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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. 

ES-1 
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• Hanford Barrier. This desigfl is reeemmefl:dedbarrier is th~ as,~line"desigI,1 for implementation 

at transuranic (TRU)-contarninated 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 r,rer,esedevalua'ted 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~eHne design is reeemmefl:ded for 

applications at sites containing hMardeusdangerous 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 LL W. The 

ES-2 
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Modified RCRA Subtitk 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 arid 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. 

The Medified RCRA Sttbtitle C Ba:rrier design eettld be enh8:fteed by inerea:siflg the thiekttess ef 

the tepseH la:yers Md by iftelttding seme type ef ifttftlsien deterrenee la:yer (simila:r in funetien te 

the fra:etttred ba:sa:lt la:yer ef the Ha:nferd Ba:rrier) se tha:t it wettld eenf6rm te ba:rrier eriteria: f6r 

TRU wa:ste sites . This is a: petentia:I e·1eltttiefl8:ry direetien f6r the Sttbtitle C Ba:rrier . 

coiiit?ts§_~isJing~ffilcin1foEJ1:i~@~e'~ali i~i~Jn~i¥~~;:7ni£~ijncJ~4]i"£RKSubtTIT~ ~ . 

Bar rler '.is:s2ID£"§ieci'~f ·tJffeEi4rZP~laY~~~¥ lfti1~ ni~µifg~~sifil2kiie~sof BQf 6? 

c~i{~~ iit· .. To~,~fil]~iJiY,~f~~eslgp~~~ ig:~~cfajJ:fa9f wa~ers; · anc(cjgiyjninhnally a~_so~l 
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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'.:ciesigns were determined by screening potentially applicable orr elevantand 
~ ·'"""' . ...;C>,,:,/4,,.;"'""'°""'· _,, ,..-.: 

ap,propriateregulatery1ons.· staa:ites, 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 threef&-ur proposed barrier designs are described in Section 3.0 . 
..... ~ hl:-

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

evaluated against the nine EPA GER<EI:A~evaluation criteria for seleetiflg a preferred remediation 
~-<~.i:..-,;.,.,.~ 

alternative (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 waste3management 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 ftH-CERCLA past-practice, Resource Co_nservation 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 (FPS) be prepared for the 200 Areas. An FPS evaluates selected 
remedial alternatives based on their implementability, cost, and effectiveness. 

This FPS eva:ltmtes eoneepttta:l remedia:l desigflS for eovers or ea:ps 8:f)pliea:hle to a: ra:nge of 
high priority sottree WMUs (f)rima:rily ttnil:s reeofftfflefttied fer a:etion ttfttier the imerim remedia:l 
mea:sttre [IRM] or limited field investiga:Hon [LP{] pa:ths) idemified in the AAMS reports .This FFS 
evaiµaies~generfc·:·coiicepttia,I-:ttes1gi,is~'fui : covers.that coufd .b€t usoo~jri'ttie' 200~ e informa~kiii 
dev~lope~ in this :scr~e~g eff op:,:.CID.!,be .. use9:,~uring the: .:site-~ec~c: ev~iuatioh of 2QO Are~ W.tste st;ei 
th~t will ev~l1.µ1,te the, yariou~ re~ediaL~~matives .• and, ultimately~ _propose specific remedial action foi 
each site. The-use ofthese'cover designs forw;ist~ sites at other locations throughout the Hanford Site 
is not .precluded·by'the:workip this"F~t ·, The .~jte,:specii]c'exaluation anlj.e otl}er waste sites could ·· 
factor. ifrconsiclerations ·tliat were ndt part of this evaluatfon.(i.e., different land u~e, threatened and 
endangered species, etc) , but_ t!1~ .. ~!~ 8lJ~~if~~g,~ C~)Ulcl~ e the. re!1:11~·~ofthis FF~ as ~ eir 
baseLm,e, coy~! d~si~; 

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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The Hanford Site occupies about 1,450 km2 (560 mi2) of the southeastern part of Washington State 
north of the confluence of the Yakima and C~lumbia 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 iflelttdmgc2mprisecf 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 appliell'Elle~~Ji1fg 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 hannjul effects to the environment and human users of the area by 
isolating or pennanently 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 itpplieaele forto pertafn to 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 high priority200 
Area sites, the 200 Area source AAMS reports recommended that an FFS be prepared that focuses on 
generic cover designs 1tpplie1tble tofor various waste categories rather than designs for specific waste 
sites. 

1.2 SCOPE AND OBJECTIVES 

The seope of this FPS is to de,•elop 1t lim:ited ffl:tmber of preeftgiHeered eo•ter desigH optioHS for 200 
Arca WMUs prc'liottsly idcmifi.cd m the AAMS reports as eaftdidatcs for rcmcdiatioH with sttrfacc 
barriers (sec AppcHdet B). The eo'lcr desigm arc to be dc•teloped m a maflftcr that pro¥idcs 
traceability to ARARs for rccog~ed eategories of v1aste aftdilor soil eoftfflffletioH. The appHeaele 
waste eategories are defi.Hed m SeetiOH 1. 4 .The scope of this FFS is to develop and evaluate i Tunited 
number of conceptual cover ~designs that could be applied to waste sites in the 200 Areas. The cover 
designs must be developed generically to provide traceability to applicable or relevant · and appropriate 
requirements (ARAR) and technical guidance. These generic conceptual cover designs can then 
provide the basis for the cover remedial alternative evaluated in a site-specific FFS. However, a site
specific evaluation of the ARARs and technical guidance is required to ensure that the cover evaluated 
in the FFS is appropriate for the waste site-specific characteristics . ... A site-specific evaluation coWd. 
result fa m2difying_th~ generic ~ hce~f:!!.3:1 co1~r d~si~ or a selecting more app!opr!_ci!e co~e~f Qr!:he 
waste sit~ 

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 for IRMs!he cover alternative to the 200 Area waste ~ites 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 easelifte risk assessment 
(QBRA) 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 Bttselitte Risk Assessment 
Methodology , A:ppetuHx C (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. !fit 
speeifie remedy is idemified afld that remedy is a eever, theft tThis FFS wffican be used to help select 

:.""c'·- .,,.,,,.".:'c:'\~H•--·~ .. --"'"""'~ ~~.,...~--, -.---· -• ~••• ..,,..,....,,,,.~, ~ :¼~~=---

the appropriate i:emeoial action by Qroviding the ba,sis· for the cover alternative for the application, .... ~:,.,. -=~;.:,:,;;-,,.~~- ~- ... -,;.'"""".,,..,_ ., . . ,.._~=~ 
considering the type and concentration of waste present, and the results of 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 (presemed ift Section 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. 

1. Definition of Waste Categories Present in the 200 Areas. Section 1.4 summarizes the types 
of waste present at sottree IRM and LFI 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 afld ttHpla:ftfled release sites (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 ARARii'n~ T~c~Gi1i'!:i,t1i-~. A matrix of peteH:tiaHy 
pertinent ARARs a:Hd ether sta:Hdards was developed for each waste ea:tegeryU7P~ identified in 

1-5 



DOE/RL-93-33 
Draft B 

Step 1 fradfoactiv,~"7' ~angerous~-or7nonradioac~1ve/pondangerous). PeteHtial The-ARARs aftd 
setftdartis (includmg chemi~, l~~ation~: and 'acti~~7p~ific requirements) ; er~ theft 

screened9f~r1!1i i~!!~ric;;~'7is[:_typii( jirev10us!~ cffscussed. Pefefttial[!i~ ARARs ffltl 
sfaftdardr, 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 
w.aste were .~etained for further consideration as FFS geiier1q~conceptual design criteria: 
Reii!Jat1ons19onsicleredappi1ca:Hie to a par!icul~~~e1 type :wertr~uded m tlie~mafnx::. 
Re'guireipertlsthat:may;be releyant ~appropiia,te, dep~µding·o11 site type,} :wer~ includecL1n 
t}}~m~.!9· ~evelop a -~~ .. &ie.~,i~ Jp~t .. ~.9u,Ld~S£>!!!P3.SS ·#:!L~.!\~.l~.:,. Pet;tit1;r 2~RAR; tbaf 
were eeftsidered !lf)plieaele eftly fe defiHi.frt•e desigH were idefttified f-er fufttre !lf)plieafieH 
dttriH:g the defiHifive desigH stage . . Where 'r,equ~mems~ e;r~: notefther applidable1or -reievant 
an(l'a'ppropr}ate, 1:iii'f!ontamcif 'teclinical ctft~fia tha~was pertinen~ to conceptual aesign ·- . 
develQPment,.these ~~irements ~ere captured in ilie technical g\lidance sectiop. >Fu~e r 
e-v,alilatiqn of ARARs artd·technical guidance will ~so be. conducted during itfi~ ..vaste :site--·''" ·::>">· .·.;: ___ :· ''-,_ ,. ..·._;_. . -·. ·.-// ' :~~-~«- .:ck.;.~~ .. ,, __ .. ~~~~---~-,. ____ .. . ~ 

sp~¢~.~c~ev,~lu~ f remed!@ ~l!~ ti.Y~~ 

3. Establishment of Concepturu._ Performaiic~ap."])>esign Criteria. Criteria were established 
based on the ARARs and tedirricctl gy,idal}.ce"fe ee eemidered" (TDC) setftdards aftd · 
requiremeftts determined fi'i Step i to-b~ ~plieaele~ late to generic conceptual cover designs . 
T:Hecoii~eprti:il'perf()rm~pe antf clesigp cnienatheri Ioo!ecl at the possiollides::-of poteni"iafi~ 
co91h'iJ]ing ~the .vitio1;1S;requireinents'-tO:·a11ow for a li?Iited ~umber of cover cqncepfual ae.~i~ 
,to ·b~'unple,inen,ted, for:;~mWple wast~ :cypes (radioactive, m~ed, dapgerous, anq 
nonrad/nonclahgeroils). . . ,,,, . . ~ . ' .. '~ ·-·'"''. = .~. "'"'"" 
,~ .. ~. . ~""'~ - ,, ~ .. .-.~,,;,,.,-..,.-· 

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 ~r(o#i~.ahe~=~~Sdesign criteria established in Step 3. 

6. Detailed Evaluation. Conformance of the conceptual cover designs to their respective 
Q~f! <2!!h~ £i~ { 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 selectiOO§ wiH ee included relating the cover options developed in this FFS to 
!lf>plieaele waste categories. 

1.4 WASTE SITES AND WASTE CATEGORY DESIGNATIONS 

Terminology used at the Hanford Site and other DOE facilities for radiological, ha:i!:ardettsdan.-gerous, 
"· ~-- ' . . . . 

and other solid waste types is defined as follows : 

1-6 



96 I 3HO I.. 2764 
DOE/RL-93-33 

Draft B 

• Radioactive Waste. : ;Solid, liquid, or gaseous material that contains radionuclides regulated 
under the Atomic Energy Act of 1954, as amended, that is of negligible economic value 
considering costs ofrecovery. Radioactive waste includes spent Itttelea:r ft::tel , high-level waste 
(HLW), bypreclttet ma:tcria:l, transuranic (TRU) waste, and low-level waste (LLW) (DOE 
5820.2A). 

• 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 
(DOE 5820.2A). 

• Ill, W. 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 LL W, provided the concentration of 
TRU is less than 100 nCi/g. The LLW waste a:ctiviey~~~10;s_<!-,tlo~ limits are provided in 
Appendix A. 

When liquid HL W 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 
by DOE as LLW:orTB--P:~~i~-

As indiea:tcd in DOE 5820.2A, Section 1.0, new 8:fld rca:dily retricva:blc cxistiflg IILW mttst be 
precessed to a: fma:l HftfflebiliEcd fofffl. for pcfffia:nent dispesa:l in a: federa:l deep geologic repository. 
The IILW th:a:t is net rca:dily rctricva:blc mttst be monitored in sittt. Fer IILW (spccifica:Hy siflgle a:nd 
double shell ta:nk wa:ste) stored a:t th:c Ila:nford Site, DOE policies a:nd requirements rela:fing to dispesa:l 
options a:rc described in RLID 5820.2A, Section 1(3)(d). 

• 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.:::-Tcj"beclasstfied' as 
tRU~~~~!e:'1\!~wMfe, !11':1§.l!JERe_en fil~pos~g~~tt~f:1~~ d~·- , -

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 
nCi/ g to 100 nCi/g -~i'Iius:~P'irt'ay be TR'O-,-consiffuents"~presenf

7
~t:Soriie ~~ifes: bu(ihcfmay '1101 meet 

the~definfr1qgJsJ~IJ::F-~1Jn9,;~~~;,!!;gti§ett;~,R ~~!<J!Ik fil~E!lJ:T;~~~ req~jrements. , ~ 
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Newly generated, stored, and/or 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. OHsite disposftl wottld reqttire eoftettrreftee of the EPA 8:dmiftistrfttor (RLID 5820.2A) . 
Sites with bttried TRU 8:ftd Sttspeet TRU HttJst be ehftrfteterized to determme the types 8:ftd qttflfttities of 
rftdioftetive 8:ftd hftzftrdotts eoHSti:ttteftts preseftt (if 8:ftY). Chftraeterizfttion aetivities will iftelttde 
assessments of waste migrfttion from the bttrial sites 8:ftd potefttial eftViroftfflefttftl 8:ftd heftlth ifflpaets . 
Applieable elosttre plaHS will be appro·, ed by EPA aftd Eeology. 

A classification scheme for commercial LL W 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 defm.ed ift 40 CPR 261 .3 as 
hHazardous waste if-itis asolid 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 of 41n':Flr261. 

Mixed Waste. Waste containing both radioactive and ha:za:rdottsdangerous eoHStitttefttswaste. 

Solid (RCRA Subtitle D) Waste. Solid waste is defined in 40 CPR 261 .2 as any discarded 
material tha:t is 8:ba:ndoned, reeyeled, or eoHSidered to be inherefttly wa:ste Hl.teresultfug from 
mdustnal~ c ommercia(miiliiig: and 'agricultural operations; and from C OllUilWiicy . aGtivities. 
---··---'· - _..,..__~ _ _.,,;a,,. .• ---~'•• --·""' ~-0,,-v C.. ____ ,/(!;,_.c..t,. ....,,.. Y, 

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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, • t .-N't,.,,_. .. -.H,.· «" ·f . -~ -~~--•, 

As summarized in Table 1-1 , the categories include TRU, LLW, ha::ta:rdousaangerons waste, Qlixea 
.,,..--._-:, ... '''"W'•":_,,.,_.,,..""""','f ... -.~-~-:-·:-:'~ '¾~"":•': --.. h.,;;,;»iw<.' _,,_ _.I,.:;_..,.,-.,_,,..·.·•·'"""'' 

dangerous and raqiological wast~;, mi:x:ed ha::ta:rdous S:Hd ra:diologiea:l wa:ste, and ==- =··· ,-"'4 -~ ~-.'.«,,._,__ . ··:): ' ' "°':•· #i~~-,>.*;;!;·-•--~; 

nonha::ta:rdousaangerous'/nortradioactive solid waste. Based on the data presented in Table 1-1, four 
i.om.:;!.~; - ,.,..._....~..,....~~~:" 

waste ea:tegories~_£S are identified that encompass all ~00,__~!~~.':Y~t,e;sites: reeofflffleflded fer 
IRM/LFI a:etiom. (1) TRU, (2) LLW, (3) RCRA Subtitle C waste, and (4) RCRA Subtitle D waste . 
These four categories establish the preliminary ARARs and perfomi~$!e

0

anti:design criteria discussed - -,6.~--... ,~., ......... ..;. ..... Hj,; 

in Section 2.0. 
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Figure 1-1. Hanford Site Map. 
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r Table 1-1. Waste Category Site Summary. 

!,·: Waste category No. 

TRU and TRU/mixed waste 

LL W and LL/mixed waste 

Htt~1mletts~ a:IJ.ger~ (RCRA C) waste 

Nonhtt~ttrdettsdaiigerous/nonradiological (RCRA D) 
solid0waste ""'-"" ~"'--~ 
~~ .. ,;.;;/<, .• -.>« 

Total 

of sites* 

30 

239 

8 

14 

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 ~ENERIC CON€ EPTUALDESIGN CRITERIA 
. /4.s,-.. ·'"·~~-{,.<.,,_ ' - _,r, ___ ,fa_ ., ' -· 

!]-~e:g~ti.C.~FE?iii~J~~esign criteria for engineered surface barriers for 200 Area .'\Vaste sites were 
developed by considering ARARs and other settrees TDC technical gyidance documents-that are or 

zyt -~~~ ~~-"""'-"''•' .. ✓·-,.;,,, ~-"-"---~=,_ .. 

potentially are applieablep~rtin~ 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 petem:ial ARARs a11d TBCs . 
Section 2.1.2 outlines the approach and process to evaluate te'cliliicafgiy.daiice~at Eoiitam:other 

'·· ... ---....: ,;t,f" /4«>!.i~...-":;:w.<:,d.,.,,,.,'..y . .....,_,,:,~: .,.. 

engineering factors that affect cover design. The petem:ial ARARs considered in this FFS for cover 
design are summarized in Table 2-1. Section 2.2 describes peteftt:ial ARARs and TBCs. Section 2 .3 
describes the e11gi:H:eermg fa.eters¥.~cfiru~:fil!!~~ that pertain to cover design in this FFS . Fttrther 
evalttatieH a11d seree11iftg ef the peteftt:ial ARARs , TBCs, aftd e11gi:fteeriftg eeHSideratieHS eeettrs i11 
Seetie11 2.-4. Section 2.5lt summarizes the perfom anceaiid 'design criteria that pertain to the generic 

,;; ~,. . . . -N•·· .,....,, a\V ''' • -~- ;.<;.. ...,_.;.,,;:,.. 

conceptual cover designs . 

2.1.1 Regulatory Criteria (Patential ARARs and TBCs) 

Petem:ialTiie ARARs were evaluated, including contaminant-, location- , and action-specific 
requirements, TBCs were alse evalttated. Petem:ialJ]i~ ARARs aftd TBCs were retained for further 
consideration in this FFS if they provided standards that 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 a11d TBCs. 

2.1.1.1 Patential 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. Peteftt:ialTiie ARARs are typically grouped into 
contaminant-specific, location-specific, and action-specific categories. Petem:ialthe ARARs in each 
category were evaluated for their relevance to the development of ~ef..S:cover-designs in this FFS. 

Contaminant-specific petefttial 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 s,!!e2sQecific"'selection of 
remediation alternatives by setting objectives that the alternatives must meet to reduce risks to health 
and the environment. 111 this ffl!lflfler, eeftt:ftffli:ftaftt: speeifie petem:ial ARARs may pre•t'ide bread, 
perferma11ee based eriteria that eevers mttst aehieve te be useful fer remediati11g releases ef ehemieal 
a11d radielegieal ee11stituems te the e11virefflfieftt:. Hewever, prelimiflary evalttatie11 ef these ARARs 
determi:H:ed tlt:ey pre"f·ide eftly ge11erie remediatieH ebjeetives, and 11et desigH er perferm!tflee eriteria 
that weuld ap?ly te the aetttal desigH ef eeYers. th4S/ ~~~~ -AllARs-refate inor~ to~~cceptablliiY of a 
cover as a ~remed1 e' an1Iiiot as riiiichto the establishment ofi:lesign OJ: eer{ormance criteria 

, • . .... ,@-~!& ~= w#· v,iwewm ~~,-~· w .... =---~.;. .,. -~ .,,,,,,.,,, __ ¥ 

for the design .of covers in this FFS. Therefore, contaminant-specific petem:tal ARARs were not 
retain~d ~as"c7;'~;1'gn'~ft~;fa, for this FFS~ d ~~X, s1t~-~R~ill££']~~~ b~J ncofporated-1it~ 
site:;specifi_s !:E§i,de'v~I§'!iiient. 

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 
petefttial 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 potefttial ARARs 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 genenc conceptual 'cover 

>~.·,>,,/'%'-£ .· ·. "i<,, 4 ✓-. . CcM 

designs described in this FFS do not include standards based on petefltial location-specific ARARs. 
PeteHtial leeatiefl speeifie ARARs may Heed to be eoHSidered efl a site by site basis whefl fiHitl 
deeisions are made !tbettt the ability te ifflplemeflt altems.tizte waste remediatieH methods at partiettlar 
WMU 1tfl6 ttHpltmfted release leeatieHS . These potefttial ARAR:s are itemized itfld evalttated OH a 
prelimiHary basis ifl Seetiefl 6.3 1tfl6 Table 6 2 ef the settree AAMS repom (DOE RL 1992a threttgh 
1992j) . This evalttatiefl iHdieates that, althettgh leeatiofl specific ARARs may affeet the ttse ef eo•1ers, 
they are Hot e~eeted to sigflifieaHtly impact eo•1er designs. 

Potefttial aA.ction-specific ARARs generally deseribemcllide design and performance considerations that 
• --~:-;<.""" 

mttst bewhen implementing remedial alternatives. A significant number of potefttial ARARs of this 
type were found to ftf't)ly-rel~ to cover designs. PoteHtial a.Action-specific ARARs constitute the 

ic,.,,,.i,_"_ i,;<.,: ' L..41 -~t~-;::1::, --~,·- "I"<'*~ 

majority of the regulatory criteria that were determined to be applie!tble tobe ARARs for the cover 
M•™••M•· ·- --...-,M>.-

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 potefttial ARARs have been organized by the types of waste categories to which they are pertinent 
fer IRM aetiens: TRU, LLW, hazardotts (dangerous} waste (regttl!tted ifl aeeordaHCe with RCRA 
Sttbtitle C itfld eqtti•11tleHt state 1tttthorities), and solid waste (regttl!tted ifl aeeordaHee with RCRA. 
Sttbtitle D itHa eqttivaleftt state 1tttthorities). 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. 

OHee the prelimift!try C'f'itlttatiofl was eempleted, the retaiHed ARARs were reviewed further to 
determiHe if they established desigH criteria or perfoffflftflee requiremeftts for eo•1ers. Settree ARARs 
ef desigfl criteria provide e~lieit, physical, or qttflfttitati•te attribtttes that eevers mttst eoftfofffl to . 
1H geHeral, desigH criteria are Het depeHdeftt ttpoH parameters or eirettmstaHCes ttfliqtte to a partieular 
site loeatiofl, eoftfi.gttr!ttiofl, topography, or other variables. Exftffll'leS iflelttde potefttial ARA.Rs settiHg 
the thickness of a fmal cover, mi:H.ffltttffl side slope itHgles, or the type ef material that mttst be ttsed to 
eeHstrttet a eo\·er. Potefttial ARARs that provide eHgifteered desigH criteria are idefttified with a "Yes" 
iH the third eolttfflfl: of Table 2 1. 
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Settrees ef J:'Crfomt8::Hee reqttireme:Hts inelttde 8:ftY ether f'eteftti8:l ARARs thM de Het idefttify f'hysie8:l 
lifflits er eenstr8:i:Hts er qtt8:fttitMive eriteri8:. 1ft ge:Her8:l, f'Crform8:Hee reqttiremeftts 8:ddress f:'8:l'tiettl8:r 
eHVireflffle:Ht8:l er WMU eirettflist8:Hees tfl:8:t 8: eever mttst ee desigHed te eefttrel wheft Hllf'lemeftted. 
EX8:ffl:J:'leS melttde f'eteftti8:l ARARs te mi.nimi'.fe the effeets ef stteside:Hee, dh•erti:Hg rttft OH, J:'revefttiftg 
erosioH frem rttHeff, 8:Hd revegetatio:H. IH 8:dditieH, f'Crfofffl8::Hee reqttiremeftts iflelttde 8:HY eriteri8: for 
whieh the regttl8:tery reqttiremeftts (1) 8:llow ifflr,lemeftt8:tieft of 8:H 8:ltemB:five, eqtti¥8:leftt desigH feB:tttre 
th8:t dees Hot h8:'ie ftfl eX.f:'lieit f'hysie8:l er qttft:fttitMive Sf'eeifieatieH er (2) iflelttde 8: f:'Crfol'ffl:8::Hee 
reqttiremeftt 8:le:Hg with 8: Sf'eeifie desigH eriterieft. Twe CX8:ffl:J:'les 8:re (1) 8:Hewi:Hg the ttse ef ifttrttder 
e8:rriers iH Hett ef 8: fixed minifflttm eever thiek:ftess 8:Hd (2) reqttiring miHiffli'.fMieft ef iHfiltrS:tie:H 8:Hd 
eresieft eettf'led with f'emte8:bility 8:Hd thiek:ftess limits . Peteftti8:l ARARs th8:t J:'re•'lide J:'erfomtMee 
reqttireme:Hts 8:re desigHS:ted with 8: "Yes" ifl the fottrth eelttfflft ef T8:ble 2 1. 

2.1.1.2 Potential TBCs. A myria:d of other federa:l a:ftd sta:te gttida::Hee, eriteria:, a:dYisories, a::Hd 
sifflila:r ma:teria:ls a:re TBC Vf'HCft l'erfomtiflg CERCLA remedia:tioH work. SeetioH 6.5 of DOE RL 
(1992a: throttgh 1992j) J:'revides 8: J:'felifflifla:ry revievi ef f:'OteH:tia:l TBCs tha:t ma:y a:ffeet remedia:tioH of 
the AAMS WMUs ftfld tt:Hf:'18:flfled relea:ses. 

Althettgh ma:ey TBCs exist, e:Hly a: few f:'etefttia:l TBCs J:'revide Sf'eeifie desigH sta::Hda:rds er direetie:H 
for ee•f'ers. Fer the f'ttfl'eses ef this FFS, DOE erders a:Hd ether f'el'tineftt a:ge:Hey gttida:H:ee were 
reta:i:Hed a:s f:'etefttia:l TBCs if they est8:blished CX.f:'lieit desigH criteria: a:ftdfer J:'erfol'ffl:8::Hee reqttiremeftts 
for ea:rriers, eevers, la:Hdfill, er lfl:ftd disf:'esa:l ffteilities, er eeftta:inffl:eftt ef wa:ste iH eHgiHeered ttftits. 
Seetieft 2.2.4 deseriees the TBCs reta:ifled for fttrther eensiderS:fio:H (a:lse see T8:ble 2 2). 

2.1.2 

Ce:HSider8:ble desigH eedes, Sf'eeifieS:fie:HS, ftfld gttida:H:ee ma:teri8:ls exist for the ee:HStrttetieH ifldttstry. 
A separate evaluation was undertaken to identify other sources of technical guidance that wettld ee 
8:f'f'lie8:blemay be pertinent to the design criteria and/or ee:HStrttetieftReiformance standards of surface 
barriers put are not considered 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 8:f'f'lie8:blepertinent 
to covers. These sources are identified, a:leHg with the ARARs 8:Hd TBCs, as f:'etefttief dcsign criteria 
for covers. The materials reviewed include promulgated.federal ands~ statutes or re_gQlationstllat 
~re not C?~!2ered.. an ARAR, _federafaiid. state gwdance documents, engineering and construction 
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. 

A preliminary listing of other refere:Hee ma:teria:ls "te ee ee:HSidered" a:siechrlical guid~n~~ d0.:cuments 
that provide sources of design criteria is provided in Section 2.31ancfkable 2-2. 

~"'· ,II( .-~~~ 

2.2 REGULATORY REQUIREMENTS 

The l'etefttia:l ARARs a:Hd TBCs that were retained for consideration in developing the generic 
COJ!CCI>_tul! cover design criteria are described in the following sections. · • 
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The EPA has promulgated regulations pertaining to disposal and management of TRU waste: in 
geologkaFFepositories. These regulatio~ site a combmation ofslting, design, and contro l =

considerations that establish release limits for up to 10,000 years. Because this FFS evaluates c overs 
for potential TRU waste to be left in place, the regulations applicable to geological repositories cannot 
be used as an ARAR. However, the regulations pertaining to near-surface disposal contained in · 
10 CFR 61 ; even though not intended to apply to TRU waste, can be used as relevant and appropriate 
requirements, and the geological repository regulations can be used as technical guidance on what is 
nee4e51 · to ""en!!.ance _ the _£over desig_µ used for_near surface di~os~f..bL W. T hese regulatiaHS iH:e lttde 
reqttifemelttS ttffeetittg desigH ttftd r,erfermttHee af ea•ters fer TRU waste disr,esal sites . The EPA, 
Ecology, and Washington State Department of Health have 3:lso promulgated regulations controlling air 
emissions of radionuclides and limiting public exposure to airborne radionuclides . These regulations 
may affect design and performance of covers for TRU waste disposal sites. Sources of pertinent 
requirements and criteria have been identified as r,etefttittl ARARs and are described in the following 
sections. 

Regufations'ihat p ertain to land disposal of LLW have been promulgated by the NRC. These 
regulations include requirements affecting design and performance of covers for LLW disposafsites. 
The EPA.,·Ecology, and Washington State Department of Health pave promulgated regulations 
controlling air emissions of radionuclioes and limiting public exposure to airborne radionuclides~ 
These regufo.tions may affect design and perfomiance of covers for.LLW disposal sites::_Th~[~ ctions 
that follo~ ~~~·-r_e_le_v_an,_t __ r_e""'quirements identified=as ARARs f£>I~.,L.""L ___ W.......,.s .... it_es., 

2.2.1.~l 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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2.2.1.3 40 CFR Part 61 EPA Regttlatt6ns 6ft Stand:M"ds 6f Perft,rm.anee ft,r New St8ft6Bffl"Y 
S6ttrees. 

61.192 StandM"d. 

},fo souree at a DOe fadlity shall emit more thaH 20 pCi/m2-s-ef-~Rn as att a'f'Cragc for the 
cHtirc settrcc, iHte 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 222Rn 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 222Rn in air at or above any location 
outside the disposal site by more than one-half picocurie per liter. 

