DOE/NV/11718--758

Characterization Report

Operational Closure Covers for the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site

Prepared by

Bechtel Nevada
Geotechnical Sciences
Las Vegas, Nevada

Prepared for

U.S. Department of Energy
National Nuclear Security Administration
Nevada Site Office
Under Contract No. DE-AC08-96NV11718

June 2005




DISCLAIMER STATEMENT

Reference herein to any specific commercia product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily condtitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof or its contractors or subcontractors.

AVAILABILITY STATEMENT
Avallable for sdeto the public from—

U.S. Department of Commerce

Nationa Technicad Information Service

5285 Port Roya Road

Springfidd, VA, 22161-0002

Telephone: 800.553.6847

Fax: 703.605.6000

E-mall: orders@ntis.gov

Online ordering:  http://www.ntis.gov/ordering.htm

Available dectronicaly at http://www.ogti.gov/bridge.

Avallable for a processing fee to U.S. Department of Energy and its contractors, in
paper, from—

U.S. Department of Energy

Office of Scientific and Technicd Information
P.O. Box 62

Oak Ridge, TN 37831-0062

Telephone: 865.576.8401

Fax: 865.576.5728

E-mall: reports@adonis.osti.gov



DOE/NV/11718--758

Characterization Report

Operational Closure Covers for the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site

Prepared by

Bechtel Nevada
Geotechnical Sciences
Las Vegas, Nevada

Prepared for

U.S. Department of Energy
National Nuclear Security Administration
Nevada Site Office
under Contract Number
DE-AC08-96NV11718

June 2005



This page intentionally left blank.



Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site

at the Nevada Test Site June 2005
CONTENTS
Figuresand Tables . . .. ..o Vi
Acronymsand ADDreviations - . . . ... viii
EXECULIVE SUMIMANY . . . oottt ettt et et et ES-1
1.0 INTRODUCTION ..ttt e e e e e et 1-1
1.1  Purposeand Objective . .. ..o 1-1
1.2 Background Information . . . ...« e 1-3
121 SteDexriplions . ......coii e 1-3
1.2.2 Regulaory DOCUMENTS . . . ..ottt e e e 1-6
1.2.3 Peaformance Assessment and Composte Anayss .................. 1-6
1.2.4 Integrated Closureand MonitoringPlan . ........... ... ... ... ... 1-7
20  PROJECT DESCRIPTION . . .ottt e e ettt 2-1
21 SHteDESIIPON . ..ot e 2-1
211 AreaS5RWMSVICNity ... .o 2-1
22 Area5RWMSFacility Description . ......ovii 2-3
2.2.1 Higorica Development and Use of the Area5 RWMS Fecility ... ... .. 2-4
23  ClOSUre S aEgY .. oottt e 2-4
231 AsumptionsRelatedtoClosure . ... 2-5
2.3.2 AssumptionsReaedtoMonitoring ............ .. ... ... 2-6
2.3.3 Assumptions Related to Long-Term Survelllance and Maintenance . . . . .. 2-6
3.0 REGULATORY REQUIREMENTS . ... . 3-1
31  ClosUre REQUIFEMENS .. ..ottt et e e e et et et 3-1
311 DOEOrder 435.1 ..o ii et 3-1
312 TitledOCFR265. . ..ot 3-2
313 Titled0CFR 191 . ...t 3-3
314 NACAAATAS . . 3-3
3.2  Monitoring REQUIFEMENTS . . .. ..o 3-4
321 DOEOrder 435.1 ...ttt 3-4
322 DOEOrder450.1 ... ii it 3-5
323 Titled0CFROBL. . ... 3-5
324 TitledOCFR 264 . . ... oo 3-5
325 TitledOCFR265. . ..ot 3-6
326 Titled0CFR 191 . .. ..ot 3-6
40 WASTEDISPOSAL OPERATIONS . ..ot 4-1
41 INrodUCHION . . .o e e e e 4-1
A2 LOCEION .ttt e 4-1




Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site

at the Nevada Test Site June 2005
CONTENTS
A3 HiSOrY . .ot 4-1
4.3.1 WaseAcceptance Criteria. .. ..ot 4-1
432 WagePlacament . ... ... 4-2
433 Waste CoNMaNES. . ..o vttt et e 4-4
44  Wase InVemory . . . ..o 4-5
4.5 FUIUrE INVENIONY . . . o e e e e et 4-5
50 CONCEPTUAL MODELS . . ... e 5-1
5.1  Hydrologic Conceptual Modd forthe AreaS5RWMS . .................... 5-1
6.0 PERFORMANCE EVALUATION . ...t 6-1
6.1 Paformance Objectives . .. ... 6-1
6.2 PeaformanceBEvdudionResults .......... ... ... 6-1
7.0 CLOSURE COVERS . ... e e e e e e 7-1
7.1 Closure Cover DESIgN ..ottt 7-1
711 WaerInfiltration . ... 7-2
7.1.2 Disposd UnitCoverIntegrity ... 7-3
7.1.3 Structurd SEbility .. ... 7-3
7.1.4 Inadvertent Intruder Barrier .......... ... 7-3
7.2  Area5 RWMS Operational Closure Cover Construction . .................. 7-4
7.3 FNA CloSUre ... 7-4
731 InterimClosure CovEIS . ..ottt 7-5
732 FndClosureSchedule . . ... ..o 7-5
80 MONITORING DURING OPERATIONAL CLOSURE .. ...t 8-1
8.1  INtroduction . .. ... 8-1
8.1.1 Monitoring During Operationd Closure. . ..., 8-2
8.2 Meeorologica MONItONNG . .. ..ot 8-4
8.2.1 Potentid Evapotrangpiration . ... 8-4
8.22 PrecipitationData. . .. ... 8-4
823 WINAROSES . ..ottt 8-4
8.3  VadoseZoneMOoNitoring .. ..ot 8-8
8.3.1 GasPhaseTrittumMonitoringData . .................cccovuon... 8-8
8.3.2 Area5Weghing Lysmeter FacllityData .. ....................... 8-9
8.3.3 Automated Waste Cover Monitoring SysemData . ................ 8-11
8.34 NeutronLogging . .. vvvviie et e 8-13
8.4  Groundwaer MONItONNG .. ... oottt et e 8-13
85  SurfaceWater Runoff Monitoring . . ... ... 8-15




Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site

at the Nevada Test Site June 2005
CONTENTS
8.6 BiotaMoONitoring . ...... ...t 8-15
8.7  SUbIdenCeMONItONNG . . ..o ot 8-16
8.8 AIrMonitoringDaa . . ... 8-16
8.8 THHUM ... 8-16
882 Paticulaes ........ ... 8-17
883 Radon ...... ... 8-17
8.9  Monitoring During Find Closure and Active Ingtitutiona Control .. ........... 8-17
810  SUMMANY . .ot 8-18
9.0 SITECHARACTERIZATIONSTUDIES .. ... o 0-1
0.1 INtrOdUCHION . . . oot 9-1
9.2  Meeorology MonitoringData . ... 9-1
9.2.1 Potentid Evapotrangpiration . ... 9-1
022 Precipitation Data. . .. .. ..ot 9-1
03  VadoseZone SIUAIES . . . .ot 9-1
9.3.1 Area5Weghing Lysmeter FacllityData .. ....................... 9-2
0.3.2 NeUroONLOgOING . .ot v it ettt e e 9-2
9.3.3 Automated Waste Cover MonitoringData ... ..................... 9-2
9.34 Soil GasMoidure Monitoring for Tritium ......................... 9-2
9.4  Groundwaer MONItONNG . ... oot 9-3
9.4.1 Hydrogratigraphic Modd of FrenchmanHat ...................... 9-3
95  BiOtASIUIES .. ..o 9-4
951 Hord SIUAIES . . . ..ot 9-4
9052 Faunad SIuUdies . ... 9-5
9.6  Wadte Cover Subsidence Monitoringand Studies . . .. ..................... 9-5
9.7  HOOASIUAIES. . ..ot 9-6
9.8  Physica and Hydrogeological Property Datafor ClosureCovers. . ............ 9-7
9.9  TopographiC SUNVEY . . ... 9-7
10.0 CONCLUSIONSANd RECOMMENDATIONS . ... ..o 9-1
101 ConCUSIONS . .ot 9-1
10.2 ReCOMMENGAIONS . . ..ottt ittt e e e e e ettt 9-1
110 REFERENCES . ... o e e e e e e e 11-1
111 RefarencesCited ... ..o 11-1
11.2 Other ReferencesConsulted . .. .. ..o 11-11




Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site

at the Nevada Test Site June 2005
CONTENTS

APPENDICES
Appendix A Annotated Bibliography of Selected References Relevant to the

Area5 RWMS, 1994 through 2005
Appendix B Characterization Data

B-1 Area5RWMS Operationa Closure Cover Soil Sample

Location Information

B-2  Nudear Dengty (field measurement)

B-3  In-Place Bulk Density/Percent Compaction/M oisture Content

B-4  Spedific Gravity

B-5 Proctor Test

B-6 Seve Andyses and Gradation Curves

B-7  Permesbility
Appendix C  Topographic Map of the Area5 RWMS, September 2002
Didribution List

Figures and Table

Figure 1-1 Location map of the Area 3 and Area 5 Radioactive Waste

Management Sites Withinthe Nevada Test Site, Nevada, . .................. 1-2
Figure 1-2 Wagte Management UnitsWithinthe Area5RWMS . ... .. ... .. ..., 1-4
Figure 2-1 Mapof FrenchmanFlat ........ ... .. .. .. .. . i, 2-2
Figure4-1 Wagte Container Emplacement in aTypicad Trench at the Area5

Radioactive WasteManagement Site ... ... 4-3
Figure 4-2 Emplacement of Backfill Over WasteContainers . ........................ 4-4
Figure 5-1 Vadose Zone Hydrologic Conceptua Modd of the Area 5 Radioactive

Wase Management Site. . .. .. ..ot 5-2
Figure 7-1 Diagram of aMonolayer-ET ClosureCover ...t 7-2
Figure 8-1 Monitoring Stations at the Area 5 Radioactive Waste Management Site. . . ... ... 8-5
Figure 8-2 Historical Precipitation Recordsfor Area3andArea5 ..................... 8-6
Figure 8-3 Annua Wind Rose for Wdll 5B in Frenchman Hat for 1983101993 ........... 8-7
Figure 8-4 Locations of the Area5 RWMS Rilot Wells and Weighing Lysmeter

FaCility . .. 8-10

vi



Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site June 2005

Figures and Tables

Figure 8-5 Weighing Lysmeter and Precipitation Data from March 1994 to

Decaember 2001 . . ... ..o 8-11
Figure 8-6 Soil Water Content in Pit 3 Waste Cover (north Site) Using an

Automated TDR System ... ..o e 8-12
Figure 8-7 Soil Water Content in Pit 4 Waste Cover Using an Automated

TR S M .ot 8-12
Figure 8-8 Soil Water Content in Pit 5 Waste Cover Using an Automated

TR S M .ot 8-13
Table 1-1 AreaS5RWMSWasteUnit Status . ........cciviii i 1-5
Table 9-1 Summary of Hydraulic Properties for Selected Samples from the Area 5 Radioactive

Waste Management SiteClosureCovers .. .. ..o oo 0-8

Vii



Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site

June 2005

ACRONYMS and ABBREVIATIONS

AES Alternative Evauation Study

ASER Annud Site Environmenta Report

BN Bechtd Nevada

By Bequerd per liter

Bg/n¥/s Bequerdl per square meter per second
C Cddus

CA Composite Andysis

CAU Corrective Action Unit

CFR Code of Federad Regulations

cm Centimeter

DAS Disposd Authorization Statement

DCG Derived Concentration Guide
DOE/HQ U.S. Department of Energy/Headquarters
DOE/NV U.S. Department of Energy/Nevada Operations Office
DQO Data Qudity Objectives

