drain LLW N

200-PO-2 216-A-26A French Drain LL/Mixed Waste N

200-PO-2 216-A-27 Crib LL/Mixed Waste Y

200-PO-2 216-A-28 French Drain LL/Mixed Waste Y

200-PO-2 216-A-31 Crib LL/Mixed Waste Y

200-PO-2 216-A-32 Crib LLW Y

200-PO-2 216-A-33 French Drain LLW N

200-PO-2 216-A-35 French Drain LL/Mixed Waste N

200-PO-2 216-A-36A Crib LL/Mixed Waste Y

200-PO-2 216-A-36B Crib LL/Mixed Waste Y

200-PO-2 216-A-38-1 Crib Nonhazardous/
Nonradiological

N

200-PO-2 216-A-40 Trench LL/Mixed Waste Y

200-PO-2 216-A-41 Crib LL/Mixed Waste Y

200-PO-2 216-A-45 Crib LLW Y
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Table B-1. Candidates for Remediation with Surface Barriers. (Page 2 of 12)

200-PO-2 218-E-1 Burial Ground Pre-1970
TRU/Mixed Waste

N

200-PO-2 218-E-13 Burial Ground LL/Mixed Waste N

200-PO-2 299-E24-111 Injection Well LLW N

200-PO-4 216-A-6 Crib LL/Mixed Waste Y

200-PO-4 216-A-30 Crib LLW Y

200-PO-4 216-A-37-1 Crib LLW Y

200-PO-4 216-A-37-2 Crib LLW Y

200-PO-4 216-A-42 Retention Basin LL/Mixed Waste Y

200-PO-5 207-A-NORTH Retention Basin Nonhazardous/
Nonradiological

N

200-PO-5 207-A-SOUTH Retention Basin Hazardous Waste N

200-PO-5 216-A-1 Crib LL/Mixed Waste Y

200-PO-5 216-A-7 Crib LL/Mixed Waste Y

200-PO-5 216-A-8 Crib LLW Y

200-PO-5 216-A-18 Trench LL/Mixed Waste N

200-PO-5 216-A-19 Trench LL/Mixed Waste N

200-PO-5 216-A-20 Trench LL/Mixed Waste N

200-PO-5 216-A-24 Crib LL/Mixed Waste Y

200-PO-5 216-A-29 Ditch LL/Mixed Waste Y

200-PO-5 216-A-34 Ditch LL/Mixed Waste N

200-PO-6 218-E-8 Burial Ground LLIMixed Waste N

200-PO-6 218-E-12A Burial Ground LL/Mixed Waste Y

200-BP-1 216-B-43 Crib LL/Mixed Waste N

200-BP-1 216-B-44 Crib LL/Mixed Waste N

200-BP-1 216-B-45 Crib LL/Mixed Waste N

200-BP-1 216-B-46 Crib LL/Mixed Waste N

200-BP-1 216-B-47 Crib LL/Mixed Waste N

200-BP-1 216-B-48 Crib LL/Mixed Waste N

200-BP-1 216-B-49 Crib LL/Mixed Waste N
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Table B-1. Candidates for Remediation with Surface Barriers. (Page 3 of 12)

200-BP-1 216-B-50 Crib LL/Mixed Waste N

200-BP-1 216-B-57 Crib LL/Mixed Waste N

200-BP-1 216-B-61 Crib Nonhazardous/
Nonradiological

N

200-BP-2 216-B-14 Crib LL/Mixed Waste Y

200-BP-2 216-B-15 Crib LL/Mixed Waste Y

200-BP-2 216-B-16 Crib LL/Mixed Waste Y

200-BP-2 216-B-17 Crib LL/Mixed Waste Y

200-BP-2 216-13-18 Crib LL/Mixed Waste Y

200-BP-2 216-B-19 Crib LL/Mixed Waste Y

200-BP-2 216-13-20 Trench LL/Mixed Waste Y

200-BP-2 216-B-21 Trench LL/Mixed Waste Y

200-BP-2 216-13-22 Trench LL/Mixed Waste Y

200-BP-2 216-13-23 Trench LL/Mixed Waste Y

200-BP-2 216-B-24 Trench LL/Mixed Waste Y

200-BP-2 216-B-25 Trench LL/Mixed Waste Y

200-BP-2 216-B-26 Trench LL/Mixed Waste Y

200-BP-2 216-13-27 Trench LL/Mixed Waste Y

200-BP-2 216-B-28 Trench LL/Mixed Waste Y

200-BP-2 216-13-29 Trench LL/Mixed Waste Y

200-BP-2 216-13-30 Trench LL/Mixed Waste Y

200-BP-2 216-13-31 Trench LL/Mixed Waste Y

200-BP-2 216-B-32 Trench LL/Mixed Waste Y

200-BP-2 216-B-33 Trench LL/Mixed Waste Y

200-BP-2 216-B-34 Trench LL/Mixed Waste Y

200-BP-2 216-B-52 Trench LL/Mixed Waste Y

200-BP-2 216-B-53A Trench TRU/Mixed Waste
Contaminated Soil

Y

200-BP-2 216-B-53B Trench LL/Mixed Waste Y

200-BP-2 216-B-54 Trench LL/Mixed Waste Y
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Table B-1. Candidates for Remediation with Surface Barriers. (Page 4 of 12)

200-BP-2 216-B-58 Trench LL/Mixed Waste Y

200-BP-3 216-B-35 Trench LL/Mixed Waste N

200-BP-3 216-B-36 Trench LL/Mixed Waste N

200-BP-3 216-B-37 Trench LL/Mixed Waste N

200-BP-3 216-B-38 Trench LL/Mixed Waste N

200-BP-3 216-B-39 Trench LL/Mixed Waste N

200-BP-3 216-B-40 Trench LL/Mixed Waste N

200-BP-3 216-B-41 Trench LL/Mixed Waste N

200-BP-3 216-B-42 Trench LL/Mixed Waste N

200-BP-4 216-B-7A Crib TRU/Mixed Waste
Contaminated Soil

Y

200-BP-4 216-B-7B Crib TRU/Mixed Waste
Contaminated Soil

Y

200-BP-4 216-B-8 Crib LL/Mixed Waste Y

200-BP-4 216-B-11A Reverse Well LL/Mixed Waste Y

200-BP-4 216-B-11B Reverse Well LL/Mixed Waste Y

200-BP-4 216-B-51 French Drain LL/Mixed Waste Y

200-BP-6 216-B-4 Reverse Well LL/Mixed Waste Y

200-BP-6 216-B-5 Reverse Well TRU/Mixed Waste
Contaminated Soil

N

200-BP-6 216-B-6 Reverse Well LL/Mixed Waste Y

200-BP-6 216-B-9 Crib LL/Mixed Waste Y

200-BP-6 216-B-10A Crib LL/Mixed Waste Y

200-BP-6 216-B-10B Crib LL/Mixed Waste Y

200-BP-6 216-B-13 French Drain LL/Mixed Waste N

200-BP-6 216-B-56 Crib Nonhazardous/
Nonradiological

N

200-BP-6 216-B-59B Retention Basin LLW N

200-BP-6 216-B-60 Crib LL/Mixed Waste N

200-BP-6 218-E-6 Burial Ground Nonhazardous/ .
Nonradiological
Solid Waste

N
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Table B-1. Candidates for Rentediation with Surface Barriers. (Paoe 5 nf 12)

200-BP-6 218-E-7 Burial Ground LL/Mixed Waste N

200-BP-8 216-B-2-1 Ditch LL/Mixed Waste Y

200-BP-8 216-B-2-2 Ditch LL/Mixed Waste Y

200-BP-8 216-B-2-3 Ditch LLW y

200-BP-8 216-B-63 Ditch LL/Mixed Waste Y

200-BP-8 207-B Retention Basin LLW y

200-BP-9 216-B-12 Crib LLIMixed Waste Y

200-BP-9 216-B-55 Crib LLW y

200-BP-9 216-B-62 Crib LLW N

200-BP-9 216-B-64 Retention Basin LLW y

200-BP-9 200 Area
Construction Pit

Pit Nonhazardous/
Nonradiological
Solid Waste

N

200-BP-10 218-E-2 Burial Ground LL/Mixed Waste Y

200-BP-10 218-E-2A Burial Ground LL/Mixed Waste N

200-BP-10 218-E-4 Burial Ground LL/Mixed Waste Y

200-BP-10 218-E-5 Burial Ground LL/Mixed Waste Y

200-BP-10 218-E-5A Burial Ground Pre-1970
TRU/Mixed Waste

Y

200-BP-10 200-E-8 Borrow Pit
Demolition Site

Ash Pit Hazardous Waste N

200-BP-10 218-E-9 Burial Ground LL/Mixed Waste Y

200-BP-10 218-E-10 Burial Ground LL/1Vlixed Waste N

200-BP-11 216-B-3 Pond LL/Mixed Waste Y

200-BP-11 216-B-3A Pond LL/Mixed Waste Y

200-BP-11 216-B-3B Pond L,L/Mixed Waste Y

200-BP-1 1 216-B-3C Pond LL/Mixed Waste Y

200-BP-11 216-B-3-1 Ditch LLIMixed Waste Y

200-BP-11 216-B-3-2 Ditch LL/Mixed Waste Y

200-BP-11 216-B-3-3 Ditch LLW Y
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Table B-1. Candidates for Remediation with Surface Barriers. (Page 6 of 12)

200-BP-11 216-E-28 Pond Nonhazardous/
Nonradiological

N

200-SS-1 218-E-3 Burial Ground LL/Mixed Waste N

200-IU-6 216-A-25 Pond LLW Y

200-SO-1 216-C-1 Crib LL/Mixed Waste y

200-SO-1 216-C-2 Reverse Well LLW N

200-SO-1 216-C-3 Crib LL/Mixed Waste Y

200-SO-1 216-C-4 Crib LL/Mixed Waste Y

200-SO-1 216-C-5 Crib LL/Mixed Waste Y

200-SO-1 216-C-6 Crib LL/Mixed Waste Y

200-SO-1 216-C-7 Crib LLW Y

200-SO-1 216-C-9 Pond LLW N

200-SO-1 216-C-10 Crib LL/Mixed Waste Y

200-SO-1 218-C-9 Burial Ground LLW N

200-SO-1 200-E Powerhouse
Ditch

Ditch Nonhazardous/
Nonradiological

N

200-NO-1 216-N-1 Pond LLW Y

200-NO-1 216-N-2 Trench LLW Y

200-NO-1 216-N-3 Trench LLW Y

200-NO-1 216-N-4 Pond LLW Y

200-NO-1 216-N-5 Trench LLW Y

200-NO-1 216-N-6 Pond LLW Y

200-NO-1 216-N-7 Trench LLW Y

200-RO-1 216-5-5 Crib LL/Mixed Waste Y

200-RO-1 216-S-6 Crib LL/Mixed Waste Y

200-RO-1 216-S-lOD Ditch LL/Mixed Waste Y

200-RO-1 216-S-10P Pond LL/Mixed Waste Y

200-RO-1 216-S-11 Pond LL/Mixed Waste Y

200-RO-1 216-S-16D Ditch LL/Mixed Waste Y

200-RO-1 216-S-16P Pond LL/Mixed Waste Y
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Table B-1. Candidates for Remediation with Surface Barriers. (Page 7 of 12)

200-RO-1 216-5-17 Pond LL/Mixed Waste Y

200-RO-1 216-S-19 Pond LLIMixed Waste Y

200-RO-1 216-S-25 Crib LLW Y

200-RO-1 216-U-9 Ditch LL/Mixed Waste Y

200-RO-2 207-S Retention Basin LLW N

200-RO-2 216-S-1 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-RO-2 216-5-2 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-RO-2 216-S-3 French Drain LL/Mixed Waste Y

200-RO-2 216-S-7 Crib LL/Mixed Waste Y

200-RO-2 216-S-8 Trench LL/Mixed Waste N

200-RO-2 216-5-9 Crib LL/Mixed Waste Y

200-RO-2 216-5-13 Crib LL/Mixed Waste Y

200-RO-2 216-S-15 Pond LL/Mixed Waste Y

200-RO-2 216-S-18 Trench LL/Mixed Waste N

200-RO-2 216-5-23 Crib LL/Mixed Waste Y

200-RO-2 218-W-9 Burial Ground LL/Mixed Waste N

200-RO-3 207-SL Retention Basin LL/Mixed Waste N

200-RO-3 216-S-12 Trench LL/Mixed Waste N

200-RO-3 216-5-14 Trench LL/Mixed Waste N

200-RO-3 216-S-20 Crib LL/Mixed Waste Y

200-RO-3 216-5-22 Crib LL/Mixed Waste Y

200-RO-3 216-5-26 Crib LLW Y

200-RO-3 218-W-7 Burial Ground LL/Mixed Waste N

200-SS-2 216-W-LWC Crib LLW Y

200-SS-2 200-W Powerhouse
Ash Pit

Ash Pit Nonhazardous/
Nonradiological
Solid Waste

N

200-SS-2 200-W Ash
Disposal Basin

Ash Pit Hazardous Waste N
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Table B-1. Candidates for Remediation with Surface Barriers. (Page 8 of 12)

200-SS-2 200-W Burn Pit Pit Hazardous Waste N

200-TP-1 216-T-5 Trench LL/Mixed Waste Y

200-TP-1 216-T-7TF Crib and Tile Field LL/Mixed Waste Y

200-TP-1 216-T-21 Trench LL/Mixed Waste Y

200-TP-1 216-T-22 Trench LL/Mixed Waste Y

200-TP-1 216-T-23 Trench LL/Mixed Waste Y

200-TP-1 216-T-24 Trench LL/Mixed Waste Y

200-TP-1 216-T-25 Trench LL/Mixed Waste Y

200-TP-1 216-T-36 Crib LL/Mixed Waste Y

200-TP-1 216-T-32 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-TP-2 216-T-13 Trench LL/Mixed Waste N

200-TP-2 216-T-18 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-TP-2 216-T-19TF Crib and Tile Field LL/Mixed Waste Y

200-TP-2 216-T-20 Trench LL/Mixed Waste Y

200-TP-2 216-T-26 Crib LL/Mixed Waste Y

200-TP-2 216-T-27 Crib LL/Mixed Waste Y

200-TP-2 216-T-28 Crib LL/Mixed Waste Y

200-TP-2 216-T-31 French Drain LL/Mixed Waste N

200-TP-3 207-T Retention Basin LLW Y

200-TP-3 216-T-4A Pond LL/Mixed Waste N

200-TP-3 216-T-4B Pond LLW N

200-TP-3 216-T-4-1D Ditch LL/Mixed Waste Y

200-TP-3 216-T-4-2 Ditch LLW Y

200-TP-3 216-T-6 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-TP-3 216-T-12 Trench LL/Mixed Waste Y

200-TP-3 216-T-14 Trench LL/Mixed Waste Y

200-TP-3 216-T-15 Trench LL/Mixed Waste Y

200-TP-3 216-T-16 Trench LL/Mixed Waste Y
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Table B-1. Candidates for Remediation with Surface Barriers. (Pase 9 of 121

200-TP-3 216-T-17 Trench LL/Mixed Waste Y

200-TP-4 216-T-1 Ditch LLW y

200-TP-4 216-T-2 Reverse Well LL/Mixed Waste N

200-TP-4 216-T-3 Reverse Well TRU/Mixed Waste
Contaminated Soil

N

200-TP-4 216-T-8 Crib LL/Mixed Waste Y

200-TP-4 216-T-9 Trench Nonhazardous/
Nonradiological

Y

200-TP-4 216-T-10 Trench Nonhazardous/
Nonradiological

N

200-TP-4 216-T-11 Trench Nonhazardous/
Nonradiological

N

200-TP-4 216-T-29 Crib LL/Mixed Waste Y

200-TP-4 216-T-33 Crib LL/Mixed Waste Y

200-TP-4 216-T-34 Crib LL/Mixed Waste Y

200-TP-4 216-T-35 Crib LL/Mixed Waste Y

200-TP-4 218-W-8 Burial Ground LL/Mixed Waste N

200-TP-4 241-T-361 Settling Tank LL/Mixed Waste Y

200-UP-2 216-S-4 French Drain LL/Mixed Waste Y

200-UP-2 216-5-21 Crib LL/Mixed Waste Y

200-UP-2 207-U Retention Basin LL/Mixed Waste Y

200-UP-2 216-U-1 Crib LL/Mixed Waste Y

200-UP-2 216-U-2 Crib LL/Mixed Waste Y

200-UP-2 216-U-3 French Drain LL/Mixed Waste Y

200-UP-2 216-U-4 Reverse Well LL/Mixed Waste Y

200-UP-2 216-U-4A French Drain LL/Mixed Waste Y

200-UP-2 216-U-4B French Drain LL/Mixed Waste Y

200-UP-2 216-U-5 Trench LL/Mixed Waste N

200-UP-2 216-U-6 Trench LL/Mixed Waste N

200-UP-2 216-U-7 French Drain LL/Mixed Waste Y

200-UP-2r 216-U-8 Crib LL/Mixed Waste Y
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Table B-1. Candidates for Remediation with Surface Barriers. (Paae 10 of 12)

200-UP-2 216-U-10 Pond TRU/Mixed Waste
Contaminated Soil

Y

200-UP-2 216-U-11 Ditch LL/Mixed Waste Y

200-UP-2 216-U-12 Crib LL/Mixed Waste Y

200-UP-2 216-U-13 Trench LL/Mixed Waste N

200-UP-2 216-U-14 Ditch LL/Mixed Waste Y

200-UP-2 216-U-15 Trench LL/Mixed Waste N

200-UP-2 216-U-16 Crib LLW Y

200-UP-2 216-U-17 Crib LLW Y

200-UP-2 241-U-361 Settling Tank LL/Mixed Waste Y

200-UP-2 200-W-5 Burial Ground LLW N

200-UP-2 200-W Construction
Surface Laydown
Area

Burial Ground Hazardous Waste N

200-UP-2 216-Z-1D Ditch TRU/Mixed Waste
Contaminated Soil

Y

200-UP-2 216-Z-11 Ditch TRU/Mixed Waste
Contaminated Soil

Y

200-UP-2 216-Z-19 Ditch TRU/Mixed Waste
Contaminated Soil

Y

200-UP-2 216-Z-20 Crib - LLW y

200-UP-2 200-W Powerhouse
Pond

Pond Nonhazardous/

Nonradiological
N

200-UP-3 200-W-4 Demolition and
Inert Waste Landfill

Hazardous Waste Y

200-ZP-2 207-Z Retention Basin LL/Mixed Waste Y

200-ZP-2 216-Z-1&2 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-ZP-2 216-Z-1A Tile Field LL/Mixed Waste Y

200-ZP-2 216-Z-3 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-ZP-2 216-Z-4 Trench LL/Mixed Waste Y

200-ZP-2 216-Z-5 Crib
^-i

TRU/Mixed Waste
Contaminated Soil

...........
Y
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Table B-1. Candidates for Remediation with Surface Barriers. (Page 11 of 12)

200-ZP-2 216-Z-6 Crib LL/Mixed Waste Y

200-ZP-2 216-Z-7 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-ZP-2 216-Z-8 French Drain TRU/Mixed Waste
Contaminated Soil

N

200-ZP-2 216-Z-8 Settling Tank TRU/Mixed Waste Y

200-ZP-2 216-Z-9 Trench TRU/Mixed Waste
Contaminated Soil

Y

200-ZP-2 216-Z-10 Reverse Well TRU/Mixed Waste
Contaminated Soil

N

200-ZP-2 216-Z-12 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-ZP-2 216-Z-13 French Drain LLW N

200-ZP-2 216-Z-14 French Drain LLW N

200-ZP-2 216-Z-15 French Drain LLW N

200-ZP-2 216-Z-16 Crib LLW Y

200-ZP-2 216-Z-17 Trench LLW Y

200-ZP-2 216-Z-18 Crib TRU/Mixed Waste
Contaminated Soil

Y

200-ZP-2 241-Z-361 Settling Tank LL/Mixed Waste Y

200-ZP-3 218-W-1 Burial Ground • Pre-1970
TRU/Mixed Waste

Y

200-ZP-3 218-W-IA Burial Ground LL/Mixed Waste Y

200-ZP-3 218-W-2 Burial Ground Pre-1970
TRU/Mixed Waste

Y

200-ZP-3 218-W-3 Burial Ground Pre-1970
TRU/Mixed Waste

Y

200-ZP-3 218-W-4A Burial Ground LL and Pre-1970
TRU/Mixed Waste

Y

200-ZP-3 218-W-11 Burial Ground LL/Mixed Waste Y

200-ZP-3 Z Plant Burn Pit Burn Pit Hazardous Waste N

200-IU-3 Old Central Landfill Landfill LLW ro>
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Table B-1. Candidates for Remediation with Surface Barriers. (PaQe 12 of 121

200-IU-3 Solid Waste Landfill Landfill Nonhazardous/ (b)

Nonradiological
Solid Waste

200-IU-3 NRDWL Landfill Hazardous Waste (b)

'As indicated in Tables 9-1 and 9-2 of the AAMS reports. Units that are not candidates for the
Il2M or LFI paths are subject to final remedy selection.