Because the standard ~plics'is"' pertmeirt to design, monitoring after disposal is not required to 
vS ~-..., ..... S~ 

demonstrate compliance. 

192.12 StandM"ds. 

Remedial actieHS shall be cettdttctcd se as te pre·t'idc rcaseHablc assttrattec that, as a rcsttlt ef 
rcsidttal radieaeti.-Yc materials ffem any dcsigHatcd preccssittg site . 

~~ The eoHeeHtratioH of ~a iH laHa a1, 1eragea 01,•er aay area of 100 m2 (1,076 ft2) shall ttet 
exceed the backgrettftd level by mere thtt:H 

(1) 5 pCilg, ft'f'cragcd e·t'cr the first 15 cm (6 iH.) ef seil bclew the sttrfftcc 

(2) 15 pCilg, averaged e·tcr 15 cm (6 in.) thick layers ef seil mere thatt 15 cm (6 in.) 
bclew the sttrfftcc 

(b) IH 1tftY eccttpicd er habitable bttildittg 

(1) The ebjccti¥c ef remedial actiett shall be, attd rcasettable effort shall be made te 
achieve, aft aftfttlal average (er cqtti"f•alcHt) radett decay predttet cettccHtratiett (ittclttdiftg 
backgrettftd) ttet te exceed 0.02 WL. 1ft aey case, the radett decay predttet cettccHtrntieH 
(ittelttdiftg backgrettftd) shall ttet exceed O. 03 WL 

(2) The level ef gamma radiatiett shall ttet exceed the backgrettftd level by mere thaH 
20 micrerecHtgcHS per hettr. 
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2.2.1.5~ Chapter 173-480 WAC--Ambient Air Quality Standards and Emission Limits for 
Radionuclides. 

WAC 173-480-040 Ambient Standard. 

Emissions of radionuclides in the air shall not 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 220Rn, 222Rn, 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 Chapter 246 221 WAC Rad:iati6ll Pr6teeti6ll Stalld:ftl'ds. 

246 221 060 D6se limits f6r illd:i'rid:ual members 6f the publie. 

(1) Eaeh lieeHSee er regi:strft:ftt shaH eeftdttet eperati:eHS se that: 

(a) The tetal eff-eetir,•e ease eqei--,aleftt ta indi:vi:dttal ffl:emeers ef the pttelie &effl: the 
lieeHSed er registered eperati:en dees net eX:eeed 1 ffl:SY €0. 1 reffl) in a year. 

(:b) The ease in any ttnrestrieted area freffl extemal settrees dees net exeeed O. 02 ffl:S•, 
€0 . 002 reffl:) in aey ene hettr. 

2.2.1.~ 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 mrem/yr to the whole body or 75 mrem/yr to a critical organ of 
any member of the public. Doses due to 220Rn, 222Rn, and their respective decay products are 
excluded from this chapter. 
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2.2.32 RCRA Federal/State IIMardous!?~~iI~ Waste (Subtitle C) 

Both EPA and Ecology have promulgated regulations pertaining to the disposal and management of 
h:a:~a:raettsdartgetous waste . These regulations include requirements affecting design and performance 

::,},_ ~ .,.. . "''" - i-~,,.,,=-. __ , . ·"'""' 
of covers for h:a:~a:raetts<:lan,g~ waste disposal sites. The relevant requirements have been identified 
as petem:ia:l 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 Postclosure; 40 CFR 264.111/265.111 Closure 
perf onnance 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)(iii) Cover the surface impoundment with a (final) 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 (final) 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 permeability less than or equal to the permeability of any bottom liner system 
or natural subsoils present. 

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

2.2.3-2.2 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 264.11 l(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)(I) 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)(ll)-(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)(l)-(5)]. 

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

2.2.3.3 Chapter 173=468 Wi~C New 8cmrees 6f T6,ac Air P6Hutimts. 

WAC 173 468 868 C6ntr6l teehn6l6gy requirements. 

EX:eept as previded fer ifl WAC 173 460 040, a persen shall net estftblish, eperate, er efttlse te 
be established er eperated ftftY new teX:ie air pelltttant settree whieh is likely te iflerease teX:ie 
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a:if f'6llttta:ftt (TAP) emissieHS withottt iHSta:Hing a:nd 6f'efa:tiflg best a:·,a:ila:ble eefttrel 
teelmelegy for tmd_es: (T BACT) . 

. ' 

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 f'Otefttia:l 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 minimize 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). 

2.2.4.2 40 CFR Pftl"t 258 El¼ Criteria f-er Mttnieipal Solid Waste Led.ft&. 

40 CFR 258.60 Closttf'e criteria. 

~ Ownefs er 6flera:1:0fS of a:H mttfl::ieif'a:l selid ·wra:ste la:ndfiH ttnits mttst iHSta:H a: final ee't'ef 
system tfl:a:t is designed te minimize iflfiltra:tion a:nd eresien. The fina:l ee•vef system mttst be 
designed a:nd eenstrueted te: 

(1) Have a: f'ermea:bility less t:ha:n ef eqtta:l te the flermea:bility of a:ny bettem linef system 
or aararal sHbsoils preseat, or a peI'H¼eability ao greater thaa 1 x 1Q"5 emfs, whiehe·vef is 
less 

(2) Minimize infiltfa:tien tltt-ettgh tfl:e elosed mttnieif'a:l selid wa:ste lltfldfiH by ttsiflg a:n 
infiltra:tien la:yer t:ha:t eonta:itls a: miflimttm 45 em (18 m.) of ea:l'tften ma:teria:l 
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(3) Miftiffl:ilc crosioH of the Hflftl cover ttsiHg flH crosioH layer that coHtaiHS a fflHlffll:ttffl 

15 cm (6 iH.) of carthcH material that is capable of sttstaiHiHg Hfltirtc r,laHt growth. 

2.2.4~.3-2 Chapter 173-304 WAC-Minimum Functional Standards (MFS) 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 . 

~ ) 

(iiJ '· '.Airowner~o7 ·operat9f:ora i~ clftli slfall'~otc'"aiis~ a v~ aiioif6fany·~ bi~~ta it 
9u~I'!~ standai~ at;theiproperrf liouqdaiy or,eprisgion stand¥ d ffom,~ny e1111~i9a_of 
laqgf!!J .. g~~;£Q_mb~~~n, :a,t!!!YJ?tJ!~r ~~~iO!b,a,§$,.9£i~~~-~.1Yi!h2J3¾ldE!L. 

Suiface\v~iers < owner t>roperator ot; iqwdftll shall not ~ause"'a~folatwn of· any 
wate; guality ~~d.or violate _chapter 9!f48 ·RCW, from·discb.arges of•surface 

" "}·, ',,:>.;,./,,:,,.'c/' _;i_ ''""' • >\:·~<'_ ·/:[<" ___ -- . ·f{ - • -x/::,""''·'t'h Yli <;~-: =-=<-· ,x~ .-,.;..,,• ... , .. - .- •,.-s.;c:;,,_~ •. . ,., 

hate · ·· .. -.~B.~~L~~28!!~Y~'J!!L~J~5ifi!h 
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2.2.4.4 Chapter 173 468 WAC New 86ttrees 6f T6xie Air P-6Httfflllts. 

\\7AC 173 468 868 C6ntr6I teehn:616gy requirements. 

E,wept a-s previded fer itt WAC 173 460 040, a persett shall ttet establish, eperate, er eattse te 
be established er eperated atty ttew texie air pellutafit seuree that is likely te inerea-se TAP 
emissiem witheut ifl:stalliflg attd eperatittg T BA:CT. 

2.2.54 Other Materials TBC 

Other TBCs as design criteria include standards or codes that are not promulgated as law and address 
areas nofcevered, ,inder ARARs listed above. No' TBCs are currently identified that relate spe1;ifically 
to cover design requirements that'are not covered in ARARs. Techiiical guidance that provides mor~ 
detail regarding the implementation of ARAR requirements discussed above are prqvided in Section 
2.3 . The combination of ARARs and technical ~idance then establish the conceEtual design criteria 
for the various barriers. The list ef petefitial TBCs ineluded DOE erders and EPA guidattee 
deeumettts. 

2.3 TECHNICAL GUIDANCE REQUIREMENTS 
__ ., .,.. . ,i;:;.. ¾...;,-,~,--,. --

There are documents ihat provide performance"or design cnterfa iliat'are "'notconsidereci an ARAR o~ 
TBC, but contains technical guidance tliat are considered pertinent. These technical guidance criteria 
are contained in sections of promulgated statutes that are not considered applicable or relevant and 
appropriate, state or federal statutes that are not promulgated, state or federal guidance documents, or 
industry documents generated to document good engineering practices to be followed. Technical 
guidance will be integrated with the ARAR requirements discussed in Section 2.2 to develop design 
criteria for the cover designs. Technical guidance and their associated source, that are contained in 
federal, state, or DOE documents that relate to cover designs, are provided below. 

- •- _..., • -·---""""""-'-' .. "'--------- - ~~••• . T 

2.3.1.1 

191.13 Containment r~uirements. 

(a) Disposal systems for spe nt nuclear fuel or high-levei orTRU radioactive waste shall be 
designed to provide a reasonable expectation, based on.performance assessments, that the 
cumulative releases of radionuclides to the accessible environment for 10,000 years after 
di~O~fil: fr9m all significant i ocesses and events that mau ffect the dis osaL systen:is shall: 

(tf Have a iikelihoodo fless than one chance iii 10 of exceeding th~ guantities calculated 
according to Table 1 (Appendix A) of this regajation. 
•. • ~ '. • ..4 -~-- ·• 

(2) Have a likelihooa ofless than one chance in 1,000 of exceeding 10 times. the 
quantities calculated according to Table 1 (Appendix A) of this re~lation. 

- = '-'----"-'-'----' ,. , 
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(b) -~efforajance~essmen~'iieed~noi p rovide- ccimplete assurance t11an11e requi.r~meiits 'of 
19l?li3(a) ~ ill41Je tnet.1)B,~£3.l,1Se ,ofthe .long qme pedod.mvolved anq!!iei~~e of the ~ nts 
and ,prQc~s~~ -:~f{iµterf~t'; ~ f re \Vill inevitably be stibstarttiaL uncertaintif s . in -proje9ting 
di~P<>f~l ~Ysfe~ B!~~rmaiice: Ptoof of the ~ft!rf ~erf<>pnance of a disposal .,system is noi to . 
beJiad'.,in the .orclinacy:s~~e qf the word .fu situations ~t deaj with much shorter tirileframes. 
lnstea,tl; Whatjf required us'~ :reasonable expectation;, on the .basis _of the .record before the 
!m~I!i.tn!mgig~jl.cx! :$.at comJ.'Ui~ £e ~ itj:LJ 2~: l3(a) ~l.}.lt~!S..~,~v~_q.~ ··-- ~-- ·- -

:fci'proY1de:tb£c'.'ofilfdence~iieedecrtor 1ong-ierrn conipliancewhli the "i:equrrements:6f 
:191. l,~; disposal of ~Pel?-~ nuclear fµetor higb.'c'level or TRU waste . shall ~e conducted 
m a,ccord~~~ witli,}p.~ follp::vJ.9.g~ rovisio~.~!£~P1 (f~ .f!~j!_i~ies ·r~_gylafed~y M_BC 
under'IO CFR 61] ~ 
"'·"'-=·-~~·OA-,\;J;;,<~~~~ .. 

(~l;~venisHiµtlona~ols .over.·aISpC>safs'iies'sliouid-6'em afn1auj'&l~foras-lo11g "a~ edod 
of ti;ine as is J>ra9ti,~able. aft~r disposal; how~ver, performance assessn'lentsc'that.~sess isolation 
of tne'\lfaste: ffoin the 3:ccessible .~nvironn:ient shall not consider any co.ntributions:from active 
~ tj!l}JiQ~t£2ntr~i$cf qr,!!l<>,i:~ th.<!!1,J ,o.Q x~a~~,after dis.]QSa1.""'~,M - ~,.., -·"~·"= · ,, ~ ,~,- , 

, . ~1sposii.:systenis 'sniii J,e:gi,§i~ffoiecFafter cHsposaf io1ietectsubstantiiljma cietrimentai 
deyiatt9ns,:from expecte1 per,f1mianc~. , This monitorin~"shaJ! 1:>e ddmt ~itlt technique~ that 20 
ri9£de,9parcl~e,",µie ~<>l~t_i9n,of the waste cmd,,ghaJf E! ,coilq~ct~~l!!ltil Jliere ~ E<l s,i~~£~t 
conc,erns to oe1adcfressed, bY;j'fµrthermonit<>ring .,.. . 
.';'.;~ .. .-.,,,cc ,;·-"'/4"'-· _-·.-"".''•·-~.~ ·' '-'= r~...---,~ ----~ ~~"' ..J,,,.._ -..<- """'~"'" '"· 

(t) ~ .~sites~slialF6e.des1gpatecfi,y•. ffi~most· permanent markers, :ieco1as7an<1''oiher 
P~isfxe,,insJ!futi.o~ f pntt<i!_s p~~~ t~Q!E~!eJ!i~. 4ani~~pfthe w~,~~ _a}!d ~ eii • c, 

locations . .. -.-;;;;.- . - ., 

Pi$posal sy~terils fqt jvaste· aq~ any)ssociat&fra~loactive:material shaffJ,e 7desfgiiecl-io 
provi~e. a, F~ 6nabje e#ec~tio~ ~t,to.ri,o,qoo.; years ~~erAisposal, undisturbet .:· ,, 
per{on;nancfofthe. di~osal system shall.not ~use.the cmn,ual c<>nµnitted.effestive dose, 
received .througn all potential patliways from the disP,osal system, to ·any member of the1?ublic , ., __, ·.if :·., _- , .· .,· :' -~ , . . • ·-, .,. ' ' .z . . ·_ ·.·.· . _;,.,_ ;.;w. ___ • ,,_,.,,.._.-" ,_.,:,«.~;,,;,r,,~ ~ ...,;u,--=s-, .. :;,:&1,,,,v.,.~~-.. , -

in theaccess.ible environment to .exceed 15•mrem. 
»<-;,~,~~-_,.,...-~-!,f,;;_>;y- · --·~M"""'-<-

191·:24 9~~=€~4if{r~i,i!2~i·Pi~tesfi!!!t~ 
(ii1f!t-Dfsposa(syst~ms'.'.fot was1e'.'anifanyai~c-~tec(radloacff~e·matenalslial} 'be designed'.10 
ntoviae,:a -rea$onable,expectatlon that .,1 O,O~Xiyears·of undisturbed perfo~ce after.~posal 
&liall not cause ;the le':els ofaidioactivity,;ift .any undergrounds source ofi 'iipcing ,w.~!er, iir the 
~cc~sjbf~:-~q.~~Jt)~XS,~~Lt!!!! U!!1,!i§• ~R~c&.in ,40,QffiJJl a.8'. thC)j exist/~fflari.~!llY 
19,1994, 

~ ...... ,~.-,,1.,:¢t:,,o:-:-... 
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2.3.1.2 10 CFR Part 6i-ficensingllequirements for Land DisIJ{)sal of RadioactlveWaste; 
Subpart!}-::,T;!Chnical Reguirements for'Land Disp~ Facilil,L~ · - ·-

61.51 Oi§wsal site desigi!-for Iaii~,_lliswsai. 

(a)(4). -Covers must be designed to minimize, to theex'fent practicable, water infiltration, to 
drrect percolating or surface water away from the disposed waste, and .to resist degradation by 
surface geologic recesses and biotic activity. -

;;;,;;,~.,• -~M - ~-~---~=•- >,; •• 

(a)(S}. Surface features musta irect surface water drainage away from disposal units at 
velocities and gradients th!t will not result in erosion that will require ongoing active 
maintenance in the future. 

,, ~.8. .,,...,,,,,._i:;;.,_. __ ,_ .-. ><A·,.; 

(a)'(~). ''°the disposal site-must6e designed to minimize, to ilie exten( practicable, ilie 'contact 
of water with waste during storage, the contact of standing water with waste during:..,dispo~al, 
or standing water with waste after dig,osal. 

61.52 Land clisposal fac!lirr opera~on and disposal site closure: 

(a)_(2).- waste designated as Class c must be disposed of l>O 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 that are g.~~lgt!ed.to protect against an inadvertent intrusion for at~ 
500 year~~ 

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 : 

(a) DOE LLW epert:ttiens sht:tH he mftttt:tged te preteet the het:tlth ftfld st:tfety ef the ptthlie, 
preser¥e the ewvireftffleftt ef the wt:tste ffl!tftt:tgemettt ffteilities , Mie eHSttre tflftt He legt:tey 
reqttiri:ftg remedit:tl t:tetiett remt:tiftS t:tfter epert:ttiens h8:',"e heeft termiflt:tted [DOE Order 
5820.2A (IIl)(2)(t:t)) . 

(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 CPR 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)]. 

(eh) 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)]. 

(tij Ettgifleered medifiet:ttieHS (stfthilizt:ttiett, pt:tekt:tgiflg, httrit:tl depth, ht:trriers) fer speeifie 
wt:tste types a:ttd fer speeifie wt:tste eempesitieHS (fissieH: predttets , iftetteed ra:diea:efrvity, 
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ttraftittm, theritlffl:, raditlffl:) fer eaeh dispesal site shall be develeped threttgh the 
perfermftftee assessmeftt medel [DOE Order 5820.2A (IH)(3)(i)(20]. 

(~ DesigH eriteria shall be esfflblished befere seleetiftg Hew dispesal ffteilities, Hew 
dispesal sites, er beth. These desigH eriteria shall be based eft fflftlyses ef physiegraphie, 
ewtireftfflefttal, aHd hydregeelegieal dam te eMttre thftt the peliey Md reqttiremems ef this 
erder eaft be met. The eriteria shall alse be based eft assessmeftts ef prejeeted waste 
·telttmes, waste eharaeteristies, aftd f1teility aftd dispesal site perfermaftee [DOE Order 
5820 .2 (IH)(3)(i) (8)(a)] . 

00 Dispesal ttftits shall be desigfted eeMisteftt with dispesal site hydrelegy, geelegy , aftd 
waste eharaeteristies aftd iH aeeerdaftee with the {>lati<mal Etr1if'()ttmental 1%licy Act &j 
1969 preeess [DOE Order 5820.2A (HI)(3)(i)(8)(b)] . 

DOE Order 6438.lA General Dcsigtt Criteria. 

DOE Order 6430. lA deseribes geHeral desigH eriteria for ttse iH the aeqttisitieft ftftd 
mai.HteHMtee ef DOE ffteili:ties . Rele•tftftt seetieM ef DOE Order 6430. lA are listed belew: 

(a) 1324 Radieaefrte Selid Waste Faeility 1324 2.2 .1 Dispesal. Radiatieft dese 
reqttiremeftts are the sllffl:e as these fettftd iH 40 CFR 191.15. 

(b) 1324 6 .4 Tertiary Cenfmemeftt System. The Hatttral setting eempeses the tertiary 
eenf1:H:emeftt system. The tertiary eeHfmemeftt system shall fttHetieft dttri.Hg Mrmal 
eperatieM, Mttieipated eperatieM, eeettrreHees , the DesigH Basis Aeeideftt, aftd the severe 
ftfl'tttral pheHemeM pestttlated fer the faeility site. IH additieft, the tertiary eeftfi:Hemeftt 
system shall meet the fellewiftg perfermaftee ebjeeth•es. 

(i) Fellewing permMteftt elesttre, ettgeiftg site fflftintemtftee shall ftet be Heeded. 

(ii) IH the ftbseHee ef ttHplaftftea Hftttlral preeesses er fltlmftft eefttftet with a LLW 
ffteility , ealettlftted eefttllffl:inMtt le, els iH grettftdwater M the site bottftdaey shall Hot 
e,ceeed the mwtimttm eefttfti:ftffleftt levels established ift 40 CFR 141. 

(iii) IMtittttieHal eefttrels shall Het be relied ttpeH fer mere thftft 100 years fellewi.Hg 
permaHeftt elesttre. 

DOE Order 5488.5 Radiatien Preteetien ef th:e Ptthlie and th:e Effl'tt"enment. 

DOE Order 5400.5 establishes stftftdards Mta reqttiremefttS fer eperatieM with respeet te 
preteetieH ef members ef the pttblie aftd the eHViremneftt agaiMt ttftdtte risk fi:em radiatieft. 
Pertineftt seetieM ef DOE Order 5400.5 are detailed as fellews: 

(a) Te the eJtteftt reqttirea by 40 CFR Part 191 , the expesttre ef members ef the pttblie te 
direet radiatieft or radieaeti:¥e material released frem DOE maMgemeftt ftftd sterage 
aeth•i:ti:es at a dispesal ffteility fer speftt fttlelear material er fer high le·t1el er TRU 
radieaeth•e ·.vaste that are Het regttlated by NRG shall Het efttlse members ef the pttblie te 

2-14 



DOE/RL-93-33 
Draft B 

receive, iH a year, a dese eqtti¥alefl:t greater thaH 25 mrem te the whek bedy er a 
eefflftl:itted dese eqtti"lakfl:t greater thaH 75 mrem te atty ergaH [DOE Order 5400.5 
(ll)(l)(e)]. 

(b) Field elemefl:tS shaH develep a pregram aHd shaH reqttire eefl:traeters te impkmefl:t the 
ALARA Precess fer aH DOE aefrvities afl:d faeili:ti:es that ettttse pttblie deses [DOE Order 
5400.5 (11)(2)]. 

(e) The eetteept ef ALARA reqttires jttdgemefl:t with respect te V.:hat is reaseHably . 
aehi:evable. Faeters that relate te seeietal, teelmelegieal, eeeHemte, afl:d ether pttbhe 
peliey eeHSideratieHS shaH be evalttated te the extefl:t practicable in making stteh 
jttdgemefl:ts. Faeters TBC, at a minifftttm, shaH iHelttde: 

• 

The m~immn dese to the members of the publie 

The eolleeti. e dose to the popuhttion 

Alternitti.e proeesses, sueh its itltern!tti.e treatments or disehitrge streitms, operitting 
metheds, er eefl:trels 

Doses for eiteh process itltemitti. e 

Costs for eiteh teehnelogieitl itltern!tti. e 

Ex!tmimttion ef the ehitnges in eost mnong itlternitti. es 

Chitnges in soeietitl i.mpitet itsseeiitted with proeess itlternitti. es, e.g. , differentiitl 
deses ffem varietts pathways [DOE Order 5400.5 (11)(2)(a)). 

2.2.5.2 Other Ageney Gttidanee and TBCs. 

Design and Censtrttetien ef Ce,.,ers f-er Selid Waste LanMllls (EPA 60012 79 165). 

This report .. as prepared fur EPA by the U.S. Army Corps ef Engineers as tt tcchnicttl e~~rview ef _ 
eHgiHeering ifl:furmatien fur the desigH of lafl:dfiH ee·,er syste~s. The _repert addresses eei' er and. hey-er 
fttnetiens determiHatien ef material preperti:es ef eever matertals, destgn precedttres, aHd stratcgtcs 
imel¥iHg, lttycring ef materials afl:d speeifieatieH ef HeHSeil materials in design. 

c6 ,.,ers f-er UncentreHed Hnardeus Waste Sites (EPA/540/2 85/002). 

This EPA. deettmefl:t is ifl:tefl:ded te serve as a teehnieal handbeek for designers ef ee·,e~ sy~tems for 
ttfl:eefl:treHed ha~ardetts waste sites. CempreheHSi¾'C ee¾·erage is gi·,en te site eharaeten~attefl:, 
eeHStrectieH materials, eever design, eeHStreetieH, fl:ftd eeHStrttetien qttality cefl:trel. 

Technical Guidance Deeument Censtrttetien Qtta:liey Assttrftllce f-er 118:ZM'deus ·waste Lftlld 
Dispesal Facilities (El¼./530 SW 86 031). 

This EPA deettmefl:t describes the elemeHis ef a eeHStrectien qttality assttraHee plan that _s~~ttle be 
aedressed dttring the permit applieatien precedttre fer ha~ardetts waste lftfld disposal faethttes. 
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Selid Waste Landfill Design Manual (Eeefogy Pttb. Ne. 87 13). 

This mafflta:l was r,uelished ey Eeelegy as a gttidaHee deettmeHt te assist in ifflr,lemefl:tifl:g ef the MFS 
fer selid waste hafl:dliHg iH 1NAC 173 304. 

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 
ha2a:rdettsdang erous. waste landfills and surface impoundments . The MTG cover is a multilayer design 
consisting of a vegetated top layer, drainage layer, and low-permeability layer. 

Semin:M Publication Design and Constmdion of RCRA/CERCLA Final Co'Vers 
(EP:Af625f4 9V925). 

This EPA semifl:a:r r,uelieatieH r,re•t'ides aH e·t'ervie w ef desigH, eeHStrttetieH, afl:d evaltt8.tieH 
reqttiremefl:tS fer ee•t'er systems fer RCRAfCERCL'', wa:ste ffl:8:fl:agemefl:t faeilities. The pttelie8.tieH 
disettsses varietts a:sr,eets ef desigH afl:d eeHStrttetieH ef fmal eevers fer ha:2ardetts !lfl:d Henha:2a:rdetts 
waste lafl:dfiHs . 

(3) MFS for desi~. 
~~- - . 

(e)(i) A t least 60 cm (24 in.fof i x 10:§, cm/s or lower, permeabilny soil or equivalent shall be 
placed upon the final lifts· unless the landfill is located in an area having mean annual · 
precipitation ofless than 30 cnt'(12 in.), in which case at least 60 cm (24 in.) of 1 X idA emfs 
ot lower perme~bility soil or equivalent shall be placed upon the final lifts. Artificial liners 
niay ·r~place soil covers if a minimum thickness of 1.3 mm (50 mil) is used: -~ · 

(e)(iii) .' Final cover of at l~t 15,..cm (6 in.) of topsoil be0placed over the soil cover and seeded 
. .·· ~--... - ..... 

with. grass, other shallow toot~d vegetation or other native vegetation. ""'"~ '° • . .,. ... -· l,.;.;,.: V , .-Kw,,.,,..,. . ,.. ~. ,.~,,<,.·, •• • ·,- •• 

2.3~2 OTHER DESIGN CONSIDERATIONSGUIDANCE 

A fl:ttffl8er ef ether eHgiHeerifl:g desigH materials 8:fl:d resettrees exist (i.e., desigH r,reeedttres, 
sr,eeifieatieHS, Htlfflerieal r,erferm!lfl:ee 8:iisessmefl:t medels 8:fl:d/er eeHStrttetieH cedes) that a:re fl:6t 
r,reffltllgated sfflte er federal stattttes, bttt h:ave beeH ttsed te desigH sttrfaee harriers , either iH eeHSttltiH:g 
eh·il eHgiHeeriHg r,ra:etiee er ey desigHers werlcing at the Hitnferd Site. These rResources that relate to 
civil construction and engineering practice and pertain to covers for all waste categories are provided 
below ~:~ alphabetical listing of these materials is r,re'f'ided eelew .. These .~-2£..~ en~ ,~!e ~g in 
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the evaluation of the conceptual designs 'and are not specfficallyreferenced as technical gy1dance m 
Section 2.5, exc~ept for .the Hanford P!ant Standards, which is discussed in Secg on 2S · ·· 

Ameriesn Saeiety f.or Testing and Materials (A.STM) Stanffltt"m. R:efefeftee sottfee fef standafd test 
methods aftd speeifieatiom fef elassifieatiofl aftd aHalysis of soil Md foek. 

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 
tomados , earthquake loadings, and allowable bearing pressures for foundations . the standards require 
the bottom- of fou ndations for permanent buildings at the Hanford Site to be placed at least 0.6 m, 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-perrh~ability asphalt C.£!!?-PQn~ht ,2f t!!e recommended H ap.ford Barrier 
and Modified RCRA Subtitle C Barrier desi~. -.<= >,:;~ .:.:.:U.-.~,,C-v>'«<;~ ~,;,,,. 

HELP Model (Schroeder et al. 1988) . A ftttmefieal model ttsed to evalttate the hydfologie 
peffeffflafteC of liflef Mid cover systems.This numerical model is widely used ID. civil engmeefing 
practice and is accepted by the regulatory agencies as a predictive tool to evaluate the hydrologic 
performance of liner and cover systems. The HELP Model is particularly useful to evaluate design 
alternatives at the conceptual level of detail. The cover designs recommended in later sections of thiJ 
FFS were evaluated with this mog.eL ~ owever, the_m_od- e-l_itself ~E.<ll~ so~r-ce_oM.f,_d-e_sign criteria or 
performau~e _r.eq!}i~ements..:; 

Seepage, Drainage, and Flow Nets (Cedergren 1989). This reference provides engineering criteria 
and procedures for design of graded filters. Criteria for design of graded tilter media apply fo covers 
that req uire filter layer elements. The grai:lecl filter criteria are also p_ublished in various gl,!idance 
documents, such as EPA (1989) and Ecology (1987). 

Unif.onn Building Cade. Provides desigfl speeifieatiom fer the eomtrttetioft of residefltial , 
eofflfflereial, aftd iftdttstrial strttetttres to meet civil, electrical, meehaflieal, aftd fire codes. 

Uni¥ersftl Sail Lass Estimatian Praeeffltt"e. This proeedttfe provides aft areal estimate of soil loss fate 
resttltiflg from sttrfaee rttfloff of stofffl water. 