E Evaporation

EPA U.S. Environmentd Protection Agency
ERD Environmental Restoration Divison (NNSA/NSO)
ET Evapotranspiration

F Fahrenhait

ft Feet/foot

FY fisca year

ga gdlon

GCD Greater Confinement Disposal

HDP Heat Dissipation Probe

ICMP Integrated Closure and Monitoring Plan
[HI Inadvertent Human Intrusion

in. Inch/inches

km kilometer(s)

kn? square kilometers

LANL Los Alamos National Laboratory
LLW Low-Level Waste

LLWMU Low-Levd Waste Management Unit

m meter(s)

mGy milliGray

m miles

m? square miles

MLLW Mixed Low-Level Waste

mrem milliroentgen equivaent man

viii



Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site

at the Nevada Test Site

June 2005

mSv

MTRU

NAC

NDEP
NESHAP
NNSA/NSO
NNSA/NV

NTS
OP

PA
pCilL
pCi/m?/s
PET
RCRA
RREMP
RWMS
SME
SNL

Sv

TDR
TEDE
TRU
UGTA
WAC
WMD

yr

ACRONYMS and ABBREVIATIONS

milliSevert

Mixed Transuranic (waste)

Nevada Adminigirative Code

Nevada Divison of Environmenta Protection

National Emissons Standard for Hazardous Air Pollutants
Nationa Nuclear Security Administration Nevada Site Office
National Nuclear Security Administration Nevada Operations Office
(Previous name for NNSA/NSO)

Nevada Test Site

Organization Procedure

Performance Assessment

picocurie(s) per liter

picocurie(s) per square meter per second

Potential Evapotranspiration

Resource Conservation and Recovery Act

Routine Radiologica Environmenta Monitoring Plan
Radioactive Waste Management Site

Subject Matter Expert

Sandia National Laboratories

Severt

Time-Domain Reflectometry

Tota Effective Dose Equivdent

Transuranic

Underground Test Area

Waste Acceptance Criteria

Waste Management Divison (NNSA/NSO)

year




Characterization Report - Closure Covers for the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site June 2005

This page intentionally left blank.




Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site June 2005

EXECUTIVE SUMMARY

Bechtel Nevada (BN) manages two low-level Radioactive Waste Management Sites (RWM Ss) (one Site
isin Area 3 and the other isin Area 5) a the Nevada Test Site for the U.S. Department of Energy
(DOE) Nationa Nuclear Security Administration Nevada Site Office (NNSA/NSO). The current DOE
Order governing management of radioactive waste is Order 435.1. Associated with DOE Order 435.1
areaManual (DOE M 435.1-1) and Guidance (DOE G 435.1-1). The Manual and Guidance specify
that preliminary closure and monitoring plans for alow-level waste management facility be developed and
initialy submitted with the Performance Assessment (PA) and Composite Analysisfor thet facility. The
Manua and Guidance, and the Disposd Authorization Statement (DAS) issued for the Area5 RWMS
further specify that the preliminary closure and monitoring plans be updated within one year following
issuance of aDAS. That requirement was fulfilled by the Integrated Closure and Monitoring Plan
(ICMP) (BN, 20058) and additional updates will be conducted every third year heregfter.

This characterization report for the Area5 RWMS Operationa Closure Covers summarizes recent data
collected in support of pending closure documents. Thisreport briefly identifies the regulatory
requirements, describes the disposal sites and the physica environment where they are located, reviews
the gpproach and schedule for closing, summarizes characterization studies and results, and presents
conclusions and recommendations.

Over the next several decades, most waste disposal units at both the Area 3 and Area5 RWMSs are
anticipated to be closed. Closure of the Area 3 and Area5 RWM Sswill proceed through three phases.
operationa closure, find closure, and indtitutional control. Many waste disposal units a the Area 5
RWMS are operationally closed and find closure has been placed on one unit a the Area3 RWMS
(U-3ax/bl). Because of the smilarities between the two Stes (e.g., type of wastes, environmentd factors,
operationa closure cover designs), many characterization studies and data collected at the Area 3

RWMS are relevant and applicable to the Area5 RWMS. For this reason, data and closure strategies
from the Area 3 RWMS are referred to as applicable.

Analyses of samples collected in fiscd year (FY) 2002 from the Area5 RWMS operationa covers have
been conducted to document the current physical and hydrogeologica conditions of the closure covers.
A comparison of these new physicd properties and hydrogeol ogic data to previous vaues obtained for
aluvium under the Area 5 RWMS (REECo, 19933, b; Blout et ., 1995; Levitt et d., 1996) indicates
that both data sets are very smilar.

A topographic survey was completed in FY 2002 to document the configuration of the Area5 RWMS
(92-acre areq) prior to any changes that might be made to the closure covers and intervening aress,
inclusive of the Greater Confinement Disposal boreholes, from the time of the survey through FY 2007.

Closure activities for waste digposd unitsin the 92-acre Area5 RWMS, and for an expansion areato
the north, follow a systematic process consisting of ten steps, itemized below:
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* Prdiminary assessment

* Initid planning

» Drafting of acharacterization plan

* Implementation of the characterization plan

» Drafting of a characterization report

» Drafting of aclosure plan

* Implementation of closure

» Dréfting of aclosure report

e Acknowledgment of completion

»  Post-closure monitoring and maintenance (if required according to the closure plan)

Thefirg two seps, preiminary assessment and initid planing, determine the depth to which each
remaining activity or document have to be conducted or developed. Results of investigations conducted
prior to the interim measure discussed above for the 92-acre Site, and results of previous Ste
characterization studies and ongoing measurements of water balance at the 92-acre ste and elsewhere
(and the recently collected data presented here) are believed to be sufficient that initid closure activities
for the 92-acre site will be minima. A closure plan for the 92-acre site is scheduled for FY 2009,
followed by closure construction and a closure report in FY 2010. Responsibilities for closure and
monitoring of the 92-acre Site are shared between the NNSA/NSO Waste Management Division and the
Environmenta Restoration Divison (ERD). Formal closure activities between FY 2008 and FY 2010,
and monitoring related specificaly to digposal units composing the Corrective Action Unit, will be
conducted by the ERD. Closure activities for waste disposa units in the expansion area are scheduled
over the time frame of FY 2019 through 2021.

The basic closure cover design for the various units will be of the vegetated monolayer evapotranspirative
(ET) type. In some cases, such as when considering long-lived or high-activity radionuclides, or where
burrowing by animas or intrusion of roots might be problemétic, the basic design may require modest
modification to ensure long-term containment.  Such modifications will be dedlt with on a case-by-case
bass. The addition of native soil to the operationa closure coversis recommended as an interim
measure prior to fina closure.

Monitoring a the Area 5 RWMS is required under avariety of regulatory drivers, including federa
regulations and DOE Orders. Monitoring data are used to demonstrate compliance with regulatory
drivers and performance objectives presented in the PAS, confirm assumptions about flux rates through
upward and downward pathways, confirm assumptions about soil water contents and potentia's, confirm
conceptua models, provide input to PA maintenance, and eva uate radiation doses to the genera public.
Monitoring is dso conducted to ensure the integrity of waste covers. In addition, the monitoring program
is designed to sufficiently forewarn of any need for mitigative actions, and to record the utility of any
mitigative actions. Environmental and operational monitoring data from the Area5 RWMS indicate that
thisfacility is performing as expected for long-term isolation of buried waste.

ES-2



Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site June 2005

Characterization studies at the Area5 RWMS, including recent characterization of the operationa
closure covers (planned through FY 2002), have been completed. Based on analyses of this data, no
changes to the PA or closure cover design are needed.

Anaysis of the compliance scenarios indicates that the waste digposd siteis reasonably likely to meet dl
the performance objectives for 10,000 years (Shott, et a., 1998; Levitt et d., 1999). Site
characterization studies and performance assessment have shown that the arid nature of the Area 5
RWMS, dong with the large depth to groundwater and negligible recharge, offer unique performance-
enhancing advantages. The limited transport pathways and limited land use potentid of the Site, coupled
with operationd procedures (e.g., Waste Acceptance Criteria) and closure plans (monolayer-ET cover),
provide reasonabl e assurance that regulatory performance objectives can be met (Shott, et ., 1998;
Becker et d., 2002).

Recommendations are:

» Continue with Ste monitoring activities and reporting.

»  Proceed through the scheduled planned phases leading to find closure of the Area5 RWMS and
defined in the ICMP (BN, 2005a).

»  Proceed with the plan to add native soil to operationa covers as a preparatory measure to fina
closure.
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1.0 INTRODUCTION

Bechtel Nevada (BN) manages two low-level Radioactive Waste Management Sites (RWMSs) et the
NevadaTest Site (NTS) for the U.S. Department of Energy (DOE) National Nuclear Security
Adminigtration Nevada Site Office (NNSA/NSO). The Area3 RWMS islocated in south-central

Y ucca Flat and the Area5 RWMS is located about 15 miles south, in north-central Frenchman Hat
(Figurel-1). Though located in two separate topographicaly closed basins, they are smilar in climate
and hydrogeologic setting. The Area5 RWMS uses engineered shallow-land buria cdlls to dispose of
packaged wagte, while the Area 3 RWM S uses subsidence craters formed from underground testing of
nuclear weapons for the disposal of packaged and unpackaged bulk waste (Becker et d., 1998).

Over the next several decades, most waste disposal units at both the Area 3 and Area5 RWMSs are
anticipated to be closed. Closure of the Area 3 and Area5 RWM Sswill proceed through three phases.
operationa closure, find closure, and indtitutional control. Many waste disposal units a the Area 5
RWMS are operationally closed and find closure has been placed on one unit a the Area3 RWMS
(U-3ax/bl). Because of the smilarities between the two Stes (e.g., type of wastes, environmentd factors,
operationa closure cover designs, etc.), many characterization studies and data collected at the Area 3
RWMS are relevant and applicable to the Area5 RWMS. For this reason, data and closure strategies
from the Area 3 RWMS are referred to as applicable.

This document is an interim Characterization Report — Operationa Closure Covers, for the Area
RWMS. The report briefly describesthe Area5 RWMS and the physical environment whereit is
located, identifies the regulatory requirements, reviews the approach and schedule for closing,
summarizes the monitoring programs, summarizes characterization studies and results, and then presents
conclusions and recommendations.

1.1 Purpose and Objective
This characterization report has been prepared to capture, in summary, the results of characterization
studies conducted at the Area5 RWM S that are relevant to find closure of the Area5 RWMS waste

disposa units.

The immediate objective of this report isto provide information that is sufficient in gpplicability and quality
to meet the requirements of the Nevada Divison of Environmenta Protection (NDEP) for accepting the
plan of NNSA/NSO and BN to add soil to existing operational closure covers for regulated units as an
interim messure toward Ste closure.

A second objective is to provide sufficient characterization information o that final closure of the Area5
RWMS 92-acre area can proceed. Near the time of final Site closure, this document (and others) may
be found by the NNSA/NSO and NDEP to be adequate for development of a Closure Plan or, if not,
the document will serve as the base for a next-generation Characterization Report.
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1.2 Background Information

A brief description of the Siteis provided in this section, followed by information about the regulatory
documents that govern the management of radioactive waste, and descriptions of various anayses,
assessments, and plans gpplicable to this Ste.