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

AAMS = Aggregate Area Management Study
IRM = Interim Remedial Measure
LFI = Limited Field Investigation
LL = Low-Level
LLW = Low-Level Waste
NPL = National Priorities List
NRDWL = Nonradioactive Dangerous Waste Landfill
TRU = Transuranic

B-12



DOE/RL-93-33
Draft B

APPENDIX C

NUMERICAL PERFORMANCE ASSESSMENTS

C-i



DOE/RL-93-33
Draft B

THIS PAGE INTENTIONALLY '
LEFT BLANK

C-,i



DOE/RL-93-33
Draft B

1.0 CONTENTS AND ORGANIZATION OF THIS APPENDIX

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

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

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

The HELP Model simulations were performed for each barrier using measured and calculated
parameter values for the fine-textured soil layers and default data for the layers of
coarse-textured material. A value of 90 cm (36 in.) was used for the evaporative zone depth.
A 10-year climate data set consisting of actual Hanford Site meteorological records was used
in the simulations. The results are reported in Appendices C-1, C-2, and C-3.

2. The three barriers were reevaluated using the UNSAT-H Model. Material properties for the
various layers were assigned, based on actual data for the fine-textured soil components (from
laboratory and literature sources) and presumptive information (from literature sources) for
the coarse-textured soils. Hanford Site weather records for the same 10-year period were
used.

The HELP Model was "calibrated" using water-balance data from the Field Lysimeter Test
Facility at the Hanford Site. The objective of calibration was to minimize the effects of the
assumption of constant evaporative depth and the approximations in calculating unsaturated
flow and moisture retention. The three barrier designs were then reevaluated using best-fit
input parameters from the calibration. Evaporative zone depth was determined separately for
each barrier, using averaged annual values from the UNSAT-H modeling. The same 10-year
climate data set was used. Results of the UNSAT-H Model simulations and the "calibrated"
HELP Model simulations are reported and compared in Appendix C-4.
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Selection and assembly of the input files for the "uncalibrated" HELP Model runs is discussed in
Section 2.0 below. Selection of input information for the UNSAT-H Model simulations and the
"calibrated" HELP Model simulations is described separately in Appendix C-4.

2.0 NOTES ON HELP MODEL SIMULATIONS REPORTED IN
APPENDICES C1, C-2, AND C-3

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

For the simulations reported in Appendices C-1, C-2, and C-3, the cover area was defined as 1 acre
(43,560 ft2) so that runoff, drainage, and infiltration values in the output file are directly assessable on
a "per acre" basis. The runoff curve number of 87.21 was assigned by the program. A value of
90 cm (36 in.) was assumed for the simulations as the limiting depth of evapotranspiration.

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

Input Parameters for the Hanford Barrier (Appendix C-1). The Hanford Barrier design was
modeled as seven layers with the following material properties:

Layer 1-upper silt layer with pea gravel admixture: 102 cm (40 in.) thick.
Material properties for McGee Ranch silt for this simulation are the same as specified
below for Layer 2; however, porosity, field capacity, and wilting point values were
reduced by 7.9 % to reflect the reduced void volume attributable to the pea gravel
admixture. (The void volume reduction factor was calculated based on a mixture
consisting of 15 wt. % pea gravel [125 lb/ft' dry unit weight and 25 % porosity] and
85 wt. % silt [85 lb/ft3 dry unit weight and 51.4% porosity]).

Porosity = 0.4734
Field Capacity = 0.2381
Wilting Point = 0.0629
Saturated Hydraulic Conductivity = 9.9 x 10" cm/sec

A "poor" grass cover was specified.

Layer 2-lower silt layer: 102 cm (40 in.) thick. Material properties for
uncompacted McGee Ranch silt for this simulation are from DOE-RL (1990); field
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capacity and wilting point values are based on moisture retention data in Figures 5-10
and 5-11 of Gee et al. ( 1989), and saturated hydraulic conductivity is from Table 5-5
(same source).

Porosity = 0.5140
Field Capacity = 0.2585
Wilting Point = 0.0681
Saturated Hydraulic Conductivity = 9.9 x 10-4 cm/sec

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

Layer 4-gravel filter layer: The layer was modeled as 30 cm (12 in.) of HELP
Model default textural type 1 soil (sand and gravel). This layer was also modeled as
a compacted soil layer.

Layer 5-crushed basalt biointrusion layer: Modeled as 152 cm (60 in.) of HELP Model
default type 1 soil, uncompacted. A saturated hydraulic conductivity value of
0.1 cm/sec was input to override the default k value. This material will be minus
25 cm (10 in.) of material with a D50 of 10 cm (4 in).

Layer 6-lateral drainage layer: The lateral drainage layer was modeled as a 30-cm
(12-in.) layer of uncompacted HELP Model default type 1 soil (sand and gravel),
sloping at 2%. Specifications call for this material to be a screened product that is
substantially free of fine's with a relatively high saturated hydraulic conductivity
(> 1 cm/sec).

Layer 7-asphalt layer: The asphalt was modeled as a barrier soil layer with a saturated
hydraulic conductivity of I x 10$ cm/sec and arbitrarily assigned low porosity (0.022), field
capacity (0.021), and wilting point (0.020) values. Actual asphalt porosity should be well
below 2%. However, the HELP Model will not accept lower values. Because the layer is
identified as a barrier soil layer, the HELP Model operates on the assumption that the layer is
saturated at all times and computes flow according to the Darcy equation (i.e., unsaturated
hydraulic properties for Layer 6 do not enter into the analysis).

Input Parameters for the Modified RCRA Subtitle C Barrier (Appendix C-2). The Barrier was
modeled•as follows:

Layer 1-upper silt layer with pea gravel admixture: 51 cm (20 in.) thick.
Material properties for McGee Ranch silt for this simulation are the same as specified
for Layer 1 of the Hanford Barrier. A"poor" grass cover was specified.

Layer 2-lower (compacted) silt layer: 51 cm (20 in.) thick. The following
adjustments were made to reflect compaction of Layer 2:

Porosity: reduced by 25 % relative to Layer 1.

Field capacity: reduced by 25% of the difference between the uncompacted field
capacity and wilting point values.
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Saturated hydraulic conductivity: 1.6 x 10' cm/sec (based on laboratory data from
compacted samples reported in DOE-RL 1990).

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

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

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

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

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

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

Layer 1-upper silt layer with pea gravel admixture: 20 cm (8 in.) thick. Material
properties for McGee Ranch silt for this simulation are the same as specified for
Layer 1 of the Hanford Barrier and Layer I of the Modified RCRA Subtitle C
Design. A"poor" grass cover was specified.

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

Porosity = 0.5140
Field Capacity = 0.2585
Wilting Point = 0.0681
Saturated Hydraulic Conductivity = 9.9 x 101 cm/sec

The hydraulic conductivity value is based on field and laboratory measurements.

Layer 3-lower (compacted) silt layer: 30 cm (12 in.) thick. The values cited here
are the same as values used for compacted McGee Ranch silt in Layer 2 of the
Modified RCRA Subtitle C Barrier design.
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(HELP VERSION 2.0 RESULTS)

Cl-i



DOE/RI,-93-33
Draft B

THIS PAGE INTENTIONALLY
LEFT BLANK -

Ci-Z



DOE/RL-93-33
Draft B

APPENDIX C-1

HANFORD BARRIER DESIGN
PRELIMINARY PERFORMANCE ASSESSMENT FOR STEADY-STATE CONDITIONS

(FIELP VERSION 2.0 RESULTS)

LAYER 1 -- POOR GRASS COVER

------------------------------

VERTICAL PERCOLATION LAYER

THICKNESS = 40.00 INCHES
POROSITY = 0.4734 VOL/VOL
FIELD CAPACITY = 0.2381 VOL/VOL
WILTING POINT = 0.0627 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0834 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000989999971 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER

THICKNESS = 40.00 INCHES
POROSITY = 0.5140 VOL/VOL
FIELD CAPACITY = 0.2585 VOL/VOL
WILTING POINT = 0.0681 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1171 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000989999971 CM/SEC

LAYER 3

VERTICAL PERCOLATION LAYER

THICKNESS = 6.00 INCHES
POROSITY = 0.4570 VOL/VOL
FIELD CAPACITY = 0.0830 VOL/VOL
WILTING POINT = 0.0330 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0922 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.003100000089 CM/SEC

C1-3



DOE/RL-93-33
Draft B

LAYER 4

VERTICAL PERCOLATION LAYER

THICRNESS = 12.00 INCHES
POROSITY 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0442 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC

LAYER 5

VERTICAL PERCOLATION LAYER

THICKNESS = 60.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0350 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY _ 0.100000001490 CM/SEC

LAYER 6

LATERAL DRAINAGE LAYER

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH =

= 12.00 INCHES
= 0.4170 VOL/VOL
= 0.0450 VOL/VOL
= 0.0200 VOL/VOL
= 0.0450 VOL/VOL
= 1.000000000000 CM/SEC
= 2.00 PERCENT
295.0 FEET

LAYER 7

BARRIER SOIL LINER

THICKNESS = 6.00 INCHES
POROSITY = 0.0220 VOL/VOL
FIELD CAPACITY = 0.0210 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0210 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000010000 CM/SEC
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GENERAL SIMULATION DATA

---'-----------'--'----

SCS RUNOFF CURVE NUMBER = 87.21
TOTAL AREA OF COVER = 43560. SQ FT
EVAPORATIVE ZONE DEPTH = 36.00 INCHES
UPPER LIMIT VEG. STORAGE = 17.0424 INCHES
INITIAL VEG. STORAGE = 3.0024 INCHES
INITIAL SNOW WATER CONTENT = 0.0000 INCHES
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS = 11.8696 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

-------------------

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

MAXIMUM LEAF AREA INDEX = 1.60
START OF GROWING SEASON (JULIAN DATE) = 113
END OF GROWING SEASON (JULIAN DATE) = 288

AND

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

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

29.30 36.30 45.10 53.10 61.50 69.30
76.40 74.30 65.20 53.00 39.80 32.70
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------------------------
MONTHLY

---------

TOTALS

-------

FOR YEAR

--------

1979

--------- -------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JON/DEC

-------

PRECIPITATION (INCHES) 0.54 0.17 0.54 0.52 0.10 0.00
0.09 0.38 0.20 0.67 1.36 0.99

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.778 0.304 0.208 0.452 0.611 0.262
(INCHES) 0.090 0.285 0.295 0.137 0.350 0.531

LATERAL DRAINAGE FROM 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
LAYER 6(INCEES) 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

PERCOLATION FROM 0.0040 0.0036 0.0040 0.0039 0.0040 0.0039
LAYER 7 (INCHES) 0.0041 0.0041 0.0039 0.0041 0.0040 0.0041

'--------------------------•
ANNUAL TOTALS FOR YEAR 1979

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

5.56
---------

20183.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.303 15622. 77.40

LATERAL DRAINAGE FROM LAYER 6 0.0025 9. 0.04

PERCOLATION FROM LAYER 7 0.0477 173. 0.86

CHANGE IN WATER STORAGE 1.206 4379. 21.70

SOIL WATER AT START OF YEAR 11.87 43087.

SOIL WATER AT END OF YEAR 13.08 47466.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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PRECIPITATION (INCHES)

RUNOFF ( INCHES)

EVAPOTRANSPIRATION
(INCHES)

LATERAL DRAINAGE FROM
LAYER 6 ( INCHES)

PERCOLATION FROM
LAYER 7 (INCHES)

MONTHLY TOTALS FOR YEAR 1980

-----------------------------------------------

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

1.32 1.30 0.30 0.86 1.41 0.96
0.00 0.02 0.85 0.33 0.44 1.89

0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

0.487 1.188 1.943 0.511 1.681 2.054
0.285 0.020 0.383 0.364 0.293 0.324

0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

0.0041 0.0038 0.0041 0.0040 0.0041 0.0040
0.0041 0.0041 0.0040 0.0041 0.0040 0.0041

--------------------------------
ANNIIAL

--------------------------------

----------------
TOTALS FOR YEAR

----------------

-------------
1980

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

9.68
---------

35138.
-------
100.00

RUNOFF 0.001 2. 0.01

EVAPOTRANSPIRATION 9.533 34606. 98.49

LATERAL DRAINAGE FROM LAYER 6 0.0026 9. 0.03

PERCOLATION FROM LAYER 7 0.0484 176. 0.50

CHANGE IN WATER STORAGE 0.095 345. 0.98

SOIL WATER AT START OF YEAR 13.08 47466.

SOIL WATER AT END OF YEAR 13.17 47810.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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-------------------------

MONTHLY

--------

TOTALS FOR YEAR

---------------

1981

----------°---- --------

JAN/JUL

-------

FEB/AUG MAR/SEP

------- -------

APR/OCT MAY/NOV

------- -------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.56 0.60 0.70 0.02 0.99 0.43
0.19 0.03 0.60 0.39 1.08 1.45

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.698 1.506 0.949 0.394 0.336 1.571
(INCHES) 0.182 0.030 0.102 0.347 0.538 0.558

LATERAL DRAINAGE FROM 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
LAYER 6 (INCHES) 0.0002 '0.0002 0.0002 0.0002 0.0002 0.0002

PERCOLATION FROM 0.0041 0.0037 0.0041 0.0040 0.0041 0.0040
LAYER 7(INCFIES) 0.0041 0.0041 0.0039 0.0041 0.0039 0.0041

-------------------------

-------------------------

------------------------
ANNUAL TOTALS FOR YEAR
------------------------

----------------
1981
----------------

-------

-------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.04
--------- -------

25555. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 7.211 26175. 102.42

LATERAL DRAINAGE FROM LAYER 6 0.0025 9. 0.04

PERCOLATION FROM LAYER 7 0.0481 174. 0.68

CHANGE IN WATER STORAGE -0.221 -803. - 3.14

SOIL WATER AT START OF YEAR 13.17 47810.

SOIL WATER AT END OF YEAR 12.95 47007.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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'-----------------------
MONTHLY

---------

TOTALS

-------

FOR YEAR

---------

1982

------- --------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------
MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.33 0.57 0.30 0.75 0.28 0.75
0.22 0.20 0.55 1.33 0.91 1.79

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.008 0.000 0.000

EVAPOTRANSPIRATION 0.688 1.161 0.866 0.588 0.697 0.472
(INCHES) 0.704 0.196 0.295 0.402 1.036 0.568

LATERAL DRAINAGE FROM 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
LAYER 6 (INCHES) 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

PERCOLATION FROM 0.0040 0.0037 0.0040 0.0039 0.0040 0.0039
LAYER 7(INCNES) 0.0040 0.0040 0.0039 0.0040 0.0038 0.0040

------------------------------------------------
ANNQAL TOTALS FOR YEAR

------------------------------------------------

-------------
1982

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.98
---------

28967.
-------
100.00

RUNOFF 0.008 28. 0.09

EVAPOTRANSPIRATION 7.672 27848. 96.14

LATERAL DRAINAGE FROM LAYER 6 0.0024 9. 0.03

PERCOLATION FROM LAYER 7 0.0472 171. 0.59

CHANGE IN WATER STORAGE 0.251 912. 3.15

SOIL WATER AT START OF YEAR 12.95 47007.

SOIL WATER AT END OF YEAR 13.20 47919.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTELY

--------

TOTALS FOR YEAR 1983

------------------------------- --------

JAN/JQL

-------

FEB/AVG MAR/SEP

------- -------

APR/OCT MAY/NOV

------- -------

JUN/DEC

-------

PRECIPITATION (INCHES) 1.44 1.36 1.00 0.42 0.52 0.68
0.31 0.12 0.46 0.52 2.12 2.12

RUNOFF ( INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.596 0.998 2.199 0.870 0.605 1.791
(INCHES) 0.747 0.123 0.460 0.157 0.703 0.461

LATERAL DRAINAGE FROM 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
LAYER 6(INCHES) 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

PERCOLATION FROM 0.0039 0.0036 0.0039 0.0038 0.0039 0.0038
LAYER 7(INCEES) 0.0039 0.0039 0.0037 0.0039 0.0037 0.0038

-------------------------

-------------------------

-----------------------
ANNIIAL TOTALS FOR YEAR

-----------------------

-----------------
1983

-----------------

-------

-------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------
11.07

--------- -------
40184. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 9.711 35250. 87.72

LATERAL DRAINAGE FROM LAYER 6 0.0023 8. 0.02

PERCOLATION FROM LAYER 7 0.0458 166. 0.41

CHANGE IN WATER STORAGE 1.311 4759. 11.84

SOIL WATER AT START OF YEAR 13.20 47919.