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 
specifically for arid climate applications. This model was developed locally by PNL and has been 
calibrated for soil textures, vegetation patterns, and arid climate conditions present at the Hanford Stre . 
The UNSAT-H Model was used to evaluate the cover designs recommended in this f f'.S. However, 
the coc!e i~ elf is not a s~urce !!f design criteria_ or eerformance re_gtiirements. 

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 reeoffl:ffl:eftded cover designs oiscussed 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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Wind. Erosion Estimation Procedure. This proeedttre pro11ides itft areal estimate of soil loss rate 
resttltiHg H'Offl witttl erosioH.iISDAWind Erosjo~ Eql!~tjO!). and U~ e~ "So.i! L,oss :Equap~f!~ -Soil 
loss •estfriiaies'hiv~a Q1rec1 bearing on clesigir elf the topsoiflayer component of a covensys~m:'. , These 
USDAprq~~du,r~s' ~re standa,r<l ag.risulrimil e?gineei:~g methods for estimating ~?iLerosion and are ... ~ 
particularly;,.vs~ful cle~ignniethods forsurface;barriers at the concepttiai desigtj~stageA •. The .. proc¢ures 
a_E~ no,i·s9~!£~§. Qf;A;~)~=~ift~rJ~. qi.,£S!f <?I,11!~~!?..rn4!!ir~IllfLI!.~ ""-~- -= --'~ - --~= · 

2.4.1 Final Eiva:luation of Potential ARA.Rs and. TBCs 

The ARAR.s aHd TBCs listed ifl SeetioH 2.2 1nere evalttated to deteffflifle whieh wottld provide speeifie 
reqttiremeftts aftd eriteria for t:he eoHeeptttal eo•ver desigm preseftted iH: t:his FPS. Oflly the ARAR.s aH:cl 
TB Cs t:hat ideHtify staHdarcls t:hat wottld pertaifl to , aHd eottld be aeeottHtecl fer , if the eoHeeptttal clesigH 
stage were retaifled. 

Potefttial ARARs that are sottrees of speeifie desigH eriteria were cletefffl:iftecl to be pertifleftt. These 
iHelttde the potefttial ARARs ideHtified iH TMle 2 1 wit:h a "Yes" iH: t:he third eoftffllfl:. IH additioH, any 
TBCs t:hat pro11ide desigH eriteria ha11e beeH: iflelttcled iH clesigH eriteria clevelopmeftt (TMle 2 2). Ot:her 
ARARs aftd TBCs are sottrees 6f perfofffl:8.ftee reqttiremeHts bttt Hot of speeifie clesigH eriteria. The 
f'erfofffl:Mlee re(tttiremeftts that were eomidered rele118.ftt are t:he oH:es that 8.f'f'lY t:o all eo11ers, 
regardless of the sit:e speei:fie eirettmst8.H:ees that: fflftY exist: at: iftdividttal wast:e sit:es. 

Some potefttial ARAR.s 8.Hd TBCs are sottrees of desigH eriteria aftdfor perfofffl:Mlee reqttireffleftts tlt8:t 
e8.ftft0t: be e11alttat:ed withottt: knowledge of speeifie eoftditiom aftd eirettfflst8.llees at: the iftdividttal 1.vB:St:e 
sit:es . ConsideratioH of desigH criteria 8.fld perfofffl:B:H:ee reqttiremeftts that eaH be iftterpreted oflly iH t:he 
eoHt:ext: of sit:e speeifie iflfoffflat:ioH are deferred ttfttil defiHiti11e desigH aftdfor eoftst:fl:let:ioft. The 
potefttial ARARs that ·.vere deteffflifled Hot pertifleftt t:o the eoHeeptttal cover desigm ifl this FPS are 
disettssed below, with: a brief ratioftftle for exelttdiHg them. 

40 CFR 264.111/265.lll(b), 40 CFR 264.228/265.228(b)(4), 40 CFR 264.310/265.310(b)(S), and 
WAC 173-303-665(6)(b)(v)!!~ -

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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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) (~i-

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)(ivk~wri.cfil GuillimJe!-

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. 

WAC 173 460 060. 

The peteHtial exists fer aetivities related te eeHStrttetieH ef eevers at seme sites te reSttH iH 
iHereased TAP emissiens. Issues eetteemittg TAP emissieHS will be e·taftlated eH a 
site speeifie basis. Seme f.erm ef imerim sta:bili:tatieH already has beeH perf.ermed at maey er 
mest ef the WMUs listed in Appeftdix B te limit expesures te eHSite werk:ers. Surfa:ee dese 
rates at stabili:ted sites eurremly are lew eHeugh geHeraHy that it is Het amieipated that barrier 
eenstmetieH werkers 1Neuld Heed te ha·te II radiatieH werker 11 

· eertifieatieH er werk te rndiatieH 
werk permits. CeHSequemly, the three barrier eptieftS deseribed iH this FFS are oot expeeted 
to pre • ide any essemia:l eemributien to dose redttetion (i.e. , no design eriteria: for shielding 
are idemified ift this FFS). 

40 CFR 61.l~, "WAC 173-480 040, WAC 173 488 50 (1), (2), and (3) and ".W ... C 246 247 040. 

The release ef radieHUelides ma:y eeeur duriflg eeHstrttetieH ef Sttrfil:ee barriers. The resultittg 
ra:dielegieal expesures te werkers er the general publie weuld be depeftdem eH site speeifie 
fa:eters, sueh as the eetteemratieHS !l:ftd aeti¥ities ef waste iw1emery eeHStituems presem, the 
extem aHd effeetivettess ef imerim sta:bili:tatieH measures takeH previeusly at the site, aHd 
speeifie eeHStrttetieH metheds aHd preeedures. Getterie eeHeeptual designs eallftet be 
evaluated against these peteHtial ARARs. Hev1ever, it will be tteeessary te eeHSider these 
ARARS eH a site by site basis durittg definiti·te desigH. Fer iftdividual barrier eeHStmetieH 
pre,jeets, Heeds ma:y be idemified te ifflplemem speeifie eemrel measures aftd teelmelegies te 
eHSure eempli!l:Hee with these regulatieHs. 
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49 CFR 192.92(:b) and 1~.12. 

The preseeee of ffiRn aed,'or ffiRa at ifl:(frridttal WMUs is a eharaeterizatieH issue. 
If either eenstitueftt is preseftt, theft aey eemtraiftts eft defmitive desigH imf,esed by 
the release aftd eeH:eefttratieH staftdards iH the regulatieft will be eeHsidered. 

Mest TBCs listed iH SeetieH 2.2.5 were detel'fflined Het to be direetly relevaftt. Beeause they idefttify 
evaluatieH eriteria fer eo¥ers that eaftflet be eemidered in,the abseHee of site speeifie iHfel'ffl:atioH, they 
reiterate requiremeftts iH state er federal statutes that already are eited as ARARs, or they are less 
restrietive thaH requiremeHts iH the state or federal statutes . 

2.4.2 Final E'falttatien ef Other Reseuree Materials 

Other reseuree materials deseribed in SeetieH 2.3 were e·1aluated te idefttify aey seurees ef desigH 
eriteria er perfol'fflaHee requiremeftts that may apply to the eeHeeptual eever desigm preseftted iH: 
seetieHs ef this FPS that fellew. The sereefliH:g preeess is summarized in Table 2 2 . 

A8TM standards. Speeifieatiom fer testiHg ef soil RH:d reek materiRls were elim.iH:ated as potefttiRl 
seurees ef eriteria fer eeHeeptttal ee·1er desigm. 

Unif6rm Bttilding Cede. These desigH speeifieRtiom de Het pre11ide speeifie guidRHee thRt eaH be 
applied to the desigH of ee·1er systems. 

Vl~hingten Depat hnent ef Tra:nspertatien Standard 8peeifieatiens f'6r Read, Bridge, and 
Municipal Censtruetien. The speeifieRtiem de Het pre11ide regulatery guidaHee for eeHeeptuRl desigH 
ef surfftee bRrriers . Ilowe11er, RS speeifieRtiem, they Rre useful desigH teels fer eRrth werk 
eemtmetieH prejeets similRr te surfaee bRrriers . 

2.5 CONCEPTUAL DESIGN CRITERIA 

Feur ee·1er designs Rre earried ferwRrd iH this FPS fer e·rRluatieH for RpplieRtieHs Rt IRM sites iH the 
200 AreRs eefttRifliHg the four eategeries ef WRste idefttified pre11ieusly. Table 2 3 (medify TRble 2 3 te 
iHsert RCRA C BRrrier, equi·rRleftt te Medified RCRA C BRrrier, exeept fer Cat 3 mi:lted/LLW ) she·.vs 
the relatiemhip betweeH these waste eRtegeries 8ffl:i ee11er desigm. The ee11ers eRrried ferwRrd Rre the 
IIRHferd BRrrier, R Modified RCRA Subtitle C BRrrier, R StaHdRrd RCRA Subtitle C BRrrier, RHd R 
Medified RCRA Subtitle D BRrrier. DesigH criteria aH:d perferm.aHee requiremeftts fer eaeh bRrrier Rre 
diseussed iH the feHewiHg seetiens with trReeability te the pertifl:eftt ARARs 8ffl:i TBCs.)\;li:mi:ted 

~~!ie~i:£:~t:;cl§"i~·is:~~rr~~rrean1Hn:r rumf:e.·ffs, ,,4~1ai~a des~~ a .. ~p~kgs!l9!! · 
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implementation acilvities. to provid~ this limitea numlier of designs, a grouping of the performance 
and design criteria esta,blished in Sections 2.2 and 2.34 has been performed, and four generic 
conceptual cover designs have been developed. 'fl!ese are the Hanford Barrier, the .Modified RCRAl 
Subtitle C Barrier, the Standard ~CRA Subtitle C Barrier, and the Modified RCRA Subtitle ·n Barrier. 
The grouping is based on the types of waste that are expected to be present at waste sites throughout 
the 200 Areas. The performance and design criteria must also be evaluated based on waste site-specifio 
characteri~!ics during the develoEment of site-s_ ecific FFS, to ensure the cover is a 1_Eropriate for th~ 
waste site: ... 

Performance and design criteria for each 'l:>arrier are discussed (Sections 2.5.1 through 2.5.4) with 
traceability to the pertinent ARARs and technical guidance documents. Where _common design criteria 
are addressed in both ARARs anQtechnical gui~ce documents, Qi.e ARARs -and technical gt!idance 
have been listed and discussed together., This grouping is intended to expedite design criteria -
development and the relationship of ARAR 's as requirements and technical guidance, as guidance 
should not be forgotten. The sections discuss the~ of sites the covers designs can be applied to,. 
what waste site types are grouped together, along with the justification for the grouping._ Table 2-3 
summariz~s the cover 5,lesigns and ~socia,ted waste site types that have been m-ouped under _that design. 
Tables 7-41 2 .:.5, 2-6, lulcl 2-7 summarize the desimi criteria for the four barriers_. · - · · 

2.5.1 Design Criteria for the Hanford Barrier 

This cover is envisioned fer ttppHetttieHSto be usea1at WMUs in the 200 Areas containing radionuclides 
with concentrations and activities corresponding to GTCC LL W, i:fteludiftg HttJted LLW ttflt! h~ttrdetts 
WftSte;- nonretrievable TRU waste disposal sites, and TRU-contaminated soil sites. fl'he Hanford Barrier 
could ~ soBe applied if dangerous constituents are present in addltion to these radioactive comJ?.onents. 
This cover could also be ttppHettble teused a~ sites where risk assessments predict elevated, long-term, 
environmental risks resulting from the concentrations or mobility of radionuclides ttflt!tor htt:tttrdotts 
eonstitttems ttrepresent. Of the designs described in this FPS, the Hanford Barrier is intended to 
provide the maximum available degree of waste isolation and long-term containment, environmental 
protection, and human intrusion control. 

R:egttltttiomCriteria that ttpply or potem:ittHy ttpplypertain to the design of the Hanford Barrier include 
ARARs and TBCs pertaining to thetecliiiical @ idahce for storage and disposal of TRU waste, and 
LLW, ttnd htt:tttrdotts waste. Nttttter otts ARAR:s ttfld OftC TDC were determined to be ttppliettble as 
sottrees of eoneepruttl design eriteritt. Table 2-4 summarizes the design criteria for the Hanford Barrier 
derived from these sources. A discussion of the raclipactive criteria, as they relate to the individual 
ARARs,J md technical -~ id.ance is provided belo;,. ~~·· 

40 CFR 191.13 an~ . 

This design AR.Amedimcal gµ iclance effectively limits the amount of moisture infiltration 
through the cover and the vadose zone to the groundwater table. It reqttires~tates 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 ey this AR.AR. is 
to minimize moisture infiltration through the cover (Criterion 1, Table 2-4). 
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This dcsig1t ARAR.~~1uiicaili!idaj1c~ precludes reliance on active institutional controls beyond 
100 years following disposal. This ARAR is ftf'plicablccriteria. relates to conceptual and 
definitive designs. It rcqttircsstat~ that disposal sites be 'cte';igna;d 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 EPA expresses the ·,icW!tates that passive institutional controls 
arc 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 by EPA. Three design criteria are 
suggested by this 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, 48 CFR 61.l~, 40 CFR 192, WAC 173-480, DOE Order 
5820.2A, 246 221 868 and iWAC 246-247-040. . 

These ARAR.sre~ atio~ limit radionuclide releases from radiological waste disposal sites to 
levels that arc protective of public health. For the design of TRU waste disposal systems· in 
g..@!£g.1c reJ!bsitones, 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. For WMUs 
coHatifling TR.U waste , pcrfef'fflftftCC assessmc~ will he reqttired to ectcf'fflifte the respective 
eoHtrihtttioHS of the ee·,cr &He the Hfttt!ral system te waste isolatio1t. If eHgiHecrce system 
eompeftCfltS are reqttired te retaiH funetien fer periods heyoftd 1,000 years, then sttpplemeftt&I 
eHgifteered systems may he rcqttired to wgmeftt the cover. The cover must be designed to 
minimize moisture infiltration, prevent plant and aninlal intrusion, and inadvertent human 
intrusion. The design criteria suggested by these ARARs 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 critcria.~ ins to 
conceptual and definitive designs of surface barriers for TR.Yradioactivc' waste sites . The 
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design criterion suggested by this ARAR is to include appropriate design provisions to limit 
inadvertent humaniritrusion (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 by this petemial ARAR 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 perf.ormanee ARAR reqttires~~ Jmi£1ilfgili~9S';..<l,~c~ -:'e'J!ifil the cover re-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 design. The design criteria suggested by this ARAR 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 minimize surface erosion by wind and water (Criteria 1, 2, 3, 
5, 6, and 8, Table 2-4). 

One TDC pre•,ided addnienal design eriteria. The TDC ft:ftd its relevftfl:ee are disettssed belew: 

Hanford Plant Standards. 

The standards require the bottom of foundations for permanent buildings at the Hanford Site 
to be placed at least 0.6 m, 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 2-4) . 

40 CFR 264.lll~~~f!l and WAC 173-303-610. 

These PNe perfermanee ARARs~on$: require that a disposal facility for 
,,,,,:·>""-·-""'"'~· '' '~/ 

h~ardetts~ geioµs and mixed waste be closed in a manner that (1) minimizes the 
need for further maintenance, (2) controls, minimizes, or eliminates releases of 
ha~ardetts~}l[rgc;tQ,1i~ constituents to the environment, and (3) returns land to the 
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appearance and use of surrounding land to the degree possible, given the nature of 
previous waste-handling activities. These requiremeHts£_,~;!! 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 hal!arelottsdangefous aHel HHJteel waste 
sites. The design criteria suggested ey these ARARs 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 definitive 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). 

Two TBCs pro•tieleel aelelttioftftl elesigH criteria. The TBCs aftel their rele•tftftee are elisettsseel iH the 
followiHg paragraphs. 

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

This ffit'techmcaLggidance 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 ey this TBC 
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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2.5.2 Design Criteria for the Modified RCRA Subtitle C Barrier 

The Modified RCRA Subtitle C Barrier is envisioned for appHettl:ieHS ttt 200 Area sites having 
hazafdeus~g~r'.o~§ 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, as 'Nell 
as sites with mixed hazttrdeus attti lew level eeHStifflettts:rbecause,most siies 'contam radfoacHve 

N .• ,.,,..,..,""'I. _ , 1o ·t --& ¾:t v· wri'r: ...,.,,,,_ . .•., ='.s..1-=u;··'··< ?iWi# m $ · -~ 

copstitu.ents. This section discusses applieaele regultttery requiremettts~rite~ for httzardeusoangerohs 
w;ste anlLL W and traceability between the ARARs and fe~fip.Ical,gy!~anc;~ 'Wllli~the concep't'ua1 design 
criteria. Twe greups ef ARARs 'Nere idetttified that detefffl:i:fte eriteritt fer ee·t'ers fer hazardeus ·.vaste 
sites. Fi<t·e ether ARAR.s apply te desigH eriteria fer dispesal ef LLW. Table 2-5 summarizes the 
design criteria for the Modified RCRA Subtitle C Barrier. fui;jh~f~dj,sc'iijs~oii'""'."ori. Wfi!t"modifieations" 
"7ei=~i[acl~ filt"S@!1tar~GR1:sy~gtlli~¢, 'l3~rr1~( !f!fon~i1i~4'. / ... ectioµ, 3 .4.1L!ie~ applieael; 
fegulatery seurees are diseussed iH the fellewing paragraphs.:.\ dis~ ·on·ofthe daiigej'ous:W~te 

""";'.,·,,-.,.3/~,~~~ ·: - ~ ~ ""X" - -Y 4?.0:%/¥i' / ' >,.,--~ · ----- _ ~ "'°""-~} ,«.: _ _ . _ ~-,,. . . - , --~ 

criteria, as;· tliey felate to !lje ~ 'ancttechiiical gµiqan.ce, ,~fP:fOYJ e,:l below> The \eyel o{ 
!""· . -- - _,,?,,,. , ·r · _ ,-~,';';.,..,;, ---"' -. ~- _.; •,i.s; > __ ,:::. _ · , -...... · - , .-,, -:: >-·-::\:'>:<•.. . .. •· .. ..,, _. -""l'r.:~· 

dange,rous ·constituent yolitamirtiitiorumµst als9c® addressed during· the'. ~!fe;speci~e~ralµation of waste 
sites< The AR:ARs and tec,hnic~t-gt!idanc~'~is~~sed bel0\Y apply t? R~IU\: TS~~ tha{have dang;erous 
leyels of.co#taminants1;: fiRL~~~p,ie, ·a less stringent covfr,desigif> _,, ac,cepµ.olefor"wa,ste"sites· 
!Pl£ a~ .!!0t §!4ssifieif~~£~~-anJ1A o no~.haye danger9~).ey coiltaminants:--»•---
40 CFR 264.lllt;~f$Tf::9J: and WAC 173-303-610. 

These two performance ARARs require that a disposal facility for hazardeus attti 
fflixed<llmgercms waste be closed in a manner that ( 1) minimizes the need for further 
mainteri"anc~ ~('.2) controls, minimizes or eliminates releases of httzardeustlangetous 

~-~~ 

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 ey these ARAR.s 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 ~ £ 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 
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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) 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) 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). 

Two TBCs were eoffiidered applieftbleto peffll:iH to the de'telopmeHt of desigH eriteria for the Modified 
RCR.A C Barrier. The TBCs ttHtl their rele·tttH:ee a:re disettssed below. 

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

This TBC-technical 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 ey this TBC 
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 m, 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). 

10 CFR 61.41, 40 CFR 61.192, 40 CFR 192, WAC 173-480, DOE.Ot<lei-')ss20:2l\,"l46 221 060, and M':AC ;246-247-040. .. ••¼ .~ , ____ .,_ ,, ... ,, •• 

. ~;;;.:.:. 

These perfof'fflttttee ARARsregij{ations are functionally equivalent. They liminadionuclide 
~~ .... ---

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 contaminants 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 ey this ARAR are 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. 

This flesigfl: ARAR reftttires the eever te ee flesigH:ed with pre•tisiefl:s tha-t will preteet httmS:fl:S 
&em eemiflg inte ifl:S:dz1ertefl:t eefl:t8:et vtith the wS:ste S:t same fuRJ:re time S:fier less ef 
imtittttiefl:S:I eemrel. As iflflieS:tefl iH 10 CPR 61.1(e)t4) 8:fl:6 61. 55tS:}t2), tltis ARAR is 
applieable te LLW sites with Categery 3 aetivity. Ca-tegery 3 LLW •.viii Mt fleeay te le•1els 
tha-t presefl:t Mt aeeeptable h~arfl te afl: ifltrttfler withiH 100 yeS:rs. This ARAR flees H:et apply 
te sites eefl:t8:ifl.ifl:g eflly Categery 1 LLW er miJtefl Categery 1 LLW Mtd h~rfletts waste. 
This AR.AR is applieable te eeH:eepRJ:al afl:d flefmiti71e flesigH:S. The flesigfl: eriteriefl: sttggestefl 
ey this ARAR is te ensttre that the tap ef the waste is a-t least 5 m t 16 .4 fi) eelew fiffltl grade 
er iflelttfle apprepria-te flesigfl: pre•1isiens te limit ifladz1ertefl:t httmMt ifltrttsiefl: tCriteriefl: 1, 
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 ey this ARAR 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 ey this petemial ARAR 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. 

This perfofffl:8::Ilee ARAR reftttirestcchnical guidance discusses that the cover re-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 ey this 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 this ARAR 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) . 

The criteria · identified for the radioactive waste and dangerous waste aresimilar, except for criteria 
relating to intrusion and design~life. The radioactive criteria inclu9CS a timeframe for intrusiqn 
protection of a design life of 500 years. Tµese criteria are above and beyond the criteria for .the, 
dangerous copstituents and, thus, ad~g these criteria to the barrier used for waste· sites with danger~ 
constituen~ e~ance the design. The ap~!Jcation of the. intrusio11 pr~t~tion ·criteria would h,ye .no 
impact if .the waste was placed m6re.thari4.5 m,(15 ft) below tlie surface. Where waste fobe left in 
place could be above 4.5 m (15 ft), the'..4rt,:usion protection cf,jteria could be met by providing 
additional fill ., ~ a result, combining these criteria is considered appropriate, but would wa,rant a 
review in the site-specific evaluation when contamination versus depth information is available at a · 
particular waste site. As a result, the criteria for the dangerous, as well as·the radioactive comP,onent, 
can be ~ comorated into one generic cov~r desifil!. 

2:S:3 b~ Criteria for the St,iintiard RC::RA Subtitle C~Barrier 

the.Standai&RCRKSubtitle e Barrier may be· considered at 200 ~ea sites having daiig'erous waste 
constituents: This section discusses ARA.Rs and technical gu,idance for dangerous wast~ ap.d 
traceability between the ARARs and technical gl!idance with the conce tual design criteri; 

Table 2=6 summarizes ilie design criteria for the Standard RCRA Subtitle C Barrier. The pertinent 
reg11latocy sources ~e discussed in the para~ phs that follow. 

40 CFR 264.111, 265.111, and WAC 173-303..610. 

frhese'.'two 'performance ARARs reqtirre that a disposaffacility for dangerous waste,be closed 
inamanner that (a) minirµizes the need for further ·maintenance, (b) controls, minimizes, or 
eliminates releases of dangerous constituents to the enyitoninent, and ( c) returns land to the 
appearance and use of sun;ounding land to the degree possible, given the nature of prevjous 
iWaste-handling activities. These ARARs pertain to conceptual and definitive designs of 
·covers for dangerous and mixed waste sites. The d~ign criteria suggested by these AAARs 
;1re as follows: (1) minimize moisture infiltration thrQugh the. cover, (2) design a durab~ 
t over of natural materials tha1 will require minimal maiµte~ce during its desigg. µfe~ 
(3) prevent elants from accessing and .mobilizing contaqlination, (4) erevent'burrowil1g 
~: •• ~..:.-. . . • ' .· • • ' ,,,.,,, • . ... -.. • ..< 
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Tiie. ~daf~ ;~ire. the ]iottom of fog'iiclitionsJoFperiiiah~nt'ouilg]!'lgS at tiie'Hrunq~,§jte 
to be placed at4east 0.6 m, 15 .cm (2 ft, 6. in:f below 'fmatgrade. 0For frost protectiqµ 

;:,. .:·: •.·,.,, :~· ;b· · :t.'. ·· .,. . . , . ._·. ··'.',, · · : ·'· ·/ · ··,, :· /':· i:</ _ -- ., .. -, -~: . __ _,/' . :-·:;.1; 

I?_: os , . this~ct!~~~ill .l?(l ~p]llt9, td !he~~g.i:~~.[~~m'.!Qrit~~{oq .? ,' Tabl~Z:9). 

2.5.4 Design Criteria for the Modified RCRA Subtitle D Barrier 

The Modified RCRA Subtitle D Barrier is primarily envisioned for applietttiem at waste sites in the 200 
Areas containing nonradiological and nonha:za:rdeusg_..,~g€~s. solid waste. This cover is also designed 
for LL W sites containing waste with Category 1 activity ( equivalent to NRC Class A and Class B 
LL W). The Modified RCRA Subtitle D Barrier is designed to provide limited hydro logic 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 the! 100-year institutional 
control period, the design includes no human intrusion control provisions. 

Regulations a:ppliea:ele~~ to the Modified RCRA Subtitle D Barrier include those pertinent to 
the storage 8:ftd disposal of RCRA nonhazardous solid waste and Washington State nondangerous solid 
waste, as well as regulations a:ppliea:ele~aT'f€Iate to disposal of Category 1 LLW. ~HHC petefttia:l 
ARARs were feuftd te be a:ppliea:ele te develepiftg geHerie eeHeeptua:l desigH criteria:. Table 2-7 
summarizes the design criteria for the RCRA Subtitle D cover ba:sed eH t-hese H:iftC ARARs. 

A discussion of ARARst ano. tecliilical ii:!i<llffi'ce., as they relate to individual design criteria for the 
Modified RCRA Subtitle D Barrier, is provided below. 
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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 241.209-2ta). 

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 this ARAR 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 minimize erosion of the cover surface (Criterion~. 
Table 2-7). 

48 CFR 258.68. 

This desi.gH ARAR reqttires the fiml ee't•er te ha:Ye (a:) permea:bility less th8:H er eqtt1tl te imy 

aamral saesoils fJreseRt, or fJermeaeiliey Ho greater thaa 1 x 10~ em,'s (vtl:tiehe·1er is less), 
(b) 8: speeifie8:tieH :fer Ml iflfiltr1ttieH lttyer eefl:t1tiflfflg 8: ffl:HHfflttffl: ef 4:5 effl: 08 iH.) ef seil te 
ffl:Httffl:~e ffleistt:tre infiltr1ttieH threttgh the ee·1er, 1tfl:d (e) 8:fl: eresieH lttyer eefl:t8:iftiHg 8: 
ffl:iflifflttm. 15 effl: (6 m.) ef seil e1tp8:ble ef sttstttiftiHg peremti1tl Yeget8:tieH te ffli:ftim~e eresieH 
ef the ee·1er surfftee. These reqttireffl:efl:ts 1tre 1tpplie8:ble te eeHeepttt1tl 8:Hd deffflitiz1e desigH. 
Feur desigH eriteria: a:re suggested by this ARAR. (1) desigH a: ee·+•er systeffl: tha:t iHelttdes a 
ffl:Hllffttffll thiekness ef 45 effl: O 8 ift.) ef eartheH ffl:aterials that ·w1Hl ffliflilH~e ffleistttre 
iHfiltra:tieH threttgh the ee·1er, (2) desigH a eeYer systeffl: tha:t iH:eludes a sttrfftee layer ef 
e1trtheH ffl:8:teria:ls with 8: ffl:iflifflttm thiekfless ef 15 effl: (6 ifl.) th1tt will fflimmiEe eresieH ef the 
ee·1er sttrfftee, (3) desigH a: ee·1er systeffl: with a: surfftee la:yer e1tp8:ble ef sttsta:iftiHg grO:Ss, 
ether sha:llew reeted Yeget8:tieH, er ether ft8:ti-te ·1egeta:HeH, Mid (4) desi.gfl: the 
lew permea:bility la:yer ef the ee·+•er te h1t¥e a: permea:bi-lity less th8:ft er eqtt1tl te 8:fl:Y H8:t't:lr8:l 
saesoil fJreseRt, or a fJermeaeility that is HO greater thaa 1 x 10~ efl:b's (whiehe't·er is less), 
(Criteria: 4, :5, 6, a:Hd 7, Ta:ble 2 7). 

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 w1thin 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 , 54, and 85, Table 2-7). 

The.inm.irrium functional standards for performance of the cover shalf consider impacts on 
groundwater, air·quality, and ·surface water. An engineered surface barrier constructed of 
material to minimize moisture infiltration and control surface runoff will be proviaed. The 
earthen material used to isolate the waste will also serve to control air quality. The design 
c1iteria is as follows: (1) minimize moisture infiltration through the cover and (2) design a 
cover system that includes a surface layer of earthen materials that will control runoff and 
~ ize erosion of the cover ~ ace (Criteria 1 and 6, Table 2-6). 

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 arid climate, this tlesigfl ARAR:technical 
w~ance provides for solid waste landfill covers at the Hanford Site to (a) be const~ cted of 
60 cm (24 in.) or more of soil with a permeability of 1 x 10·5 emfs 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 te 
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 10·5 emfs (whichever is less) , and (5) design a cover 
with surface slopes of no less than 2 % (Criteria 3, 4, 5, 6, =,, and 98, Table 2-7). 

The grouplng of sites containing Category 1 activity Li:W into- this design is aesirable to .allow all 
low-level contamination sites to also use this generic conceptual cover desi~. The additional ARARs 
and technical guidance criteria are contained in the following section . 