1.2.1 Site Descriptions

The Area3 and Area5 RWMSs are designed and operated for disposa of low-level waste (LLW) from
ongite, DOE offsite, and other gpproved offsite generators, and mixed waste from ondte. As mentioned
above, waste digposd cells within the Area 3 RWMS are subsidence craters resulting from underground
nuclear testing. At the time of formation, the seven craters ranged from 122 to 177 meters (m) (400 to
580 feet [ft]) in diameter and from 14 to 32 m (46 to 105 ft) in depth. Disposdl in the craters began in
the late 1960s, and waste interred there consisted primarily of contaminated soil and scrap metd, with
some congtruction debris, equipment, and containerized waste. Craters U-3ax and U-3bl were
combined to form the U-3ax/bl disposa unit, which is now covered with a vegetated native dluvium
closure cover at least 2.4 m (8 ft) thick (BN, 2001a). For details of the final closure plan of U-3ax/bl
disposal unit, refer to BN (2000). Disposa in the combined unit U-3ah/at began in 1988; this disposd
cdl iscurrently being used for disposa of bulk, low-leve radioactive waste from the NTS and gpproved
offdte generators. Crater U-3bh was originaly used for disposal of contaminated soils from the Tonopah
Test Range in 1997, and remains open for waste disposal from other approved generators. The
remaining two craters are not in use. For a detailed description of the facilities at the Area 3 RWMS,
refer to Shott et a. (1997).

Disposdl of radioactive waste a the Area 5 RWMS has occurred since the early 1960s. Currently, the
Area5 RWMS consists of 31 excavated pits and trenches and 13 boreholes (Figure 1-2). The disposal
cellswere used to dipose classfied and unclassified low-leve radioactive waste (LLW), mixed LLW
(MLLW), transuranic (TRU) waste, mixed TRU (MTRU) waste, and asbestiform waste. The 13
Greater Confinement Disposal (GCD) boreholes were used for the disposa of High Specific-Activity
LLW (waste smilar to Greater-than-Class C), TRU, and MTRU wastes. Currently, 21 of the cedlsand
al 13 GCDs are operationally closed. For a detailed description of the facilities at the Area5 RWMS,
refer to Shott et a. (1998).

Table 1-1 shows the wagte cdlls, type of waste in each, and activity status.
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Table1-1- Area5 RWMS Waste Unit Status

. Waste Disposal
Sl AELESE T Type/Material Configuration

PO8U, PO9U, Active LLW Shdlow Land

P13U, P14U, Disposa

P15U, P10C,

P12C

T02C, TO7C, Operationaly Closed | LLW Shdlow Land

TO8C, T09C, Disposa

TO7U, TO3U

P0O4U, PO5U,

P11U

TO1U, TO2U, Operationaly Closed | MLLW Shdlow Land

T0O4U, TO6U, (CAU 111) Disposa

PO1U, PO2U,

TO1C, TO3C,

TO5C, TO6C,

TO4C, TO4C-1

GCDT, GCD-05U, | Operationdly Closed | LLW GCD

GCD-06U, GCD-

09U GCD-10U,

GCD-11U,

GCD-12U

GCD-07C, GCD- | Operationdly Closed | MLLW GCD

08C

GCD-02C Operationdly Closed | TRU GCD

GCD-01C, GCD- | Operationdly Closed | MTRU GCD

03C, GCD-04C

PO3U Active (Fit 3) MLLW Shdlow Land
Disposa

PO6U Active Asbestiform Shdlow Land
Disposa

PO7U Operationaly Closed | Asbegtiform Shdlow Land

Disposd
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1.2.2 Regulatory Documents

The current DOE Order governing management of radioactive waste is 435.1 (DOE, 1999b).
Associated with DOE Order 435.1 is Manua DOE M 435.1-1 and Guidance DOE G 435.1-1. The
Manua and Guidance specify that preiminary closure and monitoring plans for a LLW management
facility be developed and initidly submitted with the Performance Assessment (PA) and Composite
Anayss (CA) for that facility. Development of these plansis aso a condition of the Disposal
Authorization Statements (DA Ss) issued for the Area 3 and the Area5 RWMSs. Key documentsin
place for the Area 5 RWMS include the following:

» Performance Assessment for the Area5 RWMS a the NTS, Nye County, Nevada, Revision 2.1
(Shott et al., 1998).

» Composite Andysisfor the Area5 RWMS a the NTS, Nye County, Nevada (BN, 2001b).

» Conseguences of Subsidence for the Area3 and Area5 RWMS's, Nevada Test Site (DOE,
1998a).

* Integrated Closure and Monitoring Plan for the Areas 3 and 5 RWMSs at the NTS (BN, 20053).

» Digposa Authorization Statement for the DOE/NV NTS Area5 RWMS (DOE, 2000).

* NTSWaste Acceptance Criteria (WAC), Revison 5 (NNSA/NSO, 2003).

Much of the background information provided in this report is extracted from these important documents,
aswdl| as from the cited reports listed in the Reference section (11.1) of this report.

1.2.3 Performance Assessment and Composite Analysis

A PA isasysematic andlyss of potentid risks, and includes a comparison of those risksto the
established performance objectives. A PA is conducted to provide the NNSA/NSO with reasonable
expectation that disposa of LLW will meet rediologica performance objectives for long-term protection
of the public and the environment, as established in DOE M 435.1-1. Composite Analyses are planning
tools used by the NNSA/NSO to ensure that the combined effect of al sources of resdud radioactive
materid that could contribute to the dose caculated from disposd facilities will not compromise
requirements for future radiologica protection of the public and environment. The PA and CA for a
disposd facility are reviewed and updated as described in the Maintenance Plan for the PA and CA.
The process of review and revison ensures that the andyses intended to ensure protection of the public
and environment are conducted with the best data available at the time. Monitoring during operation of a
facility, closure of that facility, and monitoring after closure are inextricably tied to the PA and CA. The
PA and CA provide information useful for designing amonitoring plan and for determining the best
method of closure to redlize radiological protection of the public and environment. Conversdly, results
obtained through monitoring are part of the data needed to revise the PA and CA. Documents linked to
the PA and CA and to the Integrated Closure and Monitoring Plan (ICMP) include the Auditable Safety
Anayss, the NTSWAC (NNSA/NSO, 2003), and the Routine Radiological Environmental Monitoring
Plan (RREMP) (BN, 2003).
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A PA and a CA have been completed for both the Area 3 and Area5 RWMSs (Shott et dl., 1997,
1998; BN, 2001b). The combined PA and CA (under one cover) for the Area 3 RWM S was reviewed
by DOE Headquarters (DOE/HQ) in 1999 and a conditional DAS was issued in October 1999. A
revised PA/CA document addressing the DAS issues was prepared and submitted to DOE/HQ for
review in 2000. The PA (under separate cover) for the Area5 RWMS was reviewed and approved,
with conditions, by DOE/HQ in 1996. A DAS (DOE, 2000a) was issued with conditions for the Area 5
RWMSin fisca year (FY) 2001 following the review of the CA. A PA has been completed for the
TRU wagte in four GCD boreholes (Cochran et d., 2001).

In the PAs of the Area 3 and Area5 RWMSs (Shott et d., 1997, 1998), the analyses assumed that the
closure cover would consist of native aluvium, with its thickness corresponding to the thickness of the
operationa cover. The hydrogeologic properties of the cover materia used in the models were based on
results of field and laboratory tests. The assessments were done under closure conditions that were
assumed to be more adverse than would likely occur. In the Area 3 RWMS PA/CA, asmple case was
assumed where the closure cover subsides, but remains above grade. Inthe Area5 RWMSPA, asa
base case, the closure cover was assumed not to subside; as aworst case, the closure cover was
assumed to thin, crack, and subside below grade. Performance objectives and results of modeling
conducted for the Area3 and Area 5 RWMS PAs are shown in Table 4.2 of the Integrated Closure and
Monitoring Plan (BN 2005a). Based on these analyses, both the Area 3 and Area5 RWM Ss meet
performance objectives by awide margin. The dose from dl interacting sources to a member of the
public is caculated for the Area 3 and Area 5 RWM Ssto be 2 milliroentgen equivaent man per year
(mrem/yr) and 7 mrem/yr (0.02 and 0.07 milliSievert per year [mSv/yr]), repectively. The CA
performance objective is 100 mrem/yr (1.00 mSv/yr) (BN, 2005a).

1.2.4 Integrated Closure and Monitoring Plan

Anintegrated plan for closing and monitoring both RWM Ss was submitted in 2001 and revised in 2004
(BN, 2005a). The ICMP defines the approach and schedule for both closing and monitoring the sites.
The closure and monitoring plans were integrated because much of the information that would be
included in individud plansis the same, and integration provides efficient presentation and program
management.

The conceptua closure approach consists of ensuring that the performance of the actua cover &t lesst
meets that modeled inthe PAs. The actua cover will be of the vegetated monolayer-evapotranspirative
(ET) type, with the monolayer comprising native aluvium properly screened to exclude cobbles coarser
than about 9 centimeters (cm) (3.5 inches[in.]). Throughout a period of active inditutiona control, the
cover will be maintained at its proper thickness by infilling subsided areas and cracks. Performance of
the cover will be monitored at a frequency and for a period to be determined based on observed trends
in monitoring data
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2.0 PROJECT DESCRIPTION

This section contains brief descriptions of the NTS and the Area5 RWMS. An overview of the Area5
Waste Management facility and operationsis also provided. For more detail regarding hydrogeology of
the area, refer to Shott et al. (1998), IT (1998, 1999a, 1999b), and

Laczniak et d. (1996). For more information about the Area5 RWMS specifically, consult

Shott et a. (1998) and BN (2005a).

2.1 Site Description

The NTS, located in Nye County, Nevada, 104 kilometers (km) (65 miles[mi]) northwest of Las
Vegas, comprises goproximately 3,561 square km (kn?) (1,375 square mi [mi?]) of land reserved to the
jurisdiction of the DOE under four land withdrawas (DOE, 1996). It is surrounded and further isolated
on the north, east, and west by the Nevada Test and Training Range (Figure 1-1). The primary use of
the NTS between 1952 and 1992 was testing of nuclear weapons. Since 1992, subcritical experiments
and other defense-related and non-defense-related activities have been and continue to be conducted at
the NTS. Mercury, in the southeast corner of the NTS, isthe primary support facility for the NTS.
Smadl communities, including Amargosa Valey, Lahrop Wells, and Indian Springs, are present within a
few tens of kilometers (tens of miles) of the NTS, dong the U.S. Highway 95 corridor. The primary
valeysonthe NTS are Y ucca Flat, Frenchman Flat, and Jackass Hats. Y ucca Flat isin the northeast
part of the NTS, Frenchman Flat is in the southeast part of the NTS, and Jackass Hatsisin the
southwest part of the NTS.

Frenchman Hat is a closed intermontane basin located in the southeastern portion of the NTS. This
roughly circular basin is bounded by Massachusetts Mountain on the north, the Buried Hills and Ranger
Mountains on the east and southeast, Mount Salyer on the west, and Mercury Ridge and Red Mountain
on the south (Figure 2-1). The sparsdy vegetated valey floor dopes gently toward a centra playa.
Elevations range between 1,600 m (5,250 ft) in the surrounding mountains to 939 m (3,080 ft) at
Frenchman Playain the center of the basin. Frenchman Hat was one of severd primary nuclear test
areas. Atmospheric tests were conducted on the playa and alimited number of underground tests were
conducted in the northern part of the basin (DOE, 2000b).

2.1.1 Area5RWMS Vicinity

The Area5 RWMS islocated in northern Frenchman Flat at the juncture of three codescing dluvid fan
piedmonts (Snyder et d., 1995). Ground-surface elevation a the Area5 RWMSis 972 m (3,190 ft)
above mean sealevd.