SOIL WATER AT END OF YEAR 14.51 52678.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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------------------------
MONTHLY

---------

TOTALS

-------

FOR YEAR

---------

1984

------- -------- --------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.23 0.94 1.01 0.60 0.55 0.99
0.06 0.00 0.42 0.07 1.83 0.57

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.467 1.340 1.959 0.510 0.729 2.337
(INCHES) 0.162 0.000 0.214 0.269 0.468 0.601

LATERAL DRAINAGE FROM 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
LAYER 6 (INCHES) 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

PERCOLATION FROM 0.0038 0.0036 0.0038 0.0037 0.0038 0.0036
LAYER 7 (INCHES) 0.0038 0.0037 0.0036 0.0037 0.0036 0.0037

------------------------------------------------
ANNUAL TOTALS FOR YEAR

------------------------------------------------

-------------
1984

-------------

-----------

-----------

(INCEES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.27
---------

26390.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 9.057 32877. 124.58

LATERAL DRAINAGE FROM LAYER 6 0.0021 8. 0.03

PERCOLATION FROM LAYER 7 0.0444 161. 0.61

CHANGE IN WATER STORAGE -1.833 -6655. -25.22

SOIL WATER AT START OF YEAR 14.51 52678.

SOIL WATER AT END OF YEAR 12.68 46023.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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------------------------

MONTHLY

---------

TOTALS

-------

FOR YEAR

---------

1985

-------- ----'--- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.34 0.82 0.36 0.01 0.12 0.15
0.12 0.01 0.63 0.46 1.24 0.84

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.681 1.218 0.921 0.010 0.144 0.165
(INCHES) 0.026 0.104 0.335 0.262 0.281 0.630

LATERAL DRAINAGE FROM 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
LAYER 6 (INCHES) 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

PERCOLATION FROM 0.0037 0.0033 0.0037 0.0036 0.0037 0.0035
LAYER 0.0037 0.0037 0.0035 0.0037 0.0035 0.0037

--------------------------------
ANNUAL

---------------------------'----

----------------
TOTALS FOR YEAR

----------------

-------------
1985

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

5.10
---------

18513.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.776 17335. 93.64

LATERAL DRAINAGE FROM LAYER 6 0.0020 7. 0.04

PERCOLATION FROM LAYER 7 0.0432 157. 0.85

CHANGE IN WATER STORAGE 0.279 1014. 5.48

SOIL WATER AT START OF YEAR 12.68 46023.

SOIL WATER AT END OF YEAR 12.96 47036.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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-------------------------

MONTHLY

--------

TOTALS FOR YEAR

---------------

1986

---------------- --------

JAN/JUL
-------

FEB/AUG MAR/SEP
------- -------

APR/OCT MAY/NOV
------- -------

JUN/DEC
-------

PRECIPITATION (INCHES) 1.76 1.37 0.76 0.00 0.30 0.00
0.21 0.02 0.96 0.29 0.65 0.77

RUNOFF ( INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.535 1.400 1.859 0.287 0.363 0.420
(INCHES) 1.165 0.020 0.328 0.270 0.236 0.273

LATERAL DRAINAGE FROM 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
LAYER 6 (INCHES) 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

PERCOLATION FROM 0.0037 0.0033 0.0037 0.0036 0.0037 0.0036
LAYER 7 (INCHES) 0.0037 0.0037 0.0036 0.0037 0.0036 0.0037

-------------------------

-------------------------

------------------------
7+NNRAL TOTALS FOR YEAR

------------------------

----------------
1986

----------------

-------

-------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.09
--------- -------

25737. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 7.156 25978. 100.94

LATERAL DRAINAGE FROM LAYER 6 0.0021 7. 0.03

PERCOLATION FROM LAYER 7 0.0435 158. 0.61

CHANGE IN WATER STORAGE -0.112 -407. - 1.58

SOIL WATER ATSTART OF YEAR 12.96 47036.

SOIL WATER AT END OF YEAR 12.85 46630.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNAAL WATER BUDGET BALANCE 0.00 0. 0.00
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------------------------
MONTHLY
---------

TOTALS
-------

FOR YEAR
--------

1987
-------- --------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.80 0.19 1.05 0.14 0.17 0.11
0.50 0.07 0.01 0.00 0.40 1.63

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.276 1.031 0.775 0.405 0.594 0.941
(INCHES) 0.500 0.070 0.010 0.000 0.224 0.389

LATERAL DRAINAGE FROM 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
LAYER 6 (INCHES) 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

PERCOLATION FROM 0.0037 0.0034 0.0038 0.0037 0.0038 0.0037
LAYER 7(INCHES) 0.0038 0.0038 0.0037 0.0039 0.0037 0.0039

--------------------------------
ANNOAL

-- ---

----------------
TOTALS FOR YEAR

-------------
1987

-----------

- -------------------------- ----------------
(INCHES)

-

-------------
(CU. FT.)

-----------
PERCENT

PRECIPITATION
--- ----

5.07
---------

18404.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 5.217 18936. 102.89

LATERAL DRAINAGE FROM LAYER 6 0.0022 8. 0.04

PERCOLATION FROM LAYER 7 0.0449 163. 0.89

CHANGE IN WATER STORAGE -0.194 -703. -3.82

SOIL WATER AT START OF YEAR 12.85 46630.

SOIL WATER AT END OF YEAR 12.65 45927.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

C1-14



DOE/RL-93-33
Draft B

------------------------

MONTHLY

--------

TOTALS

--------

FOR YEAR

---------

1988

-------- -------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.48 0.00 0.39 1.12 0.33 0.11
0.13 0.00 0.39 0.01 0.82 0.40

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.818 0.642 0.531 0.483 0.582 0.791
(INCHES) 0.130 0.000 0.165 0.205 0.289 0.279

LATERAL DRAINAGE FROM 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
LAYER 6 (INCHES) 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

PERCOLATION FROM 0.0039 0.0037 0.0039 0.0038 0.0039 0.0038
LAYER 7 (INCHES) 0.0040 0.0040 0.0039 0.0040 0.0039 0.0040

--------------------------------
ANNUAL

--------------------------------

----------------
TOTALS FOR YEAR

----------------

-------------
1988

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

4.18
---------

15173.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION ' 4.914 17838. 117.56

LATERAL DRAINAGE FROM LAYER 6 0.0024 9. 0.06

PERCOLATION FROM LAYER 7 0.0468 170. 1.12

CHANGE IN WATER STORAGE -0.783 -2843. -18.74

SOIL WATER AT START OF YEAR 12.65 45927.

SOIL WATER AT END OF YEAR 11.87 43083.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1979 TRROUGS 1988

------------------------------------------'-----------------------------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

----

MAY/NOV

--

JQN/DEC

PRECIPITATION

-

- -- ----- -------

------------
TOTALS 0.78 0.73 0.64 0.44 0.48 0.42

0.18 0.09 0.51 0.41 1.09 1.24

STD. DEVIATIONS 0.54 0.51 0.30 0.40 0.42 0.40
0.14 0.12 0.28 0.39 0.57 0.60

RUNOFF

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.001 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.002 0.000 0.000

EVAPOTRANSPIRATION

---- ---- ----------
TOTALS 0.602 1.079 1.221 0.451 0.634 1.080

0.399 0.085 0.259 0.241 0.442 0.462

STD. DEVIATIONS 0.164 0.364 0.701 0.218 0.411 0.795
0.370 0.095 0.136 0.121 0.258 0.136

LATERAL DRAINAGE FROM LAYER
--

6
-----------------
TOTALS

---------
0.0002

--
0.0002 0.0002 0.0002 0.0002 0.0002

0.0002 0.0002 0.0002 0.0002 0.0002 0.0002

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

PERCOLATION FROM LAYER 7

------ --- ---- ---- ----
TOTALS

----
0.0039 0.0036 0.0039 0.0038 0.0039 0.0038
0.0039 0.0039 0.0038 0.0039 0.0038 0.0039

STD. DEVIATIONS 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1979 THROUGH 1988

(INCHES)

-------- ---

(CU. FT.) PERCENT

PRECIPITATION 7.00
- ---- -
(2.164)

---------- -------
25425. 100.00

RUNOFF 0.001 (0.002) 3. 0.01

EVAPOTRANSPIRATION 6.955 (2.062) 25247. 99.30

LATERAL DRAINAGE FROM 0.0023 (0.0002) 8. 0.03
LAYER 6

PERCOLATION FROM LAYER 7 0.0460 (0.0019) 167. 0.66

CHANGE IN WATER STORAGE 0.000 (0.907) 0. 0.00

PEAE DAILY

---- --- --- -

VALUES FOR YEARS 1979 THROUGH 1988
--- ---- ----- ----------- ------------

(INCHES)
--------------

(CU. FT.)
---

PRECIPITATION
--------

0.93
---------

3375.9

RUNOFF 0.008 27.5

LATERAL DRAINAGE FROM LAYER 6 0.0000 0.0

PERCOLATION FROM LAYER 7 0.0001 0.5

HEAD ON LAYER 7 0.0

SNOW WATER 0.76 2743.4

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.1626

0.0625
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FINAL WATER STORAGE AT

---- ---- -- ----

END OF YEAR 1988

- ---- -----
LAYER

----

-------------
(INCHES)

--------------------------
(VOL/VOL)

-
1

--------
3.34

---------
0.0834

2 4.68 0.1171

3 0.55 0.0922

4 0.53 0.0442

5 2.10 0.0350

6 0.54 0.0450

7 0.13 0.0210

SNOW WATER 0.00
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APPENDIX C-2

MODIFIED RCRA SUBTITLE C BARRIER DESIGN
PRELIMINARY PERFORMANCE ASSESSMENT FOR STEADY-STATE

(fIELP VERSION 2.0 RESULTS)
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APPENDIX C-2

MODIFIED RCRA SUBTITLE C BARRIER DESIGN
PRELIMINARY PERFORMANCE ASSESSMENT FOR STEADY-STATE CONDITIONS

(HELP VERSION 2.0 RESULTS)

LAYER 1-- POOR GRASS COVER

------------------------------

VERTICAL PERCOLATION LAYER

THICKNESS = 20.00 INCHES
POROSITY = 0.4734 VOL/VOL
FIELD CAPACITY = 0.2381 VOL/VOL
WILTING POINT = 0.0627 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0977 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000989999971 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER

THICKNESS = 20.00 INCHES
POROSITY = 0.3470 VOL/VOL
FIELD CAPACITY = 0.2109 VOL/VOL
WILTING POINT = 0.0681 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0677 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000001600000 CM/SEC

LAYER 3

VERTICAL PERCOLATION LAYER

THICQQESS = 6.00 INCHES
POROSITY = 0.4570 VOL/VOL
FIELD CAPACITY = 0.0830 VOL/VOL
WILTING POINT = 0.0330 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0476 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.003100000089 CM/SEC

LAYER 4

VERTICAL PERCOLATION LAYER

THICKNESS = 6.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0259 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.009999999776 CM/SEC
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LAYER 5

LATERAL DRAINAGE LAYER

THICKNESS 6.00 INCHES
POROSITY 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 1.000000000000 CM/SEC
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 295.0 FEET

LAYER 6

BARRIER SOIL LINER

THICKNESS = 6.00 INCHES
POROSITY = 0.0220 VOL/VOL
FIELD CAPACITY = 0.0210 VOL/VOL
WILTING POINT = 0.0200 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0210 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000000010000 CM/SEC

GENERAL SIMULATION DATA

-----------------------

SCS RUNOFF CURVE NUMBER = 87.21
TOTAL AREA OF COVER = 43560. SQ FT
EVAPORATIVE ZONE DEPTH = 36.00 INCHES
UPPER LIMIT VEG. STORAGE = 15.0200 INCHES
INITIAL VEG. STORAGE = 3.0372 INCHES
INITIAL SNOW WATER CONTENT = 0.0000 INCHES
INITIAL TOTAL WATER STORAGE IN

SOIL AND WASTE LAYERS = 4.1450 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLII+fH.TOLOGICAL DATA

--------------------

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

MAXIMUM LEAF AREA INDEX = 1.60
START OF GROWING SEASON (JULIAN DATE) = 113
END OF GROWING SEASON (JULIAN DATE) = 288

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

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

------- ------- ------- ------- ------- -------

29.30 36.30 45.10 53.10
76.40 74.30 65.20 53.00

61.50 69.30
39.80 32.70
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MONTHLY

--------

TOTALS FOR YEAR

---------------

1979

-------------'-- --------

JAN/JUL
-------

FEB/AUG MAR/SEP
------- -------

APR/OCT MAY/NOV JUN/DEC
------- ------- -------

PRECIPITATION (INCHES) 0.54 0.17 0.54 0.52 0.10 0.00
0.09 0.38 0.20 0.67 1.36 0.99

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.774 0.564 0.206 0.455 0.542 0.027
(INCHES) 0.090 0.277 0.303 0.158 0.359 0.518

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-------------------------

-----------------------'-

-----------------------
ANNIIAL TOTALS FOR YEAR

-----------------------

----------------
1979

----------------

--------

--------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

5.56
--------- -

20183. 1
------
00.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.273 15512. 76.86

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE 1.287 4670. 23.14

SOIL WATER AT START OF YEAR 4.14 15046.

SOIL WATER AT END OF YEAR 5.43 19717.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY TOTALS FOR YEAR 1980

-----------------'------------------------------------------------------

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

PRECIPITATION (INCHES) 1.32 1.30 0.30 0.86 1.41 0.96
0.00 0.02 0.85 0.33 0.44 1.89

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.485 1.158 1.882 0.593 1.668 2.041
(INCHES) 0.303 0.020 0.384 0.379 0.287 0.314

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5(INCBES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-------------------------

-------------------------

-----------------------
ANNUAL TOTALS FOR YEAR

-----------------------

-----------------
1980

-----------------

-------

-------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

9.68
--------- -------

35138. 100.00

RUNOFF 0.001 3. 0.01

EVAPOTRANSPIRATION 9.514 34534. 98.28

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE 0.166 601. 1.71

SOIL WATER AT START OF YEAR 5.43 19717.

SOIL WATER AT END OF YEAR 5.60 20318.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY

---------

TOTALS

-------

FOR YEAR

---------

1981

-------- -------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.56 0.60 0.70 0.02 0.99 0.43
0.19 0.03 0.60 0.39 1.08 1.45

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.663 1.429 1.050 0.389 0.350 1.569
(INCHES) 0.186 0.030 0.114 0.357 0.513 0.542

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

------------------------------------------------
ANNUAL TOTALS FOR YEAR

------------------------------------------------

-------------
1981

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.04
---------

25555.
-------
100.00

RUNOFF 0.000 0. .0.00

EVAPOTRANSPIRATION 7.193 26111. 102.17

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE -0.153 -556. -2.18

SOIL WATER AT START OF YEAR 5.60 20318.

SOIL WATER AT END OF YEAR 5.44 19762.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY

---------

TOTALS

-------

FOR YEAR

---------

1982

-------- ----°-- -------

JAN/JUL
-------

FEB/AUG
-------

MAR/SEP
-------

APR/OCT
-------

MAY/NOV
-------

JUN/DEC
-------

PRECIPITATION (INCNES) 0.33 0.57 0.30 0.75 0.28 0.75
0.22 0.20 0.55 1.33 0.91 1.79

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.008 0.000 0.000

EVAPOTRANSPIRATION 0.657 1.105 0.949 0.592 0.702 0.504
(INCHES) 0.683 0.200 0.300 0.397 0.982 0.544

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5(INCRES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

--------------------------------
ANNUAL

--------------------------------

----------------
TOTALS FOR YEAR

----------------

-------------
1982

-------------

-----------

-----------

(INCBES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.98
---------

28967.
-------
100.00

RUNOFF 0.008 28. 0.09

EVAPOTRANSPIRATION 7.615 27643. 95.43

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE 0.357 1297. 4.48

SOIL WATER AT START OF YEAR 5.44 19762.

SOIL WATER AT END OF YEAR 5.80 21059.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY

---------

TOTALS

-------

FOR YEAR

--------

1983

-------- -------- --------

JAN/JCTL

-------

FEB/AUG MAR/SEP

------- -------

APR/OCT

-------

MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 1.44 1.36 1.00 0.42 0.52 0.68
0.31 0.12 0.46 0.52 2.12 2.12

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.574 0.960 2.199 0.830 0.655 1.913
(INCHES) 0.946 0.121 0.460 0.159 0.627 0.446

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-'------------------------------
ANNIIAL

--------------------'------------

----------------
TOTALS FOR YEAR

----------------

-------------
1983

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION

--------

11.07

---------

40184.

---___-

100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 9.891 35906. 89.35

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE 1.179 4278. 10.65

SOIL WATER AT START OF YEAR 5.80 21059.

SOIL WATER AT END OF YEAR 6.98 25337.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER•AT END OF YEAR 0.00 0.

ANNL7AL WATER BUDGET BALANCE 0.00 0. 0.00
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------------------------

MONTHLY

---------

TOTALS

-------

FOR YEAR

---------

1984

-------- -------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.23 0.94 1.01 0.60 0.55 0.99
0.06 0.00 0.42 0.07 1.83 0.57

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.446 1.282 2.024 0.515 0.742 2.307
(INCHES) 0.592 0.000 0.225 0.263 0.466 0.581

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6(INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

--------------------------------
ANNUAL

--------------------------------

---------------
TOTALS FOR YEAR

---------------

--------------
1984

--------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.27
---------

26390.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 9.442 34276. 129.88

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE -2.173 -7886. -29.88

SOIL WATER AT START OF YEAR 6.98 25337.

SOIL WATER AT END OF YEAR 4.81 17450.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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-----------------------
MONTHLY

---------

TOTALS

-----°

FOR YEAR

---------

1985

------- --------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.34 0.82 0.36 0.01 0.12 0.15
0.12 0.01 0.63 0.46 1.24 0.84

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.656 1.176 0.971 0.037 0.144 0.171
(INCHES) 0.031 0.099 0.356 0.266 0.276 0.615

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5(INCBES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

'---------------------------'---
ANNUAL

--------------------------------

----------------
TOTALS FOR YEAR

----------------

-------------
1985

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

5.10
---------

18513.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION ' 4.798 17415. 94.07

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE 0.302 1098. 5.93

SOIL WATER AT START OF YEAR 4.81 17450.

SOIL WATER AT END OF YEAR 5.11 18548.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY TOTALS FOR YEAR 1986

-----------------------------------------------------------------------

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

PRECIPITATION (INCHES) 1.76 1.37 0.76 0.00 0.30 0.00
0.21 0.02 0.96 0.29 0.65 0.77

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.534 1.357 1.798 0.362 0.362 0.415
(INCHES) 1.229 0.020 0.353 0.263 0.230 0.270

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5(INCFIES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6(INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

------------------------------------------------------------------------
ANNUAL TOTALS FOR YEAR 1986

------------------------------------------------------------------------
(INCHES) (CU. FT.) PERCENT

-------- --------- -------
PRECIPITATION 7.09 25737. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 7.193 26110. 101.45

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE -0.103 -374. -1.45

SOIL WATER AT START OF YEAR 5.11 18548.

SOIL WATER AT END OF YEAR 5.01 18175.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

\\
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-------------------------
MONTHLY
--------

TOTALS FOR YEAR
---------------

1987
---------------- --------

JAN/JUL

-------

FEB/AUG MAR/SEP

------- -------

APR/OCT MAY/NOV

------- -------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.80 0.19 1.05 0.14 0.17 0.11
0.50 0.07 0.01 0.00 0.40 1.63

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.479 0.952 0.643 0.386 0.577 0.978
(INCHES) 0.500 0.070 0.010 0.000 0.222 0.432

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6(INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-------------------------

-------------------------

------------------------
ANNQAL TOTALS FOR YEAR

----

----------------
1987

-------

---- ----------------
(INCHES)

-----------------------
(CU. FT.) PERCENT

PRECIPITATION
--------

5.07
--------- -------

18404. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 5.249 19054. 103.53

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE -0.179 -650. - 3.53

SOIL WATER AT START OF YEAR 5.01 18175.