.,.,_ .~ . .~-~--- •- ~-,--....--' . • 

10 CFR 61.41, WAC 173-480-040,J>QE _9 rder 582~ .. n ; and WA.C ·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 
accessible environment. These requirements pertain to conce:etuaI and definitive 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 
this ARAR are 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 LL W 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 LL W, because this 
waste class consists of types and concentrations of radioisotopes that will decay during the 
100-year institutional control period to an acceptably low hazard level. This ARARtriteiia 
sets the design life for the Modified RCRA Subtitle D Cover at 100 years (Criterion ½e9, 
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 ey this 
poteftf:ittl 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-rooted vegetation, or other native vegetation, and (4) design 
a durable cover that will require minimal maintenance during its design life (Criteria 3, ~ 5, 
6, and B-i, Table 2-7). = 

10 CFR 61.51. 

This ARAR reqttirestechnical _gt1idance discusses that the cover to-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 ARAR:techmcai"ii,'id~ce are as follows: (1) minimize 

",,J:~~~ 

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,+, and 8-7, Table 2-7) . 

;Toe design Hfe-of 100 years for Cate$Ory 1 Li W is the only additional criteria that ~xists if ti!-~ 
Category J <LLV{ sites are incomorat¢(,l .. into the criteria for the RCRA Modified Subtitle D Barrier. ""' ' .. ,., ... ~~.-,~ . . '--~~ . ' -~ii:' 
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Table 2-1. Summary of ARAR Requirements. 

Waste type Regulation 

49 EFR: l:9U3, .¼4, . i:S 

10 CFR 61.417;J42;'.:±i 

i9 EFR :S2Ett1(2) 

49 EFR 6U92 
TRU 

40 CFR 192.02(b),--,H 

WAC 173-480-040, -050 

W:A:E 246 22i 969 

WAC 246-247-040 

10 CFR 61.41, ;~~-;:"'.44. 
l:9 EFR 6L42, . 44 , .:Si(e) 

i9 EFR 6U2(8)(2) 

49 EFR 6U92 
LLW 

40 CFR 192.02(b),--,H 

WAC 173-480-040, -050 

W:A:E 246 22i 969 

WAC 246-247-040 

40 CFR 264.111/265.111 

40 CFR 264 .228/265 .228(a)(2)(iii) 

40 CFR 264.228/265 .228(b)(4) 

40 CFR 264.310/265.310(a) 

RCRAC 
4QJ2~ .. 2~:°R!Q~65~3J.OJ~),(5) 

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

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

WAC 173-303-665(6)(a)(i)-(iv) 

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

W-AE l::;l:! 469 969 

40 CFR 241.209-1, .209-2 

49 EFR 2:S8 .69(8) 

WAC 173-304-407(3) 

RCRAD ~~fJ 7J:~~ (~) 
l,J,C/,E l:,13 394 469(3)(e)(h) 

WAE l:,13 394 469(3)(e) 

liJ,tJ,E l:,13 469 969 

RCRA C = Resource Conserw11ion and Recovery Act, Subtitle C. 

RCRA D = Resource Conservation and Recovery Act, Subtitle D .. 
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10CFR-6C5f~52 ~--·=·~• ~c;. 
__ __ __ µ _ ---- -

EPA Technical· Guidance Document: 

Table 2 2. -

Reseuree Design criteria 

AS=FM Seil M!:d Aggregate =Festing Sfleeifi:eatiem * 
HEl::;P Medel * 
6raded Filter DesigH 8riteria ¥ 

Hftftfflrd Plft!l.t StM!:dards Design 8riteria ¥ 

B~tS2~=F H Medel * 
Bftifurm Bttilding Eede * 
BSDA Bfti v-ersal Seil 1::;ess Esti:matien Preeedttre * 
BSDA Wiftd Eresien Eqttatieft Estimatieft Preeedttre * 
Washingteft Department ef =frMSflertatieft Stftftdard * Sfleeifi:eatiem fer Read, Bridge, M!:d Mttftieiflal Eemtrttetien 
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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 (Il~ftf'de~p a.n&ero(!S) Waste 
Category 3 LL W and Category 3 Mixed LL W 
Category 1 Mixed LL W 

Standard RCRA Subtitle C Barrier Dangerous Waste 

Modified RCRA Subtitle D Barrier RCRA Subtitle D (No~ii o~ and 
Nonradiological) Waste 
Category 1 LLW 
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Table 2-4. Summary of Design Criteria for the Hanford Barrier. 

Minimize moisture infilt,ration through the cover. 

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

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

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

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

Prevent burrowing animals from accessing and mobilizing contamination. 

Include appropriate design provisions for limiting inadvertent human intrusion. 

Facilitate drainage and minimize surface erosion by wind and water. 

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

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). 

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

Table 2-5. Summary of Design Criteria for the Modified RCRA C Barrier. 

Minimize moisture infiltration through the cover. 

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

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

Design a cover with a functional life of 500 years. 

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

Prevent burrowing animals from accessing and mobilizing contamination. 

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. 

Facilitate drainage and minimize surface erosion by wind and water. 

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

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) . 

For frost protection, the lateral drainage layer and the low-permeability asphalt layer must be located 
at least 0.6 m, 15 cm (2 ft, 6 in.) below final grade. 
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Table 2-7. Sl1Ill'1lary of Design Criteria for the Modified RCRA D Barrier. 

Minimize moisture infiltration through the cover. 

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

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

Besign ft ee~er s,,stem thttt i:ftelttdes ft minimum thielffless ef 45 em H8 ifl.~ ef eftfthen mttteriftl:s thttt 
will mioim~e meistttre iflftHrtttien threttgh the ee'ier. 

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. 

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

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 10·5 cm/s (whichever is less) . 

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

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

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 apr,lieablepertihent re~l11:teey 
requiremefltsreg:i!lations-and ef cntenarefatmg to waste disposal summarized in. Sections 1. 0 and 
2.0 , design n~~ds f~~Q\llj distinctwb~;~i~7 designs for 200 Area WMUs have been 
established~evfil~d. The tbreef£Pr barriers are listed below in order of overall performance and 
environmental protection. 

• Hanford Barrier. This bart~j;;is' ti:fe~th,;~:~ eTnf~ design is reeefflffleHded for implementation 
at TRU-contarninated soil sites, sites with TRU or TRU-mixed waste in nonretrievable 
configuration, and sites with GTCC LL W or mixed pTCC,-,L W. 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 tlttee-recornrnended 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 kille.basefine design is reeefflffl:eftded for 
applications at sites containing ftft2;8:f'dettsdartgero;p.$ wa'; te,C a~ry 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. 

Stan,dard RCRA§@.tijI~:~ Barri~ .. 'fµisoaiHer is tlieo,. . .•. . for ·applicatldns._!t 
si!es conta~gdallgerous"""waste.r TI!is b~rfier provide~ conta~e11.f llpcl hydrologfo 
protection. for a specifi~q. postclosure period , of 30 years, toj nclude i nstitutional control 
consistilig of ~oJ}itorilig-: and rie~~;sary maintenance. =="'"'--·=-"''""'~-- ~ * 

,.~;,.. ~., -.. w~.,--~ ,,,_,"""',;-;,=¼>-«,- -. . -""-""""'··- .·,;-·--···.-.;;.,,= ,. -~-~ , 

Modified RCRA Subtitle D Barrier. This bam~IS tlie ·baseifue:design is reeefflffleftded for 
~>:j.w;Cl<-..;,;S'..,_ -~ -~~""-~ 

applications at nonradiological and nonhazardous solid waste sites, as well as Category 1 
LLW sites where no h11:i:11:rdettsi:langerous waste constituents are present. It is oesigneo to 

~--~ 

provide limited biointrusion and limited hydro logic protection ( compared to the other two 
evapotranspiration barrier designs'2i;. flieAJ:Umora Barrier and}JodifiedRCRA. Suotitle C , , ... •-'·'""-·· .. ~.......... . '------•-"~· .. ,,...,,,.,,_ -,,... ...~ .. ~- - ~ 

~~£Iier) for a performance period of 100 years. The performance period is selected to 
conform to the minimum projected duration of active institutional control. 

The tmeefour barrier designs are discussed in Sections 3.1, 3.2, 8:ftd-3.3, and 3.4. Th~ designs 
i11corporate alFthe;:genen,c penonnanc~:and:d~sign'm teria .r~~ntjfied hr Section 2~Cf Site-specific 
evaluations are also :required.t o selecta ,n ~p~rop~.~te"hliernative for a ~ecific waste site ... The geperk 
cover designs· containeq in this FF~ ·could b& modifi~d ~fpart ·of., file site,,~ecific evaluation" For 
example, ifgroundwater protectionis,~ol apo.qcern\for a spec!fi~;sjte, theneriteriaJ, 8, 9, and Io lor 
both the Hanford.Barrier ano the Modified !{GR±\: Crnarrier .do ilot apply and:;Lmore simplified barrier 
'. ·.•·,·. ~' ,;;:..~_,. • .,,.,,_ -;.>/,;#i(;,/;,- ,.;;~,--w,e& w,,w;, ~-,;,,,;,.~~~-.,,.,.._-"""',._,, ~=-~·-"'··~ -'-"'"~=""'""".....,._..,...~,..~-- ---~ .. --""" . 

can be propos~d. 
CJ, • '.:<,,.,..,....,_ 
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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 m<>re detailed description of the 
feeefflffl:eftdedprop~ ed gen~ri~ 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 Statement for the 
Disposal of Hanford 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 in this FPS, 
the Hanford Barrier has ftlstrbeen identified a:s the a:pprepria:teprop_gsed as the baseline barrier design 

-..,,:. <, """·--

6ptien for sites with GTCC LLW and cognate mixed waste. 

Th:e 10,000 yea:r perfarm8:flee peried deseribed iH. 40 CPR 191 is a:pplied te the "dispesa:l system" in 
teta:l . As def med in 40 CPR 191.12(a:), "dispesa:l system" refers te the eembina:tien ef engineered a:ftd 
ft8:ftlra:l ba:rrier elements tha:t wiH isela:te ra:dieaeth•e waste after dispesal. Hatlford Barfief peef 
reYiewers believe tha:t the eredible ttpper limit en perrerma:nee projeetiens fer Ieng term sttrfaee 
ba:rriers is 1,000 yea:rs. Th:erefere, if the bttrden ef perferm8:ftee fer the dispesa:l system is pla:eed 
entirely en the serfa:ee ba:rrier eempenent, then eempli8:Hee .:r.1ith the 10,000 yea:r perferma:nee 
re~irement is teelu"liea:Hy impra:etiea:l . This assessment dieta:tes tha:t the eentribtttien ef the ft8:ftlra:l 
system te evera:H dispesa:l system perferm8:ftee C8:ftftet be negleeted a:t sites where 40 CPR 191 
regttla:ted wa:ste is present. 

In stteh: ea:ses, the Ha:nferd Ba:rrier sh:ettld be •f'iewed as enc element ef a: la:rger remedia:l a:etien 
stra:tegy. The stra:tegy mttSt be eenfermable te site speeifie RAOs tha:t eensider the faHewiflg. 

The eontmnimnt in. entoey a:nd site cha:ra:eteristics 

Acceptable cxposttrc le. els 

Scpa:ra:tc pcrferm.a:ncc a:Hoca:tions to mtttra:l a:nd engineered components of the disposal system 
tha:t a:eeettnt fer a:H pa:t:hwft)'s ef eeneern. 
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For individtta.l WMUs with TRU eonstitttents, it will ee neeessa.ry to perfofffl ea.selifle risk a.nd 
perfofffla.nee a.ssessfftents to e·ta.ltta.te perfofffla.Hee of the overa.H disposal systefft (i.e., the na.tttra.l 
systefft a.nd engineered ea.rriers) fer the 10,000 year period speeitted in 40 CPR 191. After the na.tttra.l 
systefft's eomrietttion to ·.va.ste isolation ha.s been deteffftifted, a.n appropriate perfefffla.nee eriterion ea.n 
ee esta.elished for the engineered systefft. In eases where the engifleered systefft fflttst eomriettte to 
'Na.ste isolation for periods exeeeding 1,000 yea.rs, tl!:en soffte feffft of ifl sittt sta.eili:z":a.tion (e.g. , 
eheffliea.l §xa.tion or in sittt vitrittea.tion) ffta.y ee needed to eoffiPlefftent the sttrfttee ea.rrier. Risk a.nd 
perfefffta.nee a.ssessfftents ffta.y ee perfofffted either fer siflgk opera.ele ttnits or for larger a.rea.s. 

3.1.2 Ree6fflfflendedGo~s ~ijtµ~~J.!~ 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 glee (91 to 92 lblft3). 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 glee (86.3 lblft3), 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 1 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 from 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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D15 (Filter)/D85 (Filtrate) <4 to 5 

D50 (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 Particle Size Particle Size 
Dis Dso Das 

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 , D50, D85 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, or .they 
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. 

The Ifltlividual Proteetiofl R:equiremefltS deserieed ifl 40 CPR 191.15 direet that desigH:S of disposal 
systems for TR:U Htttst pro,.·ide a reasoH:aele e,q,eetatiofl that Ufldistttrbed perform8:flee of the system 
·.vill lifflit the aflftttal effeeti¥e dose to 15 ffll'em ~throttgh an, afltl all poteflti.al path.-r.ays) to an, member 
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of the pttblie (inelttdiflg inadvertent intftlders) fer it period of 10,000 years after disposal . In .Appendix 
C of the regttlittion, 'initd•tertent and intermittent intftlsion by exploratory drilling fer resottrees' is 
identified as the most se•tere intrttsion seenario TBC in perfermanee assessments. 

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, EPA also indieittes in Appendflt C of 40 CFR 191 that 'passive institutional controls or the 
intruders' own exploratory procedures can b~ considered \V~hen. evaluating (wottltl be) adequatecy ferof 
the intruders to soon detect, or be warned of, the incompatibility of the area with (exploratory drilling} 
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 
h!tS been reeofflfflendedis bemg 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 emfs. The effective particle size 
(D10) 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 emfs and D10 is in 
cm: 

k = 100 D1/ 

By this method, the drainage media will be required to have a D10 of 1 mm 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 emfs. In-field values, 
measured by falling-head permeameter testing, ranged between 10-7 and 10-9 emfs (DOE/RL 1994). 
Natural analog studies (Waugh et al. 1994; Freeman 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 10-11 emfs 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 8 - 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 conceptual1design. Section 3.2.2 provides a ~i 
detailed description of each layer in the reeefflfflet1:dedcortcep~l'bap;ier: design. 

_,:;,,.,;,_ -~--·-•,-~ ~ 
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3.2.1 Background Information Relating to the Modified RCRA Subtitle C Barrier Design 

Extensive gui~ance has been issued by state and federal regulatory agencies regarding cover designs for 
ft!tf!tf'clettsclang,erou§ 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 th.~ ,MTG 
(EPA 1989). Although ~ta'fi~ J!]RCRA Subtitle C Barriers vary somewhat in design and construction 
from one region of the country to another, these elements generally are retained. 

The Modified RCRA Subtitle C design is reeefflffl:eHcleclthe basefme7des1gn for applications at sites 
containing not only ~~ waste, but also c~t~gory 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 arid 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 FPS was conducted, §~cfRCRA Subtitle C Barriers had been designed for the 
following h!tf!trcletts~ ge,!Q~ 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 

3-8 



961 J1tO 1 .. 2791 
DOE/RL-93-33 

Draft B 

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 ReemmnendedConceptuai Barrier 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 glee (91 to 92 lb/ft3) . 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 glee (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 104 emfs down to values between 
10-6 to 10·1 emfs) . 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 115 lb/ft3) . 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 1 and 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 1 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 
glee (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 all ttpplieftble recommendations in EPA' s 
technical guidance for final 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 emfs. 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 emfs. In-field values, measured by falling-head permeameter testing, 
ranged between 10-1 and 10-9 emfs (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. 
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The reqttiremeflts iH: 10 CFR 61.42 reqUiresiuid 61.52(2) fer protecting individuals from inadvertent 
human intrusion [Il1grra<J1oa~fo'appir~ te Class C (DOE Cittege~ 3) LLW speeifieaHy. 
AeeerdiH:g te the regttlatieH:,lli iihplemtn.'tuig.JO CfR:'61:42 :Jhe gajda.iice cq'.ritained in 10:CER 61.52 

=•-,~-'l"'?':",,-,,.,,, :-_,,~ ~'>""~•-;-•........,,.,~=·~¥ -~ .·. • ·_·_ , . :· , •. _ . ❖,. . .·- ·, '> . . ·,lo'-,.- h . .- ,>~ ~~-~~~--,:.-
w_a~ ~.s~d~.f2Lfilass_ ~ l!l9J?':9~~gg!")'~fb~ "~ReFifis@Y.:-!!!i~ ~~.~~- states ~~ protection may 
take either of the following forms : 

1. 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 . 

Many radiological sites in the 200 Areas where the Modified RCRA Subtitle C Barrier may be 
eeH:strttetedused already have been covered with sufficient fill to satisfy the'"Ji rst o tiomeqttiremeflt 1 or 
would meeir~~iremeflt 1QJ> .. !ion%j_ with the additional 1.7 m (5.6 ft) of ~~~r mate~ in the Modified 
RCRA Subtitle C Barrier. In other cases, the thicknesses of one or more of the barrier layers (e.g. , 
grading fill [Layer 8] or topsoil [Layers 1 and/or 21) could be modified (i.e., increased) to conform to 
reqttiremem2pj1,q~ 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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>. .i<I):, .>. .,,,, ·-_ ·=· ,_._:_ .. ~··;,.;,; ;;,,., ,.~s.;_ • .),~~ ,-,,..,..,_., -.;/4A c"c,';Jl,,W~ ~-. :.:.:,.,,_;,,;,.,,,: . • --;;.,_, 4,..,. ""'- ✓m,, 

3·_3_2:4 ; '.LayeF4. ('.C'<rw P~~eabilitf ifayef5; :0Tlili' layei-,ISTtypica11~'a-~yiiffiet1cmefubraneover~ 
nnnimum 6Ct~IR{(2;ft)of £0Illp~c'ted ~?11 ~Ith a,r,permeab,ility no greate.rthanJ ,~:io,:fmlS. 111{"~
synthetic ,mell/:orane aIJ.d soil.provides aJhick oarrier 9-Pable of self7li~aJing it.settling. occurs: This 
two,,comp~:meqt, :1o~l~e.p:pe,oiliiy layer, , lying wholly,,oelow'th~ frost zone, p~ovides mini111it.ati0n, of 
water infil~ation_j11to,the:'Q119erly~g w~t~t,andconsists of: 1 (1) ,a 20-Jriil ~(O'.S)ffi!n) ·~um.:thickness 
FML' COI1J.ponent ·and;(~)a<comp4ct~'SOil component, wiqt a minirilumtli~ckness of at least .60 cm (2•,ft) 
and,a maµnum in-I?t~ce satutategJ!xdraulic ~nductivi~'..ofrx,1Q~2,,~~;;~1)le"SQji com,eo{!~f . -
typically ~2.~~l~Y~~~,L~i! -~ itff .a~!Dl!;,;sl-!:~.!!,~;.~~ntonti£: 
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3.3.2.5 Optional Layers '(Site-Specific Design for-Gas Venting or<Biointrusion). This layer is 
intended to provide sufficient thickiiess to minimize the potential· for intrusion through the barrier. 
These optional layers mayb'e used ona site-specific basis. Two such layers ,incluqe (1) a gas vent layer 
to remove gasses that are produced within the waste and/or (2) a biotic barrier fayer to protect the · 
cover from animal or plant intrusion. Geosynthetic filter materials may also be used to prevent 
migration of fme materials from one layer to another or to prevent clogging the drainage layer. 

, .,,J;,.~ - ~ . -· -·· ---- . -- ,. - -

3.4 MODIFIED RCRA SUBTITLE D BARRIER DESIGN 

The Modified RCRA Subtitle D Barrier design is discussed in two subsections. Section 3.4.1 provides 
background information on development of the con~eptual design. Section 3.4.2 provides a more 
detailed description of the feeeftlfflettdedc~nceptuafbarrier design. ' 

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

This design is intended for otentia.IAapplications at nonradiological and nonhazardous solid waste sites, 
as well as Category 1 LLW site;;Tiere no ha:2:a:fdettsdangerous waste constituents are present. It is 
designed to provide limited biointrusion and limited hydro logic 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 feeemmended 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 reeefflffl:eftded 
design) from 45 cm (18 in.) to 60 cm (24 in.). Increasing the thickiiess 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 MPS design for covers over solid waste sites. 

3.4.2 

The Modified RCRA Subtitle D Barrier is composed of four layers having a combined thickiiess 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 1 will be placed in a relatively loose condition, with a bulk density of 1.46 glee (91 to 92 lb/ft3) . 

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 glee (86.3 lblft3) , 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 1 and 2, but placed in a 
relatively densified condition of approximately 1. 76 glee (110 lblft3). 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 10-3 to 104 emfs down to values between 10·6 to 10-1 emfs) . 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 115 lblft3

). Laboratory testing indicates that these results 
can be accomplished with moderate compactive effort (Skelly et al. 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 all 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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Cover Vegetation: Mixed perennial grasses 

Layer 1: (100 cm; 40 In.) Slit 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 fitter layer 

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

Layer 6: (150 cm; 60 In.) Coarse, fractured basa.lt 

Layer 7: (30 cm; 12 In.) Lateral drainage layer 
(drainage gravel) 

Layer 8: (15 cm; 6 In.) Low-permeability asphalt layer 

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

Layer 10: (variable thickness) Grading fill 

HMOI029.1 
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Figure 3-2. Modified RCRA Subtitle C Barrier Profile. 

Modified RCRA Subtitle C Barrier 

Cover Vegetation: Mixed perennial grasses 

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

Layer 2: (50 cm; 20 In.) Compacted slb loam topsoil 

Layer 3: (15 cm; 6 In.) Sand fiber layer 

Layer 4: (15 cm; 6 In.) Gravel fiber layer 

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

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

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

Layer 8: (variable thickness) Grading fill 

. HN08029.2 
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Figure 3-3. Standard RCRA Subtitle C Barrier Profile. 

Standard RCRA Subtitle C Barrier 

Waste 
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Figure 3-4. Modified RCRA Subtitle D Barrier Profde. 

Modified RCRA Subtitle D Barrier 

Cover Vegetation: Mixed perennial grasses 

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

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

Layer 3: (30 cm; 12 In.) Compacted silt loam 
topsoil 

Layer 4: (variable thickness) Grading fill 

HMOI021.3 
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Layer Thickness 
No. 1 cm (in.) 

1 100 (40) 

2 100 (40) 

3 15 (6) 

4 30 (25) 

5 150 (60) 

6 30 (12) 

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

Layer description Specifications Function 

Silt loam topsoil with McGee Ranch silt loam containing 15% pea The topsoil material was selected for optimal 
pea gravel admix gravel by wt., 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 win~ 
1.46 glee. erosion of the silt loam without significantly 

affecting its moisture retention capabilities. 

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 glee. supplemental soil moisture storage capacity. 

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, D50 = 0.375 to 1.2 mm, particles into Layers 6 and 7. 
and D., = 0.70 to 2.5 mm. 

Gravel filter Clean, screened aggregate meeting the Same as Layer 4. 
following particle size requirements: 
D., = 1.5 to 2.0 mm, D50 = 15 to 20 mm, and 
D8, < 37 .5 mm. 

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. 

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 D10 > 1 mm and k > 1 cm/s. discharge. 

-1y-~ 
...c
,c=i 

'V 
r--_;:i 
-...> 
¾.;D 
t::r'. 



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

Layer Thickness 
Layer description Specifications Function 

No. 1 cm (in.) 

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-4000W, 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. 

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



Layer Thickness 
No. 1 cm (in.) 

1 50 (20) 

2 50 (20) 

3 15 (6) 

4 15 (6) 

5 15 (6) 

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

Layer Description Specifications Function 

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 veg~tation. 
bulk density of approximately 1.46 glee. The pea gravel is designed to minimize wind 

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

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 glee. 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. 

Sand filter Clean, screened sand meeting the following particle This layer is part of a two-layer graded filter 
size requirements: D15 = 0.15 to 0.50 mm, Dso = designed to prevent the migration of topsoil 

- 0.375 to 1.2 mm, and D85 = 0. 70 to 2.5 mm. particles into Layer 5. 

Gravel filter Clean, screened aggregate meeting the following Same as Layer 3. 
particle size requirements: D,s= 1.5 to 2.0 mm, 
D50 =15 to 20 mm, and D85 <37.5 mm. 

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 D10 > 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) 

Layer Thickness 
Layer Description Specifications Function 

No. 1 cm (in.) 

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-4000W, 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. 
1Bamer layers are hsted m sequence from top to bottom. 
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Table 3-4. Summary of Modified RCRA Subtitle D Barrier Layers. 

Layer Thickness 
Layer Description Specifications Function 

No. 1 cm (in.) 

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 glee. 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 glee. 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 glee. 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. 
1Barrier layers are listed m sequence from top to bottom. 
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4.0 EVALUATION OF ENGINEERED SURFACE BARRIER DESIGNS 

In this section, the threefour 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 Guidance for 
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 applieftble ARARsdesig!}; criteiral. The second evaluation provides preliminary information to be 
used in evaluating surfa; e barriers agiinst other remedial alternatives auring the site-specific 
evaluation. ~ . , . 

4.1 CONFORMANCE TO DESIGN CRITERIA 

This section reviews the threefour, reeofflfflei'ttleelproposed cover designs (Hanford Barrier, Modified 
RCRA Subtitle C Barrier, Standard RCRA. Subtitle C Barrierz...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 res_ults for the Modifiedffi.CRA Subtitle C Barrier; ; able 4-3 presents results for the 
S!,aiidard RCRA Subtitle C Barrier; and Table 4-4 presents results for the RCRA Subtitle D Barrier. 

The EPA MTGs for the Standard RCRA Subtitle C Barrier are presented in EPA/530-SW-89~ 7, 
adapted herein _with modifications, ~ -n __ o_ted_ m_· .... s_e""c,_ti_on 3.0 for site-specific conditions. 

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 emfs, and a minimum final slope (after settlement and subsidence) of 
at least 3%. 

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 
1 x 10·1 cm/s. 

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 mfflHffl:lffl: (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 reeemmended designs 
depart from the MTG in the following respects : 

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

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 % retleets EPA' s ifttent ta encourage 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 EPA's t8:rget vs.ltte ef 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 emfs (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 arid 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 final 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 arid 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 alterftfttives te address the stREtttery, 
teehflieal, ttttd peliey eensideratieHS ef under"'CERCLA (EPA 1988). In a typical site-specific 

Z#: .. M . .«~ 

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 eomprehenrfr,e~ evaluation of ARARs 8.fld TBCs as potefttial sources of 
performan~an<i;design criteria for surface barriers. Conceptual design criteria for the Hanford 

c. ,· ,;,,;,,..,· v w, . »w.<,.>; «<-:>'4"""'"" ~" . . ..,_,,.".,,:• -~-~- ·---,,.-~,-· ·. -~ -- -------- W~•""'<-'"-'< ' ='<"';«tH1:->J!l<°~'itY= 

Barrier, the Modified RCRA Subtitle C Barrier, the-Startda:rd RCRA Subtitle ... CBarrier ,· and the 
=-·"'' .-,,;~-,-·=,;< ;;/.;ja¥,-,_ ,~-.~ "'».« ,, __ ., .. ,..;,; - ---- -i-,.:S,.,-~"-..;,""-"~·.;❖ .... ,._ = . . '"""'"!W¥ "~ ,, .. 

Modified RCRA Subtitle D Barrier were developed in Sections 2.5.1 , 2.5 .2, ftfld--2 .5.3,,Amd25.4, 
~-,,.~,:-- i · ¥< ~5 - ,,=~~ --~,,..~ 

respectively. The criteria, which are summarized in Tables 2-4, 2-5 , ftfld--2-6 , ~nd2~ , reflect the 
regulatory guidaHee from: ARARs, TBCs, and other 8.fJpropriate HOMegulatory sourees~ chiilcal 
guidan~e:4§?~~ni:I§~ig~rafi9ns. '··=·- --- .· 

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 potefttial chemical-specific ARARs identified that 8.flt'lyfe!i~ 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 must be fCConsidered at the deftnitive desigH phaseciiiring ille·~1ie= 
s2ec1tft ~v~~t~<?B· ·-· . =· ""''"'--' .. 

• No potefttial location-specific ARARs were identified tflat 8.fJplieabk totfu.,_the generic 
conceptual cover designs . Location-specific criteria, such as those eofltaiHed iH DOE orders , 
should be considered on a site-by-site basis during defl:flitive desigHpie~!ie~~gaifoii. 