The thickness of the unsaturated zone at the Area 5 RWMS is 235 m (770 ft) at the southeast corner of
the RWMS (at Borehole UebPW-1), 256 m (840 ft) at the northeast corner of the RWMS (at Borehole
UebPW-2), and 271 m (890 ft) to the northwest of the RWMS (at Borehole UeSPW-3). Boreholes
UebPW-1 and UebPW-2 penetrate only alluvium, while Borehole UeSPW-3 encounters

2-1



Characterization Report - Closure Covers for the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site June 2005

830,000 720,000 750,000

Yucca Flat]

730,000
730,000

750,000

750,000

720,000
720,000

Figure 2-1  Map of Frenchman Flat

2-2



Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site June 2005

Tertiary tuff a a depth of approximately 189 m (620 ft) (REECo, 1994). Thedluvium is estimated to be
about 460 m (1,500 ft) thick at the Area5 RWMS.

Air temperatures can vary from -15 degrees Celsius (°C; 5 degrees Fahrenheit [°F]) to 24°C (75°F) in
winter and from 16 to 45°C (60 to 113°F) in summer. The climate of Frenchman Fat isarid. The
average annud precipitation, based on a 38-year record (1963-2001) at a station located 6.4 km (4 mi)
south of the RWMS, is 125 mm (4.9in.). Precipitation is highly varigble, with scant precipitation being
recorded in some years. Average annua potential evapotranspiration (PET) at the Area5 RWMS,
cdculated using loca meteorology data, is gpproximately 13 times the annua average precipitation.

Areas 3 and 5 are Smilar, except for dight differencesin air temperature, precipitation, and soil texture:
Area 3 receives gpproximately 30 percent more rainfall than Area 5, the annua average temperature at
Area 3isabout 2°C (4°F) cooler than a Area 5, and soils at Area 3 are dightly finer grained than at
Areas.

2.2 Area 5 RWMS Facility Description

The Area5 RWMSis approximately 22 km (14 mi) north of Mercury in the northern part of

Frenchman Flat (Figure 2-1). The Area5 RWMS covers 293 hectares (732 acres) and is bounded by a
buffer zone 300 m (1,000 ft) wide. A 37-hectare (92-acre) areain the southeast corner of the RWMS,
referred to herein as the “ 92-acre area,” has been actively used for disposd and storage of wastes since
1961. More recently the RWM S was expanded northward into an area referred to as the “expansion
area”

Disposd congdts of placing waste in various sedled containers in unlined pits and trenches.  Soil backfill
is pushed over the containersin asingle lift, goproximately 2.4 m (8 ft) thick, as rows of containers reach
goproximately 1.2 m (4 ft) below origina grade. The following paragraphs provide brief, summarized
descriptions of the excavations. For a detailed description of the fecilities a the Area5 RWMS, refer to
Shott et d. (1998). Refer to Figure 1-2 for locations of pits and trenches a the Area5 RWMS.

Packaged LLW and mixed low-level waste (MLLW) generated within Nevada under the purview of
NNSA/NSO (formerly DOE/NV) are currently disposed in excavated pits. These digposd units, with
exceptions, are typicaly 183 to 213 m (600 to 700 ft) long, over 30.5 m (100 ft) wide, and 6.1t0 9.1 m
(20to 30 ft) deep. All trenchesinthe RWMS are closed. The practice has been to designate an
excavation as either a“trench” or “pit,” the difference being that a truck could be turned around in a pit.
(This equates to greater than 30.5 m [100 ft] wide for a pit and less than 30.5 m [100 ft] widefor a
trench.) Trench designations are prefixed with a“T,” whereas pit designations are prefixed with a“ P.”
The desgnations are given the suffix “U” or “C” to indicate whether the waste is “unclassified” or
“classfied,” respectively (as regards national security requirements). For further descriptions of pits,
trenches, and GCD boreholes, refer to BN (2001b).

Currently, 10 of 31 disposd units are open for disposal of wastes; the others have been operationdly
closed with a cover of native dluvium gpproximately 2.4 m (8 ft) thick. (Trenches TO4C and TO4AC-1
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are herein considered to be discrete, resulting in 23 post-1978 disposal units at the RWMS rather than
22 asis sometimes referenced.) Pits PO8U, P10C, P12C, P13U, P14U, and P15U were constructed
north of the 92- acre main disposa areain the expansion area.

The GCD boreholes were used in the past to digpose of waste that was considered unsuitable for
shalow land disposal. Thirteen such boreholeswere drilled. A GCD boreholeistypicadly 3 m (10 ft) in
diameter and 36 m (120 ft) deep, and is unlined except for the top 3 m (10 ft), which is cased with
corrugated stedl culvert. Waste was remotely placed in a GCD borehole from the bottom up to a depth
of 21 m (70 ft) below the ground surface, and backfilled with native aluvium. Seven of the GCD
boreholes arefilled and closed.

This characterization report addresses only the pit and trench disposa units within the Area5 RWMS.
More information regarding the GCD boreholes is presented in Shott et a. (1998) and in Cochran et d.
(2001). A report that addresses regulations and issues associated with find closure of the GCD
boreholes is being prepared (BN, 2002a).

2.2.1 Historical Development and Use of the Area 5 RWMS Facility

Disposdl of radioactive waste at the Area 5 RWMS started in 1961 and, through 1978, eight disposal
units werefilled primarily with onsite-generated waste and operationdly closed. The Area5 RWMS
began taking greater amounts of waste from offsite generatorsin 1978. Between 1978 and

September 26, 1988 (the latter date being when DOE Order 5820.2A, “ Radioactive Waste
Management” [now replaced by DOE Order 435.1] was promulgated), two pits (PO1U and PO2U) and
one trench (TO7U) werefilled and operationaly closed. Thirteen pits (PO3U, PO4U, PO5U, PO6U,
PO7U, PO8U, PO9U, P10C, P11U, P12C, P13U, P14U, and P15U) and seven trenches (TO3U, TO2C,
TO4C, TO4C-1, TO7C, TOBC, and TO9C) have been active since promulgation of DOE Order
5820.2A. Four of these pits (PO4U, PO5U, PO7U, and P11U) and dl seven trenches are now
operationally closed, leaving nine pits currently active (PO3U, PO6U, PO8BU, POSU, P10C, P12C, P13U,
P14U, and P15U).

Most of the MLLW at the Area 5 RWMS was placed there before 1992; however, Pit 3 (PO3U) has
accepted small amounts of MLLW generated on Ste since thet time. Rit 3 (PO3U) isthe only active
mixed waste digposdl unit. All other active units contain low-level radioactive waste. Fit 6 (PO6U) is
used for disposa of thorium (at the bottom tier), and Pit 7 (PO7U) is used for disposa of asbestiform
LLW.

2.3 Closure Strategy

Assumptions related to closure and monitoring of the Area5 RWMS are given in the life cycle basdine
documents of the NNSA/NSO Waste Management Divison (WMD). Pertinent programmetic,
scheduling, and funding assumptions from the WMD basdline are reproduced below, in addition to
assumptions that relate more to the gpproach and responsibility for closure and monitoring described
herein.
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The following subsections were abstracted from BN (2005a).
2.3.1 Assumptions Related to Closure

« Funding will be available to complete closure-rdated activities a the scheduled times.

+ Closureof dl disposa unitswithin the Area 3 and Area 5 RWMSs, regardless of waste type, will be
included in the NNSA/NSO WMD basdline.

« Adtivitiesrelated to find closure of the Area 3 and Area 5 RWM Sswill be under the management
and technical direction of the NNSA/NSO WMD.

« ThelCMP will address closure of al disposa units at the Area 3 and Area5 RWMSs, including
disposed LLW (asbestos, hydrocarbon-impacted, and regular LLW), disposed MLLW, and
indefinitely stored classfied materias.

« Individua closure plans will be drafted for the Pit 3 MWDU, Corrective Action Unit (CAU) 111, the
ashestiform waste pits, the remaining LLW pits within the 92-acre area, and the GCD boreholes.

« Thedosure plansfor digposa units containing hazardous congtituents will incorporate conditions of
Title 40 CFR 265.310, RCRA Permit NEV HW009, DOE O 435.1, the Area5 RWMS DAS, and
other applicable regulations as appropriate.

« The NDEP will gpprove adding excess soil on and between disposd units under their purview.

Routine maintenance, including adding soil between and on operationa closure covers, will continue
until find dosure.

«  Soil backfill will be the engineered barrier for the GCD boreholes that contain waste or classified
materias.

« GCD boreholes will be closed according to the regulations pertaining to the type of waste they
contain, such as Title 40 CFR 191 for transuranic (TRU) waste.

«  The NNSA/NSO will gpprove dl documents required for fina closure of al disposal units at the
Area3 and Area5 RWMSs.

« The NDEP and the NNSA/NSO will gpprove al documents required for fina closure of regulated
disposd units at the Area 3 and Area 5 RWM Ss.

« Activitiesreated to find closure of the Area5 RWMS 92-acre areawill occur from fiscd year
(FY) 2005 through FY 2008.

« Closure congruction at the Area 5 RWMS 92-acre area will be completed in FY 2008 except for
those units expected to till be operational.

« Find closure activities for the Area 5 RWMS expansion areawill occur between FY 2019 and
FY 2021.

« Closure congtruction at the Area 5 RWMS expansion areawill be completed in FY 2021.

« Find closure activities at the Area 3 RWM S will occur between FY 2006 and FY 2008.

« Nowaste will be accepted in the current disposal areas after FY 2021.
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2.3.2 Assumptions Related to Monitoring

«  Environmenta monitoring will continue through FY 2021 according to the ICMP (BN, 20053).
After FY 2021, environmental monitoring will continue under Long-Term Surveillance and
Maintenance.

* RCRA groundwater monitoring will continue (unless an exemption is granted from NDEP) during the
operationa phase of the Pit 3 MWDU.

» Pogt-closure monitoring of the Area5 RWMS 92-acre areawill commencein FY 2008 and
continue at least through FY 2021 according to RCRA requirements.

2.3.3 Assumptions Related to Long-Term Surveillance and Maintenance

» Activeinditutiond control of the Area5 RWMS 92-acre ste will start after final closurein FY 2008
and continue for a period of 113 years (through FY 2121).

« Anexemption from RCRA groundwater monitoring requirements will be obtained after find closure
of the Pit 3 MWDU within the Area 5 RWMS 92-acre area.

» Activeinditutiona control of the Area5 RWMS expanson area will gart after find closurein FY
2021 and continue for aperiod of 100 years (through FY 2121).

» Passveinditutiond control of closed siteswill start after active indtitutiona control and continue
indefinitely.
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3.0 REGULATORY REQUIREMENTS

The Area 3 and Area 5 RWMSs are primarily LLW disposd sites. The Area3 RWMS includes LLW
and MLLW, wheress the Area5 RWMS includes LLW, MLLW, and smal amounts of TRU waste and
mixed TRU (MTRU) waste, and asbegtiform waste. Waste with only a radioactive component is salf-
regulated by the DOE. The radioactive component of mixed waste is self-regulated by the DOE,
whereas the hazardous component of mixed waste is regulated by RCRA under the authority of the U.S.
Environmenta Protection Agency (EPA). The NDEP has been granted the authority by the EPA to
administer RCRA in Nevada. Nevada Adminigtrative Code (NAC) 444.8632 incorporates the federa
RCRA requirements by reference (Nevada Environmental Commission [NEC], 1987). A review of the
regulatory requirements affecting the Areas 3 and 5 RWM Ss was compiled for the ICMP (BN, 2005a)
and isincluded in the following Subsections for convenient reference.

3.1 Closure Requirements
The following excerpts from the DOE Orders and other regulations for closure provide the basis for the
Closure Program.