SOIL WATER AT END OF YEAR 4.83 17525.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNIIAL WATER BUDGET BALANCE 0.00 0. 0.00
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-------------------------

MONTHLY

--------

TOTALS FOR YEAR

---------------

1988

---------------- --------

JAN/JUL
-------

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
------- ------- ------- ------- -------

PRECIPITATION (INCHES) 0.48 0.00 0.39 1.12 0.33 0.11
0.13 0.00 0.39 0.01 0.82 0.40

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.796 0.664 0.538 0.506 0.580 0.722
(INCHES) 0.130 0.000 0.173 0.196 0.284 0.274

LATERAL DRAINAGE FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 5(INCBES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 6(INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-------------------------

-------------------------

-----------------------
ANNUAL TOTALS FOR YEAR
---------

----------------
1988

--------

--------------
(INCHES)

------------------------
(CU. FT.) PERCENT

PRECIPITATION
--------

4.18
--------- -------

15173. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.863 17652. 116.34

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 0.00

PERCOLATION FROM LAYER 6 0.0001 0. 0.00

CHANGE IN WATER STORAGE -0.683 -2479. -16.34

SOIL WATER AT START OF YEAR 4.83 17525.

SOIL WATER AT END OF YEAR 4.14 15046.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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AVERAGE MONTHLY VALIIES

-------------------------------
IN INCHES FOR YEARS 1979 THROUGH 1988
-----------------------------------------

JAN/JUL

-------

FEB/AVG

-------

MAR/SEP

--

APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
-------

----- ------- ------- -------

------
TOTALS 0.78 0.73 0.64 0.44 0.48 0.42

0.18 0.09 0.51 0.41 1.09 1.24

STD. DEVIATIONS 0.54 0.51 0.30 0.40 0.42 0.40
0.14 0.12 0.28 0.39 0.57 0.60•

RUNOFF

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.001 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.002 0.000 0.000

EVAPOTRANSPIRATION

TOTALS 0.606 1.065 1.226 0.466 0.632 1.065
0.469 0.084 0.268 0.244 0.425 0.454

STD. DEVIATIONS 0.123 0.283 0.697 0.205 0.408 0.831
0.398 0.093 0.137 0.121 0.237 0.128

LATERAL DRAINAGE

---------
FROM LAYER 5

--------
TOTALS

-----------
0.0000

-'
0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

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

PERCOLATION FROM

-----------
LAYER 6

------
TOTALS

--------
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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AVERAGE ANNIIAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1979 THROUGH 1988

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------
7.00

--------
( 2.164)

-----------
25425.

-------
100.00

RUNOFF 0.001 ( 0.002) 3. 0.01

EVAPOTRANSPIRATION 7.003 ( 2.135) 25421. 99.99

LATERAL DRAINAGE FROM 0.0000 ( 0.0000) 0. 0.00
LAYER 5

PERCOLATION FROM LAYER 6 0.0001 ( 0.0000) 0. 0.00

CHANGE IN WATER STORAGE 0.000 ( 0.974) 0. 0.00

PEAK DAILY VALUES FOR YEARS 1979 THROUGH 1988

---------------------------------------------------------------
(INCHES) (CU. FT.)

-------- ---------
PRECIPITATION 0.93 3375.9

RUNOFF 0.008 27.5

LATERAL DRAINAGE FROM LAYER 5 0.0000 0.0

PERCOLATION FROM LAYER 6 0.0000 0.0

HEAD ON LAYER 6 0.0

SNOW WATER 0.76 2743.4

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1685

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0649
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FINAL WATER

-------------------

STORAGE AT END OF YEAR 1988
-----

LAYER
-----------
(INCHES)

----------------------------
(VOL/VOL)

-----
1

--------
1.95

---------
0.0977

2 1.35 0.0677

3 0.29 0.0476

4 0.16 0.0259

5 0.27 0.0450

6 0.13 0.0210

SNOW WATER 0.00
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APPENDIX C-3

MODIFIED RCRA SUBTITLE D BARRIER DESIGN
PRELIMINARY PERFORMANCE ASSESSMENT FOR STEADY-STATE CONDITIONS

(HELP VERSION 2.0 RESULTS)
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APPENDIX C-3

MODIFIED RCRA SiJBTITLE D BARRIER DESIGN
PRELIMINARY PERFORMANCE ASSESSMENT FOR STEADY-STATE

(HELP VERSION 2.0 RESULTS)

LAYER 1

VERTICAL PERCOLATION LAYER

THICKNESS = 8.00 INCHES
POROSITY = 0.4734 VOL/VOL
FIELD CAPACITY = 0.2381 VOL/VOL
WILTING POINT = 0.0627 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1356 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000989999971 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER

THICKNESS = 16.00 INCHES
POROSITY = 0.5140 VOL/VOL
FIELD CAPACITY = 0.2585 VOL/VOL
WILTING POINT = 0.0681 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0742 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000989999971 CM/SEC

LAYER 3

VERTICAL PERCOLATION LAYER

THICKNESS = 12.00 INCHES
POROSITY = 0.3470 VOL/VOL
FIELD CAPACITY = 0.2109 VOL/VOL
WILTING POINT = 0.0681 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0681 VOL/VOL
SATURATED HYDRAULIC CONDUCTIVITY = 0.000001600000 CM/SEC

C3-3



DOE/RL-93-33
Draft B

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER = 87.21
TOTAL AREA OF COVER = 43560. SQ FT
EVAPORATIVE ZONE DEPTH = 36.00 INCHES
UPPER LIMIT VEG. STORAGE = 16.1752 INCHES
INITIAL VEG. STORAGE = 3.0892 INCHES
INITIAL SNOW WATER CONTENT = 0.0000 INCHES
INITIAL TOTAL WATER STORAGE IN

SOIL AND WASTE LAYERS = 3.0892 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

-------------------

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

MAXIMUM LEAF AREA INDEX = 1.60
START OF GROWING SEASON (JULIAN DATE) = 113
END OF GROWING SEASON (JULIAN DATE) = 288

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

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

29.30 36.30 45.10 53.10 61.50 69.30
76.40 74.30 65.20 53.00 39.80 32.70
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-------------------°---

MONTHLY

---------

TOTALS

-------

FOR YEAR

--------

1979

--------- -------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------
MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.54 0.17 0.54 0.52 0.10 0.00
0.09 0.38 0.20 0.67 1.36 0.99

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.774 0.580 0.209 0.468 0.510 0.010
(INCHES) 0.090 0.276 0.304 0.159 0.362 0.518

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

--------------------------------
ANNUAL

--------------------------------

----------------
TOTALS FOR YEAR
----------------

-------------
1979

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

5.56
---------

20183.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.260 15463. 76.61

PERCOLATION FROM LAYER 3 0.0000 0. 0.00

CHANGE IN WATER STORAGE 1.300 4720. 23.39

SOIL WATER AT START OF YEAR 3.09 11214.

SOIL WATER AT END OF YEAR 4.39 , 15934.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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-------------------------

MONTHLY

-------

TOTALS FOR YEAR

----------------

1980

---------------- --------

JAN/JUL
-------

FEB/AUG MAR/SEP
------- -------

APR/OCT MAY/NOV
------- -------

JUN/DEC
-------

PRECIPITATION (INCHES) 1.32 1.30 0.30 0.86 1.41 0.96
0.00 0.02 0.85 0.33 0.44 1.89

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.485 1.159 1.894 0.678 1.678 2.003
(INCHES) 0.233 0.020 0.382 0.383 0.291 0.314

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-------------------------

-------------------------

-------
ANNQAL

-------

----------------
TOTALS FOR YEAR

-----------------

----------------
1980

----------------

--------

-------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

9.68
--------- -------

35138. 100.00

RUNOFF 0.001 3. 0.01

EVAPOTRANSPIRATION 9.520 34559. 98.35

PERCOLATION FROM LAYER 3 0.0000 0. 0.00

CHANGE IN WATER STORAGE 0.159 576. 1.64

SOIL WATER AT START OF YEAR 4.39 15934.

SOIL WATER AT END OF YEAR 4.55 16510.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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------------------------

MONTHLY

---------

TOTALS

-------

FOR YEAR

---------

1981

-------- -------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JON/DEC

-------

PRECIPITATION (INCHES) 0.56 0.60 0.70 0.02 0.99 0.43
0.19 0.03 0.60 0.39 1.08 1.45

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.665 1.433 1.066 0.452 0.406 1.426
(INCHES) 0.182 0.030 0.113 0.358 0.516 0.543

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3(INCFES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

--------------------------------
ANNUAL

--------------------------------

----------------
TOTALS FOR YEAR

----------------

-------------
1981

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.04
---------

25555.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 7.191 26103. 102.15

PERCOLATION FROM LAYER 3 0.0000 0. 0.00

CHANGE IN WATER STORAGE -0.151 -548. -2.15

SOIL WATER AT START OF YEAR 4.55 16510.

SOIL WATER AT END OF YEAR 4.40 15962.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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-----------------------'

MONTHLY

---------

TOTALS

-------

FOR YEAR

---------

1982

------' -------'- ----'--

JAN/JIIL
-------

FEB/AUG MAR/SEP
------- -------

APR/OCT
-------

MAY/NOV
-------

JUN/DEC
-------

PRECIPITATION (INCHES) 0.33 0.57 0.30 0.75 0.28 0.75
0.22 0.20 0.55 1.33 0.91 1.79

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.008 0.000 0.000

EVAPOTRANSPIRATION 0.660 1.109 1.032 0.607 0.676 0.408
(INCHES) 0.697 0.199 0.300 0.400 0.988 0.547

PERCOLATION FROM 0:0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-----------------------------'-
ANN[TAL

-------------------------------

-----------------
TOTALS FOR YEAR

-----------------

-------------
1982

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.98
---------

28967.
-------
100.00

RUNOFF 0.008 28. 0.09

EVAPOTRANSPIRATION 7.623 27671. 95.52

PERCOLATION FROM LAYER 3 0.0000 0. 0.00

CHANGE IN WATER STORAGE 0.350 1269. 4.38

SOIL WATER AT START OF YEAR 4.40 15962.

SOIL WATER AT END OF YEAR 4.75 17231.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 • 0.

ANN[TAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY TOTALS FOR YEAR 1983

--------------------------------------------'--------------'------------

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

PRECIPITATION (INCHES) 1.44 1.36 1.00 0.42 0.52 0.68
0.31 0.12 0.46 0.52 2.12 2.12

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.577 0.965 2.210 0.848 0.720 1.989
(INCHES) 0.758 0.121 0.460 0.161 0.578 0.445

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

------------------------------------------------------------------------
ANNUAL TOTALS FOR YEAR 1983

--------------------------------------'---------------------------------

(INCHES) (CU. FT.) PERCENT

----'--- --------- -------
PRECIPITATION 11.07 40184. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 9.832 35690. 88.82

PERCOLATION FROM LAYER 3 0.0001 0. 0.00

CHANGE IN WATER STORAGE 1.238 4493. 11.18

SOIL WATER AT START OF YEAR 4.75 17231.

SOIL WATER AT END OF YEAR 5.98 21724.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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------------------------

MONTBLY

---------

TOTALS

-------

FOR YEAR

---------

1984

-------- -------- -------

JAN/JUL
-------

FEB/AUG
-------

MAR/SEP
-------

APR/OCT
-------

MAY/NOV
-------

JUN/DEC
-------

PRECIPITATION (INCHES) 0.23 0.94 1.01 0.60 0.55 0.99
0.06 0.00 0.42 0.07 1.83 0.57

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.444 1.276 2.100 0.539 0.753 2.115
(INCHES) 0.729 0.000 0.230 0.260 0.468 0.577

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0002 0.0003
LAYER 3(INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-------------------------------
ANNIIAL

-------------------------------

-----------------
TOTALS FOR YEAR

-----------------

-------------
1984

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.27
---------

26390.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 9.490 34449. 130.54

PERCOLATION FROM LAYER 3 0.0005 2. 0.01

CHANGE IN WATER STORAGE -2.221 -8061. -30.55

SOIL WATER AT START OF YEAR 5.98 21724.

SOIL WATER AT END OF YEAR 3.76 13663.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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MONTHLY TOTALS FOR YEAR 1985
------------------------------------------------------------------------

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

PRECIPITATION (INCHES) 0.34 0.82 0.36 0.01 0.12 0.15
0.12 0.01 0.63 0.46 1.24 0.84

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.652 1.169 1.033 0.010 0.142 0.150
(INCHES) 0.031 0.099 0.362 0.273 0.278 0.612

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

------------------------------------------------------------------------
ANNUAL TOTALS FOR YEAR 1985

------------------------------------------------------------------------

(INCFIES) (CU. FT.) PERCENT
-------- --------- -------

PRECIPITATION 5.10 18513. 100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.811 17464. 94.33

PERCOLATION FROM LAYER 3 0.0000 0. 0.00

CHANGE IN WATER STORAGE 0.289 1049. 5.67

SOIL WATER AT START OF YEAR 3.76 13663.

SOIL WATER AT END OF YEAR 4.05 14712.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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-------------------------
MONTHLY TOTALS FOR YEAR

-----------------------
1986

------------------------

JAN/JUL
-------

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
------- ------- ------- ------- -------

PRECIPITATION (INCHES) 1.76 1.37 0.76 0.00 0.30 0.00
0.21 0.02 0.96 0.29 0.65 0.77

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

E\7APOTRANSPIRATION 0.533 1.350 1.805 0.452 0.364 0.406
(INCHES) 1.136 0.020 0.365 0.267 0.233 0.271

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-------------------------

-------------------------

--------
ANNUAL

--------

---------------
TOTALS FOR YEAR

---------------

------------------------
1986

------------------------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

7.09
--------- -------

25737. 100.00 •

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 7.201 26140. 101.57

PERCOLATION FROM LAYER 3 0.0000 0. 0.00

CHANGE IN WATER STORAGE -0.111 -403. -1.57

SOIL WATER AT START OF YEAR 4.05 14712.

SOIL WATER AT END OF YEAR 3.94 14309.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00

C3-12



DOE/RL-93-33
Draft B

------------------------
MONTHLY

---------

TOTALS

-------

FOR YEAR

------'--

1987

-------- -------- -------

JAN/JUL

-------

FEB/AUG

-------

MAR/SEP

-------

APR/OCT

-------

MAY/NOV

-------

JUN/DEC

-------

PRECIPITATION (INCHES) 0.80 0.19 1.05 0.14 0.17 0.11
0.50 0.07 0.01 0.00 0.40 1.63

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

EVAPOTRANSPIRATION 0.274 1.012 0.697 0.406 0.597 1.007
(INCHES) 0.500 0.070 0.010 0.000 0.226 0.423

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
LAYER 3 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

--------------------------------
ANNUAL

--------------------------------

----------------
TOTALS FOR YEAR

----------------

-------------
1987

-------------

-----------

-----------

(INCHES) (CU. FT.) PERCENT

PRECIPITATION
--------

5.07
---------

18404.
-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 5.223 18961. 103.03

PERCOLATION FROM LAYER 3 0.0000 0. 0.00

CHANGE IN WATER STORAGE -0.153 -557. -3.03

SOIL WATER AT START OF YEAR 3.94 14309.

SOIL WATER AT END OF YEAR 3.79 13752.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0: 0.00
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PRECIPITATION (INCHES)

RUNOFF (INCHES)

EVAPOTRANSPIRATION
(INCHES)

PERCOLATION FROM
LAYER 3 (INCHES)

MONTHLY TOTALS FOR YEAR 1988

-----------------------------------------------

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

0.48 0.00 0.39 1.12 0.33 0.11
0.13 0.00 0.39 0.01 0.82 0.40

0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000

0.776 0.655 0.550 0.529 0.590 0.711
0.130 0.000 0.177 0.200 0.287 0.276

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

--------------------------------
ANNIIAL

--------------------------------

----------------
TOTALS FOR YEAR

----------------

-------------
1988

-------------

-----------

-----------

(INCHES)

-

(CU. FT.) PERCENT

PRECIPITATION
--- ----
4.18

---------
15173.

-------
100.00

RUNOFF 0.000 0. 0.00

EVAPOTRANSPIRATION 4.880 17713. 116.74

PERCOLATION FROM LAYER 3 0.0000 0. 0.00

CHANGE IN WATER STORAGE -0.700 -2540. -16.74

SOIL WATER AT START OF YEAR 3.79 13752.

SOIL WATER AT END OF YEAR 3.09 11212.

SNOW WATER AT START OF YEAR 0.00 0.

SNOW WATER AT END OF YEAR 0.00 0.

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1979 THROUGH 1988
------------------------------------------------------------------------

JAN/JUL

-------
FEB/AUG

-------

MAR/SEP

---

APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
-----

--'- ------- ------- -------

--------

TOTALS 0.78 0.73 0.64 0.44 0.48 0.42
0.18 0.09 0.51 0.41 1.09 1.24

STD. DEVIATIONS 0.54 0.51 0.30 0.40 0.42 0.40
0.14 0.12 0.28 0.39 0.57 0.60

RUNOFF

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.001 0.000 0.000

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.002 0.000 0.000

EVAPOTRANSPIRATION

---------- --------
TOTALS 0.584 1.071 1.259 0.499 0.644 1.023

0.449 0.083 0.270 0.246 0.423 0.453

STD. DEVIATIONS 0.156 0.279 0.697 0.216 0.408 0.809
0.370 0.093 0.138 0.122 0.233 0.127

PERCOLATION FROM LAYER 3
------ -------------
TOTALS

------
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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AVERAGE ANNVAL TOTALS & ( STD. DEVIATIONS) FOR YEARS 1979 THROUGH 1988
---"----------------------------------------------------------'--------

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

PERCOLATION FROM LAYER 3

CHANGE IN WATER STORAGE

(INCHES)

-------------

(CU. FT.) PERCENT

7.00
---

j 2.164)
---------'-

25425.
-------
100.00

0.001 ( 0.002) 3. 0.01

7.003 ( 2.134) 25421. 99.99

0.0001 ( 0.0002) 0. 0.00

0.000 ( 0.996) 0. 0.00

PEAIC DAILY VALUES FOR YEARS 1979 THROUGH 1988

---------------------------------------------------------------

(INCHES) (CU. FT.)