• A number of potefttial 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, TBCs, and other 8.fJfJlieablef~iini£al 
guidance sources in Section 2 .5 and Tables 2.4, 2.5, ftfld--2 .6, iiji'~1- Based on this information, it is 
established that the ~barrier designs comply with 8.fJplieable ARARs and conform to their 
respective criteria. 
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requfremeniijcOQtii~ea:IB: 19 ,GER'611£1''1ncr~~~IIIOte*s~11gRnt"as1lfe pjtegbcyof,~iidroacnvw 
increases, •· an(!these-incr~ased1requirem~nts · ~e col!Sid~red in t}le d~v~lopment.of th,~ barriers 1, For 
Class, C. ·LBW;, tt;thniclil;gui~Cf'. i~ H). f~ 61;.~2 w~~ used ,as . a<b~isJotintrus!~P E~.2t~Cll2!1•·tf2i
TJiU, t~~,l!pis aLg1Ii9AA1C~~!il...4QfilR 191' was·used~~~~J~~gQt ~Yi!Sl9E P!'~~e,ctjq.u:, 

Tiie r·eRffienTda!!gerousy,as~r~itfons'<secHoµs ,,= .. •40'cFR 2@4, 26s";7".w'Ac::1 ys .. 30~. ana wAc 
173-304, as shown ¢ ,Table 2-1) are met~r e~ceed ... ~ design critf;(i~Jl~ed' for the Hapfotct"' , ... 
Barrier; .. the M-Odified RCRA c Barrier;' and tlie s RCRA c Barrier. The Modified Subtitle 15 
Barrier'. mfets·the requireni~n~ contain¢ in tJ:ie;pertinent sestio~ of 40.~FR'241.·ana'WJ\C 173 .. 304" 
(Table 2-1). ; Tllese r,eqll.ir~ments can b¢ eitper applica1.,1e (~ w;otild.6e the case of.a 1,'SD complying 
with WAC ·. 1"73-303 requirements) or r~leva,nt and)ppropriate. ( coptaminants below dangerous ·waste 
limits; but at,r~ve MTCJ\ ·Methoo C deahup J~ve!s) d(?p¢n<lingfori',\site-specific C£!1sJjyons.' ff.q~e;y~r. in 
eiQie~ocas~,, ihe)'.I~!~ -~ ~ ,:and;;,th,e conceP,~Ij!esigi:i, m~ets th~_se l \RA~ .r 

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 conformance measures are recommended for evaluating 
the long-term effectiveness and permanence 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 reeofflffl:efttiee sttrfaee barrier 
treaffl'l:efttKaseimedesifili for sites containing TRU and GTCC waste (if any). In these applications, the 

- ·" - =·"····-..... f' 

Hanford Barrier is reqttiree to include§ provisions for control of biointrusion and inadvertent human 
intrusion:, a:s establishes ifl 40 CFR 191 a:ftti 10 CFR 61. The Modified RCRA Subtitle C Design, 
which is reeofflfflefttiee ifl t-his sateythe,baselme"design for sites containing Category 3 LL W, is also '.<;-~~~-~- ~ 
required to satisfy the intrusion control requirements iH 10 CPR 61. 

The prim.a:ry eofttrol reqttirem:eH:tS eeserieee iH 40 CPR 191 8:f>pea:r in SeetioH 191.15 (lfttiiYietta:l 
ProteetioH Reqttirem:eftts). This seetioH eireets tha:t eisposa:l system: eesigm (for TRU) ffttlst pro viee a: 
rea:soH:a:ble eJtpeeta:tioH, ha.see OH perfofffl:a:H:ee a:ssessm:eftts, tfl:a:t ttH:eistttrbee perfefffla:H:Ce of the system: 
will limit t-he 8:flffl:18:l eff.eefr1e dose (thfottgh 8:fl:Y 8:H:e B:l:l pot:em:ia:l pa:thwa:ys) t:o 8:fl:Y member of the 
pttblie t:o 15 ffl:reffl, for a: perioe of 10,000 yea:rs a:fter eisposa:l. AppeHei:x: C of 40 CPR 191 pro·,iees 
sttppleffl:eftta:l iflf-efffl:8:tioH: rega:reiflg EPA' s a:pproa:eh to eha:ra:eteriziflg ltttffl:8:H intresioH issues within t-he 
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regttlatien. IH the apperulix, EPA ideH:tifies 'iflad11ertefl:t aHd ifl:tel'fflittefl:t ifltrusieH by expleratery 
driHiHg for reseurees (ether thaH ~ pre11ided by the dispesal system itself)' as the mest se11ere 
iH:trusieH seeHarie TBC iH perfol'fflaH:ee assessmefl:ts. The EPA alse assumes t:hat 'passi1t•e imtitutieHal 
eefl:trels er the ifltl'Uders' ewH expleratery preeedures (would be) adequate for the ifltruders ta seen 
deteet, er be waffled ef, the i:fteempatibility ef the area with their aefrtities.' Health effeets 
eeHSequeH:ees are te be based eH quaH:tities ef eefltftffl:iflated drill euttiflgs er greuH:dwater that would be 
breught te the surfaee iH eeflfleetieH with expleratery driHiflg eperatiens. 

As deseribed ifl 10 CFR 61.2, aful 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. The regttlatieH ifleerperates 8./\- variety of requirements and controls il-£fintended 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). The regttlatieH ettYisiens 
vVarious forms of institutional controls are envisioned by the site owner to ensure that occupation or 
improper use of the site does not occur after closure; segregatiflg LLW that eeuld presefl:t M: 

unaeeeptable risk ta !lfl: ifltruder aH:d dispesiflg ef this waste iH a ffl!lfl:ller that pre1t ides seme fol'ffl ef 
ifl:tl'Uder barrier(s) desigHed te pre1,•efl:t fttture eefl:taet with the waste ( 10 CFR 61. 6), aH:d !l'teidanee ef 
sites for LLW disposal eeH:taifliflg knewH fl:!ltural reseurees (ifleludiflg greuHdwater reseurees) that 
inad11ertefl:t imruders might attempt te expleit at seme time iH the fttture wheH iHSti.tutieHal eefl:trels haYe 
beett elimmated (10 CFR 61.12). Waste designated as Class C (DOE Category 3) must-~ to'be 
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). 

Sites coniaJ!tia.g TRU or GTCCw aste has a more substantive barrier for the inadvert~nt mtruaer 
scenario. Two separate features 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 61:,j~- Although the asphalt layer is Hat ser¥ieeable as a deterrent ta driHiflg 
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iHtrusiefl, driHing is flat si.H:gled ettt its the defifliftg i.H:trusi:efl seeflltrie ifl 10 CPR 61 (its it is ifl 40 CPR 
191). CeRSideriRg the differeftees ifl witste eypes itddressed by the twe regttlittiens, drilling i.H:trusiefl 
represeHts it less eeRseqtteHtiitl tfl:feltt te flttmltfl: keitlth iH: the eitse ef 10 CPR 61 regttlitted witste . 

The Standard RCRA Subtitle C Barrier does-not provide long-term protect1on against penetration of 
deep-rooting plants into the waste (other than protection caused by thickness of the barrier). If 
maintenance of the facility included removal of deep-,rooting plants before they penetrate the waste, the 
effectiveness of this type of barrier could be enhanced. Monitoring and maintenance will be required 
for the Standatd RCRA Subtitle C Barrier to maintain effectiveness. ,Animal and human intrusion 
prevention is ~y way of institutional control. 

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. 

~.2.3.2 i\!,cj~~ lnfiltratiOJt Con~ y!: For the Standard.RCRA Subtitle"'C Barrier: ihe co mpacted 
soil compon en t of the low permeabiHty layer would need to achieve a maximum in-place saturated 
hydraulic conductivity of no greater than 1 x 10·7cm/sec. This is typically accomplished with clay or 
silty clay soils. At best, readily available and suitable Hanford Site native or nearby soils for this layer, 
are predominantly fine sand to silt. To consistently achieve a compacted permeability of 1 x 10·1 

.. cm.ls, 
soil admix, such as bentonite, will !YJ?.ically be required to amend native borrow soils. 

In wet climates, clay covers"or liners can be generally effective and reliable. However, the arid 
climate at the Hanford Site increases the likelihood of drying, which can cause cracking and raise 
permeability significantly of such compacted soils. This can be !]iti~ated by continual maintenance and 
rionitoring, ~ w~ l as likely: reJ?.air an~ lacement. 

A detailed hydrologic analysis of surface iiiftltration for a generic·;-MTG compliant Standard RCRA 
Subtitle C Barrier was not performed for this FFS. Comparative hydrologic studies for surface 
infiltration of various surface barriers were included in the Remedial Investigation and FS Report~ for 
the ER Disposal Facility (RI/FS ERDF, DOE/RL-93-99). However, the comparative analys~s did not 
include a Standard RCRA Subtitle C Barrier. In addition, available documentation for the 
Nonradioactive Dangerous Waste ~ ~fill did not ~ elude !J.ydrologl,c_ studies for surfac~ infiitration for 
~ Standar_~ RCRA Subtitle C Barrier .. 

Hydrologic Evaluation ofLandfilCPeJ.formanc~ .(HELP) computer rpodelfug ancl arialy~es were 
performed for a Standard RCRA Subtitle C Barrier for the low-level burial grounds in the 200 East and 
200 West Areas, as presented in [,,ow. Level Burial Grounds Dangerous Waste Permit Application 
(DOE-RL-88-20). In addition, for the 183-H Solar Basins in the.300 Area, HELP computer modeling 
and analyses were performed for a Standard RCRA Subtitle C Barrier, as pr~sented in 183-H Solar 
Evaporation Basin Closure/Post Closure flan (DOE-RL-88-04). In summary, both studies used 
current ambient precipitation and meteorological conditio!J.S as input parameters, and as can be 
expected, the majority of the precipitation was evaporated in the upper vegetative/armoring laye~r: For 
both stuclit:_S t.f>nlY. fr. s.!B!!l ,eg cent_!gg,.,.2!_.!fie total preci1?,itation inf~trate£1 to and t11!:g_u~~ tfie.·adI!]~ and 
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flexible me mbrane liner: Infiltration through the low permeability admix and :flexible membrane liner 
was estimated at 0.001 jn. annually (0.018% of 7.08 total in. annually) for the Low-Level Burial 
Grounds Project. In(tltra,tion through the low permeability admix,_and flexible membrane liner was 
estimated' at.0.07 iii. (0:§~ 8.22 total in. annually) for the 183-H Sola.! Basin assuming a 10% 
geomembrane failure. 

1n· generaC:iliis type-of adequate field performance can be expected of a Standard RCRA Subtitle C 
Barrier, under current, a:mbient:-type·raiil/weather conditions, provided that adequate maintenance, 
monitoring., and necessary repairs/replacement are made to the low permeability admix layer and· 
flexible membrane liner. This is one reason why the Standard RCRA Subtitle C Barrier has limited 
utility for Hanford ERC projects . . For longer term design-life consjderations (500 to 1,000 years), 
ambient precipitation could approach 2. to 3 times current ambient c::on~itions, and to~ infilt[atio0: 
volume throu~ the low permeabilicy admix and flexible membrane liners would increase: 

,.. ~·- . . ~- .,,,,. 

Numerical performance assessments of the three reeefflftleftded eftffier desigmHimford Barner, the 
ModifiecLRCRA Subtitle ·c Barner, and the Modftied RCRA Subtitle D Barner 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 arid 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 arid 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 arid locations , 
and it is used in all feur ef the barriers reeemmeftdeeprO!)QS in this FFs': eicept the Standard RCRA 
Subtitle C-Barrier. -

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. 

1. 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. 

3. The HELP Model was "calibrated" using water balance data from the Field Lysimeter Test 
Facility at the Hanford Site. The objective of calibration was to minimize the 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 Deep 

drainage 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.E. = Not evaluated. 

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 Average Annual Precipitation) 

Barrier Runoff Evapotranspiration 
Lateral 

Deep infiltration 
drainage 

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 

Hanford Barrier 0.00 97.71 2.24 

Mod. RCRA C Barrier 0.00 90.43 9.54 

Mod. RCRA D Barrier 0.00 90.43 9.57 

Lateral drainage 
and deep 

infiltration 

<0.06 

<0.04 

<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, hydro logic 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) 

Lateral drainage 
Barrier Runoff Evaporation Transpiration 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 Supunary - Twice Ambient Precipitation, Steady State HELP 
Model, Calibrated (in Percent of Twice Ambient Annual Precipitation) 

Barrier Runoff Evapotranspiration 
Lateral 

Deep infiltration drainage 

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 UNSA T-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 determined 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.) a (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 

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

Reflecting the Hanford Site's arid 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 three earfief1Ianforcf Barrier; Tue Modilled RCRA Subiitle c'Barri.er':-'and the Modified RCR-A 
Sub!itle D Bl!rrier ; ptions de; crib~'Iii this FPS 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 permitted 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-Tenn 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 tMee-barrier options (Haftferd Barrier, Medified 
RCRA C Barrier, afld Staftdard RCRA C Barrier) , 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 tlttee earriersHanford Barner , 
Modified RCRA Subtitle C Barrier, and the Modified RCRA Subtitle D Barrier can be expe~ted 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 Stand{icfRCRA Subtitle C Barner-is 'intended to provide a30'"'.:year, postclosure tles1grtlife, w ith 
expected maintenance, operations and repairs. Long-term durability beyond 30 years is not an intended 

. . -
design feature C>f the Standard RCRA Subtitle C Barrier. Long-term durability beyond 30 years is an 
intended design feature of the Ranford Barrier, the Modified RCRA Subtitle C Barrier, and the 
Modified RCRA Subtitle D Barrier. -- -= 

Several provisions have been incorporated into the three earri:erllamord Barrier, the Modtfied RC_g.A 
S96tfr~e _f' B~ier, an_d...._th_e_M_ od_i_fi ___ ed .... --R .. C"-__ RA_ .... $_ubtitle D Barrier 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 Ions-term durabili!)' 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 ll'f'plieftblepertains 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. AH of the reeofflffl:eHded 
barriers ifl this FFSThe Hanford BmTer:-tli.e-Modified RCRA -Subtitle C Barrier, and~tne Mocilfied 
RCRA~Subtttle 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 indicated in Section 4.2 3 .2, 
HELP modeling fo r Standard RCRA .Subtitle C Barriers applications at the Hanford Site use current 
ambient precipitation and meteorological conditions as input parameters; tp.e majority of the 
PE~cipitation.evaQorat~d in the up~e~,,~ gtJ~tiye/armorin~J!yer .. 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 reeeffl:fflefldedQ'r]'p§'['ci@ 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. Sttrutee bftrriers preYide for leng tefflt eeHtftfflffleHt ftHd 
iselfttieH ef rftdielegieftl eeftfflffliflftftts freffl ftH eJrf)esttre pftt:hwftys while deeftY preeeeds. I fo•w1ever, 
sttrfitee bftrriers de Het redttee eefttftfflifl:ftftt fflebility ifl: the seme thftt either the eeftfflffliHftHts er the hest 
seil ffledift ftre ehefflieftHy er physieftHy ftltered (fts with teehfl:elegies stteh ftS Mfttien ftfld 
•titrifiefttieftj. Use.of i unacebamers' is'considere<i"'a~coiitamment i~hriology- ijiifdoes poi; satisfy!'the 
pi:eference"t'qr redutt,j~n ~[!9xicity,JD.C1bility~ ot :vq{wµe· througijtfeatment. Use·qf:~UAa,C~ J>arriers 
will, however, prevent·further,spread of c,ontaminants and acconunodatetreatment ot:radionuclides m 
sln.t via natt;ira.i'clecay_! . ="-'=- ~~,:\<i<~N-•-~-,,.. ,~ a a~ tiM~ 'WiThW'bo/7 -~~ .. •;,;.,.;;;.;i...~~' -

,_..,, .:,.,.'. ,-~~--'-·" ,, ···""' 

4.2.5 Short-Tenn Effectiveness 

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 10-6 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 construction 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 . 

• Constructability. 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 fhfee[,_2s; barrier designs reeofflffleHdeapf@~n~d in this 
FFS would be expected to receive high ratings for constructability. 

• Reliability. The three reeofflffleftded barrierilanford.'Bmj~, .Modifie d RGRASubtltl~G 
Barqet }anq the ·:Klddtf!~iiCRA".Siibli~e itBarri~~ designs a~e predictedt;p~rlorm 7s··· 
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. .rfiieS~darcI'RGRA-su,.btfiie'.'t ~BanieF is-desi.gne~t f(!r-a 
:f01y~ar~pe1:joi:Pmiffe~'mstifut{on'arcontrol, with ex~cte4 maintenance, IIlOtu.toring;·_and 
H~~S~ :~~~~J2 12!2Yi4~J¢!ia!>Mi.1¥..; --- _ _,,_, ·~··------ --- .. " ' ·- -· 

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;fpexifile membrane liner, ancF6entoriite (oi,otffer}adnnx 
~atet!!f~~])s-the only essential materiaf ihit :n~;r b~ i:;;o;-ghtto.the sit~. 'c o~~q~e~tly:·it It~ot 
likely that significant schedule impacts would be experienced because of nonavailability of materials. 
As experience with barrier fifiie?construction accumulates, the likelihood of encountering significant 
technical problems, schedule delays, or cost overruns will be reduced. mi~ E®F;pr'o)ect'"1sJn 

- ,..._, - : · ""' -·--·":,;::-"".':-~•">'.'''. ··s;-';!..,._..~--w," ->: ., "¥ -~1""''·_··,~·\·'"' ,,~,_,,,,..,"t,",.._,.,_,,.,,.,,,.,, .. _,.,_"':' >:'','':'"·'"'. . ~ i('. ~ '!c';, ·-:.,x• · _:•,.-;-' . ''.'•.- w-.--,-~,, 

progress _of la,;~~ S£.a.~ ~pr~H£tiq_11.9f a~i£~~~!J>l!1,q__il}gJ1~ntoajt~-~ .t:,P.<led ·so "!~ ... !!I,!I?~~~ 
liner_]Ilatefials. 

• Ease of undertaking additional remedial actions. E9r 'the Hanforcr 
•-.-~ ~ »:1!·~~.,,:7~•·=--,."""'cC~..,,,.,~=~·-.---~ w,:,,~~ :-'l'-~/!,<,-·:,._;.,•;ce•,/•- -. - : ,. , : __ ·: __ .,; \(-! 

RCRA Subtitle OBarrier, .. antlc..tlie Modified RCRA: Subtitle ff Barrier,'.: 
:4.;;,~ · ·' /\, ,~. '#1 ~~i;;i@~~~w'.i-Si<~~---~"'.LJ ' ,. ahc' '<+ - "i'i ·- ii.l. 4 

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 soH material with similar material. Maint~nance:niopnorhig~ nd 

!~~~~~~~rcf~qJk\.SuruJ~lf~.J3TulITTVC)uI~ .. ~~ ~!P~~ il}=~~£Yw~.!~ £9n,s!i.tfu~ .. 
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 , peffflits , 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 af peffllits. 

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 yd3 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 

Cmnpa:fafrte 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. "\'egetatiaa easts wottld be eqtfrtaleflt for the three barrier desigHS. 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 4-45. For the subject 5-acre waste site 
Jt;.,,; 

(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 eafflflarisaHSt o~ts are offered as order-of-magnitude eafflflafisaHScosts only. 

, . - :t, __ .. , .... 

Cast eafflflarisaos far tlte three barriers will ·vary ffam ane site ta Mather, a:s a: fttoetiao af tlte siEe a:ftd 
sh8:fle af tlte ea·,ered 8:fea:, the site tapogr9:f'hy (whieh will deteffltifte tlte ftftt'ttre a:ftd ex.-teflt af site 
gfa:diog feqttiremeflts), a:od easts rela:tiog ta Sttbgra:de pretrea:tmeflt ta eHmioa:te law deHSity fiH 8:ftdlar 
sttbsttrfaee vaids. Regarding the three estimates in Appendix E, significant costs are identified for site 
grading, reflecting the existing irregular site surface over the eight cribs. Gra:ding easts a:re simila:r 
between the three ba:rfiers i:H 8:bsalttte teHHs. Ifowe·ver, tltey €osts"'suchistiiese'.vary widely as a 

~ ~-""'""""'="',._,~~ ~--·~·.;. ~ ':'· ' . - ., \ . ..., 

percentage of total project cost pepenqi~g~~ site~ p~ conditions. Another significant distmtiaocos~ 
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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. 

A-detailed. cos£siudffo[ th.e · Stanctarclij{cRA·subtitle c Barrier ~as.:not peif9~ eci fot't1ns":ffES .:·· 
Comparative 'consµuc!iOIL cost s~dies Jorwarious ,surface barriers were inch.1ded. iillhe RI/FS for 
ERDF (J?OE~_,93.:~9). ·•· •· Fo; :,fhe .§tandardRC~ Subtitle, c ~arrier,: ,;which iilcluded a vegetati~In~ 
generalfill layer se:veral fe,et tliick; uriitc,onstrµ~ioncosts wereestirnated at$59/m2•·($5.5/ft 2

)., 

Constrt1c, !on ·cost for the H~ord Barner Wcll?;estirnated at $H35/rn~~($12.6/fil); and~constru,ction cost 
foi- a barrier siinifar. to. the Modified RORA Subtitle G Barrier was estimated at $79/m+, ($7 3ift t) .. The 

. \_:;:. i''>- . ,i: ' :::,,." . . . . . . . ·, ' . ,' . ' 

cost differences ~etw.e~.9- the Hanfo{d Barrier,an[.!!ie ~ ~ if!ed R~R!.. Subtitle C. ~ arlions!stept 
wit!!,:those pr~~J!ted ,41'.t!!!s F£~jp·'Ae~ndix'""fil 

Not preseni~.in lli.it FF's·are~msHiuHona1 ·conirormamienaiice:anc1 .opera'tjons}"incI repair. iinct 
replacement £<>.sts forapy ofthf barrier ~te~~yes. As~ot~ in.,previous sections. o~this·J~FS; 
irnpJementation of these {aft6rs arscnti~l ·to thi short-' and long-term· perfo~nce oMow. perm~ iHt): 
barriers, such,;,~ the Sta11d~d,RCRA Subtitle C B~rrier, particularly in a,rid to semi.i,rid i;egiolis. 

•• /4S, =~ • .. >,,,,a;-•. ,.~~•-·••,%'• < . >,,w.~ »,V"'C"'·'"' -~ = i.,:;._m;,;;, •~ ,_.· ••~;. ·••- .,)1'$',i: ' · ,_....• .-., ..... ,,. V .,, "' •• ,... .... . . ;_ , •• >,-,;" ; 

Categru-ies formamtenance,:o'pefatfons,. tepaii aiidreplaceiiieµfcosts for:afow:permea6"iifff bmier' 
such as t he Standard RCRA Subtitl~ ,c B:m-ier' thatwould differ from evapotranspiration barriers -
(Hanford; Modified:cRCRA·Subtitle·C arid M~ified RCRA S~btitle D) include the following:, ~J..-
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• p nsure''iunctional p~~~-o[filrf~e ~~~r "iun35:'~.·afilE~ik>.i w tr~"coiI~ci~[~d 
discharge, qevices 

4.2.8 State Acceptance 

4.2.9 Community Acceptance 

This criterion provides for public input on recommended remedial action plans. Public comments 
regarding eemems ef this draft will be re·1iewed aHd evalttated by DOE, EPA, 8.flEl Eeelegy. Cefflfflettt 
dispesitieHS wiH be iHeerperated ittte the ttft8.l draft ef this FFS.!fies~s,p§fiS~~~@i~t!!.se!~fi 
this requirement. 
, "' ,;. .--k "°' ~ 
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Table 4-1. Conformance Assessment of Hanford Barrier to Design Criteria. (Page 1 of 3) 

Design Criteria 

1. Minimize moisture infiltration through the cover. 

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

Assessment of Conformance 

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 (1 cm/sec) is specified 
for the lateral drainage layer to prevent buildup of hydraulic head __ _ 
within the layer. . --

The low-permeability (approximately 10-s 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. 

Long-term durability of asphalt is being evaluated through natural 
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 construction 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. 

"¾ 
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Table 4-1. Conformance Assessment of Hanford Barrier to Design Criteria. (Page 2 of 3) 
Design Criteria 

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

4. Design a barrier 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. 

Assessment of Conformance 

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. 

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

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). 

Extremely low soil moisture conditions are expected to be maintained 
in the coarse-textured soil layers (i.e., Layers 4, 5, 6, and 7) below 
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 . 

The coarse, fractured basalt rip-rap in Layer 6 will contain material 
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 burrowing animals. 
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Table 4-1. Conformance Assessment of Hanford Barrier to Design Criteria. (Page 3 of 3) 

Design Criteria 

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

Assessment of Conformance 

Guidattee itt 40 CPR 191 idetttifies dDrilling ttS.is considered the most 
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 mechaniz~d 
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 . 

';"-l 
w The topsoil in Layer 1 will contain 15 wt.% pea gravel. As silt 

9. 

10. 

11. 

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

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). 

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

particles are eroded from the surface, pea gravel will form a lag 
deposit that will tend to protect the surface from further erosion. 

The low-permeability asphalt layer is expected to demonstrate an 
in-field saturated hydraulic conductivity value on the order of 
10·1 cm/sec. This value is several orders of magnitude lower than the 
conductivity values of natural subsoils in the 200 Areas. 

A two-layer graded filter (Layers 4 and 5) separates the topsoil layers 
from the underlying layers of coarse-textured aggregate materials that 
will perform the biointrusion and drainage functions. 

Design specifications for the two graded filter layers conform to 
standard filter criteria. 

The top of the lateral drainage layer will be situated approximately 
3.95 m (13 ft, 2 in.) below final grade. 



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

1. 

2. 

Design Criteria 

Minimize moisture infiltration through the cover. 

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. 

_..._ ____________________ _. 

Assessment of Conformance 

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 10·8 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 0.2 % 
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. 

Long-term durability of asphalt is being evaluated through natural 
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. 

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 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. 



Table 4-2. Conformance Assessment of Modified RCRA Subtitle C Barrier to Design Criteria. (Page 2 of 3) 

Design Criteria 

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

5. 

6. 

7. 

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

Prevent burrowing animals from accessing and 
mobilizing contamination. 

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

Assessment of Conformance 

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 ~dverse 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). 

Extremely low soil moisture conditions are expected to be maintained 
in the coarse-textured soil layers (i.e., Layers 3, 4, and 5) below the 
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. 

The low-permeability asphalt in Layer 6 is expected to present an 
impenetrable barrier to burrowing animals. 

GttidaHee iH 10 CPR 61 ideHtifies hll'uman habitation of the site ·.' 
surface as!s ,consT~eifa the most potentially adverse 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. 

-,,r~ 
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Table 4-2. Conformance Assessment of Modified RCRA Subtitle C Barrier to Design Criteria. (Page 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 m, 15 cm (2 ft, 6 in.) below final grade. 



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

Design Criteria 

l: !viinimize moisture infiltration, through ,the cover:, 

~-. Design a durable cover of natural materials that wiii 
require minimal maintenance during its design life. 

3. 

5. Prevent burrowing animals from accessing and 
hlobilizing contamination. 

Facilitate drainage and minunize surface erosion b)'. wind 
~nd water. ·· · · -

Assessment of Conformanc~ 

Design facilitates: el) over land fiow , or runoff of: precipitation 
tlirected to periphery of surface cover where runoff is collected and 
i:lischarged through percolation into adjacent ground, or other, 
basin/piping facility and (2) a two-component low permeability, 
layer (Layers 3 and 4) -; 

Design includes a top l~yer consisting of two natur!,ll components: 
,(1) either a vegetated or armored surface component to minimize 
~rosion, and to the extent possible, promote drainage off the cover 
~nd (2) a soil co1T1p~1!e.nt with a minimum total t~ickness of 60 cm 
'(24 in.). This top layer should be comprised of topsoil and/or local 
fill soil, as a1wropriate, the surface of which slopes uniformly at 
~east 3 % , but not more than 5 % (Layer 1). - · -

;Adequate performance can be expected with suitable maintenance, 
monitoring, and any necessary repairs/replacement. 

Where revegetation is used for erosion control, shallow-rooteq 
:vegetation is used. Selective planting, monitoring, and anYJ 
necessary removal of deep~rooted vegetatipn will meet this criteria4 

Mitigation of burrowtng animals can be provided by surveillance, 
engineering controls, and any necessary maintenance and repairs 
tluring the 30-year life of the cover. 

'A soil ciramage (an~ fML-protective bedding) iayer is provideq 
with a minimum thickness of 30 cm (12 in.) and a minimum . 
hydraulic conductivity of 1 x 10-2 cm/sec that will effectivelYJ 
piinimize water infiltration into the low-permeability layer, and will 
have a final slope of at least 3 % after settlement and subsidence; on 
a drainage layer consisting of geosynthetic materials witli 
~quivalent performance characteristics (Layer 3)., 
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ff able 4-3. Conformai;ice Assessment of Standard RCRA Subtitle C Barrier to Design Criteria. (Page 2 of 2) 

Design Criteria 

Design the low-permeability lafer of the cover to have a: 
permeability less than cfr equal to any, natural subs9ils, 
present. 

Design the cover to prevent the migration and 
~ccuinulation of topsoil rnat_erial withiq the lateral 
~rainage layer (i.e., clogging pf the lateral drainage 
iay,er). ., - - · 

For frost protection, the lateral drainage layer and the 
low-permeability layer are to be located at least 0.6 m,_ 
115 cm (2 ft, 6 in.) below the final grade .. 

A ssessnient of Conformance 

;Design includes a-_t~o-component low-permeaJ:>Ility layer, Jying 
wholly below the frost zone, that provides long-term minimization 
of water infiltration into the underlying waste, consisting of (1) a 
20-mil (0.5-mm) minimum thickness FML component and (2) a 
compacted soil component with a minimum thickness of at least 60 
cm (24 in:) and a maximum inplace saturated hydraulic 
conductivity of 1 x 10·1 cm/sec (Layer 4)., 

Design includes a fiiier ,layer to prevent migration of fine materials 
from the upper surfacej ayers to the underlying soil drainage layer. 

he minimum design thickness of the overlying layers places the 
ateral drainage layer and the low-permeability layer at least 0.6 m, 
15 cm (2 ft, 6 in.) below the final grade. · 
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3. 