3.1.1 DOE Order 435.1

DOE Order 435.1 (DOE, 1999b) governs management of radioactive waste. Associated with the order
areamanua (DOE M 435.1-1; DOE, 1999d) and a guidance (DOE G 435.1-1; DOE, 1999c). The
DOE/NV M 435.1 provides the requirements, roles, and responsibilitiesfor establishing the DOE/NV
Radioactive Waste Management Program according to the Order. The DOE manua and guidance list
the following requirements related to closure of LLW disposal cdlls.

o Chapter IV, Subpart Q (Closure) (1). A priminary closure plan shdl be developed and submitted
to DOE/HQ for review with the Performance Assessment and Composite Andysis. The closure plan
shdl be updated within one year following issuance of the Disposa Authorization Statement to
incorporate conditions specified in the Disposal Authorization Statement.

—  Subpart Q (1)(a). Closure plans shal be updated as required during the operationd life of the
fadlity.

— Subpart Q (1)(b). Closure plans shdl include a description of how the disposd facility will be
closed to achieve long-term stability and minimize the need for active maintenance following
closure and to ensure compliance with the requirements of DOE Order 5400.5, “Radiation
Protection of the Public and the Environment” (or 10 CFR 834, when promulgated).

— Subpart Q (1)(c). Closure plans shdl include the total expected inventory of wastesto be
disposed of at the facility over the operationd life of the fecility.

— Subpart Q (2). Closure of adisposd facility shdl occur within afive-year period after it isfilled
to capacity, or after the facility is otherwise determined to be no longer needed.
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— Subpart Q (2)(a). Prior to facility closure, the find inventory of the low-level waste digposed of
in the facility shall be prepared and incorporated into the PA and CA which shall be updated to
support closure of the facility.

— Subpart Q (2)(b). A find closure plan shdl be prepared based on the inventory of waste
disposed of in the facility and on the updated PA and CA prepared in support of the facility
closure.

— Subpart Q (2)(c). Indtitutiona control shal continue until the facility can be released pursuant to
DOE Order 5400.5 (or 10 CFR 834, when promulgated).

— Subpart Q (2)(d). The location and use of the facility shal be filed with the locdl authorities
respongble for land use and zoning.

3.1.2 Title 40 CFR 265

Performance objectives related to closure of awaste digposd cdl containing only LLW are smilar in
principle to those specified in the RCRA Subpart N, Title 40 CFR 265.310(a) (CFR, 19964) for waste
digposd cdls containing MLLW: At find closure of the landfill or upon closure of any cdl, the owner or
operator must cover the landfill or cdl with afina cover designed and congtructed to:

*  Provide long-term minimization of migration of liquids through the closed landfill,

*  Function with minimum maintenance,

* Promote drainage and minimize erosion or abrasion of the cover,

*  Accommodate settling and subsidence so thet the cover’ s integrity is maintained, and

» Have apermesbility less than or equd to the permeshility of any bottom liner system or naturd
subsoils present.

In addition to the above requirements, Title 40 CFR 265.310(b) specifies that after find closure, the
owner or operator must comply with al post-closure requirements contained in Title 40 CFR 265.117
through 265.120, including maintenance and monitoring throughout the post-closure care period. The
owner or operator must:

* Maintain the integrity and effectiveness of the final cover, including making repairs to the cover as
necessary to correct the effects of settling, subsidence, erosion, or other events,

e Maintain and monitor the leak detection system according to Title 40 CFR 264.301(c)(3)(iv) and
(4), and 265.304(b), and comply with al other gpplicable leak detection system requirements of this
part;

* Maintain and monitor the groundwater monitoring system and comply with al other gpplicable
requirements of Subpart F of this part;

*  Prevent run-on and runoff from eroding or otherwise damaging the find cover; and

» Protect and maintain surveyed benchmarks used in complying with Title 40 CFR 265.309.
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3.1.3 Title40 CFR 191

Small amounts of TRU and MTRU wastes are disposed in GCD boreholes and in one shalow-land
disposa unit at the Area5 RWMS. According to DOE M 435.1-1 (DOE, 1999d), TRU waste isto be
disposed according to Title 40 CFR 191 (CFR,1996b). With respect to the limited amounts of these
wagtes, the NNSA/NSO will assess the applicability of Title 40 CFR 191 to closure through the process
of sdf regulation.

A compliance assessment document for TRU waste disposed in GCD boreholes, including a PA with
respect to the requirements of Title 40 CFR 191, has been completed by Sandia National Laboratories
(SNL) (Cochran et d., 2001). Title 40 CFR 191 includes both quantitative requirements and qualitetive
“assurance’ requirements that must be met to demonstrate adequate protection of human hedlth and the
environment. The three quantitative requirements pertain to containment, individua protection, and
groundwater protection. The Six assurance requirements are imposed to provide additiona confidence
that the containment requirements will be met: (1) active inditutiona controls, (2) passive ingtitutiona
contrals, (3) monitoring, (4) engineered and natura barriers, (5) Siting to avoid resources, and (6) future
remova of waste. According to definitionsin Title 40 CFR 191 for active and passive ingtitutiond
controls, the assurance requirement of monitoring is consdered to be an active control, and barriers are
consdered to be a passive control.

Comparison of the assurance requirementsin Title 40 CFR 191 with closure and monitoring
requirements of DOE O 435.1 and DOE M 435.1-1 indicates that measures taken to satisfy
requirements of Title 40 CFR 191 will meet or exceed requirements of the radioactive waste
management Orders. An assessment of the assurance requirements for TRU waste in the GCD
boreholes is described in the GCD document (Brosseau, 2001). Closure and monitoring requirements of
RCRA are ds0 generdly satisfied by these measures, specific requirements for closure and monitoring
may be imposed by the NDEP for cells containing MTRU waste. These requirements are negotiated
with the NDEP when drafting the pecific closure plans.

3.1.4 NAC 444.743
Pits PO6U and PO7U are permitted Class |11 asbestiform low-level solid waste disposal units &t the
Area5 RWMS. Assuch, itisregulated by NACs, asfollows.

 NAC444.743 (NAC, 19933). Regulatesfind cover or closure; post-closure. A Classll ste must
comply with requirements st forth in NAC 444.6891 to 444.6894, inclusive, concerning closure and
post-closure.

 NAC 444.6891 (NAC, 1993h). Setsrequirementsfor design and congtruction of a system for fina
cover. The owner or operator of a Class | sSte shdl ingal asystem for afina cover whichis
designed to minimize infiltration and eroson. Except as otherwise provided in Subsection 2, the
system must be designed and constructed to:
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(a) Have apermeability that isless than or equa to the permesability of any system for a bottom liner
or natural subsoils present, or have a permeability no greater than 0.00010 centimeters per
second, whichever isless,

(b) Minimizeinfiltration through the closad municipd solid waste landfill unit by the use of an
infiltration layer which contains a least 18 inches of earthen materid; and

(c) Minimize eroson of the find cover by the use of an erosion layer which contains at least 6 inches
of earthen materid which is cgpable of sustaining the growth of native plants.

3.2 Monitoring Requirements
The following excerpts from the DOE Orders and other regulations for monitoring provide the basis for
the Monitoring Program.

3.2.1 DOE Order 435.1

The DOE M 435.1-1 associated with DOE Order 435.1 provides requirements for air monitoring
(including radon), vadose zone, meteorology, biota, direct radiation monitoring, and subsidence
monitoring.

o Chapter 1V, Subpart P (1) (a). Dose to representative members of the public shall not exceed
25 mrem (0.25 mSv) in ayear totd effective dose equivaent from al exposure pathways, excluding
the dose from radon and its progeny in air.

— Subpart P (1) (b). Dose to representative members of the public viathe air pathway shal not
exceed 10 mrem (0.10 mSv) in ayear tota effective dose equivaent, excluding the dose from
radon and its progeny.

— Subpart P (1) (). Release of radon shal be less than an average flux of 20 picocurie(s) per
square meter per second (pCi/n/s) (0.74 Bequerdl per square meter per second [Bg/ne/s]) at
the surface of the disposal facility. Alternatively, alimit of 0.5 pCi/liter (L) (0.0185 Bg/L) of air
may be applied at the boundary of the facility.

— Subpart R (3) (a). The site-specific performance assessment and composite andysis shdl be
used to determine the media, locations, radionuclides, and other substances to be monitored.

— Subpart R (3) (b). The environmenta monitoring program shall be designed to include measuring
and evauating releases, migration of radionuclides, disposa unit subsidence, and changesin
disposd facility and disposd Site parameters which may affect long-term performance.

— Subpart R (3) (¢). The environmenta monitoring programs shdl be capable of detecting
changing trends in performance to alow gpplication of any necessary corrective action prior to
exceeding the performance objectives in this chapter.
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3.2.2 DOE Order 450.1

DOE Order 450.1 (which replaced DOE O 5400.1) and Guidance Document DOE/EH-0173T (DOE,
1991) provide requirements for air monitoring (including radon), groundwater, vadose zone,
meteorology, biota, and direct radiation monitoring.

» Chapter 1V, 5b. (1). Environmenta survelllance shdl be desgned to satisfy one or more of the
following program objectives:

— 5b(1)(a). Verify compliance with gpplicable environmenta laws and regulations,

— 5b(1)(b). Veify compliance with environmenta commitments made in Environmenta Impact
Statements, Environmenta Assessments, Safety Andysis Reports, or other officid DOE
documents;

— 5b(1)(c). Characterize and define trendsin the physical, chemica and biologica condition of
environmental media;

— 5b(1)(d). Egablish basdines of environmenta qudity;
— 5b(1)(e). Provideacontinuing assessment of pollution abatement programs,
— 5Sb(Q)({). Identify and quantify new or exigting environmenta quaity problems.

3.2.3 Title40CFR 61

Title 40 CFR 61 (CFR, 1996¢) provides requirements for radiologica air monitoring (including radon)
and direct radiation monitoring in Subparts H and Q of H, National Emission Standards for Emission of
Radionuclides Other Than Radon from Department of Energy Facilities, Section 61.92 Standard.

e Subpart H. Emissons of radionuclides to the ambient air from Department of Energy facilities shall
not exceed those amounts that would cause any member of the public to receivein any year an
effective dose equivaent of 10 mremvyr.

e Subpart Q. No source a a Department of Energy facility shall emit more than 20 pCi/m2/s of
radon-222 as an average for the entire source, into the air. This requirement will be part of any
Federa Facilities Agreement reached between the EPA and the DOE. To date, neither the Area 3
or the Area5 RWMSs contain 11.e.(2) waste (uranium mill tailings), so Subpart Q does not apply.
However, Subpart Q isincluded in anticipation of receiving 11.e.(2) waste in the future.

3.24 Title 40 CFR 264
The Area 5 groundwater monitoring program is guided in part by the following sections of Title 40
CFR 264 (CFR, 1996d), Subpart F, unless as specified in the “ Outline of a Comprehensive
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Groundwater Monitoring Program” (BN, 1998a), and the Annua Groundwater Monitoring Data Report
(e.g., BN, 2004a) in agreement between NNSA/NSO and NDEP:

» 264.97, Generd groundwater monitoring requirements

e 264.98, Detection monitoring program

* 264.99, Compliance monitoring program

e 264.100, Corrective action program

» 264.101, Corrective action for solid waste management units

3.2.5 Title 40 CFR 265

The Area 5 groundwater monitoring program is driven in part by the following sections of Title 40

CFR 265 (CFR, 19964), Subpart F, unless as specified in the “Outline of a Comprehensive
Groundwater Monitoring Program” (BN, 1998a), and the Annual Groundwater Monitoring Data Report
(e.g., BN, 20044a) in agreement between NNSA/NSO and NDEP:

e 265.90, Applicability

e 265.91, Groundwater monitoring system

* 265.92, Sampling and andys's

» 265.93, Preparation, evaluation, and response
* 265.94, Record keeping and reporting

3.2.6 Title40CFR 191
Title 40 CFR 191 provides the following genera monitoring requirement:

»  Section 191.14 Assurance Reguirements, (b). Disposa systems shal be monitored after disposal to
detect substantia and detrimental deviations from expected performance. This monitoring shdl be
done with techniques that do not jeopardize the isolation of the wastes and shal be conducted until
there are no significant concerns to be addressed by further monitoring.
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4.0 WASTE DISPOSAL OPERATIONS

4.1 Introduction

This section summarizes the waste disposa operations at the Area5 RWMS. The location, history of
disposal, waste placement, waste container descriptions, and waste inventory are discussed briefly. For
more detail, refer to the ICMP for the Area 3 and Area5 RWMSs (BN, 2005a) and the Area 5
RWMS PA (Shott et d., 1998).