-------' ---------
PRECIPITATION 0.93 3375.9

RUNOFF 0.008 27.5

PERCOLATION FROM LAYER 3 0.0000 0.0

SNOW WATER 0.76 2743.4

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1698

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0667
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FINAL WATER STORAGE AT
--------------------------------------

END OF YEAR 1988

-------------------------

LAYER

-----

(INCHES)

--------

(VOL/VOL)

1 1.09
---------

0.1356

2 1.19 0.0742

3 0.82 0.0681

SNOW WATER 0.00
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APPENDIX C-4

CALIBRATION OF HELP VERSION 2.0 AND PERFORMANCE
ASSESSMENT OF THREE INFILTRATION BARRIER DESIGNS

FOR HANFORD SITE REMEDIATION
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ABSTRACT

The U.S. Environmental Protection Agency's HELP model was used to evaluate water balances of
three alternative covers for buried waste at the semi-arid Hanford Site. The evaluation was made to assess
the effects of restrictive assumptions within the HELP model on simulations of and sites. The HELP model
assumes that only gravitational forces act upon pore water movement. However, the cover designs utilize the
concept of a capillary barrier to minimize meteoric water infiltration into the waste. The evaluation was
performed by accomplishing two objectives. The first objective was to calibrate the HELP model to Hanford
Site lysimeter data. The second objective was to compare results from the calibrated HELP model with
results from the UNSAT-H model for equivalent barrier performance simulations.

This report presents results of the calibration exercise and cover simulations. The calibration results
suggest that the HELP model may adequately account for near-surface capillarity at semi-arid sites by
considering the combined effects of evaporation and transpiration if: (a) the vegetative option in the model is
used and (b) the evaporative depth is known beforehand. However, estimating the evaporative depth at the
Hanford Site is difficult because it is not temporally static and may be specific to soil type and profile
layering.

Simulations were performed for three precipitation scenarios: (a) ambient, (b) two times (2x)
ambient, and (c) design storm. The results of the barrier simulations indicate that for the ambient and design
storm precipitation conditions, the barriers will perform as designed and will return nearly 100% of the
precipitation to the atmosphere through evaporation and transpiration. For the 2x ambient precipitation
conditions, two of the three cover designs are projected to provide only marginal protection from deep
infiltration into the stored waste.
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Calibration of HELP Version 2.0 and Performance
Assessment of Three Infiltration Barrier Designs

for Hanford Site Remediation

1. INTRODUCTION

The U.S. Department of Energy's Hanford Site in south-central Washington State has been used for
national defense programs and nuclear reactor research activities since the mid-1940s. As a result of these
activities, radioactive and hazardous waste is present at the Hanford Site in a variety of locations. These
locations include subsurface tank farms, solid waste burial grounds, and contaminated burial grounds.
Geographic locations within the Hanford Site are numerically designated as the 100, 200, 300, 400, 600 and
1100 areas (Figure 1).

In 1993, the Westinghouse Hanford Company (WHC) evaluated alternative concepts for covers
engineered to minimize risks from hazardous and radioactive wastes stored at the 200 Area of the Hanford
Site. The evaluation included categorization of alternative designs with respect to the types of waste to which
they could be applied to comply with regulations.

The engineering objectives of the covers are to minimize the potential of four scenarios: (a)
penetration of biota into contaminated materials, (b) direct human exposure to the contaminated areas, (c)
atmospheric transport of radioactive and/or toxic particulates and gases, and (d) deep infiltration of
precipitation.

A key measure of an engineered barrier's effectiveness in meeting objective (d) is its ability to
intercept, temporarily store and return moisture to the atmosphere by evapotranspiration. To assess each
barrier's effectiveness, WHC numerically simulated the effect of each design on the subsurface water
balance. These analyses were made using the Hydrologic Evaluation of Landfill Performance (HELP
Version 2.0) simulation model developed for the U.S. Environmental Protection Agency (Schroeder et al.,
1989).

WHC contracted with EG&G Idaho, Inc. to review WHC's water-balance analysis of barrier
performance by (a) calibrating the HELP model to Hanford site lysimeter data, (b) simulating the
performance of the alternative barrier designs using both the HELP and UNSAT-H (Fayer and Jones, 1990)
models, and (c) analyzing and documenting the results. These tasks were accomplished by meeting the
objectives discussed in Section 2.

2. PURPOSE AND OBJECTIVES

The main purpose of this study was to determine if the HELP model provides adequate water
balance analysis at the semi-arid Hanford Site for evaluating alternative barrier designs. This purpose was
achieved by accomplishing two objectives which are briefly described below. A more in-depth discussion of
the methods used are presented in Sections 4 and 5 of this report.

The first objective was to calibrate the HELP Version 2.0 model using data from four weighing
lysimeters located within the Hanford Site Field Lysimeter Test Facility (FLTF). The FLTF is a unique
research facility designed specifically to test the performance of capillary barriers for the semi-arid
conditions at the Hanford Site. The FLTF consists of 24 lysimeters filled with a variety of soil/sediment
configurations.

The second objective of the study was to numerically simulate fluid flow for three infiltration barrier
designs using the HELP and UNSAT-H models. Equivalent parameters were used in both models whenever
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Figure 1. Hanford site, showing locations of numerically designated areas.
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possible. Performing equivalent simulations with both models provided a benchmarking test to evaluate how
well the HELP model compares to a code that has been previously calibrated at the Hanford site.

A general description of the HELP and UNSAT-H models are presented in Section 3. Next, previous
evaluations of the HELP models's performance is presented in Section 4. The methods used to calibrate the
HELP model to the FLTF data and the calibration results are presented in Section 5. A discussion of barrier
simulations and the results in Section 6. Finally, the calibration and barrier simulation results, and general
study conclusions are discussed in Section 7.

3. MODEL DESCRIPTIONS

Two numerical models, UNSAT-H and HELP, were used to simulate the performance of three

barriers designed to minimize infiltration of precipitation into waste materials. The two models represent two
different approaches in groundwater modeling. The UNSAT-H model takes a very general approach that
maximizes flexibility; the HELP model makes is very specific assumptions that are more restrictive.

The UNSAT-H model numerically solves the general partial differential equation (PDE) governing
unsaturated fluid flow in porous media. Because no significant limiting assumptions are used in formulating
this equation, the model is applicable to all unsaturated conditions.

The HELP model uses a mass balance approach to partition flow into water-balance components.
The model assumes that only gravitational forces act on pore water. This assumption effectively reduces the

governing equation for unsaturated flow from a 2nd-order PDE to a I st-order PDE. This assumption also
reduces the computational effort required to solve the problem and makes the model more computationally
efficient. An in-depth description of the general features and theoretical background for each model is
presented in the three sections that follow.

3.1 UNSAT-H Model

3.1.1 General Description

The UNSAT-H model code is designed to simulate the dynamics of water movement through the
vadose zone as a function of meteorologic conditions and soil hydraulic properties. UNSAT-H Version 2.0 is
an enhanced version of UNSAT-H 1.0. Version 1.0 simulates the processes of infiltration, redistribution,
drainage, and evapotranspiration and uses the potential evapotranspiration (PET) concept. Version 2.0

additionally includes the options to calculate soil heat transfer coupled with water flow, surface-energy
balance, and actual evaporation.

The model is written in FORTRAN 77 and consists of three main programs: (I) DATAINH, a

preprocessor, (2) UNSAT-H, the flow simulator, and (3) DATAOUT, a post-processor. For simple problems
the model runs efficiently on a personal computer. However, for cases with complex stratigraphy, the model

requires a scientific workstation or larger computer. The model was verified and benchmark tested by Baca

and Magnuson ( 1990), and has successfully been applied to simulate moisture movement at several semi-

arid locations (Fayer et al., 1992; Baca et al., 1992; and Martian and Magnuson, 1994).

3.1.2 Theoretical Background

The PDE for flow in unsaturated porous media is Richards' equation (Richards, 1931). The UNSAT-

H model solves an extended, one-dimensional form of Richards' equation, that includes both liquid- and

vapor-phase water movement. To model soil heat transfer, the model solves the advection diffusion

equation. The extended form of Richards' equation, as implemented in the model is
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, (1)C (h) a^t = aZ LKT(h) az
+.KL (h) +q„T] - S (Z , 0

where

= depth

S(z,t) = evapotranspiration sink term

qrt = thermal vapor flux density

KT = total hydraulic conductivity; Kq=KL+Kvh

KL = liquid conductivity

Kvh = isothermal vapor conductivity

C(h) = slope of soil moisture curve; a9/alt.

The governing equations are solved using an iterative finite difference approximation with a Crank-

Nicholson method for the time derivative. The finite difference technique replaces the partial derivatives

with a quotient of two finite differences. The end result of using finite differences is that the partial

differential equation is approximated by a series of algebraic equations which are solved simultaneously.

To solve Richard's equation, UNSAT-H requires parameterization of the moisture characteristic

(C(h)) and hydraulic conductivity curves (KL(h)). UNSAT-H contains four options for describing these soil

hydraulic properties: polynomials, Haverkamp functions, Brooks-Corey functions, and van Genutchen

functions.

. UNSAT-H permits the user to select several boundary conditions. The lower boundary condition can

be a unit gradient, constant head, specified flux, or zero flux. The upper boundary condition can be either a

flux or a constant head. When the flux option is selected, the upper boundary condition is a function of

meteorologic conditions and alternates between a flux and a constant head. Initially, during periods of

infiltration or evaporation, the boundary is a flux. However, if the value at the surface node becomes less

than a minimum suction head (saturated conditions) during infiltration, or if the surface node exceeds a

maximum value (unnaturally dry conditions) during evaporation, the upper boundary becomes a constant

head until conditions revert to normal. If the surface node becomes less than a minimum, the minimum value

can either be calculated internally from relative humidity or specified by the user.

Within UNSAT-H, evaporation is calculated either by an energy balance at the soil surface when the

heat transfer option is selected or by the potential evapotranspiration (PET) concept. If heat transfer is not

simulated or if the PET option is selected, PET is partitioned into potential transpiration (PT) and

evaporation by one of two methods. The first method uses the leaf area index (LAI) to partition evaporation

and transpiration by the equation

PT = PET[-0.21 +0.70(LAI) 1,12] , (2)

where PET is the measured radiation and is not the PET calculated using the Penman method

(Ritchie, 1972). In the second method, PET (net radiation) is partitioned into transpiration and evaporation

using an empirical method posed by Hitids (1975) using data on cheatgrass growth.

The UNSAT-H model does not directly calculate runoff. However, if the flux of meteoric water into

the surface exceeds the infiltration capacity, the excess water is assumed to be lost to runoff.
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3.2 HELP Modei

3.2.1 General Description

The Hydrologic Evaluation of Landfill Performance (HELP) Model Version 1.0 was developed to
assist hazardous waste landfill designers and regulators evaluate the hydrologic performance of proposed

landfill designs. The model was specifically designed to rapidly and economically assess landfill designs
without an in-depth knowledge of unsaturated soil hydraulic parameters or computational techniques. To

meet these objectives, HELP contains a broad meteorologic and soil type data base and operates interactively
with the user. In Version 2.0, the capabilities were enhanced by the addition of a synthetic weather generator

(Richardson and Wright, 1984) and a vegetative growth model (Arnold et al., 1986).

The code is written in FORTRAN 77 and consists of two modules: (1) HELPI, an interactive input

program and (2) HELPO, the execution and output program. The program is designed to run efficiently on

an IBM or compatible personal computer.

3.2.2 Theoretical Background

HELP is a quasi-two-dimensional, deterministic water budget model that maintains a continuous

water balance between surface runoff, evapotranspiration, vertical drainage, and lateral subsurface drainage.

Each component of the water balance is computed as follows:

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

• Evapotranspiration is computed using the PET concept

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

• Lateral drainage is computed using a mass balance equation.

In the SCS method, infiltration rates have been empirically found for different soil types and levels

of vegetation. The amount of runoff is computed by the equation

(P-0.2S)2
Q (P+0.8S)

where

Q = runoff

P = precipitation

S = retention parameter.

(3)

The retention parameter is a non-linear function of soil moisture and vegetative cover density. This

function is described by a series of curves developed by the SCS. The method attempts to encompass all

processes involved in infiltration and redistribution (i.e., surface storage due to roughness, raindrop effects,

soil surface compaction, and any number of other factors that may affect runoff).

The evaporation calculated by HELP is a portion of the PET that is determined by the Penman

method, as developed by Ritchie (1972) from

PET =
1.28AH

(A + G) 25.4'

where

H = net solar radiation

(4)
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G = psychrometric constant, 0.68

A = slope of saturation vapor pressure curve computed from

(5)A =
5304e

(21.255 - 5304/7)

T-z

where

T = the mean daily temperature.

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

(6)
PT = PETe

o.ata1

The daily PT is first applied to any free water on the surface. PT demand in excess of surface water is first
extracted through soil evaporation and any further demand is extracted through transpiration. Soil
evaporation occurs in two stages. Stage 1 assumes evaporation is controlled by atmospheric demand.
However, when the evaporation amount exceeds an upper limit determined from the evaporation coefficient

for the soil type, stage two evaporation occurs and the soil's unsaturated conductivity controls the
evaporation. The sum of the evaporation and transpiration is then distributed throughout a static evaporative

zone depth using a function in which the weighting factors decrease with depth.

Infiltration through the drainage layers is computed by Darcy's law for unsaturated conditions. The
hydraulic gradient is assumed to be a downward unit gradient. This assumption neglects capillarity and

assumes that only gravitational forces act on the pore water. The downward flux is then equivalent to the

unsaturated hydraulic conductivity of the soil, which is assumed to be a linear function of soil moisture and

can be expressed as

e r 3+(2/x)q=^e_ e8 , (7)O F

-

r

where

q = rate of downward flux

0 = soil water content

9r = residual soil water content

95 = porosity

A. = pore size index.

Infiltration through the barrier (i.e., low permeability) layer is assumed to occur under saturated conditions

and proceeds by Darcy's law where the pressure gradient is determined from the water accumulated over the

barrier.

The amount and timing of percolation through each layer is calculated by applying the mass-balance

equation over each segment, with the amount of storage evaluated at the midpoint of each time step. This

method is analogous to the Crank-Nicholson finite difference scheme used to numerically solve Richard's

equation in UNSAT-H.

Finally, the amount of lateral drainage that occurs is estimated by an approximated solution of the

mass-balance equation for lateral drainage. The approximated solution assumes steady-state conditions and a

unit gradient in the direction of drainage. The lateral drainage equation is
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Kscos;aa(yax)+R-KB(1+T) = 0, (8)

where

x = horizontal distance from drain

y = saturated thickness in lateral drainage layer

a = inclination angle of lateral drain

h = elevation of phreatic surface

R = vertical drainage rate into saturated portion of lateral drainage layer

KS = saturated hydraulic conductivity in lateral drainage layer

KB = saturated hydraulic conductivity in barrier soil

T = thickness of barrier soil layer.

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

3.3 Discussion of Differences

^

The previous two sections illustrate the different approaches used by the two models in
approximating the physics of infiltration and redistribution. UNSAT-H uses a very general approach that can

be applied over a wide range of conditions. HELP uses several assumptions that may or may not be

appropriate for specific applications.

The most significant of these assumptions is a unit gradient for vertical infiltration. This assumes
that only gravitational forces affect pore water below the arbitrarily defined evaporative zone depth.

Although HELP does not directly consider capillary forces, the effect of capillarity is indirectly accounted

for by applying continuity to evapotranspiration and pore water above the evaporative zone depth. For humid
conditions, the unit gradient assumption is appropriate. However, for semi-arid conditions, the arbitrary and

static evaporative zone depth could either over- or under-estimate deep infiltration into the vadose zone.

Under-estimating the evaporative zone depth could result in over-estimation of infiltration below the root

zone by not allowing deeper pore water to return to the surface. Over-estimating the evaporative zone depth,

particularly during the rainy season when the evaporative zone depth may become relatively shallow, could

under-estimate deep infiltration.
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4. PREVIOUS EVALUATIONS

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

4.1 Thompson and Tyler

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

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

and final water storage only for the humid site.

4.2 Nichols

Nichols (1991) compared the results of HELP Version 2.0 and LJNSAT-H Version 2.0 in simulating
the performance of a two-layer infiltration barrier designed to minimize deep infiltration at the Hanford Site.

The landfill barrier was modeled as a silt-loam top layer with grass underlain by a fine sand capillary break.
Water movement in the soil profile was modeled for a 10-year period using daily meteorologic data recorded
at the Hanford Site. As in the Thompson and Tyler study, input parameters were chosen to achieve a
comparable representation of the physical system by both models. However, a data-entry error was

subsequently identified in the precipitation totals, resulting in the application of 2.13 cm more water in the
HELP simulation than in the iTNSAT-H simulation. Another difference between input data for the two

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

The results from both models indicated that very little deep infiltration would occur through the

infiltration barrier. UNSAT-H predicted no infiltration while HELP predicted that approximately 0.2% of the

precipitation total precipitation would infiltrate through the barrier. Other differences between the two

simulations were that HELP predicted a higher percentage of precipitation would be returned to the

atmosphere than was predicted by UNSAT-H. HELP also predicted no change in storage while UNSAT-H

predicted a slight increase in storage over the period simulated.

4.3 Stevens and Coons

Stevens and Coons (1994) applied HELP Version 2.05 to simulate long-term infiltration from a

proposed landfill in southern New Mexico. The infiltration rate predicted by the model was compared to

estimates of infiltration based on predictions from chloride mass-balance studies and laboratory evaluations

of core samples from the site. The model was used to simulate moisture movement in the landfill during 80

years of operation and approximately 4,500 years after closure. Default hydraulic parameters for fine loamy
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sand and refuse provided in HELP were used with model-generated precipitation and evaporation data to
simulate landfill performance.

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

R = (C1P/C15W) xP,

where

R = recharge rate

C1p = chloride concentration in precipitation

ClsW = chloride concentration in soil water

P = average annual precipitation.

(9)

To estimate recharge rates from core samples taken from the site, the van Genuchten relations (van

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

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

4.4 Conclusions of Previous Evaluations

In summary, the study by Thompson and Tyler concluded that HELP and UNSATI D yield similar

fluid-flow results only under humid conditions, and the assumption on which HELP is based (namely the

downward unit gradient) appears to limit its applicability at and sites. Nichols concluded that HELP is
"conservative" in the sense it over-predicts deep infiltration. However, the differences in simulated water

balance between HELP and UNSAT-H were relatively small compared to the differences encountered by

Thompson and Tyler. The results from Nichols should be viewed with caution because of the data entry error

and the appreciably different growing seasons specified for the two simulations.

The study by Stevens and Coons concluded that HELP predicted reasonable deep infiltration rates at

a semi-arid site because the results compared well to estimates from chloride mass balance and laboratory

evaluation of core samples. Their results should also be viewed with caution because the laboratory

estimates of recharge used the same unit gradient assumption. The estimates of recharge based on the

chloride mass balance were determined from the avenge chloride concentration. If the peak and lowest

values were used, the recharges estimate would be 10 times smaller or 3 times larger, respectively.
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5. itELP CALIBRATION

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

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

5.1 Weighing Lysimeter Descriptions

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

T
1.5 m

0.2 in

T
, 1.0 in

Figure 2. Weighing lysimeter configuration

Two of the four weighing lysimeters received augmented precipitation which was 2 times the
ambient precipitation during the first three years of operation (November 1987 - October 1990) and 3 times
the ambient during October 1990 through the present (Gee et a1.,1993). Table I lists the four weighing
lysimeters and their respective precipitation treatments and surface conditions.
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Table 1. Weighing lysimeter precipitation treatments and surface conditions.