Table 4-4. Conformance Assessment of Modified RCRA Subtitle D Barrier to Design Criteria. (Page 1 of 3) 

Design Criteria 

Minimize moisture infiltration through the cover. 

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

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

Assessment of Conformance 

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. 

Limited biointrusion control will be provided by adding soil layers 
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. 

Discounting grading fill (Layer 4), the combined thickness of 
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) 

4-:- BesigH 11: eover system th11:t iHelttdes 11: miHimttm thielmess :i::he Modified R€RA Sttetitle B B11:rrier f!l:eilit11:tes moistttre 
of 45 em tl8 iH.} of e11:rtheH m11:teri11:ls that will miHimi~e retefttioH iH the topsoil 111:yers tb11:yers 1, :;!, 11:Hd 3} fer remo•111:l ey 
moisrure iHfiltratieH threttgh the eo•ter. e•t11:per11:tieH !l:Hd pl11:Ht tr11:HspinttieH. 

:i::he e11:piH11:ry e11:rrier iftterfaee 11:t the b11:se of the tepseil 111:yers will 
restriet draiH11:ge aftd iHere11:se moisrure stor11:ge eap11:eity !l:beve the 
iHterfaee. 

:i::he eembiHed thielmess ef 611:yers l, :;!, 11:Hd 3 is 90 em t36 iH.}. 

~-,, 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 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. 

Layer 1 of the Modified RCRA Subtitle D Barrier has a design 
thickness of 20 cm (8 in.). 

fJS. 
{ J 

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. 

:/6. Design the low-permeability 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 10·6 and 10·1 cm/sec. This 
present, or a permeability that is no greater than value is less than the permeabilities of native subsoils in the 200 
1 x 10·5 cm/sec (whichever is less). Areas. 



Table 4-4. Conformance Assessment of Modified RCRA Subtitle D Barrier to Design Criteria. (Page 3 of 3) 

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

9f Design a cover with surface slopes of no less than 2 % . 

. ffi~. Design a cover with a functional life of 100 years. 

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 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 erosio_n. 

The surface slope is specified in the design at 2 % . 

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). 

"..D 
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Table 4-5. Sample Barrier Cost Estimates Based on Actual Estimated Costs for Barriers over 216-B-43/50 Cribs. 

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 
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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 reeemmendedfour 
prnsfni~ surface barrier designs was assessed against its design criteria and the EPA evaluatio; ~ 
criteria, demonstrate that the barrier designs wiH-constitute aeeer,taele remedies fur ar,r,lieatiett at 
eandidate IRM and LFI sitespoienti~f'geiieoc"remeru~l aitemativefor':"200M ea, :waste .siti s':-:'A ·s~te~ 
~pedfi.c-~vaiuatfon cairilien com are the single surface, barrier alternative to oth~r . ~lt~rnatives proposed 
for t!1~t1!4hti~:~~~ii-" The thre~;fflfflended ~esi~ ~:eresente,d;inj ,W~IT& ¥ e ~~- fo!\2Ws:, = 

• Hanford Barrier. Designed to provide 1,000-year isolation of waste sites containing TRU 
contaminants, mixed TRU and ha:z:Mdetts eeftfflffl:ifl:aftfs, and GTCC LLW and 9TQG mixed 
waste . 

• Modified RCRA Subtitle C Barrier. Designed to provide 500-year isolation of waste sites 
with h8:2:ardetts~ g~~ waste, Category 3 LL W, Category 3 LL mixed waste, and Category 
1 LL mixed waste. 

• Stili~d'.t(~~~sij:h!ifiiiPJ!iffl!i:T~ gµ'ff~2 "rovi~~:ii~~;7[oii!tcin_::<2hcfijige£OH~ 
~a~Jll~!e~ .• 

• 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. 

Tiie $~ cl¥ ~ReRA:' Sulfiiile. C::~ri~r:J1~:;,U,mfi~a app'f~tio:ris ano u,~~f'ille'.il~n(o'ra Si~ , indivi~ual 
projepLsites. Limita~~ns ,,i!1c.l1Jqe\t:1J.~f9lle>~i°'g ;,2;{;1-) _!imiteq designJite,apd (2) ariticipatedhigh . 
surveillance,,:maintenan¢~ and Qperations co~t-f a,.}1$aj•by ,ow-peimeability}ayer design features, ~ 
implementation of sucli in:ar1~ ·climate conditions and maintenarice arid operations cost caused b~ 
surface water run-on anqj u"µQff,yontrol, c;oHection, ;andtd~charge (acilifie§. ,,.Becatfse of these 

•. ,. . .··· ::::> .•,· i'- · · . .:: ',· '. '; \ . ,_. · ·>'· h .. -,,, -~'', .' . _•'~ >w . . _.' -- . .' :··-• . . ,-,_A_: .. ·-: ,j_ • • , . -:. ,· -·. . .·• ~-

limitations: the .Standard,RCAA:Subfitle ·c Barrier is. notr ecommenoecl for use ori Hanford Site 'ER 
• ~,.._:~...i:il,tc- ' « { :t, -ilw ., ... ,:- ··.· ¾fi H ', ~-,;;s,,;p/Wl'i'¼,,;,;;- ·'• · ,.· . . - . · --_ •:; · . * "'~ .·, . , . W>l ~-, . ,..,..,_ 

projec~l i 

The ~Modffiedl l CM ~ 6Jiile=~~aiii~r ts1coiisicf~fe<FtoJ ieEiheoaselme de s1zym rfeu~of the Standard 
RCRA Subtitle e Barrier: sAdvantages . . , ·RA Subtitle·C Barrier include .the following: 

•• ,.,,;;=.•· ,;:,. ·"'•:---- O>;i .• ;,;~,,.;,,',: ..... ~-,/4»-' ·-··;.;,,,:,,;~ ••• :i.;<,~ ... i:u~~z:;; . :,,,,~-~~--'-"-•,-),;I..:----- ·-= 

• 

• 
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ARARs, including design-specific ARARs that were not addressed in the conceptual 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. . t 

5.3 RECOMMENDATIONS FOR FURTHER WORK 

The following subsections highlight several design issues recommended as priority topics for further 
barrier development work.~ :Recommeiiciatlons madl\vltli.iiriHis FF S- . •w cfbeclispositioned befcfre 

, .... , . i"- ·=-':"'""'~'7." ---~._,,,.,,"9f _.- ____ _ --:'< .. - _·,,,o,,, . • ~ _---- - ,., _ -=-·-'~-~A:;;,;~?i "h ••~~ 

impJ~m.~1!~,Ho1:1J~~.,£~t for the II!~te~!~data. base, "§.~g2n g£ 

5.3.1 Prototype Testing 

Plans fefto monitoriflg and testiflg-ef the Hanford Barrier prototype over ili"~'.2 16-B-57 Crib are 
. -~ :tc,== 

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 h~ardottstlangerous, 

,,.,·,,.;,i. ' w., ..... ~ 

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 baselifle 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. 

This eoHeept was Hot eomidered further for se·1eral reasom. First, there is HO provisioft ift the ARAR:s 
for sttrfa:ee barriers that provide HO hydrologie proteetioft. Seeoftd, HO sites iH the 200 Areas ha"t'e beeH 
evalttated to date by the ER Progr!lffl that eoftfofffl: to this ease (i.e., sites with HO mobile eomtittteHts 
sHch as ~e aHd U in the waste il'wefttory) . Third, there was a laek of eomemtts regardittg the 
essefttial desigH at:tribtttes of stteh a barrier. 

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, generally can 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 ee¥et'Sthe.surface bamers 
.,,,,. _· , .-.,.,.·,-•~x-,..,,,. ....... ,.....,. ., ~,__ ·--
evaluated.in 1J:iiS FFS. To deal effectively with this issue, the engineering focus must be redirected 
._.,-~,,C ;;J¥..o. · .K . . ,.;;,,;;;,,,,;.,)il;;.(I;,~-~ 

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 . 

1. 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-ft2] 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 barriers for 200 Area waste 
sites . These generk concepfufil deJ1gns can 1,e"iis&i7as a haseline cover desfgn tc>·-evaTuaTevarrous 
remedialaltemativet durmg a 5itt~pe~ific evalqatiqn. iburing tl$ sit~~speqiiic eval~ation, the tailoring 
of the, cover design can be accomplished factpring''m specifiq locatiqn;:con~ihants, riskJev,els, et~. . . 
The generic .design prov,iqed.h re ~efl,e,cts a bafyier tha\_meets"alf pof~ptial d~s!g~ ~rit~lj.a.~and can ~~- .~ 
simplified oLr_educed i~,,!½;~~~.t;;,.!~!etdesigg critefia,, isneeded·for tM ~pecific .site. w-Figure 5-1 represents 
the l~gi~ 'ror barrier selection andfor1rip1~;~ntati~~~aded app~oa~i;;;"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 TR U constituents er TRU mixed waste in concentrations in excess of 
100 nCi/g? 

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

3. Does the WMU contain waste regulated as ha:'.fftrdetts er mixed~ ger~ waste? 

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

5. Does the WMU contain LL W 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 ha:ia:rdettsclan"'geroUS: constituents are present at levels of 

i~~-.N~ 

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 Band another 8 
ha:ia:rdettsq.ang-e!2u~ 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 ftft'.fftrdettsaaiii~ 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 ftft'.fftrdettSpangetbus component. Sites with Category 1 
LL W 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 
· ref er to statements listed in Section 5.4). 
,- f l 
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The LLW is divided into three categories at the Hanford Site: Category 1 (analogous to NRC Classes 
A and B), Category 3 (analog<;)Us to NRC Class C), and GTCC as defined by NRC in 10 CPR 
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 CPR 61.55(a)(7) . 
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Categories 1 anc:J 3 Activity 
Limits for Disposal. (Page 1 of 3) 

Activity limits (Ci/m3) 

Nuclide 
Category 1 Category 3 

3H 5.0 E+06 

ioBe 1.0 E+OO 2.2 E+02 

•4c 4.0 E-02 9.1 E+OO 

l4ca 4.0 E-01 9.1 E+0l 

36Cl 4.0 E-04 8.3 E-02 

40K 1.7 E-03 3.4 E-01 

60Co 7.7 E+0l 

'9Ni 4.0 E+OO 8.3 E+02 

'9Ni• 4.0 E+0l 8.3 E+03 

63Ni 4.8 E+OO 1.7 E+04 

63Ni• 4.8 E+0l 1.7 E+05 

79Se 3.8 E-01 8.3 E+0l 

90Sr 4.3 E-03 1.5 E+04 

93Zr 2.7 E+OO 5.9 E+02 

94Nb 2.6 E-04 5.6 E-02 

94Nb• 2.6 E-03 5.6 E-01 

93Mo 3.0 E-01 7.1 E+0l 

~c 5.6 E-03 1.2 E+OO 

~c 5.6 E-03 1.2 E+OO 

101pd 4.8 E+OO 1.0 E+03 

ll3mcd 2.0 E-01 

121msn 6.3 E+OO 2.0 E+05 

126Sn 1.8 E-04 

l29J 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 

133Ba 7.7 E-01 

135Cs 1.9 E-01 4 .2 E+0l 

137Cs 6.3 E-03 1.3 E+04 

141sm 1.6 E-02 3.4 E+OO 

ISISm 3.8 E+0l 1.8 E+05 

,soEu 1.6 E-03 7.7 E+02 

1s2Eu 5.3E-02 

'54Eu 8.3E-01 

1s2Gd 6.3 E-03 1.3 E+OO 

'~e 5.3 E+OO 1.1 E+03 

200Po 2 .9 E-02 7.7 E+0l 

210pb 1.0 E-02 5 .6 E+05 

226Ra 1.4 E-04 3 .6 E-02 

zuRa 1.9 E+0l 

221Ac 4.5 E-03 3.2 E+05 

229Th 4.8 E-04 1.1 E-01 

230'fh 2.1 E-03 1.3 E-01 

232Th 1.2 E-04 2.2 E-02 

231Pa 1.6 E-04 3.3 E-02 

mu 5.3 E-04 4 .0 E+OO 

mub 7.7 E-03 1.1 E+00 

234u 9.1 E-03 2.1 E+00 

mu 3.2 E-03 5.9 E-01 

236u 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 Activity 
Limits for Disposal. (Page 3 of 3) 

Activity limits (Ci/m3) 
Nuclide 

Category 1 Category 3 

237Npb 1.9 E-04 4 .0 E-02 

238Pub 9 .1 E-03 4 .5 E+0l 

239Pub 3.6 E-03 7.7 E-01 

240Pub 3.6 E-03 7.7 E-01 

241Pub 7 .7 E-02 3.1 E+0l 

242Pub 3.8 E-03 8.3 E-01 

244Pub 8.3 E-04 1.7 E-01 

241Affib 2.6 E-03 1.1 E+OO 

242mAffib 2.6 E-03 2.4 E+OO 

243 Affib 1.3 E-03 2.8 E-01 

243Cmb 2.5 E-02 6.3 E+02 

244cmb 2.3 E-01 2.9 E+02 

245Cmb 2.1 E-03 3.3 E-01 

246Cmb 3.3 E-03 7.7 E-01 

247Cmb 7.1 E-04 1.5 E-01 

248Cmb 9.1 E-04 2.0 E-01 
Lmut tor 1soto e m act1vatea metal. p 

b Category 3 limit is the lower of this value 
and 100 nCi/g. 
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APPENDIXB 

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 Patha 
(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/ N 
Nonradiological 

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 N 
TRU/Mixed Waste 

200-PO-2 218-E-13 Burial Ground LL/Mixed Waste N 

200-PO-2 299-£24-111 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/ N 
Nonradiological 

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 LL/Mixed 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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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/ N 
Nonradiological 

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-B-18 Crib LL/Mixed Waste y 

200-BP-2 216-B-19 Crib LL/Mixed Waste y 

200-BP-2 216-B-20 Trench LL/Mixed Waste y 

200-BP-2 216-B-21 Trench LL/Mixed Waste y 

200-BP-2 216-B-22 Trench LL/Mixed Waste y 

200-BP-2 216-B-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-B-27 Trench LL/Mixed Waste y 

200-BP-2 216-B-28 Trench LL/Mixed Waste y 

200-BP-2 216-B-29 Trench LL/Mixed Waste y 

200-BP-2 216-B-30 Trench LL/Mixed Waste y 

200-BP-2 216-B-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 y 
Contaminated Soil 

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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200-BP-2 216-B-58 Trench LL/Mixed Waste 

200-BP-3 216-B-35 Trench LL/Mixed Waste 

200-BP-3 216-B-36 Trench LL/Mixed Waste 

200-BP-3 216-B-37 Trench LL/Mixed Waste 

200-BP-3 216-B-38 Trench LL/Mixed Waste 

200-BP-3 216-B-39 Trench LL/Mixed Waste 

200-BP-3 216-B-40 Trench LL/Mixed Waste 

200-BP-3 216-B-41 Trench LL/Mixed Waste 

200-BP-3 216-B-42 Trench LL/Mixed Waste 

200-BP-4 216-B-7A Crib TRU/Mixed Waste 
Contaminated Soil 

200-BP-4 216-B-7B .Crib TRU/Mixed Waste 
Contaminated Soil 

200-BP-4 216-B-8 Crib LL/Mixed Waste 

200-BP-4 216-B-llA Reverse Well LL/Mixed Waste 

200-BP-4 216-B-1 lB Reverse Well LL/Mixed Waste 

200-BP-4 216-B-51 French Drain LL/Mixed Waste 

200-BP-6 216-B-4 Reverse Well LL/Mixed Waste 

200-BP-6 216-B-5 Reverse Well TRU/Mixed Waste 
Contaminated Soil 

200-BP-6 216-B-6 Reverse Well LL/Mixed Waste 

200-BP-6 216-B-9 Crib LL/Mixed Waste 

200-BP-6 216-B-l0A Crib LL/Mixed Waste 

200-BP-6 216-B-lOB Crib LL/Mixed Waste 

200-BP-6 216-B-13 French Drain LL/Mixed Waste 

200-BP-6 216-B-56 Crib Nonhazardous/ 
N onradiological 

200-BP-6 216-B-59B Retention Basin LLW 

200-BP-6 216-B-60 Crib LL/Mixed Waste 

200-BP-6 218-E-6 Burial Ground Nonhazardous/ 
Nonradiological 
Solid Waste 
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200-BP-6 218-E-7 . Burial Ground LL/Mixed Waste 

200-BP-8 216-B-2-1 Ditch LL/Mixed Waste 

200-BP-8 216-B-2-2 Ditch LL/Mixed Waste 

200-BP-8 216-B-2-3 Ditch LLW 

200-BP-8 216-B-63 Ditch LL/Mixed Waste 

200-BP-8 207-B Retention Basin LLW 

200-BP-9 216-B-12 Crib LL/Mixed Waste 

200-BP-9 216-B-55 Crib LLW 

200-BP-9 216-B-62 Crib LLW 

200-BP-9 216-B-64 Retention Basin LLW 

200-BP-9 200 Area Pit Nonhazardous/ 
Construction Pit Nonradiological 

Solid Waste 

200-BP-10 218-E-2 Burial Ground LL/Mixed Waste 

200-BP-10 218-E-2A Burial Ground LL/Mixed Waste 

200-BP-10 218-E-4 Burial Ground LL/Mixed Waste 

200-BP-10 218-E-5 Burial Ground LL/Mixed Waste 

200-BP-10 218-E-5A Burial Ground Pre-1970 
TRU/Mixed Waste 

200-BP-10 200-E-8 Borrow Pit Ash Pit Hazardous Waste 
Demolition Site 

200-BP-10 218-E-9 Burial Ground LL/Mixed Waste 

200-BP-10 218-E-10 Burial Ground LL/Mixed Waste 

200-BP-11 216-B-3 Pond LL/Mixed Waste 

200-BP-11 216-B-3A Pond LL/Mixed Waste 

200-BP-11 216-B-3B Pond LL/Mixed Waste 

200-BP-11 216-B-3C Pond LL/Mixed Waste 

200-BP-11 216-B-3-1 Ditch LL/Mixed Waste 

200-BP-11 216-B-3-2 Ditch LL/Mixed Waste 

200-BP-11 216-B-3-3 Ditch LLW 
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200-BP-11 216-E-28 Pond Nonhazardous/ 
Nonradiological 

200-SS-1 218-E-3 Burial Ground LL/Mixed Waste 

200-IU-6 216-A-25 Pond LLW 

200-SO-1 216-C-1 Crib LL/Mixed Waste 

200-SO-1 216-C-2 Reverse Well LLW 

200-SO-l 216-C-3 Crib LL/Mixed Waste 

200-SO-1 216-C-4 Crib LL/Mixed Waste 

200-SO-1 216-C-5 Crib LL/Mixed Waste 

200-SO-1 216-C-6 Crib LL/Mixed Waste 

200-SO-1 216-C-7 Crib LLW 

200-SO-1 216-C-9 Pond LLW 

200-SO-1 216-C-10 Crib LL/Mixed Waste 

200-SO-1 218-C-9 Burial Ground LLW 

200-SO-1 200-E Powerhouse Ditch Nonhazardous/ 
Ditch Nonradiological 

200-NO-l 216-N-1 Pond LLW 

200-NO-1 216-N-2 Trench LLW 

200-N0-1 216-N-3 Trench LLW 

200-NO-1 216-N-4 Pond LLW 

200-NO-1 216-N-5 Trench LLW 

200-NO-1 216-N-6 Pond LLW 

200-NO-1 216-N-7 Trench LLW 

200-RO-1 216-S-5 Crib LL/Mixed Waste 

200-RO-1 216-S-6 Crib LL/Mixed Waste 

200-RO-1 216-S-l0D Ditch LL/Mixed Waste 

200-RO-1 216-S-IOP Pond LL/Mixed Waste 

200-RO-1 216-S-11 Pond LL/Mixed Waste 

200-RO-1 216-S-16D Ditch LL/Mixed Waste 

200-RO-1 216-S-16P Pond LL/Mixed Waste 
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200-RO-1 216-S-17 , Pond LL/Mixed Waste 

200-RO-1 216-S-19 Pond LL/Mixed Waste 

200-RO-1 216-S-25 Crib LLW 

200-RO-1 216-U-9 Ditch LL/Mixed Waste 

200-RO-2 207-S Retention Basin LLW 

200-RO-2 216-S-1 Crib TRU/Mixed Waste 
Contaminated Soil 

200-RO-2 216-S-2 Crib TRU/Mixed Waste 
Contaminated Soil 

200-RO-2 216-S-3 French Drain LL/Mixed Waste 

200-RO-2 216-S-7 Crib LL/Mixed Waste 

200-RO-2 216-S-8 Trench LL/Mixed Waste 

200-RO-2 216-S-9 Crib LL/Mixed Waste 

200-RO-2 216-S-13 Crib LL/Mixed Waste 

200-RO-2 216-S-15 Pond LL/Mixed Waste 

200-RO-2 216-S-18 Trench LL/Mixed Waste 

200-RO-2 216-S-23 Crib LL/Mixed Waste 

200-RO-2 218-W-9 Burial Ground LL/Mixed Waste 

200-RO-3 207-SL Retention Basin LL/Mixed Waste 

200-RO-3 216-S-12 Trench LL/Mixed Waste 

200-RO-3 216-S-14 Trench LL/Mixed Waste 

200-RO-3 216-S-20 Crib LL/Mixed Waste 

200-RO-3 216-S-22 Crib LL/Mixed Waste 

200-RO-3 216-S-26 Crib LLW 

200-RO-3 218-W-7 Burial Ground LL/Mixed Waste 

200-SS-2 216-W-LWC Crib LLW 

200-SS-2 200-W Powerhouse Ash Pit Nonhazardous/ 
Ash Pit Nonradiological 

Solid Waste 

200-SS-2 200-W Ash Ash Pit Hazardous Waste 
Disposal Basin 
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200-SS-2 200-W Bum Pit Pit Hazardous Waste 

200-TP-1 216-T-5 Trench LL/Mixed Waste 

200-TP-1 216-T-7TF Crib and Tile Field LL/Mixed Waste 

200-TP-1 216-T-21 Trench LL/Mixed Waste 

200-TP-1 216-T-22 Trench LL/Mixed Waste 

200-TP-1 216-T-23 Trench LL/Mixed Waste 

200-TP-1 216-T-24 Trench LL/Mixed Waste 

200-TP-1 216-T-25 Trench LL/Mixed Waste 

200-TP-1 216-T-36 Crib LL/Mixed Waste 

200-TP-1 216-T-32 Crib TRU/Mixed Waste 
Contaminated Soil 

200-TP-2 216-T-13 Trench LL/Mixed Waste 

200-TP-2 216-T-18 Crib TRU/Mixed Waste 
Contaminated Soil 

200-TP-2 216-T-19TF Crib and Tile Field LL/Mixed Waste 

200-TP-2 216-T-20 Trench LL/Mixed Waste 

200-TP-2 216-T-26 Crib LL/Mixed Waste 

200-TP-2 216-T-27 Crib LL/Mixed Waste 

200-TP-2 216-T-28 Crib LL/Mixed Waste 

200-TP-2 216-T-31 French Drain LL/Mixed Waste 

200-TP-3 207-T Retention Basin LLW 

200-TP-3 216-T-4A Pond LL/Mixed Waste 

200-TP-3 216-T-4B Pond LLW 

200-TP-3 216-T-4-lD Ditch LL/Mixed Waste 

200-TP-3 216-T-4-2 Ditch LLW 

200-TP-3 216-T-6 Crib TRU/Mixed Waste 
Contaminated Soil 

200-TP-3 216-T-12 Trench LL/Mixed Waste 

200-TP-3 216-T-14 Trench LL/Mixed Waste 

200-TP-3 216-T-15 Trench LL/Mixed Waste 

200-TP-3 216-T-16 Trench LL/Mixed Waste 
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Table B-1. Candidates for R;emediation with Surface Barriers. (Page 9 of 12) ., 
200-TP-3 216-T-17 '. ~ ( 

. Trench LL/Mixed Waste 

200-TP-4 216-T-1 Ditch LLW 

200-TP-4 216-T-2 Reverse Well LL/Mixed Waste 

200-TP-4 216-T-3 Reverse Well TRU/Mixed Waste 
Contaminated Soil 

200-TP-4 216-T-8 Crib LL/Mixed Waste 

200-TP-4 216-T-9 Trench Nonhazardous/ 
N onradiological 

200-TP-4 216-T-10 Trench Nonhazardous/ 
N onradiological 

200-TP-4 216-T-11 Trench Nonhazardous/ 
Nonradiological 

200-TP-4 216-T-29 Crib LL/Mixed Waste 

200-TP-4 216-T-33 Crib LL/Mixed Waste 

200-TP-4 216-T-34 Crib LL/Mixed Waste 

200-TP-4 216-T-35 Crib LL/Mixed Waste 

200-TP-4 218-W-8 Burial Ground LL/Mixed Waste 

200-TP-4 241-T-361 Settling Tanlc LL/Mixed Waste 

200-UP-2 216-S-4 French Drain LL/Mixed Waste 

200-UP-2 216-S-21 Crib LL/Mixed Waste 

200-UP-2 207-U Retention Basin LL/Mixed Waste 

200-UP-2 216-U-1 Crib LL/Mixed Waste 

200-UP-2 216-U-2 Crib LL/Mixed Waste 

200-UP-2 216-U-3 French Drain LL/Mixed Waste 

200-UP-2 216-U-4 Reverse Well LL/Mixed Waste 

200-UP-2 216-U-4A French Drain LL/Mixed Waste 

200-UP-2 216-U-4B French Drain LL/Mixed Waste 

200-UP-2 216-U-5 Trench LL/Mixed Waste 

200-UP-2 216-U-6 Trench LL/Mixed Waste 

200-UP-2 216-U-7 French Drain LL/Mixed Waste 

200-UP-2 216-U-8 Crib LL/Mixed Waste 
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200-UP-2 216-U-10 Pond TRU/Mixed Waste y 
Contaminated Soil 

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 Burial Ground Hazardous Waste N 
Surface Laydown 
Area 

200-UP-2 216-Z-lD Ditch TRU/Mixed Waste y 
Contaminated Soil 

200-UP-2 216-Z-11 Ditch TRU/Mixed Waste y 
Contaminated Soil 

200-UP-2 216-Z-19 Ditch TRU/Mixed Waste y 
Contaminated Soil 

200-UP-2 216-Z-20 Crib LLW y 

200-UP-2 200-W Powerhouse Pond Nonhazardous/ N 
Pond N onradiological 

200-UP-3 200-W-4 Demolition and Hazardous Waste y 
Inert Waste Landfill 

200-ZP-2 207-Z Retention Basin LL/Mixed Waste y 

200-ZP-2 216-Z-1&2 Crib TRU/Mixed Waste y 
Contaminated Soil 

200-ZP-2 216-Z-lA Tile Field LL/Mixed Waste y 

200-ZP-2 216-Z-3 Crib TRU/Mixed Waste y 
Contaminated Soil 

200-ZP-2 216-Z-4 Trench LL/Mixed Waste y 

200-ZP-2 216-Z-5 Crib TRU/Mixed Waste y 
Contaminated Soil 
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200-ZP-2 216-Z-6 Crib LL/Mixed Waste y 

200-ZP-2 216-Z-7 Crib TRU/Mixed Waste y 
Contaminated Soil 

200-ZP-2 216-Z-8 French Drain TRU/Mixed Waste N 
Contaminated Soil 

200-ZP-2 216-Z-8 Settling Tanlc TRU/Mixed Waste y 

200-ZP-2 216-Z-9 Trench TRU/Mixed Waste y 
Contaminated Soil 

200-ZP-2 216-Z-10 Reverse Well TRU/Mixed Waste N 
Contaminated Soil 

200-ZP-2 216-Z-12 Crib TRU/Mixed Waste y 
Contaminated Soil 

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 y 
Contaminated Soil 

200-ZP-2 241-Z-361 Settling Tanlc LL/Mixed Waste y 

200-ZP-3 218-W-1 Burial Ground Pre-1970 y 
TRU/Mixed Waste 

200-ZP-3 218-W-lA Burial Ground LL/Mixed Waste y 

200-ZP-3 218-W-2 Burial Ground Pre-1970 y 
TRU/Mixed Waste 

200-ZP-3 218-W-3 Burial Ground Pre-1970 y 
TRU/Mixed Waste 

200-ZP-3 218-W-4A Burial Ground LL and Pre-1970 y 
TRU/Mixed Waste 

200-ZP-3 218-W-11 Burial Ground LL/Mixed Waste y 

200-ZP-3 Z Plant Bum Pit Bum Pit Hazardous Waste N 

200-IU-3 Old Central Landfill Landfill LLW (b) 
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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 
IRM or LFI paths are subject to final remedy selection. 

bNo 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 
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1.0 CONTENTS AND ORGANIZATION OF TlllS APPENDIX 
I 

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 arid 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 arid 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 arid 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 . 

1. 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. 

3. The HELP Model was l'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 C-1, C-2, AND C-3 

The HELP Model computes runoff, lateral drainage, and infiltration through a multilayer soil liner 
and/or cover system for a user-specified location, using actual or stochastically generated daily 
rainfall data and stochastically generated temperature and solar radiation parameters for that location. 
To model the recommended barrier designs, each layer must be characterized in terms of thickness , 
degree of compaction, porosity, field capacity, wilting point, and saturated hydraulic conductivity. 
The HELP Model contains a look-up table with default characteristics for various representative soil 
textural types . Climate input information for HELP Model 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 I-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/ft3 dry unit weight and 25% porosity] and 
85 wt. % silt [85 lb/ft3 dry unit weight and 51.4% porosity]) . 