4.2 Location

The Area5 RWMS covers 293 hectares (732 acres) and is bounded by a buffer zone 300 m (1,000 ft)
wide. Waste disposal has occurred in a 37-hectare (92-acre) portion of the Site, referred to asthe
LLWMU. More recently the RWM S was expanded northward into an area referred to as the
“expansion area.”

4.3 History

The LLWMU conssts of 31 landfill cdls (pits and trenches) and 13 GCD boreholes. Nine of the GCD
boreholes were used to dispose TRU waste and MTRU waste. Seven of the GCD boreholes have been
filled and operationdly closed, two have received waste and remain open, and four are empty. Fit 3
(PO3U) isthe only active mixed waste disposa unit. All other active units contain low-leve radioactive
waste. Pit 6 (PO6U) is used for disposal of thorium (at the bottom tier). Pits PO6U and PO7U are used
for digposal of asbestiform LLW. Of the 31 Iandfill cells, 5 pits and 16 trenches have been closed. Ten
pits (PO3U, PO6U, PO8U, PO9U, P10C, P11U, P12C, P13U, P14U and P15U) remain open.

4.3.1 Waste Acceptance Criteria

The NNSA/NSO has established waste acceptance criteriafor its radioactive waste disposal sites at the
NTS (NNSA, 2003). The WAC provides the requirements, terms, and conditions under which the
NTS will accept low-leve radioactive and mixed waste for disposa. Mixed waste generated within the
sate of Nevada by NNSA/NSO activities is accepted for diposad. The WAC includes requirements for
the generator waste certification program, characterization, traceghility, waste form, packaging, and
transfer of materid. Personnd of the Radioactive Waste Acceptance Program review each waste
generator’ s program and documentation for compliance to the NTSWAC. Upon arrival a the NTS, the
waste shipments/containers are ingpected to verify placards, manifests, marking and labdling, and
container integrity (Becker, 2002).

NNSA/NSO policies regarding the storage and disposal of radioactive waste are as follows:

» Ensure safe and compliant storage and disposal of radioactive waste; be consi stent with the current
revison of dl gpplicable federd, Sate, and locd regulations.
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»  Protect the environment, personnel, and public from chemica and radiologica hazards according to
Title 40 CFR, RCRA; Title 10 CFR 835, “Occupationa Radiation Protection;” DOE Order 435.1,
“Radioactive Waste Management;” and state of Nevada and applicable U.S. Department of
Trangportation regulations.

» Ensurethat present and future radiation exposures are kept as low as reasonably achievable and do
not exceed the radiation protection standards established in Title 10 CFR 835.

» Enaurethat Quality Assurance programs are established and implemented to fulfill the requirements of
DOE Order 435.1; Title 10 CFR 830.122, “Quality Assurance’; and DOE Order 414.1A, “Qudity
Assurance.”

4.3.2 Waste Placement

Weaste to be disposed at the Area5 RWMS is transported there on trucks. On arrival, manifests are
checked and trucks are ingpected both visualy and with instrumentation to ensure that there is no leakage
of contaminated materias from the containers. After they are cleared, the containers are off-loaded and
placed in the appropriate active pit or trench (Figure 4-1), depending on waste type or classfication, or
both. Unloaded trucks are released only after being surveyed for contamination and found to be clean.

Pits and trenches range in depth from 4.6 to 15 m (15 to 48 ft). Disposal conssts of placing waste in

various sedled containersin the unlined pits and trenches.  Asrows of containers reach gpproximately
1.2 m (4 ft) below origindl grade, screened native aluvium is pushed over the containersin asingle lift,
approximately 2.4 m (8 ft) thick, (Figure 4-2).

Eight “unclassified” pits (PO3U, PO6U, PO8U, PO9U, P11U, P13U, P14U and P15U), and two
“classfied” pits (P10C and P12C) are currently open for receipt of waste. Pit PO3U is designated for
disposa of MLLW under RCRA interim status, however, only asmal amount of NTS-generated mixed
waste has been disposed there since 1992. Pit PO6U has been deepened for disposal of thorium waste.

The GCD units are 3-m (10-ft) diameter vertica boreholes, 36 m (118 ft) deep. The boreholes are
cased from the surface to the depth of 3 m (10 ft). Waste packages were placed in the bottoms of the
boreholes up to a depth of approximately 21 m (70 ft) below land surface. The holes were then
backfilled with native soil.

For adetailed description of the facilities at the Area5 RWMS, refer to Shott et a. (1998). For further
descriptions of pits, trenches, and GCD boreholes, refer to Cochran et d. (2001).
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Figure4-1 Waste Container Emplacement in a Typical Pit at the Area 5 Radioactive Waste
Management Site
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Figure4-2 Emplacement of Backfill Over Waste Containers

4.3.3 Waste Containers

The following description of waste containers that have been buried at the Area 5 RWMS was excerpted
from the “Integrated Closure and Monitoring Plan for the Area 3 and Area 5 Radioactive Waste
Management Sites at the Nevada Test Site,” prepared by Bechtel Nevada (BN, 20053).

Containers disposed at the Area 5 RWMS are categorized as boxes, drums, or nonstandard.
Cardboard, octagond “tri-wall” boxes were commonly used prior to the mid-1980s. These cardboard
boxeswere 0.6 or 1.2 m (2 or 4 ft) high and banded to wooden pallets with stedl strapping. Waste was
contained in plastic bags inside the cardboard boxes. These boxes were stacked as close to each other
as the underlying pallet alowed and were susceptible to crushing if stacked too high.

Plywood boxes came into wide use theregfter, and range in size from 0.6 m (2 ft) high, 1.2 m (4 ft) wide,
and 2.1 m (7 ft) long to 1.2 m (4 ft) high, 1.2 m (4 ft) wide, and 2.1 m (7 ft) long. Runners are typicaly

attached to the bottom of the boxes to facilitate handling with a forklift. More waste was received in stedl
boxesin the 1990s. The stedl boxes come in standard sizes smilar to those of plywood boxes, and sted
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runners or dots for handling with aforklift are typicaly part of the box design. Both the cardboard and
stedl boxes are stacked as close to each other as practicable; typically, severa inches separate adjacent
boxes.

Waste has aso been disposed in stedd drums of various sizes at the Area5 RWMS. Standard 209-L
(55-gdlon [gd]) drums and 315-L (83-gal) overpack drums are common; less commonly used are
6-drum overpack containers. Drums are stacked either verticaly on pallets, horizontally in a square
aray, or horizontaly in anested array.

Containers other than standard-sized boxes and drums are considered nonstandard. Many nonstandard
containers have been disposed at the Area 5 RWMS, including containers of unusua shapes or
nonstandard-sized boxes or drums. Nonstandard containers are typicaly stacked to make best use of
available pit volume.

4.4 Waste Inventory

Wastes have been disposed at the Area5 RWMS since 1960. The inventory of radioactive materiads
placed in the Area 5 RWMS from 1960 through 1992 is documented in two databases that cover this
period (1960 to 1978, and 1978 to 1992). These databases were indexed by shipment or by package
number. After September 30, 1992, a new database, known asthe LLW Information System, became
operationa. Datain this database are stored in a single record, indexed by package.

4.5 Future Inventory

The inventory anticipated to be disposed from September 1988 through 2028 was estimated in the Area
5 PA (Shott et d., 1998). The Area5 RWMS PA is based on shipments of waste received between
1989 and 1993 (the last year that complete records were available for development of the PA). The
probable inventory for the period between 1993 and 2028 was projected in the PA. The estimated
inventories of radionuclidesin pits and trenches a the Area5 RWMS a closure (assumed in the PA to
be FY 2028) are summarized in Table 3.7 of that report. The estimated inventories of radionuclidesin
GCD boreholes are dso summarized in the PA.
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5.0 CONCEPTUAL MODELS

Various models have been devel oped that have application to the characterization and assessment of the
Area5 RWMS. Some are quite specific to address a single factor, and others are more complex,
addressing numerous aspects of the total digposa system and environment. Examples include:

» Hydrogeologic (IT, 1998, 1999a,b; Blout, et d., 1995; Laczniak et d., 1996; Winograd and
Thordarson, 1975)

« Unsaturated Flow (Dixon, 1999; BN, 1998b)

» Groundwater Recharge (Levitt and Y ucel 2002,a,b; Hokett and French, 1998)

« Subsidence (DOE, 1998a; Obi et a., 1996)

e Source Term (Shott et d., 1998)

« Transport and Exposure (Cochran et a., 2001; Estrella, 1994)

« Inadvertent Human Intrusion (BN, 2001c; Black, 2001; Shott et a., 1998)

« Biologica (Hansen and Ostler, 2003; Winkel et a., 1995; Wirth et ., 1999)

» Genera Performance Assessment (Shott et d., 1998; Levitt et ., 1999; Cochran et d., 2001)

Most scenarios for radionuclide release and trangport ultimately involve some aspect of the hydrologic
system. Additiondly, the hydrologic environment affects monitoring, performance assessment, and
closure cover design decisons. The hydrologic conceptual modd for the Area5 RWMS is described
below.

5.1 Hydrologic Conceptual Model for the Area 5 RWMS

Climate and vegetation strongly control the movement of water in the upper few meters of the dluvium.
The magnitude and direction of both liquid and vapor fluxes vary seasondly and often daily. Except for
periods following precipitation events, the moisture content in this near-surface zone is quite low. Below
the near-surface region is aregion where relatively steady upward movement of water is occurring. In
this zone of dow upward moisture movement, anayses of stable isotope compositions of soil pore water
confirm that evaporation is the dominant process (Tyler et d., 1996). This zone extends to depths as
great as3t0 40 m (10to 131 ft) in Area 5. Below this zone, water potentia measurements indicate the
existence of a gtatic zone, the top of which is gpproximately 40 to 90 m (131 to 295 ft) below the ground
surfacein Area 5 (Shott et d., 1997; 1998). In this gatic zone, essentidly no vertica liquid flow is
currently occurring. Below this static zone, flow is steady and downward due to gravity. Stable isotope
compoasitions of pore water from these depths indicate that infiltration into this zone occurred under
cooler, past climatic conditions (Tyler et d., 1996). If water were to migrate below the currently static
zone, movement to the aquifer would be extremely dow due to the low water content of the dluvium.
Edtimates of trave time to the water table (assuming zero upward flux), based on hydraulic characterigtics
of the aluvium and assuming current conditions would still apply, are in excess of 50,000 yearsin Area 5
(Shott et d., 1998). See Figure 5-1 for adiagram of the vadose zone hydrologic conceptua mode at
the Area5 RWMS.
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Based on the results of extensive research, field studies, modeling efforts, and monitoring data, which are
summarized in the Area 5 Performance Assessment (Shott et d., 1998) and in Levitt et d. (20023,
2002b, 1999, 1998), groundwater recharge is not occurring under current climatic conditions at the
Area5 RWMS. Studiesindicate that under bare-soil conditions such as those found at the operationa
wadte cell covers, some drainage may eventudly occur through the waste covers into the waste zone.
Thisdrainageis estimated to be about 1 percent of the annud rainfall a Area5, based on conservetive
one-dimensiond modding results (Levitt et d., 1998; 1999). In addition, monitoring data from abare-
s0il weighing lysmeter located in Area 5 indicate that the soil water orage has increased dowly with
time, athough no drainage has been measured through the bottom of the lysmeter (Levitt et d., 1997)
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6.0 PERFORMANCE EVALUATION

The DOE waste management standards require operators of waste disposal Sitesto implement asite
characterization program and to prepare a performance assessment. A PA isasystematic analysis of the
potentia risks posed by waste management systems to the public and the environment, and a comparison
of those risks to the established performance objectives. Performance assessments identify the likely
natural processes and events that affect the disposal system, examine the effects of these processes and
events on the performance of the disposal system, and estimate potentia exposures for aperiod of
10,000 years with consideration for the associated uncertainties.