Lysimeter
Precipitation
Treatment

Surface
Condition

W01=1 Ambient Vegetation

W02-2 Ambient Bare

W03-3 2x and 3x Vegetation

W04-4 2x and 3x Bare

5.2 Calibration Procedure

5.2.1 Evaluation Criteria

The measured values of lysimeter storage and drainage were used to evaluate how well the HELP

model approximated the lysimeter observations. Because no drainage was observed from any of the

lysimeters during the calibration period, the result of using drainage as a calibration parameter was to

minimize drainage in all simulations.

Evaluating the match between simulated and measured storage required both quantitative and

qualitative criteria. Two quantitative indicators were chosen to measure the agreement between field data

and simulation results. The first indicator was the root mean square (RMS) error; the second was the

correlation coefficient.

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

defined by the equation

k

RMS = `' t
k

where

= field data point

si = simulation data point

k = number of comparison points.

(10)

The correlation coefficient measures the degree to which there is a linear correlation between

corresponding field data and simulation results. It provides an estimate of how well the trends between the

data sets agree (i.e., the shape of the data curve). The correlation coefficient is defined by the quantity

k k k̂

k ^ Sef, - Y St !^ •fi
r = !=1 i=t i=1

A

(11)

k k

k I S`-( I S'^2] [kI^-(^Ef,)Zl.
L i=t ,=t i-t J

A perfectly linear relationship between data sets would result in a correlation coefficient of 1. At the other

end of the scale, a correlation coefficient of 0 would indicate that the data sets are completely independent.
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Finally, graphical comparisons between the measured and simulated data were used to qualitatively
judge how well the simulation results represented the lysimeter data. Plots were made of the measured data
superimposed over the simulation results, and the agreement was visually evaluated.

5.2.2 Calibration Parameters and Methods

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

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

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

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

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

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

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

Parameter Initial Value

Porosity (cm3/cm3) 0.514

Field Capacity (cm3/cm3) 0.258

Wilting Point (cm3/cm3) 0.068

Saturated Conductivity (cm/s) 0.001

Evaporative Depth (in) 36.0

Leaf Area Index 1.60

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

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

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

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

I Coarse Sand I

Depth ( in) Depth (in)

Silt Loam
11 8.

Silt Loam
23.6

Silt Loam
Silt Loam 35.4 Silt Loam

Silt Loam
47 2.

Silt Loam

59.1
Coarse Sand

66.9

67

Barrier Membrane

Figure 3. Weighing lysimeter representations used in HELP simulations.

59.1

66.9 ,
Coarse Sand
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5.3 Calibration Results

The simulations using the initial hydraulic parameters from WHC showed poor agreement with
lysimeter storage and drainage results. Simulated drainage was as high as 18% of the precipitation totals and
RMS storage errors approached 30% for the irrigated lysimeters. The correlation coefficients for these
initial, uncalibrated simulations varied from a maximum value of 0.925 for the vegetated lysimeter with
ambient precipitation to 0.798 for the bare lysimeter with augmented precipitation. The high correlation
coefficient and RMS values indicate the uncalibraled results matched the seasonal variations in storage
better than the base line storage amounts in these simulations.

Overall, the initial simulations over-predicted drainage and under-predicted evapotranspiration.
Results of these uncalibrated simulations are presented in Figure 4 (two-layer representation) and Figure 5
(four layer representation). The uncalibrated results from the four-layer representation illustrate that
evaporation from the bare lysimeters was under-predicted by a larger degree than was evapotranspiration for
simulations of vegetated conditions. The augmented precipitation condition resulted in even more departure
between simulated and measured storage values. The calibration effort greatly improved the agreement
between measured and simulated storage. The RMS errors were reduced to approximately 10% and drainage
was reduced to approximately 1%n of total precipitation for the vegetated lysimeters. The resulting hydraulic
parameters that provided the best agreement between measured and simulated lysimeter storage for the
McGee Ranch silt are in Table 3.

Table 3. Silt hydraulic parameters for calibrated HELP model.

Parameter Recommended Value

Porosity (cm3/cm3) 0.514

Field Capacity (cm3/cm3) 0.200

Wilting Point (cm3/crn3) 0.060

Saturated Conductivity (cm/s) 0.0001

Evaporative Depth (in) > 59.06

Leaf Area Index 1.60

It is important to note that the values for the hydraulic parameters in Table 3. do not represent the actual
values for the silt. However, they provide the best agreement with observed lysimeter conditions when used
within the HELP model. This is primarily due to the fact that the HELP model may not be adequately
modeling the physics in a shallow capillary barrier.
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Figure 4. Simulation results of storage for the uncalibrated two-layer lysimeter representation.
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Figure 5. Simulation results of storage for the uncalibrated four-layer lysimeter representation.
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A quantitative comparison of measured and simulated lysimeter storage using the calibrated final
parameters discussed above is provided in Table 4. Dividing the silt profile into several layers to permit
different moisture contents with depth did not significantly change the simulation results. Nearly identical
storage and drainage results were obtained with two-layer and six-layer representations which could be seen
in identical RMS error and correlation coefficients between the two- and six-layer representations. These
six-layer results were not included in the figures or in Table 4. Plots comparing measured and simulated
lysimeter storage for the two-layer and four-layer representations are illustrated in Figures 6 and 7,
respectively.

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

Two-Layer Representation

Lysimeter
Root Mean Square

Error
Correlation
Coefficient Drainage (%)

WO1-1 0.674 0.967 1.75

W02-2 1.048 0.830 6.99

W03-3 1.071 0.934 0.91

W04-4 1.193 0.847 10.9

Four-Layer Representation

WO1-1 0.987 0.963 0

W02-2 2.473 0.425 0

W03-3 1.385 0.930 0

W04-4 5.728 0.383 0

C4-21



DOE/RL-93-33
Draft B

C

m 1
^

O

WL-1, % uralna e= 1.68
0 RMS err= .672 COR. coef=.967

6
Ambient, Vegetated - Field

HELP
)L

^

;

1989 1990 1991 1992
Simulation Year

VVL-Z, % uralnafJ.e= o.y3

^
m
rn

o
in

!o RMS err=1.066 COR. coef= .828 =
16 Ambient, Bare - Field

.•••••• HELP =
12 .. ........ .. .. . .....8

0
1988 1989 1990 1991 1992 19

Simulation Year

20
^̂
0

WL-0, % uralrta e= .tRt

'o RMS err=1.072 COR. coef= .934
16 Augmented, Vegetated - Field

HELP
12 ' ..

4

0 ....----'---------
1989 1990 1991 1992

Simulation Year

VVL-4, -ro urama e= i u.oo

v

tn

13

i3

i3

1988 1989 1990 1991 1992 1993
Simulation Year

Figure 6. Simulation storage results using best-fit parameters for the two-layer lysimeter representation.
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5.4 Discussion of Calibration Results

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

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

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

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

5.5 HELP Sensitivity

Sensitivities to the key input parameters discussed in Section 5.2.2 were identified throughout the
calibration process, as well as through a separate parametric sensitivity analysis. During the formal
sensitivity analysis, the input parameters that provided the "best" fit to the measured lysimeter storage were
used as the base case. These parameters were individually increased and decreased by 20%, and the resulting
change in predicted storage was evaluated through their effect on the RMS error and the correlation
coefficient. The sensitivity ranking of each parameter for each lysimeter is presented in Table 5.
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Table 5. Parameter sensitivity ranking for each lysimeter.

Sensitivity Ranking for each Lysimeter

(1 is the most Sensitive parameter)

Parameter W01-1 W02-2 W03-3 W04-4

Porosity 3 1 3 1

Field Capacity 2 3 2 3

Wilting Point 5 2 4 2

Saturated Conductivity (cm/s) 6 4 6 4

Evaporative Depth (in) 1 5 1 5

Leaf Area Index 4 NA 5 NA

The most prominent sensitivity trend identified during the calibration effort was the different

response to changes in evaporative depth between the vegetated and bare lysimeters. Evaporative depth was

the most sensitive parameter in the vegetated lysimeter simulations (W01-1 and W03-3) and was the least

sensitive parameter in the bare-surface lysimeter simulations (W02-2 and W04-4).

This trend can be partially explained by the method HELP uses to determine evaporation amounts.

As discussed in Section 3.2.2, evaporation occurs in two stages. Stage one assumes evaporation is controlled

by atmospheric demand while stage two assumes the unsaturated conductivity of the soil controls the rate of

evaporation. Because the Hanford Site has an and climate, stage two evaporation occurs during much of the

growing season and the evaporation rate is primarily controlled by the soils hydraulic conductivity and not

the evaporative zone depth. However, if plants are included in the simulations, the transpiration rate is not

restricted by the soil's hydraulic conductivity.and substantially more evapotranspiration occurs.
Consequently, evaporative depth is the most sensitive parameter in the vegetated simulations and the least

sensitive parameter in the bare surface simulations.
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6. BARRIER SIMULATIONS

6.1 Barrier Descriptions

Three alternative cover designs were developed for isolating low-level and hazardous waste in the
Hanford Site's 200 areas. These designs were engineered to minimize infiltration of meteoric water below
the covers by utilizing the concept of a capillary barrier. A capillary batrier relies on the concept of a
capillary break that occurs when a fine-textured soil (i.e., silt) overlies a coarser textured soil (i.e., sand or

gravel). The effect of surface tension (i.e., capillarity) is larger in the small pores of the fine textured soil•
than in the large pores of a coarser soil. These capillary forces in the fine textured soil tend to be larger than
the gravitational forces and infiltrated water is retained in the fine soil until it is removed by evaporation or

plant uptake. However, the fine textured soil must remain unsaturated for a capillary barrier to perform

effectively. The calibrated HELP and UNSAT-H model were used to simulate the water-balance

performance of the infiltration batriers for ambient, and 2 times ambient precipitation conditions.

Additionally, the HELP code was used to simulate design storm conditions to determine a maximum runoff.

The three infiltration barriers evaluated are described below in order of decreasing overall
petformance and level of protection provided.

• Hanford Barrier: This cover is 15-ft. thick and provides the highest level of containment and hydro-

logic protection of the three infiltration barriers. This barrier was designed for use at sites containing

transuranic wastes, and has a minimum life expectancy of 1,000 years.

• RCRA Subtitle C cover: This is 5.7 ft. thick and was designed for use at sites containing hazardous and
low-level radioactive waste. It was designed for a minimum life expectancy of 500 years.

• RCRA Subtitle D cover. This 3 ft. thick and was designed for use at sites containing non-hazardous
solid wastes. It has a design life 100 years.

The three barriers are illustrated in Figure 8, and a description of bamier structure is presented in Sections
6.1.1 through 6.1.3.

6.1.1 Hanford Barrier Design

The Hanford barrier consists of nine layers. A detailed description of each layer starting with the

uppermost layer and proceeding downward follows:

• Layer 1 is a 40-in. silt and pea gravel mix. The functions of this layer are threefold. The first function

is to support the growth of vegetation and thereby promote evapotranspiration. The second function is

to prevent wind and water erosion by the addition of the pea gravel. The third function is to tempo-

rarily intercept and store moisture for later removal by evapotranspiration.

• Layer 2 is a 40-in. thick silt layer designed to function as layer 1, except that erosion protection is not

needed.

• Layer 3 is a geotextile filter fabric designed to prevent the mixing of topsoil and sand during construc-

tion.

• Layer 4 is a 6-in. thick sand filter layer designed to act as a capillary break and prevent migration of silt

into the underlying gravel (layer 5).

• Layer 5 is a 12-in. thick gravel filter also designed to act as a capillary break and to prevent migration

of sand into the underlying crushed basalt (layer 6).

• Layer 6 is a 60-in. thick crushed basalt bio-intrusion layer designed to isolate the covered wastes from

contact with plant roots and burrowing animals.

C4-26



DOE/RL-93-33

Draft B

• Layer 7 is a 12-in. thick gravel.layer designed to facilitate lateral drainage and prevent head build-up
over the underlying asphalt (layers 8 and 9).

• Layers 8 and 9 are 6- and 4- in. thick asphalt layers designed to act as a hydraulic barrier, thereby min-
imizing infiltration into the underlying materials.

Hanford Barrier
Depth (in)

Silt/Pea Gravel

40
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80
ilter and

6
98 Fflter Gravel
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RCRA Subtitle C
Depth (in)
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Filter Fabric
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Depth (in)
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24

Compacted Silt
36

158

170
176
180

Figure S. Barrier layers.

=, Asphalt

6.1.2 RCRA Subtitle C Cover Design

The RCRA Subtitle C barrier is an economical version of the Hanford barrier that does not include
the bio-intrusion layer. The conceptual model used to represent the barrier consists of seven layers and is
described as follows:

• Layer 1 is a 20-in. thick silt and pea-gravel mix designed to function in a manner analogous to layer I
of the Hanford barrier.

• Layer 2 is a 20-in. thick compacted silt layer designed to function in a manner analogous to layer 2 of
the Hanford barrier. It is compacted to retard moisture migration through the lower part of the cover.

• Layer 3 is a 6-in. thick sand filter designed to function in a manner analogous to layer 4 of the Hanford
barrier.

• Layer 4 is a 6-in. thick gravel filter designed to function in a manner analogous to layer 5 of the Han-
ford barrier.
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• Layer 5 is a 6-in. thick gravel layer designed to function in a manner analogous to layer 7 of the Han-
ford batrier.

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

6.1.3 RCRA Subtitle D Cover Design

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

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

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

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

6.2 Precipitation Treatments

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

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

6.3 Application of UNSAT-H

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

6.3.1 Barrier Hydraulic Parameters

The hydraulic parameters specified in the UNSAT-H simulations represent three basic soil
properties: (a) the moisture characteristic curve, (b) the hydraulic conductivity curve, and (c) saturated
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hydraulic conductivity. The van Genuchten equations were used to represent these constitutive relationships.
The equation for the characteristic curve is

i-^
e = er+ (es-e, ) [1+ (ah)") " (12)

where

h = suction head

e = volumetric moisture content

6r = residual moisture content

65 = porosity

n = curve fitting parameter

a = inverse air-entry potential.

The equation for the hydraulic conductivity curve is

K(h) = K {1-(ah)"-I[I+(ah) n] 1-1/n}2

S [1+(ah)n)/(1-1/n) (13)

where

K(h) = unsaturated hydraulic conductivity

KS = saturated hydraulic conductivity

l = pore interaction term.

Seven soil types were identified in the three barrier simulations. The seven soil types and sources of
the hydraulic parameters are listed below in Table 6. A discussion of each soil type follows the table.

Table 6. Sources of hydraulic parameter values for UNSAT-H barrier simulations.

Soil Type Source of Hydraulic Parameters

McGee Ranch Silt Gee et al., 1989

Compacted Silt UFA data and calculated from Silt

SilUPea Gravel Mix Calculated from Silt

Filter Sand UNSAT-H modeling in Fayer et al., (1992)

Filter Gravel UNSAT-H modeling in Fayer et al., (1992)

Drainage Gravel/Crushed Basalt Estimated by author and DOE-RL-93-33

Loamy Sand Carsel and Parrish, 1988

6.3.1.1. McGee Ranch Silt.

Gee et al. (1989) packed 16 soil samples representative of the McGee Ranch silt to a density of
1.37 g/cm3. The saturated hydraulic conductivity of the samples was determined using a falling head
method. The water retention characteristics were obtained using hanging columns, pressure plates, and
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relative humidity measurement methods. The resulting tension versus moisture content data were then
simultaneously fit to the van Genuchten equations. The work performed by Gee et al. did not include
estimation of hydraulic parameter values for very dry conditions. Therefore, the residual moisture content
resulting from the curve fitting was predicted to be unrealistically low. However, because moisture
conditions for the simulations never approached the values represented by the driest portion of the soil
moisture curves, the unrealistic residual moisture content did not affect the simulation results. The resulting
hydraulic parameters are presented in Table 7. ,

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

Parameter Value

K. (cm/sec) 9.9 x 10'4

OS (cm3/cm3) 0.496

Ar(cm3/cm3) 0.0049

a (1/cm) 0.0163

n 1.3716

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

The results showed very good agreement between simulated and observed values for both
lysimeters. The agreement is illustrated below in Figure 9. RMS errors of 0.39 and 0.701, and correlation
coefficients of 0.96 and 0.94 were obtained for lysimeters W02-2 and W04-4, respectively.
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Figure 9. Validation results for McGee Ranch silt.

63.1.2. Compacted Silt.

The compacted silt properties were determined from unsaturated hydraulic conductivities of the
compacted silt and from the compacted silt properties. The unsaturated conductivities were obtained from
WHC and were determined using the Unsaturated Flow Apparatus (UFA) method (Conca and Wright,
1990). This method uses an open-flow centrifuge to achieve hydraulic steady state and Darcy's Law to
calculate the unsaturated conductivity.

The compacted silt hydraulic parameters were then determined in three steps. First, the inverse air-
entry potential (a) in Equation 13 was calculated from the uncompacted silt air entry potential, and from an
empirical relation by Campbell (1985). The relation is

We = Wes(pb/pbud
0.67b

where

Wes = uncompacted silt air-entry potential

pbe = compacted bulk density

pb^ = uncompacted bulk density

b =-2Wes + 0.2aa in which ag is the particle size geometric standard deviation.

Second, the porosity was determined by calculating the particle density (pP) from the relation

(14)
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Pbuc
PP 1 _ Os

where

Pbuc = uncompacted bulk density

OS = uncompacted porosity.

(15)

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

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

Parameter Value

KS (cm/sec) 5.236 x 10-4

8S (cm3/cm3) 0.454

A,(ctn3/cm3) 0.1114

a (1/cm) 0.0077

n 1.783

6.3.1.3. Silt/Pea Gravel Mix.

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

6.3.1.4. Filter Sand.

The hydraulic parameters for the filter sand were taken from Fayer et al. (1992).The moisture
characteristic curve for sand was derived from combined data for two sands. The particle diameters were 0.5
to 1.0 mm and 0.25 to 0.5 mm. These sizes are comparable to the particle size distributions specified in
DOE-RL-93-33 (i.e., Dt5 = 0.15-0.5 mm, D50 = 0.375-1.2 mm, and D85 = 0.7-2.5 mm). The hydraulic
properties for the barrier filter sand are given in Table 9.

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

Parameter Value

K. (cm/sec) 0.109

OS (cm3/cm3) 0.445

Or(Cm3/Cm3) 0.010

a (1/cm) 0.0726

n 2.8
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APPENDIX D

SAMPLE CALCULATIONS OF WIND AND WATER EROSION
FOR ENGINEERED SURFACE BARRIERS
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1.0 INTRODUCTION

Three different barrier designs (Hanford Barrier, Modified RCRA Subtitle C Barrier, and Modified
RCRA Subtitle D Barrier) are proposed in this FFS for environmental restoration applications in the
200 Areas. The three designs employ a common top layer design treatment consisting of silt loam
topsoil material containing a 15 wt. % admixture of pea gravel, constructed with a slope angle of 2%,
planted with a mixture of perennial grasses. A primary objective in designing surface barriers is to
anticipate and minimize the destructive effects of wind and water erosion. The pea gravel admixture,
the low-slope angle, and the cover vegetation are all design provisions for mitigating erosion.