Porosity = 0 .4 734 
Field Capacity = 0.2381 
Wilting Point = 0.0629 
Saturated Hydraulic Conductivity = 9.9 x 10-4 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 lo-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 fines 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 1 x 10-s 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 la)'er: 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 layer with a 
saturated hydraulic conductivity of 1 x 10-s 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 1 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 104 cm/sec 

The hydraulic conductivity value is based on field and laboratory measurements. 

Layer 3-lower (compacted) silt layer: 30 cm (12 in.) thick. The values cited here 
are the same as values used for compacted McGee Ranch silt in Layer 2 of the 
Modified RCRA Subtitle C Barrier design. 
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APPENDIX C-1 

HANFORD BARRIER DESIGN 
PRELIMINARY PERFORMANCE ASSESSMENT FOR STEADY-STATE CONDITIONS 

(HELP VERSION 2.0 RESULTS) 
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APPENDIX C-1 

HANFORD BARRIER DESIGN 
PRELIMINARY PERFORMANCE ASSESSMENT FOR STEADY-STATE CONDITIONS 

(HELP VERSION 2.0 RESULTS) 

LAYER 1 -- POOR GRASS COVER 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

40 . 00 INCHES 
0.4734 VOL/VOL 
0 . 2381 VOL/VOL 
0.0627 VOL/VOL 
0.0834 VOL/VOL 
0.000989999971 CM/SEC 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 3 

40.00 INCHES 
0.5140 VOL/VOL 
0.2585 VOL/VOL 
0.0681 VOL/VOL 
0 . 11 71 VOL/VOL 
0.000989999971 CM/SEC 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

Cl-3 

6.00 INCHES 
0 . 4570 VOL/VOL 
0 . 0830 VOL/VOL 
0 . 0330 VOL/VOL 
0.0922 VOL/VOL 
0.003100000089 CM/SEC 



THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
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LAYER 4 

VERTICAL PERCOLATION LAYER 

12.00 INCHES 
0 . 4170 VOL/VOL 
0 . 0450 VOL/VOL 
0.0200 VOL/VOL 

INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

0 . 0442 VOL/VOL 
0 . 009999999776 CM/ SEC 

LAYER 5 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

60 . 00 INCHES 
0 . 4170 VOL/ VOL 
0.0450 VOL/VOL 
0 . 0200 VOL/VOL 
0 . 0350 VOL/ VOL 
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 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

Cl-4 

6.00 INCHES 
0 . 0220 VOL/VOL 
0.0210 VOL/VOL 
0.0200 VOL/VOL 
0 . 0210 VOL/VOL 
0.000000010000 CM/SEC 
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GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS 

87.21 
43560. SQ FT 

36.00 INCHES 
17.0424 INCHES 

3.0024 INCHES 
0.0000 INCHES 

11.8696 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 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 

1.60 
113 

= 288 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

JAN/JUL 

29.30 
76.40 

FEB/AUG 

36.30 
74.30 

MAR/SEP 

45.10 
65.20 

APR/OCT 

53.10 
53.00 

Cl-5 

MAY/NOV 

61. 50 
39.80 

JUN/DEC 

69.30 
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 0.778 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 (INCHES) 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 

(INCHES) 
--------

PRECIPITATION 5.56 

RUNOFF 0 . 000 

EVAPOTRANSPIRATION 4.303 

LATERAL DRAINAGE FROM LAYER 6 0.0025 

PERCOLATION FROM LAYER 7 0 . 0477 

CHANGE IN WATER STORAGE 1.206 

SOIL WATER AT START OF YEAR 11.87 

SOIL WATER AT END OF YEAR 13.08 

SNOW WATER AT START OF YEAR 0 . 00 

SNOW WATER AT END OF YEAR 0.00 

ANNUAL WATER BUDGET BALANCE 0 . 00 

Cl-6 

1979 

(CU. FT.) 
------ ---

20183. 

0 . 

15622. 

9. 

173. 

4379. 

43087. 

47466. 

0. 

0. 

0 . 

PERCENT 

100 . 00 

0.00 

77.40 

0.04 

0.86 

21.70 

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 0.487 1.188 1. 943 0. 511 1.681 2.054 
(INCHES) 0.285 0 . 020 0.383 0 . 364 0.293 0 . 324 

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 0.0038 0.0041 0.0040 0.0041 0.0040 
LAYER 7 (INCHES) 0.0041 0.0041 0.0040 0.0041 0.0040 0.0041 

-- ---- ------------------------------------------------------------------
ANNUAL 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 

PERCOLATION FROM LAYER 7 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

TOTALS FOR YEAR 

(INCHES) 
--------

9.68 

0.001 

9.533 

6 0.0026 

0.0484 

0.095 

13.08 

13 . 17 

0 . 00 

0.00 

0.00 

Cl-7 

1980 

(CU. FT.) 
-- -------

35138. 

2. 

34606 . 

9. 

176. 

345. 

47466. 

47810. 

0 . 

0. 

0 . 

PERCENT 

100.00 

0 . 01 

98 . 49 

0.03 

0 . 50 

0.98 

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 (INCHES) 0.0041 0.0041 0.0039 0.0041 0.0039 0.0041 

------------------------------------------------------------------------
ANNUAL 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 

PERCOLATION FROM LAYER 7 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

TOTALS FOR YEAR 

(INCHES) 
--------

7.04 

0.000 

7.211 

6 0.0025 

0.0481 

-0.221 

13.17 

12.95 

0.00 

0.00 

0.00 

Cl-8 

1981 

(CU. FT.) 
---------

25555. 

0. 

26175. 

9. 

174. 

-803 . 

47810. 

47007. 

0. 

0. 

0. 

PERCENT 

100.00 

0.00 

102.42 

0.04 

0.68 

-3.14 

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 (INCHES) 0.0040 0.0040 0.0039 0.0040 0.0038 0.0040 

ANNUAL TOTALS FOR YEAR 1982 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 6 

PERCOLATION FROM LAYER 7 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------

7.98 

0.008 

7 . 672 

0.0024 

0 . 0472 

0.251 

12.95 

13.20 

0 . 00 

0.00 

0.00 

Cl-9 

(CU. FT.) 
---------

28967. 

28. 

27848. 

9. 

171. 

912. 

47007. 

47919. 

0 . 

0. 

0. 

PERCENT 

100.00 

0.09 

96.14 

0.03 

0.59 

3.15 

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 0.596 0.998 2.199 0.870 0.605 l.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 (INCHES) 0.0039 0.003 9 0.0037 0.0039 0.0037 0.0038 

---- --------------------------------------------------------------------
ANNUAL 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 

PERCOLATION FROM LAYER 7 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

TOTALS FOR YEAR 

(INCHES) 
--------
11. 07 

0.000 

9. 711 

6 0.0023 

0.0458 

l.311 

13.20 

14.51 

0.00 

0.00 

0.00 

Cl-10 

1983 

(CU. FT.) 
---------

40184. 

0. 

35250. 

8 . 

166. 

4759 . 

47919 . 

52678 . 

0. 

0. 

0 . 

PERCENT 

100 . 00 

0.00 

87.72 

0.02 

0.41 

11.84 

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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 

PERCOLATION FROM LAYER 7 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

TOTALS FOR YEAR 

(INCHES) 
-- - - - ---

7.27 

0.000 

9.057 

6 0.0021 

0.0444 

-1. 833 

14 . 51 

12.68 

0 . 00 

0.00 

0.00 

Cl-11 

1984 

(CU. FT . ) 
---------

26390. 

0. 

32877. 

8. 

161. 

-6655. 

52678 . 

46023. 

0. 

0. 

0. 

PERCENT 

100.00 

0.00 

124.58 

0.03 

0 . 61 

-25.22 

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 7 (INCHES) 0.0037 0.0037 0.0035 0.0037 0.0035 0.0037 

------------------------------------------------------------------------
ANNUAL TOTALS FOR YEAR 

(INCHES) 
--------

PRECIPITATION 5.10 

RUNOFF 0.000 

EVAPOTRANSPIRATION 4.776 

LATERAL DRAINAGE FROM LAYER 6 0.0020 

PERCOLATION FROM LAYER 7 0.0432 

CHANGE IN WATER STORAGE 0.279 

SOIL WATER AT START OF YEAR 12.68 

SOIL WATER AT END OF YEAR 12.96 

SNOW WATER AT START OF YEAR 0.00 

SNOW WATER AT END OF YEAR 0.00 

ANNUAL WATER BUDGET BALANCE 0.00 

Cl-12 

1985 

(CU. FT.) 
---------

18513. 

0 . 

17335. 

7. 

157. 

1014. 

46023. 

47036. 

0. 

0. 

0. 

PERCENT 

100.00 

0.00 

93.64 

0.04 

0.85 

5.48 

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 

------------------------------------------------------------------------
ANNUAL TOTALS FOR YEAR 

(INCHES) 
--------

PRECIPITATION 7.09 

RUNOFF 0.000 

EVAPOTRANSPIRATION 7.156 

LATERAL DRAINAGE FROM LAYER 6 0.0021 

PERCOLATION FROM LAYER 7 0.0435 

CHANGE IN WATER STORAGE -0.112 

SOIL WATER AT · START OF YEAR 12.96 

SOIL WATER AT END OF YEAR 12.85 

SNOW WATER AT START OF YEAR 0.00 

SNOW WATER AT END OF YEAR 0.00 

ANNUAL WATER BUDGET BALANCE 0.00 

Cl-13 

1986 

(CU. FT.) 
---------

25737. 

0. 

25978. 

7. 

158. 

-407. 

47036. 

46630. 

0. 

0. 

0. 

PERCENT 

100.00 

0.00 

100.94 

0.03 

0.61 

-1. 58 

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 

ANNUAL TOTALS FOR YEAR 1987 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 6 

PERCOLATION FROM LAYER 7 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------

5.07 

0.000 

5 . 217 

0.0022 

0.0449 

-0 . 194 

12.85 

12.65 

0.00 

0.00 

0 . 00 

Cl-14 

(CU. FT.) 
---------

18404. 

0. 

18936. 

8. 

163. 

- 703. 

46630. 

45927. 

0 .-

0. 

0. 

PERCENT 

100.00 

0.00 

102.89 

0.04 

0.89 

-3.82 

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 l.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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 

PERCOLATION FROM LAYER 7 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

TOTALS FOR YEAR 

(INCHES) 
--------

4.18 

0.000 

4.914 

6 0.0024 

0.0468 

-0.783 

12 . 65 

ll.87 

0.00 

0.00 

0.00 

Cl-15 

1988 

(CU. FT.) 
---------

15173. 

0. 

17838. 

9. 

170. 

-2843. 

45927. 

43083. 

0. 

0. 

0. 

PERCENT 

100.00 

0.00 

117.56 

0.06 

l.12 

-18.74 

0.00 
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1979 THROUGH 1988 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD . DEVIATIONS 

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

0.78 
0 . 18 

0.54 
0.14 

0.000 
0 . 000 

0.000 
0 . 000 

0.602 
0.399 

0.164 
0 . 370 

0.73 
0.09 

0.51 
0 . 12 

0.000 
0.000 

0.000 
0.000 

1.079 
0.085 

0.364 
0.095 

0.64 
0.51 

0 . 30 
0 . 28 

0.000 
0.000 

0.000 
0 . 000 

1.221 
0 . 259 

0.701 
0.136 

0.44 
0.41 

0.40 
0 . 39 

0.000 
0.001 

0 . 000 
0.002 

0 . 451 
0 . 241 

0.218 
0.121 

0 . 48 
1. 09 

0.42 
0.57 

0 . 000 
0 . 000 

0.000 
0 . 000 

0 . 634 
0.442 

0 . 411 
0 . 258 

0.42 
1.24 

0 . 40 
0 . 60 

0.000 
0.000 

0 . 000 
0.000 

1.080 
0.462 

0.795 
0.136 

LATERAL DRAINAGE FROM LAYER 6 

TOTALS 

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 

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 

STD . DEVIATIONS 

0 . 0039 0.0036 0.0039 0 . 0038 0 . 0039 0 . 0038 
0 . 0039 0.0039 0.0038 0.0039 0 . 0038 0 . 0039 

0.0002 0.0002 0 . 0002 0.0002 0 . 0002 0.0002 
0.0002 0.0002 0 . 0002 0.0002 0 . 0002 0 . 0002 

Cl-16 
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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. 

EVAPOTRANSPIRATION 6.955 (2. 062) 25247. 

LATERAL DRAINAGE FROM 0.0023 (0.0002) 8 . 
LAYER 6 

PERCOLATION FROM LAYER 7 0 . 0460 (0. 0019) 167. 

CHANGE IN WATER STORAGE 0 . 000 (0. 907) 0. 

PEAK DAILY VALUES FOR YEARS 1979 THROUGH 1988 

PRECIPITATION 

RUNOFF 

LATERAL DRAINAGE FROM LAYER 6 

PERCOLATION FROM LAYER 7 

HEAD ON LAYER 7 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

Cl-17 

(INCHES) 

0.93 

0.008 

0.0000 

0.0001 

0.0 

0.76 

0.1626 

0.0625 

(CU . FT.) 

3375.9 

27.5 

0 . 0 

0.5 

2743.4 

0.01 

99.30 

0.03 

0.66 

0.00 
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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 

Cl-18 
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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) 

C2-1 
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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 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

20.00 INCHES 
0.4734 VOL/VOL 
0.2381 VOL/VOL 
0 . 0627 VOL/VOL 
0 . 0977 VOL/VOL 
0.000989999971 CM/SEC 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 3 

20 . 00 INCHES 
0.3470 VOL/VOL 
0.2109 VOL/VOL 
0.0681 VOL/VOL 
0.0677 VOL/VOL 
0.000001600000 CM/SEC 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 4 

6.00 INCHES 
0.4570 VOL/VOL 
0.0830 VOL/VOL 
0.0330 VOL/VOL 
0.0476 VOL/VOL 
0.003100000089 CM/SEC 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

C2-3 

6.00 INCHES 
0 . 4170 VOL/VOL 
0.0450 VOL/VOL 
0.0200 VOL/VOL 
0.0259 VOL/VOL 
0.009999999776 CM/SEC 



THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

DOE/RL-93-33 
Draft B 

LAYER 5 

LATERAL DRAINAGE LAYER 

6.00 INCHES 
= 0. 41 70 VOL/VOL 

0.0450 VOL/VOL 
0.0200 VOL/VOL 

INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 
SLOPE 

0.0450 VOL/VOL 
1.000000000000 CM/SEC 
2.00 PERCENT 

DRAINAGE LENGTH 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

295.0 FEET 

LAYER 6 

BARRIER SOIL LINER 

6.00 INCHES 
0.0220 VOL/VOL 
0.0210 VOL/VOL 
0.0200 VOL/VOL 

INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

0.0210 VOL/VOL 
0.000000010000 CM/SEC 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS 

87 . 21 
43560. SQ FT 

36.00 INCHES 
15.0200 INCHES 

3.0372 INCHES 
0.0000 INCHES 

4.1450 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 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 

1. 60 
= 113 
= 288 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

JAN/JUL 

29.30 
76.40 

FEB/AUG 

36.30 
74.30 

MAR/SEP 

45.10 
65.20 

APR/OCT 

53.10 
53.00 

C2-4 

MAY/NOV 

61. so 
39 . 80 

JUN/DEC 

69 . 30 
32.70 
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I:, 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 

ANNUAL TOTALS FOR YEAR 1979 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 5 

PERCOLATION FROM LAYER 6 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------

5 . 56 

0 . 000 

4 . 273 

0.0000 

0 . 0001 

1.287 

4 . 14 

5 . 43 

0 . 00 

0 . 00 

0.00 

C2-5 

(CU . FT.) 
---------

20183. 

0. 

15512. 

0 . 

0. 

4670. 

15046. 

19717. 

0 . 

0 . 

0 . 

PERCENT 

100 . 00 

0 . 00 

76.86 

0.00 

0.00 

23.14 

0.00 



PRECIPITATION {INCHES) 

RUNOFF {INCHES) 

EVAPOTRANSPIRATION 
(INCHES) 

LATERAL DRAINAGE FROM 
LAYER 5 (INCHES) 

PERCOLATION FROM 
LAYER 6 {INCHES) 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM 

PERCOLATION FROM LAYER 

DOE/RL-93-33 
Draft B 

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 

0.485 1.158 1.882 0 . 593 1.668 2.041 
0.303 0.020 0.384 0 . 379 0.287 0.314 

0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 

ANNUAL TOTALS FOR YEAR 1 980 

{INCHES) {CU. FT.) 
-------- ---------

9.68 35138. 

0.001 3. 

9.514 34534. 

LAYER 5 0.0000 0. 

6 0.0001 0. 

PERCENT 

100.00 

0.01 

CHANGE IN WATER STORAGE 0 . 166 601. 

98.28 

0 . 00 

0.00 

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 

C2-6 
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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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 5 

PERCOLATION FROM LAYER 6 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------

7.04 

0 . 000 

7.193 

0.0000 

0 . 0001 

-0.153 

5.60 

5.44 

0 . 00 

0.00 

0 . 00 

C2-7 

(CU. FT.) 
---------

25555 . 

0. 

26111. 

0. 

0. 

- 556. 

203 1 8. 

19762. 

0. 

0. 

0 . 

PERCENT 

100 . 00 

0.00 

102.17 

0.00 

0 . 00 

-2.18 

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 0.657 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 {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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 

PERCOLATION FROM LAYER 6 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

TOTALS FOR YEAR 

{INCHES) 
--------

7.98 

0.008 

7 . 615 

5 0.0000 

0.0001 

0.357 

5 . 44 

5.80 

0.00 

0.00 

0.00 

C2-8 

1982 

{CU. FT.) 
---------

28967. 

28. 

27643. 

0. 

0. 

1297 . 

19762. 

21059. 

0. 

0. 

0. 

PERCENT 

100.00 

0 . 09 

95.43 

0.00 

0 . 00 

4.48 

0.00 
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PRECIPITATION (INCHES) 

RUNOFF (INCHES) 

EVAPOTRANSPIRATION 
(INCHES) 

LATERAL DRAINAGE FROM 
LAYER 5 (INCHES) 

PERCOLATION FROM 
LAYER 6 (INCHES) 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

DOE/RL-93-33 
Draft B 

MONTHLY TOTALS FOR YEAR 1983 

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

1.44 1.36 1.00 0.42 0.52 0 . 68 
0.31 0.12 0.46 0.52 2.12 2 . 12 

0 . 000 0.000 0.000 0.000 0.000 0.000 
0.000 0 . 000 0.000 0.000 0.000 0.000 

0.574 0.960 2.199 0.830 0.655 1.913 
0.946 0 . 121 0.460 0.159 0.627 0.446 

0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 
0.0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 
0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 

ANNUAL TOTALS FOR YEAR 1983 

(INCHES) (CU. FT.) PERCENT 
-------- --------- ------
11.07 40184. 100 . 00 

0.000 0. 

9 . 891 35906. 

LATERAL DRAINAGE FROM LAYER 5 0.0000 0. 

0.00 

89.35 

0 . 00 

0.00 

10 . 65 

PERCOLATION FROM LAYER 6 0.0001 0. 

CHANGE IN WATER STORAGE 1.179 4278. 

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 . 

ANNUAL WATER BUDGET BALANCE 0 . 00 0 . 0.00 

C2-9 
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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) 0.5 9 2 0.000 0.225 0.263 0.466 0.581 

LATERAL DRAINAGE FROM 0.0 0 00 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 

(INCHES) 
--------

PRECIPITATION 7.27 

RUNOFF 0 . 000 

EVAPOTRANSPIRATION 9.442 

LATERAL DRAINAGE FROM LAYER 5 0 . 0000 

PERCOLATION FROM LAYER 6 0 . 0001 

CHANGE IN WATER STORAGE -2.173 

SOIL WATER AT START OF YEAR 6 . 98 

SOIL WATER AT END OF YEAR 4.81 

SNOW WATER AT START OF YEAR 0.00 

SNOW WATER AT END OF YEAR 0.00 

ANNUAL WATER BUDGET BALANCE 0.00 

C2-10 

1 984 

(CU. FT.) 
---------

26390. 

0 . 

34276. 

0. 

0. 

-7886. 

25337. 

17450. 

0. 

0. 

0 . 

PERCENT 

100.00 

0.00 

129 . 88 

0.00 

0.00 

-29.88 

0.00 
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DOE/RL-93-33 
Draft B 

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 (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 1985 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 5 

PERCOLATION FROM LAYER 6 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------

5.10 

0.000 

4.798 

0.0000 

0.0001 

0.302 

4.81 

5 . 11 

0.00 

0.00 

0.00 

C2-11 

(CU. FT.) 
---------

18513. 

0 . 

17415. 

0. 

0. 

1098. 

17450. 

18548. 

0 . 

0. 

0. 

PERCENT 

100.00 

0.00 

94 . 07 

0 . 00 

0.00 

5.93 

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 (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 1986 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 5 

PERCOLATION FROM LAYER 6 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
- -- -- ---

7 . 09 

0 . 000 

7 . 193 

0 . 0000 

0.0001 

- 0.103 

5 . 11 

5 . 01 

0 . 00 

0.00 

0.00 

C2-12 

(CU. FT.) 
---------

25737. 

0. 

26110. 

0 . 

0 . 

- 374 . 

18548. 

18175 . 

0 . 

0. 

0 . 

PERCENT 

100.00 

0 . 00 

101. 45 

0.00 

0 . 00 

- 1.45 

0 . 00 
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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 

ANNUAL TOTALS FOR YEAR 1987 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 5 

PERCOLATION FROM LAYER 6 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------

5.07 

0.000 

5.249 

0.0000 

0.0001 

-0.179 

5.01 

4.83 

0.00 

0.00 

0.00 

C2-13 

(CU. FT.) 
---------

18404. 

0. 

19054. 

0. 

0. 

-650. 

18175. 

17525. 

0. 

0. 

0. 

PERCENT 

100.00 

0.00 

103.53 

0.00 

0.00 

-3.53 

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. 1 1 
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 0.72 2 
(INCHES) 0.130 0 . 000 0.173 0 . 196 0 .2 84 0 . 274 

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 1988 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM LAYER 5 

PERCOLATION FROM LAYER 6 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------

4 . 18 

0 . 000 

4 . 863 

0 . 0000 

0.0001 

-0 . 683 

4.83 

4.14 

0 . 00 

0 . 00 

0 . 00 

C2-14 

(CU. FT . ) 
-------- -

15173. 

0. 

17652 . 

0. 

0 . 

-2479 . 

17525 . 

1 5046 . 

0 . 

0. 

0 . 

PERCENT 

1 00 . 00 

0 . 00 

116 . 34 

0 . 00 

0 . 00 

- 16 . 34 

0 . 00 
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1979 THROUGH 1988 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

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

0 . 78 
0.18 

0.54 
0.14 

0.000 
0.000 

0.000 
0.000 

0.606 
0.469 

0.123 
0.398 

0.73 
0.09 

0.51 
0.12 

0.000 
0.000 

0.000 
0.000 

1.065 
0 . 084 

0.283 
0.093 

0.64 
0.51 

0.30 
0 . 28 

0.000 
0 . 000 

0.000 
0.000 

1.226 
0 . 268 

0.697 
0.137 

0.44 
0.41 

0.40 
0.39 

0.000 
0.001 

0.000 
0.002 

0 . 466 
0.244 

0.205 
0.121 

0.48 
1. 09 

0.42 
0.57 

0.000 
0.000 

0.000 
0 . 000 

0.632 
0.425 

0 . 408 
0.237 

0.42 
1.24 

0.40 
0.60 

0.000 
0.000 

0.000 
0.000 

1.065 
0.454 

0.831 
0.128 

LATERAL DRAINAGE FROM LAYER 5 

TOTALS 

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 

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 

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 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C2-15 
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1979 THROUGH 1988 

(INCHES) (CU. FT.) PERCENT 
---------------- ----------- -------

PRECIPITATION 7.00 2 . 164) 25425. 100.00 

RUNOFF 0.001 0.002) 3. 0.01 

EVAPOTRANSPIRATION 7.003 2.135) 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 

PRECIPITATION 

RUNOFF 

LATERAL DRAINAGE 

PERCOLATION FROM 

HEAD ON LAYER 6 

SNOW WATER 

MAXIMUM VEG. SOIL 

MINIMUM VEG. SOIL 

FROM LAYER 5 

LAYER 6 

WATER (VOL/VOL) 

WATER (VOL/VOL) 

C2-16 

(INCHES) 

0.93 

0.008 

0.0000 

0.0000 

0.0 

0.76 

0.1685 

0.0649 

(CU. FT.) 

3375.9 

27.5 

0.0 

0.0 

2743.4 
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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 

C2-17 
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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) 

C3-1 
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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) 

LAYER 1 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

8.00 INCHES 
0.4734 VOL/VOL 
0.2381 VOL/VOL 
0.0627 VOL/VOL 
0.1356 VOL/VOL 
0.000989999971 CM/SEC 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 3 

16.00 INCHES 
0.5140 VOL/VOL 
0.2585 VOL/VOL 
0.0681 VOL/VOL 
0.0742 VOL/VOL 
0.000989999971 CM/SEC 

VERTICAL PERCOLATION LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

C3-3 

12.00 INCHES 
0.3470 VOL/VOL 
0.2109 VOL/VOL 
0.0681 VOL/VOL 
0.0681 VOL/VOL 
0.000001600000 CM/SEC 
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GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG . STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS 

87.21 
43560. SQ FT 

36 . 00 INCHES 
16 . 1752 INCHES 

3 . 0892 INCHES 
0 . 0000 INCHES 

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

= 1 . 60 
= 113 

288 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 

JAN/JUL 

29.30 
76.40 

FEB/AUG 

36.30 
74 . 30 

MAR/SEP 

45.10 
65.20 

APR/OCT 

53.10 
53.00 

C3-4 

MAY/NOV 

61. 50 
39.80 

JUN/DEC 

69 . 30 
32.70 
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MONTHLY TOTALS FOR YEAR 1979 
---------------------- if ------------------------------------------------

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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
---- ----

5.56 

0.000 

4.260 

0.0000 

1.300 

3.09 

4.39 

0.00 

0 . 00 

0 . 00 

C3-5 

(CU. FT.) 
---------

20183. 

0. 

15463. 

0. 

4720 . 

11214. 

15934. 

0. 

0. 

0. 

PERCENT 

100.00 

0.00 

76.61 

0.00 

23 . 39 

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 

---------------------------------------------------------------- --------
ANNUAL TOTALS FOR YEAR 

(INCHES) 
--------

PRECIPITATION 9.68 

RUNOFF 0.001 

EVAPOTRANSPIRATION 9.520 

PERCOLATION FROM LAYER 3 0.0000 

CHANGE IN WATER STORAGE 0.159 

SOIL WATER AT START OF YEAR 4.39 

SOIL WATER AT END OF YEAR 4.55 

SNOW WATER AT START OF YEAR 0.00 

SNOW WATER AT END OF YEAR 0.00 

ANNUAL WATER BUDGET BALANCE 0.00 

C3-6 

1980 

(CU. FT.) 
---------

35138. 

3. 

34559. 

0. 

576. 

15934. 

16510. 

0. 

0. 

0. 

PERCENT 

100 . 00 

0.01 

98 . 35 

0.00 

1. 64 

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 0.665 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 (INCHES) 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 

ANNUAL TOTALS FOR YEAR 1981 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------

7.04 

0 . 000 

7.191 

0.0000 

-0.151 

4 . 55 

4.40 

0.00 

0.00 

0.00 

C3-7 

(CU. FT . ) 
---------

25555 . 

0 . 

26103 . 

0. 

-548 . 

16510 . 

15962. 

0 . 

0 . 

0. 

PERCENT 

100.00 

0.00 

102.15 

0.00 

-2 . 15 

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 0.660 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 

------ ------ ---------- ------------------------------------------------- -
ANNUAL 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

TOTALS FOR YEAR 

(INCHES) 
--------

7.98 

0.008 

7.623 

0 . 0000 

0.350 

4.40 

4.75 

0 . 00 

0.00 

0.00 

C3-8 

1982 

(CU. FT . ) 
---------

28967 . 

28. 

27671. 

0. 

1269 . 

15962. 

17231 . 

0. 

0. 

0. 

PERCENT 

100.00 

0 . 09 

95.52 

0 . 00 

4 . 38 

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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------
11. 07 

0.000 

9.832 

0.0001 

1.238 

4.75 

5.98 

0.00 

0.00 

0.00 

C3-9 

(CU. FT.) 
---------

40184. 

0. 

35690. 

0. 

4493. 

17231. 

21724. 

0. 

0 . 

0. 

PERCENT 

100.00 

0.00 

88.82 

0.00 

11.18 

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 0.444 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 

------------------------------------------------------------------ ---- --
ANNUAL TOTALS FOR YEAR 

(INCHES) 
--------

PRECIPITATION 7.27 

RUNOFF 0.000 

EVAPOTRANSPIRATION 9 . 490 

PERCOLATION FROM LAYER 3 0.0005 

CHANGE IN WATER STORAGE -2.221 

SOIL WATER AT START OF YEAR 5.98 

SOIL WATER AT END OF YEAR 3.76 

SNOW WATER AT START OF YEAR 0.00 

SNOW WATER AT END OF YEAR 0.00 

ANNUAL WATER BUDGET BALANCE 0.00 

C3-10 

1984 

(CU. FT.) 
---------

26390. 

0 . 

34449. 

2. 

- 8061 . 

21724 . 

13663 . 

0. 

0 . 

0. 