6.1 Performance Objectives

Applicable performance objectives were identified in the Area5 RWMS PA (Shott et d., 1998). In
summary, current performance objectives are that offste individuads shdl not recelve effective dose
equivalents greater than 2.5 x 10 Sievert (Sv) per year from al pathways, 1.0 x 10* Sv per year from
airborne emissions, and Radon-222 emissions must be less than 0.74 Bg mi? per second. Groundwater
resources must be protected as required by loca governments, which usualy require that doses from
groundwater consumption be lessthan 0.4 x 10 Sv per year. Findly, the activity concentration of
wadtes digposed at the Site must not exceed levels that would cause inadvertent human intruders to
receive doses greater than 1.0 x 102 Sv (Shott et al., 1998).

6.2 Performance Evaluation Results

Analysis of the compliance scenarios indicates that the waste disposal Siteis reasonably likely to meet dl
the performance objectives for 10,000 years (Shott et al., 1998; Levitt et a., 1999). Site
characterization studies and PAs have shown that the arid nature of the Area5 RWMS offers unique
performance-enhancing advantages. The limited transport pathways and limited land use potentid of the
site, coupled with operationa procedures (e.g., WAC) and closure cover design, provide reasonable
assurance that regulatory performance objectives can be met (Shott et a., 1998; Becker et d., 2002).
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7.0 CLOSURE COVERS

Closure of the Area5 RWM S will proceed through three phases. operationd closure, fina closure, and

ingtitutiona control. Many waste disposa units a the Area5 RWMS are operationally closed. Over the
latter part of the next decade, al waste disposal units at the Area5 RWMS are anticipated to be closed.

Waste disposal unitsin the Area5 RWMS expansion area, and possibly Pit PO3U in the Area5 RWMS
92-acre ste will remain open for future waste disposd. Final closure of these unitsis anticipated in the
period FY 2019 through FY 2021. Operationd maintenance and monitoring will transition to post-
closure maintenance and monitoring immediately after closure of the disposa units, and extend through
the period of active indtitutional control. Any future release of the Site will be according to the NTS
Resource Management Plan (DOE, 1998b) and annua summaries, and with DOE Order 450.1,
“Environmenta Protection Program;” or, for mixed-waste units, according to conditions negotiated with
the NDEP.

7.1 Closure Cover Design

Because performance objectives of the Area 5 PA are easly met, even with only an operationd closure
cover, the NNSA/NSO has considerable flexibility in designing the final closure covers. An gpproach
will be taken for both closure and monitoring that emphasizes smplicity of desgn and maintenance. The
basic closure cover design for al of the various units will be of the vegetated monolayer-ET type
(Figure 7-1). A vegetated monolayer-ET closure cover was deployed in FY 2000 at the Central
Nevada Test Areanorth of the NTS (BN, 2001d), and early in FY 2001 on U-3ax/bl at the Area 3
RWMS (BN, 2001a). In some cases, such aswhen considering long-lived or high-activity radionuclides,
or where burrowing by termites or intrusion of roots might be problematic, the basic design may require
modest modification to ensure long-term containment.  Such modifications will be dedlt with on a case-
by-case basis. Aningrumented drainage lysmeter facility near the Area5 RWMS will collect data over
a least the next severd yearstha will be useful to optimize the design of the closure covers for specific
units (see Section 8.3.1).

A monolayer-ET closure cover was selected as the preferred dternative design to a multilayered RCRA
closure cover and other dternative desgns only after a comprehensive evaduation of many dternatives.
Evduation of dternative designsincluded review of relevant literature, research on water balancein
vegetated and unvegetated weighing lysmetersin Area 5 of the NTS, hydrogeologic modding, Ste vidts
to closure cover test facilitiesat SNL and Los Alamos National Laboratory [LANL]), NNSA/NSO-
sponsored workshops, and a conference on vadose zone monitoring. The various forums included
representatives from industry, academia, and government, including SNL and LANL, and provided the
opportunity to discuss closure and monitoring of waste disposd units. Multiple lines of evidence suggest
that amonolayer-ET design will cost consderably less than a multilayer RCRA design, be much easier to
ingal and maintain and, in an arid environment, perform according to performance criteria over long
periods of time even under conditions of subsidence. The monolayer-ET cover and natura
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Figure7-1  Diagram of a Monolayer-ET Closure Cover

conditions at the NTS will integrate and operate as a system. Natura conditions that optimize the system
are extremely low precipitation and high evapotranspiration, large depth to groundwater, and negligible
recharge to groundwater.

7.1.1 Water Infiltration

Mesasurement and modeling of water balance in test monolayer-ET covers at the Area5 RWMS and at
Nationd Laboratoriesin arid regions of the United States show that the design will minimize infiltration of
water (Levitt et a., 1998 and 1999; Dwyer, 1998; Levitt and Fitzmaurice 2001).

Water balance studies conducted at the Area 5 RWM S have shown that a monolayer-ET closure cover
is mogt effective when vegetated (Levitt et d., 1999, 1997). Under the current climatic regime, any
water that infiltrates into the soil is quickly extracted by evaporation and uptake by plant roots, even with
ardatively low dengty of plant cover. Closure covers congtructed over waste units at both the Area 3
and Area 5 RWM Ss will be planted with species native to the area. Shallow-rooted, invasive plant
species will dso be dlowed to vegetate the closure covers. Over the long term, a plant assemblage that
will survive the ambient range of environmental conditions is anticipated to become established. Plants
will dso serve to maintain sability of the closure covers. The cover will have adequate dope to safdly
cary any precipitation runoff without sgnificant eroson.
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7.1.2 Disposal Unit Cover Integrity

The design of any closure cover must consider the potentia for plant root intrusion into digposed waste,
which would be a potentid pathway for release of radionuclides. Cover desgnswill dso haveto
congder the potential for animals burrowing into the closure cover or, lesslikdy, into disposed waste,
Burrowing by animals could degrade cover integrity, ater hydraulic properties of the cover, or transport
radionuclides to the accessible environment (Hankonson et d., 1992). Mobile fauna could disperse
contamination to distant sites, and animals could introduce contamination into trophic pathways,
eventualy leading to humans that consume wild game (O’ Farrdl and Gilbert, 1975). Design dternatives
to mitigate these conditions will be included in closure plans specific to individua disposa units or groups
of units

7.1.3 Structural Stability

The structura stability of the closure cover could be affected by differentia subsidence that might occur
intermittently following infilling of void space around containers, and degradation and collapse of
disposed waste containers (BN, 2005a; DOE, 1998a). Vaues of parameters affecting subsidence such
as volume of void space, aswell as estimates of subsidence, are described in Shott et d. (1998), Barker
(1997), and Obi et d. (1996). During a period of active inditutiona control, any subsidence that might
occur would immediately be mitigated by filling and grading the subsided spots with native dluvium, thus
ensuring structurd stability at dl times. Any mgor damage to vegetation on the closure cover from
maintenance activitieswill be corrected by replanting. Part of the total expected subsidence might take
place by the end of the active inditutiond control period. The monolayer-ET cover design will be
intringcaly sructuraly stablein that it does not include layers which, if displaced, would render the cover
ineffective. The cover, however, will have to be of adequate thickness to accommodate some, but
perhaps not dl, subsidence over time. The cover itsdlf is expected to erode; depressions will fill with
sediment eroded from surrounding aress of the cover. The design of the closure cover will include
proper surface and side dopes, and perhaps limited armoring, to permit drainage but not channelized
erosion.

7.1.4 Inadvertent Intruder Barrier

The monolayer-ET closure cover design does not include a barrier againgt inadvertent human intrusion
(IH1) (BN, 2005a). The thickness of the cover provides partia protection, but the greatest relianceis
placed on asmadl probaility of this occurrence, and on indtitutiona control. The probability of 1HI was
the subject of an investigation of ste-specific scenarios for inadvertent human intrusion into waste
disposed at the Area 3 and Area 5 RWMSs. The intrusion scenarios focused on drilling for water in
both Y ucca Flat and Frenchman Hat, driven by an individua homesteader scenario and severa
community settlement scenarios (Black et a., 2001). A panel of Subject Matter Experts (SMES),
convened to dlicit the probability of IHI into awaste unit, consdered the effectiveness of management
controls on reducing the probability of intruson. Management controls, which include inditutiond
control, site knowledge, placards and markers, and surface and subsurface barriers, were thought by the
pand to be effective only for the first few centuries; some controls were considered to be more effective
than others. For example, surface barriers could effectively control siting of adrill rig over awaste unit;
whereas subsurface barriers and placards and markers were much lesslikely to control drilling.
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Remoteness and harsh environmental conditions of both Y ucca Hat and Frenchman Hat, and the
presence of playas and subsidence craters, were thought by the panel to be the most important factors
affecting the probability of drilling, and thusintruson. One of severd community scenarios (in which a
community settlement that develops from an indudtrid-technological complex in anearby, yet more
ble valey, and has commuter homesteaders living in Frenchman Hat) yieded the grestest
probability of inadvertent intrusion; that is, about 10 percent.

7.2 Area 5 RWMS Operational Closure Cover Construction

Native aluvium excavated to form trenches a the Area5 RWMS istypicaly stockpiled for later usein
operationa closure. Within a short time after disposdl, this stockpiled aluvium is screened to remove
rocks larger than 9 cm (3.5 in.) and then placed from the top of the unopen end of the digposal unit over
the stacked packages. Find operationd closures include placement of aluvium over the waste to a total
thickness of about 2.4 m (8 ft), so that about 1.2 m (4 ft) of aluvium stand above grade (Figure 4-2).
The front end of the waste is not covered, so that additional waste can be easily stacked. Thedluviumis
placed over the waste packages in one lift and is compacted by the process of placement and by heavy
equipment running over the tota thickness of dluvium. After adisposa unit is completely filled, the
operational cover is graded to provide a smooth surface. Maintenance of the cover includesfilling of
fissures and depressions resulting from compaction and piping of aluvium between waste packages, and
compaction of the surface with aroller and regrading. Operationd closure covers are not vegetated
because of the need for continued maintenance activities.

Two weighing lysmeters ingtaled near the Area5 RWMS, one vegetated and the other bare, serve as
andogs for the operational closure covers. Data collected over the past five years show that dluviumin
the unvegetated lysmeter sores more water than smilar dluvium in the vegetated lysmeter. Over a
period of approximatdy five years, the unvegetated area could have dight infiltration through the
thickness of the dluvium column (gpproximately 1.8 m [6 ft]). Water that infiltrates into the vegetated
lysmeter, however, is quickly removed by evapo-transpiration. To date, no water has drained through
the bottom of ether lysmeter (BN, 2004b). Modeling conducted for find closure of digposal unit
U-3ax/bl shows that water is effectively removed from the aluvium column with aslittle as 20 percent
vegetaion cover (DOE, 2000c). Severd ingrumented drainage lysmeters have aso been indtdled at the
Area3RWMS.