Estimates of the long-term effects of erosion are provided in this appendix, using computational
methods developed originally for agricultural applications. Because the three barriers share a similar
top surface design, they are computationally equivalent with respect to estimating erosion rates.

The computational methods employed are useful for evaluating soil loss potential from surfaces made
up of fine-textured soils such as McGee Ranch silt loam, the recommended topsoil material.
However, the effectiveness of the pea gravel admix treatment cannot be readily assessed using these
same methods. The utility of admixing pea gravel into the topsoil layer has been demonstrated
directly by wind tunnel testing (Ligotke and Klopfer 1990). The presence of the pea gravel admix
component is excluded from consideration in the following estimates. Consequently, these estimates
should be viewed as "worst-case" projections, rather than expected actual values.

Because it is a site-specific variable, the effect of slope length on erosion is not considered in detail in
the following calculations. For purposes of preparing the estimates that appear in this appendix, a
slope length of 500 ft is assumed to be representative of the upper limit on the unsheltered slope
length dimension that would be necessary for barrier applications at the Hanford Site, given the types
and sizes of waste sites present.

2.0 SAMPLE CALCULATIONS OF POTENTIAL WIND EROSION

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

E = f(IKCLV)

where

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

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

I = soil erodibility factor
K = ridge roughness factor
C = climatic factor
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L = unsheltered distance
V = vegetative factor.

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

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

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

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

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

The vegetative factor (V) is the most difficult parameter in the WEQ to characterize. During the first
year after cover construction, before a mature stand of cover vegetation has been produced, the soil
surface will be protected from wind erosion by spreading and crimping 4,000 lb of straw per acre
on/into the soil surface. For subsequent years, the amount of plant production must be estimated.
The USDA Soil Conservation Service has performed a number of evaluations of range site conditions
for varying soil and precipitation conditions. Average annual rainfall for the Hanford Site is in the 6
to 7 in. range. Using data from similar climate and land use areas, the total annual production of air-
dry weight per acre for cover vegetation of mixed wheatgrasses is predicted to range from a minimum
of 2001b in unfavorable years to 500 lb in favorable years (USDA 1981), yielding a median value for
V of 350 lb of air-dry material. Based on data for crested wheatgrass in Table D-2, the flat small-
grain equivalent quantity is roughly 1,100 lb per acre.

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

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

The soil loss projections represent average annual estimates and are highly dependant upon
characterization of the vegetative factor. In years when cover vegetation yield is above average, the
erosion rate will be significantly reduced. Until the vegetative cover is established, erosion rates may
exceed the estimated range. After vegetation has been established, erosion rates should coincide more
closely with the predicted range. Increasing vegetative growth to optimal production (500 lb air-dry
weight per acre) would decrease predicted soil losses to zero.

3.0 SAMPLE CALCULATIONS OF POTENTIAL WATER EROSION

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

A = RKLSCP

where,

A = average soil loss in tons per acre
R = rainfall and runoff erosivity factor

K = soil erodibility factor
LS = slope-length factor
C = cover/management factor
P = erosion control practice factor.

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

• Topsoil type: sandy silt
• Organic matter: <0.5%
• Estimated percent sand (coarser than 0.1 nun): 18 %
• Estimated percent silt and sand finer than 0.1 mm: 77 %
• Estimated percent clay: 5%
• Cover slope: 3 %
• Slope length: 231.5 ft
• Cover vegetation: (first year) 2 tons of straw mulch crimped into the soil surface;

(subsequent years) 60 to 80% ground cover consisting of mixed perennial grasses.

The R factor in the USLE is a rainfall erosion index value that accounts for site meteorological
conditions. In Figure D-4, R values of less than 20 are shown for most of eastern Washington,
including the Columbia Basin and the Hanford Site. More detailed information provided in
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Figure 5-2 in Israelsen et al. (1980) indicates that appropriate R values for the Hanford Site are in the
range of 9 to 12 (use R equals 12).

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

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

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

The supporting practices factor P takes into account some agricultural practices other than vegetation
effects (e.g., contouring, terracing and contour strip cropping) and also includes the beneficial effects
of engineering treatments such as compaction, soil blending, and stabilization with additives. For this
analysis, no credit is taken for any ongoing support practices that would be performed after the cover
is constructed and planted (use P equals 1).

For the first year, E is estimated to be:

E = (12)(0.64)(0.32)(0. 10)(1) = 0.25 tons per acre per year.

For subsequent years, E is estimated to be:

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

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

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

1.9 tons/acre/yr = 3,800 lb/acre/yr
3,8001b/acre/yr x 1 acre/43,560 ft' = 0.08721b/ft2/yr
0.08721b/ftz/yr / 86.3 lb/ft3 = 0.00101 ft/yr
0.00101 ft/yr x 12 in./ft = 0.0121 in./yr

For the Hanford Barrier (design life of 1,000 yr):

0.0121 in./yr x 1,000 yr = 12.1 in. per 1,000 yr

For the Modified RCRA Subtitle C Barrier (design life of 500 yr):

0.0121 in./yr x 500 yr = 6.0 in./500 yr

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

0.0121 in./yr x 500 yr = 1.2 in./100 yr

5.0 REFERENCES

Ecology, 1987, Solid Waste Landfill Design Manual, by Parametrix, Inc., Bellevue, Washington, No.
87-13, for Washington State Department of Ecology, Olympia, Washington.

EPA, 1979, Design and Construction of Covers for Solid Waste Landfills, EPA-600/2-79-165,
Municipal Environmental Research Laboratory, U.S. Environmental Protection Agency,
Cincinnati, Ohio.

Israelsen, C. E., C. G. Clyde, J. E. Fletcher, E. K. Israelsen, F. W. Haws, P. E. Packer, and
E. E. Farmer, 1980, Erosion Control During Highway Construction: Manual on Principles
and Practices, National Research Council, Transportation Research Board, National
Cooperative Highway Research Program Report 221, Washington, D.C.

Ligotke, M. W., and D. C. Klopfer, 1990, Soil Erosion Rates from Mixed Soil and Gravel Surfaces
in a Wind Tunnel, PNL-7435, Pacific Northwest Laboratory, Richland, Washington.

USDA, 1981, Technical Guide, Section II.E.MLRA-B-7, U:S. Department of Agriculture, Soil
Conservation Service, Washington, D.C.
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Figure D-1. Knoll Adjustment (a) From Top of Knoll and
(b) From Upper Third of Slope (EPA 1979).
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Figure D-2. Soil Ridge Roughness Factor K from
Actual Soil Ridge Roughness (EPA 1979).
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Figure D-3. Annual Wind Erosion Climatic 'C' Factor in Percent (USDA 1987).
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Figure D-4. Average Annual Values of Rainfall-Erosivity Factor R(EPA 1979).
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Figure D-5. Nomograph for Determi0ing Soil Erodibility
Factor K for U.S. Mainland (EPA 1979).
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Figure D-6. Length-Slope Factor (LS) for Different Slopes (Ecology 1957).
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Table D-1. Soil-Wind Erodibility Index I (Israelsen et at. 1980).

0

Percent of dry soil not
0 1% 2% 3% 4% 5% 6% 7% 8% 9%

passing a 20 mesh screen

(Units) Noncrusted soil surface (tons/acre)

0 - 310 250 220 195 180 170 160 150 140

10 134 131 128 125 121 117 113 109 106 102

20 98 95 92 90 88 86 83 81 79 76

30 74 72 71 69 67 65 63 62 60 58

40 56 54 52 51 . 50 48 47 45 43 41

50 38 36 33 31 29 27 25 24 23 22

60 21 20 19 18 17 16 16 15 14 13

70 12 11 10 8 7 6 4 3 3 2

80 2 - - - - - - - -

Fully crusted soi l surface (tons/acre)

0 - 51.7 41.7 36.7 32.5 30.0 28.3 26.7 25.0 23.3

10 22.3 21.8 21.3 20.8 20.2 19.5 18.8 18.2 17.7 17.0

20 16.3 15.8 15.3 15.0 14.7 14.3 13.8 13.5 13.2 12.7

30 12.3 12.0 11.8 11.5 11.2 10.8 10.5 10.3 10.0 9.7

40 9.3 9.0 8.7 8.5 8.3 8.0 7.8 7.5 7.2 6.8

50 6.3 6.0 5.5 5.2 4.8 4.5 4.2 4.0 3.8 3.7

60 3.5 3.3 3.2 3.0 2.8 2.7 2.7 2.5 2.3 2.2

70 2.0 1.8 1.7 1.3 1.2 1.0 0.7 0.5 0.5 0.3

80 0.3 - - - - - - - - -

C7
0
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td W

w
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Table D-2. Guide for Converting Range Vegetation to an Equivalent Quantity
of Flat, Small-Grain Residue (USDA 1987).

Grass
per acre of range vegelatian

mss planls

50 100 200 300 400 500 600 700 800 900 1,000

Buffalograss', burrogress, and Inland salsgrass 320 720 1,630 2,630

Big bluestem' 45 110 280 480 705 950 1,215 1,495 1,795 2,090 2,410

Westem wheatgmss'. creeping wlldryq and sideauls 155 245 775 1,240 1,740 2,260 2,795 3,345
grama

Liule bluestem' 45 110 285 495 735 995 1,280 1,590 1,900 2,230 2,575

Blue gmma', slsredleaf sedge, and peresodal 110 235 490 760 1,040 1,325 1,610 1,905
shree-awn

Galku and tobosa I50 30D g00 1,200 I,700 2,600

BoWebsush squirrellaB, needle-and-Ovead', and 70 150 300 600 g00 1,200
Thurber's needkgrass

Alkali sacaton 60 ISO 400 8W 1,400 2,200 2,900 3,600

Bluebunch wheasgnss 50 120 300 550 850 1,150 1,500 1,900 2,300 2,600 3,000

Idaho fescue 100 200 400 900 1,500 2,300

Indian rkegrass 100 175 300 600 900 1,400

Crested wbeatgnss 130 300 600 900 1,300 8,800 2,400 3,100 4,000

(.Teatgnss 100 200 300 600 800 1,000 1,200 2,000 2,500 3,000

NOTE: Other grass species equivalenls were esltrnated by canparing we growth cbzraneris0cs with the tested specks.
'Lyles and Allison (1980).
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Table D-3. Sample Wind Erosion Charts.

IE)' Soil Loss from Wind Erosion (Tons Per Acre Per Year) January, 1981
C : 60

Surface - K: 1,0 1= 38
(V)•• • Flat Small Grain Residue (Pounds per Acre)

Unsheltered
Distance 00 0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000
10000 22.8 18.9 13.7 8.9 4.6 1.7 0.6
8000 22.8 18.9 13.7 8.9 4.6 1.7 0.6
6000 22.6 18.8 13.6 8.8 4.6 1.7 0.6
4000 21.4 17.7 12.8 8.2 4.2 1.5 0.6
3000 20.4 16.9 12.1 7.7 3.9 1.4 0.5
2000 18.6 15.4 10.9 6.9 3.5 1.2
1000 14.9 12.2 8.5 5.2 2.6 0.8

800 14.0 11.4 7.9 4.8 2.3 0.7

600 12.4 10.1 6.9 4.1 2.0 0.4
400 10.1 8.1 5.5 3.2 1.5 0.3

300 8.5 6.8 4.5 2.6 1.2 0.2
200 5.6 4.4 2.9 1.6 0.6

150 4.2 3.2 2.0 1.1 0.4

100 3.0 2.3 1.4 0.7

80 2.2 1.6 1.0 0.5

60 1.5 1.1 0.6

50 1.1 0.8 0.4

40 0.8 0.5

30 0.6 0.3

20

10

(E)' Soil Loss from Wind Erosion (Tons Per Acre Per Year) January, 1981

C = 70
Surface • K= 1.0 1= 48

(V)*' • Flat Small Grain Residue (Pounds per Acre)

Unsheltered
Distance ((t) 0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000
10000 33.6 28.3 21.2 14.4 8.0 3.3 1.4 0.5
8000 33.6 28.3 21.2 14.4 8.0 3.3 1.4
6000 33.6 28.3 21.2 14.4 8.0 3.3 1.4 0.5
4000 32.2 27.1 20.2 13.6 7.5 3.1 1.3 0.4
3000 31.1 26.2 19.4 13.0 7.1 2.9 1.2 0.4
2000 29.2 24.5 18.1 12.1 6.5 2.6 1.0
1000 24.5 20.5 14.9 9.7 5.1 1.9 0.7
800 23.0 19.1 13.8 9.0 4.7 1.7 0.6
600 20.8 17.3 12.4 7.9 4.1 1.5 0.5
400 18.1 14.9 10.6 6.6 3.3 1.2

300 15.7 12.9 9.0 5.6 2.7 0.9

200 12.6 10.3 7.1 4.2 2.0 0.4

150 10.0 8.1 5.5 3.2 1.5 0.3

100 7.6 6.0 4.0 2.2 0.9

80 5.8 4.6 3.0 1.6 0.6

60 4.0 3.2 2.0 1.0 0.4

50 3.3 2.5 1.6 0.7

40 2.5 1.9 1.1 0.5

30 1.6 1.2 0.7

20 0.9 0.5

10

D-T3



DOE/RL-93-33
Draft B

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

Grass cover 95-100% C

As grass 0.003
As weeds 0.01

Ground cover 80%

As grass 0.01
As weeds 0.04

Ground cover 60%

As grass 0.04
As weeds 0.09

No ground cover 1.00
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APPENDIX E

COST ESTIMATES
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1.0

Appendix E presents cost estimates for each of the three proposed barrier designs (Hanford Barrier,
Modified RCRA Subtitle C Barrier, and Modified RCRA Subtitle D Barrier). The estimates were
developed for an actual 5-acre waste site in the 200-BP-1 Operable Unit (216-B-43 to 216-B-50
cribs): refer to Section 2.0 and Table E-1 for the Hanford Barrier; Section 3.0 and Table E-2 for the
Modified RCRA Subtitle C Barrier; and Section 4.0 and Table E-3 for the Modified RCRA Subtitle D
Barrier.

2.0 HANFORD BARRIER COST ESTIMATE

2.1 ENGINEERING

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

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

Sealed Double-Ring Infiltrometer lSDRI) Test on Asphalt Laver : Costs are included in the estimate
for performing two SDRI tests on the asphalt layer: after construction of the layer and before
construction of any superimposed layers, to obtain a direct measurement of the hydraulic conductivity
of the layer as built. The tests will be performed by a consulting geotechnical engineering
subcontractor. The task will include equipment, labor, per diem and travel expenses related to
construction, installation, and monitoring, followed by disassembly of the testing apparatus.
Equipment costs are limited to expendable portions of the apparatus. Costs for this task (including
OH&P) are estimated at $9,000 per test, or a total of $18,000.

2.2 IMPROVEMENTS TO LAND

Site Grading. Comnaction and Placement of Grading Fill : Construction will be performed by a
qualified contractor. Costing is based on a site surface measuring approximately 415 ft (E-W) by
530 ft (N-S). The area is assumed to be devoid of vegetation (no clearing and grubbing will be
necessary). The existing site surface is slightly irregular and slopes at approximately 1.5% to the
north. A planar surface is desirable prior to placement of the barrier layers, to facilitate survey
control and QC of material placement and layer thicknesses. Consistent with ALARA principles,
balanced cuts and fills will not be used to create a uniform site surface. Surface grading will be done
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exclusively with fill. It is estimated that approximately 65,900 bank yd3 of grading fill will be needed
(corresponding to 79,0001oose yd', assuming 20% swell). The material will be sourced from Pit 30,
situated between 200 West Area and 200 East Area, opposite the 609-A fire station. Moisture
conditioning (i.e., addition and control) will be performed at Pit 30 before transportation to the
construction site. The one-way haul will be approximately 4 mi. Grading fill and existing site soils
will be densified by making several passes over the site with a vibratory compactor to create a
suitable sub-base for barrier construction.

Place Asphalt Base Course : The base course material will be > 80% minus 5/8-in. material
conforming to WSDOT M41-10, 9-03.9(3). The material will be provided by a local commercial
supplier. Cover construction will require hauling and placing approximately 5,350 tons of material
(corresponding to approximately 3,300 yd'). These quantities were determined based on placing 4 in.
of material over an area of (530+48)(415+48)ftZ and a dry unit weight of 120 lb/ft'. A track dozer
will spread and grade the material. A vibratory compactor will densify the base course material as it
is placed. The base course layer will be constructed on a 2% slope.

Place Asnhalt : The asphalt layer will be placed by a qualified contractor (possibly different from the
one performing other construction activities). The asphalt will be a double-tar asphaltic concrete mix
with a spray-applied top coat of a proprietary liquid styrene-butadiene asphaltic material. The asphalt
layer will be 6 in. thick and will be placed over an area of (530+48)(415+48) ft2 = 267,600 ftz =
29,700 ydZ. The asphalt layer will be constructed on a 2% slope.

Place Gravel Drainage Laver : The specification for the gravel drainage material is a saturated
hydraulic conductivity value of 1 cm/sec. Material will be sourced from Pit 30 between 200 West
Area and 200 East Area. Run-of-pit material will be screened to specification at the pit. The
one-way haul will be approximately 4 mi. Construction of the gravel drainage layer will require
hauling and placing approximately 16,300 tons of material (corresponding to approximately
10,200 yd'). These quantities were determined based on placing 12 in. of material over an area of
(530+56)(415+56) ft2; a material density of 0.70 ft2 solids per ft' volume and a specific gravity of
2.70, corresponding to 117.9 lb/ft3. A motor grader will be used to spread and grade material.
A vibratory compactor also will support construction of this layer.

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

Place Gravel and Sand Filter Layers : The two filter layers will prevent entry and accumulation of
fines in the lateral drainage layer. Filter gravel will be sourced from Pit 30. Run-of-pit material will
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be screened to specification at the pit. Construction of the gravel filter layer will require hauling and
placing approximately 11,300 tons of material (corresponding to approximately 7,100 yd3). These
quantities were determined based on placing 12 in. of material over an area of (530-30)(415-30) ft2;
a material density of 0.70 ft' solids per ft' volume and a specific gravity of 2.70, corresponding to
117.9 lb/ft'. A motor grader will spread and grade the material over the majority of the work area.
A vibratory compactor will be required to support construction of this layer.

Filter sand also will be sourced from Pit 30. This material will be another size fraction product from
the same size separation plant providing the gravel filter material. Construction of the sand filter
layer will require hauling and placing approximately 5,600 tons of material (corresponding to
approximately 3,600 yd3). These quantities were determined based on placing 6 in. of material over
an area of (530-30)(415-30) ft2; a material density of 0.70 ft3 solids per ft3 volume and a specific
gravity of 2.65, corresponding to 115.8 lb/ft'. A motor grader will spread and grade the material. A
vibratory compactor will support placement of this layer. When completed, the two filter layers will
slope down at 2% over the central part of the cover area and will slope up at 3:1 around the
perimeter.

A nonwoven, needle-punched, polypropylene geotextile will be placed over the top of the sand filter
layer as a construction aid. The area to be covered is 192,500 ftz.