PERCENT 

100.00 

0.00 

130.54 

0.01 

-30.55 

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 0.652 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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

{INCHES) 
--------

5.10 

0.000 

4.811 

0.0000 

0.289 

3.76 

4.05 

0.00 

0.00 

0.00 

C3-11 

(CU. FT.) 
---------

18513. 

0. 

17464 . 

0. 

1049. 

13663. 

14712. 

0. 

0 . 

0. 

PERCENT 

100.00 

0.00 

94 . 33 

0 . 00 

5.67 

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 0.533 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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

TOTALS FOR YEAR 

(INCHES) 
--------

7.09 

0.000 

7.201 

0.0000 

-0 .111 

4.05 

3.94 

0.00 

0.00 

0.00 

C3-12 

1986 

(CU. FT.) 
---------

25737. 

0. 

26140. 

0. 

-403. 

14712. 

14309. 

0. 

0. 

0. 

PERCENT 

100.00 

0.00 

101. 57 

0.00 

-1. 57 

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 0.274 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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

(INCHES) 
--------

5.07 

0.000 

5.223 

0.0000 

-0.153 

3.94 

3.79 

0.00 

0.00 

0.00 

C3-13 

(CU. FT.) 
---------

18404. 

0 . 

18961. 

0. 

-557 . 

14309. 

13752. 

0. 

0. 

0; 

PERCENT 

100 . 00 

0.00 

103. 03 · 

0.00 

-3.03 

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 0.776 0.655 0.550 0.529 0.590 0 . 711 
(INCHES} 0.130 0.000 0 . 177 0.200 0 . 287 0.276 

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 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION FROM LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

TOTALS FOR YEAR 

(INCHES} 
--------

4.18 

0.000 

4.880 

0 . 0000 

-0 . 700 

3.79 

3 . 09 

0.00 

0 . 00 

0.00 

C3-14 

1988 

(CU. FT.} 
---------

15173. 

0 . 

17713. 

0 . 

-2540. 

13752. 

11212 . 

0 . 

0 . 

0 . 

PERCENT 

100.00 

0.00 

116.74 

0.00 

-16.74 

0.00 
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AVERAGE MONTHLY· VALUES IN INCHES FOR YEARS 1979 THROUGH 1988 
--------- ------------ ~------------------ ----- --------- -- -------- --------

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD . DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD . DEVIATIONS 

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

0 . 78 
0.18 

0.54 
0.14 

0.000 
0.000 

0 . 000 
0.000 

0.584 
0.449 

0.156 
0.370 

0.73 
0 . 09 

0.51 
0.12 

0.000 
0 . 000 

0.000 
0.000 

1.071 
0.083 

0 . 279 
0.093 

0.64 
0 . 51 

0.30 
0 . 28 

0.000 
0 . 000 

0.000 
0 . 000 

1.259 
0.270 

0 . 697 
0.138 

0 . 44 
0 . 41 

0 . 40 
0.39 

0.000 
0.001 

0.000 
0 . 002 

0.499 
0 . 246 

0 . 216 
0.122 

0.48 
1. 09 

0.42 
0.57 

0.000 
0.000 

0.000 
0 . 000 

0.644 
0.423 

0.408 
0.233 

0.42 
1.24 

0.40 
0.60 

0 . 000 
0.000 

0.000 
0.000 

1.023 
0.453 

0.809 
0.127 

PERCOLATION FROM LAYER 3 

TOTALS 

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 

0 . 0000 0.0000 0.0000 0.0000 0.0001 0.0001 
0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 

C3-15 
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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. 

EVAPOTRANSPIRATION 7.003 2.134) 25421. 

PERCOLATION FROM LAYER 3 0.0001 0.0002) 0. 

CHANGE IN WATER STORAGE 0.000 0.996) 0. 

PEAK DAILY VALUES FOR YEARS 1979 THROUGH 1988 

PRECIPITATION 

RUNOFF 

PERCOLATION FROM LAYER 3 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

C3-16 

(INCHES) 

0.93 

0.008 

0.0000 

0 . 76 

0.1698 

0.0667 

(CU. FT.) 

3375.9 

27.5 

0.0 

2743.4 

0.01 

99.99 

0.00 

0.00 
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FINAL WATER STORAGE AT END OF YEAR 1988 

LAYER 

1 

2 

3 

(INCHES) 

1.09 

1.19 

0.82 

SNOW WATER 0.00 

C3-17 

(VOL/VOL) 

0 . 1356 

0.0742 

0.0681 
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APPENDIX C-4 

CALIBRA TION 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 arid 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 UNSA T-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 I 00% 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. 

C4-3 
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Calibration .of HELP Version 2.0 and Performance 
Assessment of Three Infiltration Barrier Designs 

·for Hallford Site Remediatio·n 

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-l 940s. 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 I). 

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 (FL 1F). The FL TF is a unique 
research facility designed specifically to test the performance of capillary barriers for the semi-arid 
conditions at the Hanford Site. The FL TF 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 

C4-5 
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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 1st-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 (PEn 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) DA TAINH, 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 fonn 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 

i 
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z = 
S(z,t) = 
qvt = 
KT = 
KL = 
Kvh = 
C(h) = 

depth 

evapotranspiration sink term 

thermal vapor flux density 
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total hydraulic conductivity; K~KL +Kvh 

liquid conductivity 

isothermal vapor conductivity 

slope of soil moisture curve; ae / alt . 

(I) 

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, UNSA T-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 + 0.10 (LAI) 112] , (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 Hirids (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. 

C4-8 
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3.2 HELP Model 

. 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) HELP!, 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 

where 

Q = runoff 

P = precipitation 

S = retention parameter. 

Q = (P-0.2S) 2 • 

(P + 0.8S) 
(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 

l.28AH 
p ET = (A + G) 25.4 ' 

where 

H = net solar radiation 
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G = psychrometric constant, 0.68 

A = slope of saturation vapor pressure curve computed from 

A = 5304 e c21.255 - 53041n 
(5) r . 

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 

PT= PETe-0·
4

LAJ _ (6) 

The daily PT is first applied to any free water on the surface. PT demand in excess of surface water is first 
extracted through soil evaporation and any further demand is extracted through transpiration. Soil 
evaporation occurs in two stages. Stage l assumes evaporation is controlled by atmospheric demand. 
However, when the evaporation amount exceeds an upper limit detennined 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 

(7) 

where 

q = rate of downward flux 

e = soil water content 

er = residual soil water content 

es = 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 detennined 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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horizontal distance from drain 

saturated thickness in lateral drainage layer 

inclination angle of lateral drain 

elevation of phreatic surface 

venical drainage rate into saturated ponion of lateral drainage layer 

saturated hydraulic conductivity in lateral drainage layer 

saturated hydraulic conductivity in barrier soil 

thickness of barrier soil layer. 

(8) 

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 venical 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 arid 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 arid · sites. 

4.1 Thompson and Tyler 

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

The results of the simulations reflected the different solution algorithms used by each model. For 
semi-humid and arid conditions, 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 UNSA Tl D 
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 UNSA Tl D simply assumes that runoff is equivalent to any precipitation in 
excess of the soil's infiltration capacity. The two models showed good agreement for predicted infiltration 
and final water storage only for the humid site. 

4.2 Nichols 

Nichols (1991) compared the results of HELP Version 2.0 and UNSAT-H Version 2.0 in simulating 
the performance of a two-layer infiltration barrier designed to minimize 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 UNSAT-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 UNSA T-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, equi,librium, 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 

(9) 

where 

R = recharge rate 

Clp = chloride concentration in precipitation 

Clsw = chloride concentration in soil water 

p = average annual precipitation. 

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

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

4.4 Conclusions of Previous Evaluations 

In summary, the study by Thompson and Tyler concluded that HELP and UNSATID yield similar 
fluid-flow results only under humid conditions, and the assumption on which HELP is based (namely the 
downward unit gradient) appears to limit its applicability at arid 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 average chloride concentration. If the peak and lowest 
values were used, the recharges estimate would be IO times smaller or 3 times larger, respectively. 
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5. ~ ,ELP 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 FL TF 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 m square and 1.7 
m deep and is filled with 1.5 m of soil over 0.2 m of #20 - #30 sand, as illustrated in Figure 2. 

Silt 

•----------
,, 

,, I ,, 
" ~----------,, ., 

,, 
,, ,, Sand 

Figure 2. Weighing lysimeter configuration 

1.5 m 

Two of the four weighing lysimeters received augmented precipitation which was 2 times the 
ambient precipitation during the first three years of operation (November 1987 - October 1990) and 3 times 
the ambient during October 1990 through the present (Gee et al.,1993). Table 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. 

11 ' 

' . 
Precipitation Surface 

Lysimeter Treatment Condition 

W0l-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 

RMS= 
(I (s;-1/) 

I= I 

k 
(10) 

where 

fi = field data point 

si = simulation data point 

k = number of comparison points. 

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 k 

k Ls/;- Ls; Li; 
r=~=====i===l==='=·==l=i===I===== 

[k ± sf-( ± s;)2

] [k ±Jr-( ±1;)2

] 
1=1 1=1 1=! 1=1 

(11) 

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 l (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 

Porosity (cm3/cm3) 

Field Capacity (cm3/cm3) 

Wilting Point (cm3/cm3) 

Saturated Conductivity (cm/s) 

Evaporative Depth (in) 

Leaf Area Index 

Initial Value 

0.514 

0.258 

0.068 

0.001 

36.0 

1.60 

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

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

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

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

Silt Loam 

Coarse Sand 

Depth (in) 

59.l 

66.9 

Silt Loam 

Silt Loam 

Silt Loam 

Silt Loam 

Silt Loam 

Coarse Sand 

Depth (in) 

11.8 

23.6 

35.4 

47.2 

59.l 

66.~I 
67.o/ 

Silt Loam 

Coarse Sand 
,,11111111111 

Barrier Layer 

Barrier Membrane 

Figure 3. Weighing lysimeter representations used in HELP simulations. 
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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 uncalibrated 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 l 0% and drainage 
was reduced to approximately l % 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/cm3) 0.060 

Saturated Conductivity (crn/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 whh depth did not significantly change the simulation results. Nearly identical 
storage and drainage results were obtained with two-layer and six-layer representations which could be seen 
in identical RMS error and correlation coefficients between the two- and six-layer representations. These 
six-layer results were not included in the figures or in Table 4. Plots comparing measured and simulated 
lysimeter storage for the two-layer and four-layer representations are illustrated in Figures 6 and 7, 
respectively. 

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

Two-Layer Representation 

Root Mean Square Correlation 
Lysimeter Error Coefficient Drainage ( % ) 

WOl-1 0.674 0.967 1.75 

WO2-2 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 

WOl-1 0.987 0.963 0 

WO2-2 2.473 0.425 0 

W03-3 1.385 0.930 0 

W04-4 5.728 0.383 0 
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Figure 6. Simulation storage results using best-fit parameters for the two-layer lysimeter representation. 
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Figure 7. Simulation storage results using best-fit parameters for the four-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 arid climates results in relatively shallow winter 
and early spring evaporative depths, and relatively deep late summer and early fall evaporative depths. 
Assuming an average depth tends to smooth out the observed extremes in storage. Hence, this assumption 
may limit the application of HELP at northern arid sites because seasonal variations in climatic tend to be 
very severe. 

Finally, it should be noted that these conclusions were drawn from a seemingly unfair evaluation of 
the HELP model. The 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. 

I' Sensitivity Ranking for each Lysimeter 
. (1 is the most Sensitive parameter) 

Parameter W0I-1 W02-2 W03-3 W04-4 

Porosity 3 I 3 I 

Field Capacity 2 3 2 3 

Wilting Point 5 2 4 2 

Saturated Conductivity (emfs) 6 4 6 4 

Evaporative Depth (in) l 5 l 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 (W0I-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 arid 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 Description,s 

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 barrier 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 barriers 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 
performance 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 barrier 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 I, 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. 
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• Layer 7 is a 12-in. thick gravel.layer designed to facilitate lateral drainage and prevent head build-up 
over the underlying asphalt (layers 8 and 9). 

• Layers 8 and 9 are 6- and 4- in., thick asphalt layers designed to act as a hydraulic barrier, thereby min
imizing infiltration int9 the underlying materials ." 

Hanford Barrier 
Depth (in) 

40 

80 
86 
98 

158 
170 
176 
180 

Silt/Pea Gravel 

Silt 

-----------Filter Sand 

Filter Gravel 

Crushed Basalt 

Figure 8. Barner layers. 

RCRA Subtitle C 
Depth (in) 

Silt/Pea Gravel 

201---------1 
Compacted Silt 

40t-..,..,=---=---i 
461--....... ;.a=-r'=.;.;;"-:--~ 

52------.--..-1 
58~-=:..=ax...,,:="-"'-'-4 
641---------1 
68'-------.... 

'--- Filter Fabric 

~Asphalt 

6.1.2 RCRA Subtitle C Cover Design 

RCRA Subtitle D 
Depth (in) 

8 
Silt/Pea Gravel · 

Silt 
241---------1 

Compacted Silt 
36'----------1 

The RCRA Subtitle C banier is an economical version of the Hanford barrier that does not include 
the bio-intrusion layer. The conceptual model used to represent the banier consists of seven layers and is 
described as follows: 

• Layer I is a 20-in. thick silt and pea-gravel mix designed to function in a manner analogous to layer I 
of the Hanford bani er. 

• Layer 2 is a 20-in. thick compacted silt layer designed to function in a manner analogous to layer 2 of 
the Hanford banier. 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 
banier. 

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

• 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 I. 

• 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 barrier 
simulation used a 500-year, 24-hour storm scenario, and the RCRA Subtitle D barrier simulation used a I 00-
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 I 00-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 

where 

h = suction head 

e = volumetric moisture content 

er = residual moisture content 

es = porosity 

n = curve fitting parameter 

Cl = inverse air-entry potential. 

The equation for the hydraulic conductivity curve is 

where 

K ( h) = K { 1 - ( ah) n - I [ 1 + ( ah) n] I - I/ n } 2 

s [ 1 + ( ah) n] I ( I - I / n) 

K(h) = unsaturated hydraulic conductivity 

Ks = saturated hydraulic conductivity 

I = pore interaction term. 

(12) 

(13) 

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 

Silt/Pea 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 Carse! and Parrish, 1988 

6.3.1.1. McGee Ranch Slit. 

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 

Ks (cm/sec) 9.9 X 10-4 

05 (cm3/cm3) 0.496 

0r(cm3/cm3) 0.0049 

a (I/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 Jysimeters W02-2 and W04-4 during the period form 
January 1, 1988 through December 31, 1992. For both the lysimeter simulations, and the barrier simulations 
the pore interaction term (/) in Equation 13 was set to zero, as proposed by Fayer et al. ( 1992). In Fayer' s 
analysis, UNSAT-H was used to model eight lysimeters at the Hanford Site's FL1F and the match between 
lysimeter observations and the UNSAT-H simulations were greatly improved by setting/ to zero. The effect 
of setting / to zero was to increase the unsaturated hydraulic conductivity for dry conditions, thereby 
reducing summer storage while not significantly changing winter storage. The PET was also set to zero and 
the precipitation amounts were modified to account for melting and freezing. An in-depth description of this 
procedure is presented in Section 6.3.4. l 

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. 

6.3. 1.2. Compacted Silt. 

1993 

1993 

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 

where 

'l'es 

Pbc 

Pbuc 

b 

= 

= 

= 

= 

uncompacted silt air-entry potential 

compacted bulk density 

uncompacted bulk density 

-2'1'es + 0.2a
8 

in which cr
8 

is the particle size geometric standard deviation. 

Second, the porosity was determined by calculating the particle density (Pp) from the relation 
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where 

Pbuc = uncompacted bulk density 

es = uncompacted porosity. 
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Pbuc 

1-0 s 
(15) 

Third, the UNG RA computer program ( van Genuchten, 1988) was used to curve fit the lJF A 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 

es (cm3/cm3) 0.454 

er(cm3/cm3) 0.1114 

a (I/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., 0 15 = 0.15-0.5 mm, D50 = 0.375-1.2 mm, and Ds5 = 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 

Ks (cm/sec) 0.109 

0s (cm3/cm3) 0.445 

ere cm3 /cm3) 0.010 
' 

a (1/cm) 0.0726 

n 2.8 

C4-32 



96I3"t01..2877 
" DOE/RL-93-33 

Draft B 

I . 
I 

I 

APPENDIXD 

SAMPLE CALCULATIONS OF WIND AND WATER EROSION 
FOR ENGINEERED SURF ACE BARRIERS 

D-i 



1.0 INTRODUCTION 

DOE/RL-93-33 
Draft B 

CONTENTS 

D-3 

2.0 SAMPLE CALCULATIONS OF POTENTIAL WIND EROSION ................. D-4 

3.0 SAMPLE CALCULATIONS OF POTENTIAL WATER EROSION . . ... ...... .. .. D-6 

4.0 PROJECTED SOIL LOSSES OVER BARRIER DESIGN LIFE .................. D-8 

5.0 REFERENCES ......... . . . ............. ........... . ......... .. D-9 

FIGURES 

D-1. Knoll Adjustment (a) From Top of Knoll and (b) From Upper Third of Slope . ..... . . D-Fl 
D-2. Soil Ridge Roughness Factor K from Actual Soil Ridge Roughness . .. . ... ..... . . D-F2 
D-3 . Annual Wind Erosion Climatic 'C' Factor in Percent ...................... . D-F3 
D-4. Average Annual Values of Rainfall-Erosivity Factor R .. .. . ...... ... ... ..... D-F4 
D-5 . Nomograph for Determining Soil Erodibility Factor K for U.S . Mainland .... .. . . . . D-F5 
D-6. Length-Slope Factor (LS) for Different Slopes .. . .. ... ....... .. ......... . D-F6 

TABLES 

D-1. Soil-Wind Erodibility Index I ........................ .. . ...... ..... D-Tl 
D-2. Guide for Converting Range Vegetation to an Equivalent Quantity 

of Flat, Small-Grain Residue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-T2 
D-3. Sample Wind Erosion Charts .... .... .............................. D-T3 
D-4. Values of C for Idle Land . ......... .... .. . ............. .. ..... . .. D-T4 

D-ii 



96 I 3110 I : 2878 
DOE/RL-93-33 

Draft B 

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: 

where 

E = f(IKCLV) 

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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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 evaluatioris of range site conditions 
for varying soil and precipitation conditions . Average annual rainfall for the Hanford Site is in the 6 
to 7 in. range. Using data from similar climate and land use areas, the total annual production of air
dry weight per acre for cover vegetation of mixed wheatgrasses is predicted to range from a minimum 
of 200 lb 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, d~pending 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) : 

where, 

A= RKLSCP 

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 mm): 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 

' l 

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 glee (86.3 lb/ft3

). 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 
3,800 lb/acre/yr x 1 acre/43,560 ft2 = 0.0872 lb/ft2/yr 
0.0872 lb/ft2/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 
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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 Suifaces 
in a Wind Tunnel, PNL-7435, Pacific Northwest Laboratory, Richland, Washington. 
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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-6. Length-Slope Factor (LS) for Different Slopes (Ecology 1987). 
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Table D-1. Soil-Wind Erodibility Index I (Israelsen et al. 1980). 

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 
. ·-t.1......,.,c,. 

20 98 95 92 90 88 86 83 81 79 76 cr-.., -- .al'~, 

30 74 72 71 69 67 65 63 62 60 58 ~ 
"Cl -40 56 54 52 51 50 48 47 45 43 41 J;_ 

0 
r--., 

50 38 36 33 31 29 27 25 24 23 22 'CO 
0 "QC) 

om ;_-r-, -0 60 21 20 19 18 17 16 16 15 14 13 iJ ~ I 

~ :=I:>, ,_. 70 12 11 10 8 7 6 4 3 3 2 t:c \0 
I.,;.) 
I 

80 2 I.,;.) - - - - - - - - - uJ 

Fully crusted soil 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 



Table D-2. Guide for Converting Range Vegetation to an Equivalent Quantity 
of Flat, Small-Grain Residue (USDA 1987). 

Pounds per acre of range vegetation 
Grass plants 

50 100 200 300 400 500 600 700 800 900 1,000 

Buffalograss', burrograss, and Inland saltgrass 320 720 1,630 2,630 

Big bluestem • 45 110 280 480 705 950 1,215 1,495 1,785 2,090 2,410 

Western whea1grass', creeping wildrye, and sideouts 155 245 775 1,240 1,740 2,260 2,795 3,345 
grama 

Li1tle blueslem' 45 110 285 495 735 995 1,280 1,580 1,900 2,230 2,575 

Blue grama' , threadleaf sedge, and perennial 110 235 490 760 1,040 1,325 1,610 1,905 
three-awn 

Galleta and tobosa 150 300 800 1,200 1,700 2,600 

Bottlebrush squirreltail, needle-and-thread', and 70 150 300 600 800 1,200 
Thurber's needlegrass 

Alkali sacaton 60 150 400 800 1,400 2,200 2,800 3,600 t:i 
0 

t:i 
t:i trJ 

Bluebunch wheatgrass 50 120 300 550 850 1,150 1,500 1,900 2,300 2,600 3,000 ~ ~ I ..., 
Idaho fescue 100 200 400 900 1,500 2,300 ::t>, 

N ttl \0 w 
Indian ricegrass 100 175 300 600 900 1,400 I w 

w 
Cres1ed wheatgrass 130 300 600 900 1,300 1,800 2,400 3,100 4,000 

Chcalgrass 100 200 300 600 800 1,000 1,200 2,000 2,500 3,000 

NOTE: Other grass species equivalents were cslirnated by comparing the growth characteristics with the tested species. 
'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 I = 38 

(V) • • - Flat Small Grain Residue (Pounds per Acre) 

Unsheltered 
Distance (ft) 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 

(El· Soil Loss from Wind Erosion (Tons Per Acre Per Year) January, 1981 
C = 70 

Surface - K = 1 .0 I = 48 
(V) • • - Flat Small Grain Residue (Pounds per Acre) 

Unsheltered 
Distance (ft) 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 0 .5 

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 

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

Grass cover 95-100 % 

As grass 
As weeds 

Ground cover 80 % 

As grass 
As weeds 

Ground cover 60 % 

As grass 
As weeds 

No ground cover 

D-T4 

_c_ 
0.003 
0.01 

0.01 
0.04 

0.04 
0.09 

1.00 
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1.0 INTRODUCTION 

Appendix E presents co~t 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 (SDRI) Test on Asphalt Layer: Costs are included in the estimate 
for performing two SDRI tests on the asphalt layer: after construction of the layer and before 
construction of any superimposed layers, to obtain a direct measurement of the hydraulic conductivity 
of the layer as built. The tests will be performed by a consulting geotechnical engineering 
subcontractor. The task will include equipment, labor, per diem and travel expenses related to 
construction, installation, and monitoring, followed by disassembly of the testing apparatus. · 
Equipment costs are limited to expendable portions of the apparatus. Costs for this task (including 
OH&P) are estimated at $9,000 per test, or a total of $18,000. 

2.2 IMPROVEMENTS TO LAND 

Site Grading, Compaction 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 79,000 loose yd3

, 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 yd3

). These quantities were determined based on placing 4 in. 
of material over an area of (530+48)(415 +48)ft2 and a dry unit weight of 120 lb/ft3• A track dozer 
will spread and grade the material. A vibratory compactor will densify the base course material as it 
is placed. The base course layer will be constructed on a 2 % slope. 

Place Asphalt: The asphalt layer will be placed by a qualified contractor (possibly different from the 
one performing other construction activities). The asphalt will be a double-tar asphaltic concrete mix 
with a spray-applied top coat of a proprietary liquid styrene-butadiene asphaltic material. The asphalt 
layer will be 6 in. thick and will be placed over an area of (530+48)(415+48) ft2 = 267,600 ft2 = 
29, 700 yd2

• The asphalt layer will be constructed on a 2 % slope. 

Place Gravel Drainage Layer: The specification for the gravel drainage material is a saturated 
hydraulic conductivity value of 1 cm/sec. Material will be sourced from Pit 30 between 200 West 
Area and 200 East Area. Run-of-pit material will be screened to specification at the pit. The 
one-way haul will be approximately 4 mi. Construction of the gravel drainage layer will require 
hauling and placing approximately 16,300 tons of material (corresponding to approximately 
10,200 yd3). 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 ft3 volume and a specific gravity of 
2.70, corresponding to 117.9 lb/ft'. 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 Layer 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: 1 V. There will be a 15-ft-wide perimeter 
access road bed for service vehicles at the crown. The maximum thickness of basalt, 13 ft + 2 in., 
will be beneath the access road. The coarse basalt layer will be a uniform 5 ft thick. At the margin, 
the basalt layer will taper up to the crown on a slope of 3H:1V. The basalt will be minus 8- to 12-in. 
material that is free of fines (similar to the coarse, fractured material specified for the biointrusion 
barrier layer). The material will be sourced from an existing quarry immediately east of State 
Highway 24 on the east end of Umtanum Ridge, overlooking the Vernita Bridge. The one-way haul 
will be approximately 17 mi. It is estimated that barrier construction will require hauling and placing 
approximately 128,000 tons of material (corresponding to approximately 75,000 yd3

) . These 
quantities were determined using a material density of 0.75 ft3 solids per ft3 volume and a specific 
gravity of 2. 70, corresponding to 126.4 lb/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 ft3 solids per ft3 volume and a specific gravity of 2. 70, corresponding to 
117. 9 lb/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. 

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/ft3. 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 ft2

• 

Place Lower Silt Layer: 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/ft3 (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 yd3

). 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/ft3, loose unit 
weight loaded on haul trucks of 72.1 lb/ft3 (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 yd3

). These quantities 
were determined based on placing 6 in. of material over an area of (415)(530)-(415-30)(530-30) = 
27,450 ft2 (i.e. , a road width of 15 lineal feet); a material density of 0. 75 ft3 solids per ft3 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 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 (SDRI) Test on Asphalt Layer: Costs are included in the estimate 
for performing two SDRI tests on the asphalt layer: after construction of the layer and before 
construction of any superimposed layers, to obtain a direct measurement of the hydraulic conductivity 
of the layer as built. The tests will be performed by a consulting geotechnical engineering 
subcontractor. The task will include equipment, labor, per diem and travel expenses related to 
construction, installation, and monitoring, followed by disassembly of the testing apparatus. 
Equipment costs are limited to expendable portions of the apparatus. Costs for this task (including 
OH&P) are estimated at !!li:~9-

3.2 IMPROVEMENTS TO LAND 

Site Grading, 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 120 lb/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 
yd2

• 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 determined based on placing 6 in. of material over an area of (530)(415) ft2; a 
material density of 0.70 ft3 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: 1 V 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: 1 V. 
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 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 ft3 solids per ft3 

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. 

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 ft3 solids per ft3 

volume and a specific gravity of 2.65, corresponding to 115.8 lb/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/ft3 (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 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/ft', 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 ft3 solids per ft3 volume and a specific gravity 
of 2.70, corresponding to 126.4 lb/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 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 . 

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 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 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) ft2 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/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 Layer: The silt soil will be sourced from the McGee Ranch 
site . The middle silt layer will be 16 in. thick. Construction will require hauling and placing 
approximately 12,700 tons of material (corresponding to 10,900 yd3

). Quantities were computed 
based on the area and layer thickness 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/ft3 (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. 

Placement of Upper Silt Layer With Pea Gravel Admix: The silt loam soil will be sourced from the 
McGee Ranch site. However, the material will first be transported to an admix plant (assumed to be 
sited at Pit 30). Pea gravel will be mechanically mixed with the silt to produce a product that is 85 % 
silt and 15 % pea gravel by weight. Construction will require hauling and placing approximately 
6,600 tons of material (corresponding to 5,400 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 86.5 lb/ft3

, loose unit weight loaded on haul trucks of 72.1 lb/ft3 (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 ft3 solids per ft3 volume and a specific gravity of 2.70, corresponding to 126.4 lb/ft3. 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 Pages) 

COST ITEMS Estimated Indirect Subtotal 15% Cont. 

Definitive Design (Technical Services) 

Subtotal 250,000 0 250,000 37,500 

Engineering/Inspection (Technical Services) 

Subtotal 500,000 0 500,000 75 ,000 

SDRI Test on Asphalt Layer (Technical Services) 

Subtotal lM\IOO 0 J!iOOP ijl[@, 

TOTALS im.m;m 0 1im1@.9: Hi~ 
Site Grading, Compaction & Fill 
- Load, haul & dump soil from pit 30, 8 mile round 359,312 

trip using 5 dump trucks @ 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 

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 

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 

Placement of Gravel Drainage Layer 
- Load trucks with screened run-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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287,500 

575,000 
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618,728 

86,454 
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Table E-1. Hanford Barrier Conceptual Cost Estimate. (3 Pages) 

COST ITEMS Estimated · Indirect Subtotal 15% Cont. 

Subtotal 126,446 17,702 144,148 21,622 

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@ 7.8% 46,800 
- OH&P (on markups only) 7,020 

Subtotal 1,956,725 273,942 2,230,667 334,600 

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 

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 

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 
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165,770 

2,565 ,267 

257,263 

335,017 

411,276 
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Table E-1. Hanford Barrier Conceptual Cost Estimate. (3 Pages) 

COST ITEMS Estimated Indirect Subtotal 15% Cont. 
~ 

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 
- Sales Tax@ 7.8% 1,226 
- OH&P (on markups only) 183 

Subtotal 20,899 2,926 23,825 3,574 

TOTALS 5,027,796 718,892 5,746,688 862,005 

PROJECT TOTALS f:\1!ffen~f: 718,892 f,;$:Hl~~ 111mm: 
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27,399 

6,608,693 
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