Place Lower Silt Laver : Silt loam soil will be sourced from the McGee Ranch site, which represents
a 17-mi one-way haul. The layer will be 40 in. thick. Construction will require hauling and placing
approximately 23,000 tons of material (corresponding to 19,700 yd3). Quantities were computed
based on the following dry unit weights - bank unit weight of $6.5 lb/ft3, loose unit weight loaded on
haul trucks of 72.1 lb/fO (assumes 20% swell), and placement at bank unit weight of 86.5 lb/ft3. The
layer will be constructed in three lifts, using a motor grader or a small dozer to spread material. A
water tanker truck and a farm tractor with disk will be required to support construction of the layer.

Place Upper Silt Layer With Pea Gravel Admix : The silt soil will be sourced from the McGee Ranch
site. However, the material will first be transported to an admix plant (assumed to be sited at Pit 30).
Pea gravel will be mechanically mixed with the silt to produce a product that is 85 % silt and 15 % pea
gravel by weight. Construction will require hauling and placing approximately 26,400 tons of
material (corresponding to 21,700 yd'). These quantities were determined based on placing material
to a depth of 40 in. and the following dry unit weights - bank unit weight of 86.5 lb/ft', loose unit
weight loaded on haul trucks of 72.1 lb/fO (assumes 20% swell), and placement to a unit weight of 90
lb/ft3, similar to the original bank density. A motor grader or a small dozer will be used to spread
the material. Minimal compaction of this material is needed (i.e., wheel or track loads of placement
equipment will provide sufficient compaction; no additional compaction equipment will be required).

Place Road Base Aggregate on Perimeter Access Road : The road base material will be minus 1.5-in.
material provided by a local commercial supplier. Construction will require hauling and placing
approximately 1,700 tons of material (corresponding to approximately 1,000 yd'). These quantities
were determined based on placing 6 in. of material over an area of (415)(530)-(415-30)(530-30) =
27,450 ftZ (i.e., a road width of 15 lineal feet); a material density of 0.75 ft' solids per ft' volume and
a specific gravity of 2.70, corresponding to 126.4 lb/ft3. A motor grader and a vibratory compactor
will be used to spread, grade and compact the material.
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3.0 MODIFIED RCRA SUBTITLE C BARRIER COST ESTIMATE

3.1 ENGINEERING

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

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

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

3.2 IMPROVEMENTS TO LAND

Site Gradin.g Compaction and Placement of Grading Fill : Construction will be performed by a
qualified contractor. The site surface measures approximately 415 ft (E-W) by 530 ft (N-S). The
area is devoid of vegetation (no clearing and grubbing will be necessary). The existing site surface is
slightly irregular and slopes at approximately 1.5% to the north. A planar surface is desirable prior
to placement of the barrier layers, to facilitate survey control and QC of material placement and layer
thicknesses. Consistent with ALARA principles, balanced cuts and fills will not be used to create a
uniform site surface. Surface grading will be done exclusively with fill. It is estimated that
approximately 56,600 bank yd3 of grading fill will be needed (corresponding to 67,900 loose yd3,
assuming 20% swell). The material will be sourced from Pit 30, situated between 200 West and
200 East, opposite the 609-A fire station. Moisture conditioning (i.e., addition and control) will be
performed at Pit 30 before transportation to the construction site. The one-way haul will be
approximately 4 mi. Grading fill and existing site soils will be densified by making several passes
over the site with a vibratory compactor to create a suitable sub-base for barrier construction.

Placement of Base Course for Asphalt Layer : The base course material will be > 80% minus 5/8-in.
material conforming to WSDOT M41-10, 9-03.9(3). The material will be provided by a local
commercial supplier. Barrier construction will require hauling and placing approximately 4,400 tons
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of material (corresponding to approximately 2,700 yd3). These quantities were determined based on
placing 4 in. of material over an area of (530)(415) ft2; and a dry unit weight of 1201b/ft3. A track
dozer will spread and grade the material. A vibratory compactor will be required to densify the base
course material as it is placed. The base course layer will be placed on a uniform 2% slope.

Placement of Asphalt : The asphalt layer will be placed by a qualified contractor (possibly different
from the one performing other construction activities). The asphalt will be a polymer-modified
asphaltic concrete material with a spray-applied styrene-butadiene top coat. The asphalt layer will be
6 in. thick (nominally), and will be placed over an area of (530)(415) ft2 = 220,000 ft2 = 24,500
ydZ. The asphalt layer will be placed on a uniform 2%slope.

Placement of Gravel Drainage Layer : The specification for the gravel drainage material is a saturated
hydraulic conductivity value of 1 cm/sec. Material will be sourced from the Pit 30 site between
200 West and 200 East. Run-of-pit material will be screened to specification at the pit. The one-way
haul will be approximately 4 mi. Construction of the gravel filter layer will require hauling and
placing approximately 6,500 tons of material (corresponding to approximately 4,100 yd3). These
quantities were detemrined based on placing 6 in. of material over an area of (530)(415) ftz; a
material density of 0.70 ft' solids per ft3 volume and a specific gravity of 2.70, corresponding to
117.9 lb/ft3. A motor grader will be used to spread and grade the material. A vibratory compactor
also will support construction of this layer.

Placement of Side-Slope Fill and Fill to Support Graded Filter Layers : The perimeter side slope will
be built up by placing and compacting fill along the west, north and east sides of the covered area.
The perimeter fill will be placed with a 3H:1V slope and will be approximately 4 ft + 8 in. thick.
Mixed sand and gravel (pit run material from Pit 30) will be used as fill material. Approximately
4,400 yd3 of fill will be required for side slope construction. Additional fill (of the same type and
source) will be placed to facilitate termination of the graded filter layers around the perimeter of the
covered area. The graded filter layers will be angled up to intersect the surface at a slope of 2H:1V.
The additional fill requirement beneath the filter layers is 1,000 yd3. A track dozer will be used to
spread and grade the material. A vibratory compactor will be required to support construction of this
layer.

Placement of Gravel and Sand Filter Layers : Two 6-in. filter layers will be placed above the lateral
drainage layer to prevent entry and accumulation of fines in the lateral drainage layer. The gravel
filter material will be sourced from Pit 30. Run-of-pit material will be screened to specification at the
pit. Construction of the gravel filter layer will require hauling and placing approximately 6,500 tons
of material (corresponding to approximately 4,100 yd'). These quantities were determined based on
placing 6 in. of material over an area of (530)(415) ftz; a material density of 0.70 ft' solids per fP
volume and a specific gravity of 2.70, corresponding to 117.9 Ib/ft3. A motor grader will spread and
grade the material over the majority of the work area. A vibratory compactor will be required to
support construction of this layer.

The sand filter layer material also will be sourced from Pit 30. This material will be a separate
product from the size separation plant providing the gravel filter material. As described previously,
construction of the sand filter layer will require hauling and placing approximately 6,400 tons of
material (corresponding to approximately 4,100 yd3). These quantities were determined based on
placing 6 in. of material over an area of (530)(415) ft2; a material density of 0.70 ft' solids per ft'
volume and a specific gravity of 2.65, corresponding to 115.8 ]b/ft'. A motor grader will spread and
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grade the material. A vibratory compactor will be required to support placement of this layer. When
completed, the surface of the sand filter layer will slope down at 2% over the central part of the
cover area and will slope up at 2:1 around the perimeter.

Placement of Compacted Silt : The silt soil will be sourced from the McGee Ranch site, which
represents a 17-mi one-way haul. Construction will require hauling, placing and compacting
approximately (22,900-1,400) = 21,500 tons of material (corresponding to
13,600-800 = 12,800 yd3). These quantities were determined based on placing and compacting
material to a depth of 20 in. over an area of (530)(415) ft2 less the volume occupied by fill and filter
layers in the perimeter area sloped at 2:1 and the following dry unit weights - bank unit weight of
86.5 lb/ft3, loose unit weight loaded on haul trucks of 72.1 lb/ft' (assumes 20% swell), and
compacted unit weight of 125 lb/ft3. The layer will be constructed in three lifts, using a motor grader
or a small dozer to spread material and a static compactor (such as a sheep's foot roller) to densify
the material. Moisture conditioning will be performed at Pit 30. A water tanker truck and a farm
tractor with disk will be required to support placement of this layer.

Placement of Silt/Pea Gravel Admix : The silt soil will be sourced from the McGee Ranch site.
However, the material will first be transported to an admix plant (assumed to be sited at Pit 30). Pea
gravel will be mechanically mixed with the silt to produce a product that is 85% silt and 15% pea
gravel by weight. Construction will require hauling and placing approximately
(22,900-700) = 22,200 tons of material (corresponding to 13,600-450 = 13,150 yd'). These
quantities were determined based on placing and compacting material to a depth of 20 in. over an
area of (530)(415) ft2 less the volume occupied by fill and filter layers in the perimeter area sloped at
2:1 and the following dry unit weights - bank unit weight of 86.5 Ib/f13, loose unit weight loaded on
haul trucks of 72.1 lb/ft' (assumes 20% swell), and compacted unit weight of 125 lb/ft3. A motor
grader or a small dozer will be used to spread the material. Minimal compaction of this material is
needed (i.e., wheel loads of placement equipment will provide sufficient compaction; no additional
compaction equipment will be required).

Placement of Coarse, Fractured Basalt Surfacing Material on Perimeter Berm : The fractured basalt
will be minus 12-in. material sourced from the existing quarry immediately east of State Highway 24
on the east end of Umtanum Ridge, overlooking Vernita Bridge. The one-way haul will be
approximately 17 mi. Construction will require hauling and placing approximately 3,400 T of
material (corresponding to approximately 2,000 yd3). These quantities were determined based on
placing 12 in. of material around a perimeter of 2(530+415) + 8(27)/2 = 1,998 lineal feet over a
width of 27 lineal feet; a material density of 0.75 fr° solids per ft3 volume and a specific gravity
of 2.70, corresponding to 126.41b/ft'. A track dozer will be used to spread and grade the material.
Compacting equipment will not be required. When completed, the perimeter berm will slope down at
3H:1V to meet surrounding grade.
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4.0 MODIFIED RCRA SUBTITLE D BARRIER COST ESTIMATE

4.1

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

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

4.2 IMPROVEMENTS TO LAND

Site Grading. Compaction and Placement of Grading Fill : Construction will be performed by a
qualified subcontractor. Costing is based on a site surface measuring approximately 415 ft (E-W) by
530 ft (N-S). The area is devoid of vegetation (no clearing and grubbing will be necessary). The
existing site surface is slightly irregular and slopes at approximately 1.5% to the north.
The RCRA Subtitle D cover design does not include provisions for internal lateral drainage.
However, grading to create a planar surface will be performed prior to placement of the barrier layers
to facilitate survey control and QC of material placement and layer thicknesses. Consistent with
ALARA principles, balanced cuts and fills will not be used to create a uniform site surface. Surface
grading will be done exclusively with fill. It is estimated that approximately 56,600 bank yd' of
grading fill will be needed (corresponding to 67,900 loose yd3, assuming 20% swell). The material
will be sourced from Pit 30, situated between 200 West and 200 East, opposite the 609-A fire
station. Moisture conditioning (i.e., addition and control) will be performed at Pit 30 before
transportation to the construction site. The one-way haul will be approximately 4 mi. Grading fill
and existing site soils will be densified by making several passes with a vibratory compactor to create
a suitable sub-base for barrier construction.

Placement of Compacted (Lower) Silt Layer : The silt loam soil will be sourced from the McGee
Ranch site, which represents a 17-mi one-way haul. Construction will require hauling, placing and
compacting approximately 8,100 yd3 or 13,700 tons of material. These quantities were determined
based on placing and compacting material to a depth of 12 in. over an area of (530)(415) ftz and the
following dry unit weights - bank unit weight of 86.5 lb/ft', loose unit weight loaded on haul trucks
of 72.1 lb/ft3 (assumes 20% swell), and compacted unit weight of 125 lb/ft3. The layer will be
constructed in two lifts, using a motor grader or a small dozer to spread material and a static
compactor (such as a sheep's foot roller) to densify the material. Moisture conditioning will be
performed at the borrow site to the maximum practical extent. However, a water tanker truck and a
farm tractor with disk will be required to support construction.
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Placement of Uncompacted (Middle) Silt I.aver : The silt soil will be sourced from the McGee Ranch
site. The middle silt layer will be 16 in. thick. Construction will require hauling and placing
approximately 12,700 tons of material (corresponding to 10,900 yd3). Quantities were computed
based on the area and layer thickness and the following dry unit weights - bank unit weight of 86.5
lb/ft', loose unit weight loaded on haul trucks of 72.1 Ib/ft' (assumes 20% swell), and placement at
bank unit weight of 86.5 ]b/ft'. The layer will be constructed in three lifts, using a motor grader or a
small dozer to spread material. A water tanker truck and a farm tractor with disk will be required to
support construction.

Placement of Upner Silt Layer With Pea Gravel Admix : The silt loam soil will be sourced from the
McGee Ranch site. However, the material will first be transported to an admix plant (assumed to be
sited at Pit 30). Pea gravel will be mechanically mixed with the silt to produce a product that is 85 %
silt and 15% pea gravel by weight. Construction will require hauling and placing approximately
6,600 tons of material (corresponding to 5,400 yd3). These quantities were determined based on
placing material to a depth of 8 in., the area defined previously and the following dry unit weights -
bank unit weight of 86.51b/ft°, loose unit weight loaded on haul trucks of 72.1 lb/ft' (assumes 20 %
swell), and placement to a unit weight of 90 lb/ft3, similar to the original bank density. A motor
grader or a small dozer will be used to spread the material. Minimal compaction of this material is
needed (i.e., wheel or track loads of placement equipment will provide sufficient compaction; no
additional compaction equipment will be required).

Placement of Coarse. Fractured Basalt Surfacing Material on Perimeter Berm : The fractured basalt
will be minus 12-in. material sourced from the existing quarry overlooking Vernita Bridge. The
one-way haul will be approximately 17 mi. Construction will require hauling and placing
approximately 3,400 tons of material (corresponding to approximately 2,000 yd3). These quantities
were determined based on placing 12 in. of material around a perimeter of
2(530 + 415) + 8(27)/2 = 1,998 lineal feet over a width of 27 lineal feet; a material density of
0.75 ft' solids per ft' volume and a specific gravity of 2.70, corresponding to 126.41b/fl. A track
dozer will be used to spread and grade the material. Compacting equipment will not be required.
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Table E-1. Hanford Barrier Conceptual Cost Estimate. (3 Paees)

COST ITEMS Estimated Indirect Subtotal 15% Cont. Total

Definitive Design (Technical Services)

Subtotal 250,000 0 250,000 37,500 287,500

Engineering/Inspection (Technical Services)

Subtotal 500,000 0 500,000 75,000 575,000

SDRI Test on Asphalt Layer (Technical Services)

Subtotal S$^ 0 ^7em M

TOTALS wom 0

Site Grading, Compaction & Fill
- Load, haul & dump soil from it 30, 8 mile round 359,312

trip using 5 dump ttucks @ 12 CY each, and one 4
CY loader; 65,900 CY plus 20% swell = 79,000 CY
to haul. Ten man crew will average 816 CY per day
for 97 days (20 week job).
- Spread soil and level with dozer/grader.
- Compact site with vibratory roller, 79,040
415 ft x 530 ft area, 6" lifts, 2 passes. 20,441

Subtotal 458,793 79,231 538,024 80,704 618,728

Placement of Base Course
- Base course material 5/8" minus, delivered to site 56,911
- Spread gravel and level with dozer/grader, 4" deep. 3,307
- Compact with vibratory roller, 2 passes. 1,288
- Sales Tax at 7.8% 3,860
- OH&P (on markups only) 579

Subtotal 65,945 9,232 75,177 11,277 86,454

Placement of Asphalt
- 6" polymer-modified asphalt. 457,380

(Per Don @ A & B Asphalt)
- Fluid applied asphalt top coat. (Per KEH 1,176,120

estimate ER 3412 (W-263), dated 2-10-93).
NOTE: High cost may be temporary due to current
monopoly on product.

Subtotal 1,633,500 228,690 1,862,190 279,329 2,141,519

Placement of Gravel Drainage Layer
- Load trucks with screened tvn-of-pit gravel. 76,245
- Haul and dump gravel at site, assume 8 miles 31,416

round trip
- Spread and level gravel with dozer/grader, 12" 10,199
layer. 2,639
- Compact gravel with vibratory roller, 2 passes. 5,171
- Sales Tax @ 7.8% 775
- OH&P (on markups only)
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Table E-1. Hanford Barrier Conceptual Cost Estimate. (3 Pages)

COST 1TEMS Estimated Indirect Subtotal 15% Cont. Total

Subtotal 126,446 17,702 144,148 21,622 165,770

Crushed Basalt Layer/Side Slopes °
- Load, haul and spread 8 to 12 inch crushed basalt. 1,902,905

Existing quarry is 17 miles from site.
- Sales Tax Q 7.8% 46,800
- OH&P (on markups only) 7,020

Subtotal 1,956,725 273,942 2,230,667 334,600 2,565,267

Gravel and Sand Filter Layers
- Load trucks with screened run-of-pit gravel. 53,073
- Haul and dump gravel at site, assume 8 mile round 21,868

trip. ,
- Spread and level gravel with dozer/grader, 6" 7,115

layer.
- Compact gravel with vibratory roller, 2 passes. 1,852
- Load trucks with screened sand. 42,021
- Haul and dump sand at site, assume 8 mile round 11,088

trip.
- Spread and level sand with dozer/grader, 6" layer. 3,613
- Compact sand with vibratory roller, 2 passes. 932
- Place geotextile fabric, cost assumes polypropylene 44,281

mesh, stapled, 6.5 oz/sy.
- Sales Tax @ 7.8% 9,035
- OH&P (on markups only) 1,355

Subtotal 196,234 27,473 223,707 33,556 257,263

Placement of Lower Silt Layer
- Load, haul and dump McGee Ranch silt, 36 mile 151,562

round trip
- Spread and Static Compact to 40" depth using 103,981

dozer/grader and water truck for dust control

Subtotal 255,543- 35,776 291,319 43,698 335,017

Placement of Silt/Pea Gravel Admix
- Load, haul, and dump McGee Ranch silt at pit 141,959

30, 26 miles round trip.
- Mix above silt with 3250 CY of local sourced 146,324

pea gravel, load haul 4 miles, and dump.
- Spread mix and level to depth of 40". 21,705
- Sales Tax @ 7.8% 3,385
- OH&P on markups only) 338

Subtotal 313,711 43,920 357,631 53,645 411,276
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Table E-1. Hanford Barrier Conceptual Cost FstLnate. (3 Pages)

COST ITEMS Estimated Indirect Subtotal 15% Cont. Total

Base for Perimeter Access Road
- Base course material, 1-1/2" minus, delivered 18,084

to site.
- Spread gravel and level with dozer/grader, 6" deep. 1,001
- Compact with virbratory roller, 2 passes. 403
- Sates Tax @ 7.8% 1,226
- OH&P (on markups only) 183

Subtotal 20,899 2,926 23,825 3,574 27,399

TOTALS 5,027,796 718,892 5,746,688 862,005 6,608,693

PROJECT TOTALS 718,892 jro&;S$'^
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