7.3 Final Closure

Waste disposed at the Area 5 RWMS can be categorized on the basis of security requirements, waste
type, and disposa configuration. The criteria defining the categories of disposed waste, dong with the
gpatid digtribution of waste cdlls at the RWMS, provide logica groups of waste cells when considering
the activities, interactions, and documentation required to support closure.

Such grouping of disposd unitswill dlow key differences that might require different interactions or
engineering to be adequately addressed in fina closure documentation. Disposd units that contain only
LLW, or that contain LLW and TRU waste, will be closed according to regulations impaosed by
NNSA/NSO in the process of sdf-regulation. The atlas of disposa unitsin the Area5 RWMS
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(maintained by the management and operations contractor) shows severd operationdly closed LLW
disposal units within the 92-acre site that may contain hazardous congtituents. The basisfor this
determination is unknown because at the time of disposa, these wastes were not regulated or defined as
mixed waste. Reviews of paper records of waste received from 1961 through 1976, and of eectronic
records of waste received from 1977 through 1988 were conducted to verify to the extent possible
which disposal units contain hazardous constituents regulated under the RCRA. A CAU of “retired
mixed wasgte cdlls’ (citing from the RCRA Permit NEV HWO0Q9) is proposed on the basis of this
evauation. The “retired mixed waste cdlls” are within agroup of waste disposa units that were opened,
and generdly operationally closed prior to January 1987, when PO3U was opened for disposal of waste
with hazardous congtituents. The CAU will be closed in concert with the NDEP according to RCRA
and regulations imposed by NNSA/NSO in the process of sdf-regulation.

7.3.1 Interim Closure Covers

Pending the approval of the NDEP as necessary, the NNSA/NSO will add native soil to disposal units
composing the CAU and to dl other operationaly closed units within the 92-acre area. The addition of
native soil is comparable to the approach taken to close U-3ax/bl (CAU 110) at the Area3 RWMSin
FY 2001. Characterization may be required to demondrate that the action will not adversdy impact the
regulated disposa units. However, results of past characterization studies and ongoing measures of
water balance at the Area5 RWMS are believed to provide sufficient data to show that previous
Characterization is sufficient and additional characterization is not necessary.

7.3.2 Final Closure Schedule

Closure activities for waste digposa units in the 92-acre Site, the expangion area north of the Area 5
RWMS, and the Area 3 RWM S follow a systematic process congsting of ten steps summarized below.
These steps were followed for closure of U-3ax/bl (CAU 110). The first two steps, preliminary
assessment and initid planning, determine the level of detall required to conduct each remaining activity or
develop each remaining document. Results of investigations conducted prior to the emplacement of the
interim closure cover for the 92-acre Site, dong with results of previous Site characterization studies and
ongoing measures of water balance at the 92-acre Site and elsawhere, are believed to be sufficient to
justify minimal initid closure activities for the 92-acre Ste. Development of a closure plan for the 92-acre
steis scheduled for FY 2006, followed by closure construction and a closure report in FY 2008.
Responghbilities for closure and monitoring of the 92-acre Site are shared between the NNSA/NSO

WMD and the BN Waste Management Project.

Closure activities for waste disposa units in the expansion area north of the Area5 RWMS 92-acre Site
are scheduled for FY 2019 through FY 2021.
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8.0 MONITORING DURING OPERATIONAL CLOSURE

This section summarizes the environmental monitoring programs, as well as meteorology and subsidence
monitoring data, collected for the Waste Management monitoring program for the Area5 RWMS. Refer
to the RWMS ICMP (BN, 2005a) for details of the RWM S monitoring program. Monitoring programs
for radiation exposure, air, groundwater, meteorology, vadose zone, subsidence, and biota data are
discussed in the following subsections.

8.1 Introduction

Environmental monitoring data, subsidence monitoring data, and meteorology monitoring data are
routinely collected a and around the Area 3 and Area5 RWMSs a the NTS. These monitoring data
include radiation, air, groundwater, meteorology, vadose zone, subsidence, and biota data. Some of
these data (radiation, air, and groundwater) are reported at various levels of detail in other BN reports.
These include the Annud Site Environmental Report (ASER) (BN, 2003b), the Nationd Emission
Standards for Hazardous Air Pollutants (NESHAP) report (BN, 2002b), and the Annua Groundwater
Monitoring Report (BN, 2003b).

Monitoring a the Area 5 RWMS is required under a variety of regulatory drivers, including federd
regulations and DOE Orders (as discussed in Section 3.0). Monitoring data are used to demonstrate
compliance with regulatory drivers and with performance objectives presented in the PAs, to confirm
assumptions about flux rates through upward and downward pathways, to confirm assumptions about
soil water contents and potentias, to confirm conceptuad models, to provide input to PA maintenance,
and to evauate radiation doses to the genera public. Monitoring is aso conducted to ensure the integrity
of waste covers. In addition, the monitoring program is designed to sufficiently forewarn of any need for
mitigative actions and to record the utility of any mitigative actions.

The programs for monitoring direct radiation fields, air, vadose zone, biota, groundwater, meteorology,
and subsidence during the operationd closure period (current), and final closure and active indtitutional
control periods are addressed in the ICMP (BN, 2005a). Monitoring data quality objectives are defined
inthe NTSRREMP (BN, 2003a).

Direct radiation monitoring is conducted to confirm that RWMS activities do not result in radiation levels
ggnificantly above background. Air monitoring is conducted to confirm that RWMS activities do not
result in radionuclide concentrations significantly above background levelsin air and to confirm
compliance with NESHAP. Groundwater monitoring is conducted, as required by EPA regulations and
DOE Orders, to assess the water quality of the aguifer benesth the RWMS and to confirm that RWM S
activities are not affecting the aquifer. Vadose zone monitoring is conducted to assess the water balance
of the RWM Ss and to confirm the assumptions made in the PAs, including no downward pathway, and
to evauate the performance of the operationd monolayer waste covers. Soil-gas monitoring for tritium is
conducted to evauate the upward and downward pathways, and biota monitoring for tritium is
conducted to evauate the upward pathway through the waste covers. Subsdence monitoring is
conducted to ensure that subsidence features are repaired to prevent the development of preferential
pathways through the covers.
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Monitoring is aso conducted to ensure the integrity of covers over waste digposdl units. In addition, the
monitoring program is designed to sufficiently forewarn management and regulators of any need for
mitigative actions, and to record the utility of any mitigative actions.

Monitoring data are required for input to PA maintenance. The maintenance guide for DOE LLW
disposa facility PAsand CAs (DOE, 1999a) dtates that the review of results of monitoring and research
and development results will consst of severd activities, induding:

»  Comparing facility monitoring results with expected performance and determining consistency with
conceptua modds;

»  Evauating monitoring results for congstency with CA and conceptua models,

»  Evduding other monitoring activities for sgnificant resuts;

» Evauating research and development results to determine impacts on PA results and conclusons and
congstency with conceptua models,

» Evauating research and development results to determine impacts on CA results and conclusons;

» Determining if better methodologies or technologies are available; and

» Evauating the results of specid sudies.

Review of monitoring data for routine PA and CA maintenance is an iterative process that will ultimately
dictate which monitoring data should continue to be collected, and which monitoring data are no longer
required.

The ICMP (BN, 20053) describes the program for monitoring direct radiation, air, vadose zone, biota,
groundwater, meteorology, and subsidence at the Area 3 and Area 5 RWM Ss during the operationa
closure period (current), and find closure/active ingtitutional control periods.

At present, direct radiation is continuoudy monitored at ten locations a the Area5 RWMS. Air
monitoring for radionuclides other than radon is conducted at severa locations at the RWMS using air
samplers, whereas radon is passively monitored at Six locations at the RWMS, and a severd
background locations. Radon flux through waste covers is monitored annually & various locations at
each RWMS and at background locations. Vadose zone monitoring for soil water content and soil water
potentia is conducted continuoudy in waste covers, beneath waste units, and at lysimeter facilities.
Surface water runoff is monitored at flumes. Tritium in soil-gas moisture is monitored annudly in a deep
borehole a the Area5 RWMS (GCD-05U), which contains alarge tritium source. Biota are monitored
annudly for tritium. Groundwater is monitored semiannualy at three wells surrounding the Area 5

RWM S for radioactive and nonradioactive condtituents. In addition, meteorological parameters are
continuously monitored at the Area5 RWMS, and monitoring of waste cover subsidence is conducted
monthly (e.g., BN, 2004b).

8.1.1 Monitoring During Operational Closure

Based on gpplicable regulatory drivers and data needs, monitoring during operationa closure includes
environmental monitoring of direct radiation, air, vadose zone, biota, and groundwater. Additional
monitoring includes meteorology monitoring, and subsidence monitoring of operationd waste covers.
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Water balance measurements activities include:

* Meteorologica monitoring to measure precipitation (the driving force for downward flow), and to
cdculate PET (the driving force for upward flow).

» Lysmeters (weighing and drainage) to measure infiltration, soil water redigtribution, bare-soil
evaporation, evapotranspiration, and deep drainage.

»  Neutron logging through access tubes to measure infiltration, soil weater redigtribution, and to monitor
specific locations of interest (in some locations to depths of hundreds of feet) (discontinued and
replaced by time-domain reflectometry [TDRY).

* Automated vadose zone monitoring Ssystems with in Situ sensors TDR probes, and hegt disspation
probegHDPs]) to measure soil water content and soil water potentia over alarge spatia area, but
usudly to alimited depth.

»  Surface water runoff monitoring at flumes and at the floor of anuclear subsidence crater.

»  Soil-gas sampling for tritium to confirm PA assumptions and transport coefficients.

This drategy of incorporating a variety of moisture measurements provides an accurate estimate of the
RWMS water balance, including any drainage through the RWM S waste covers and, therefore, potentia
recharge. Based on these data, as well as other work (Tyler et d., 1996), there is essentialy no recharge
to the groundwater under current conditions at the RWMSs, and al precipitation is effectively returned to
the atmosphere by plant transpiration and soil evaporation.

A technica design process for development of a detailed Qudity Assurance, Andysis, and Sampling Plan
for vadose zone monitoring a the RWM Ss, including guidance for action levels and corrective actions
and styled after the EPA Data Quality Objectives (DQO) process (EPA, 1994), isincluded in the
RREMP (BN, 2003a). The current vadose zone monitoring program is designed on the basis of astrong
understanding of the vadose zone system through extensive vadose zone characterization studies (BN,
1998d; Blout et d., 1995; REECo, 1994, 1993a,b; Shott et al., 1998, 1997; and Tyler et a., 1996) and
modeling studies (Crowe et d., 1998; and Levitt et d., 1999). In addition, the vadose zone monitoring
program is designed in part from the results of an Alternative Evauation Study (AES) on vadose zone
monitoring (BN, 1998b) using an organized team gpproach, and in part from successful vadose zone
monitoring field experience. Annua vadose zone monitoring data are reported in an annua monitoring
report (e.g., BN 2004b). Details of the RWM S vadose zone monitoring activities can be found in the
RWM S vadose zone monitoring Organizationd Instructions OP-2154.106, “Neutron Moisture
Logging;” OI-2154.111, “Ingructions for Datalogger Monitoring Stations;” and OP-2154.113, “ Soil
Gas Sampling at GCD-05U.”
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8.2 Meteorological Monitoring

A meteorologica monitoring program is maintained by operation of one two-level meteorology tower at
each RWMS. The Area5 RWMS meteorology station is located to the southeest of the Area5
RWMS, about 100 m (328 ft) from Borehole UeSPW-1 (Figure 8-1).

In addition to fulfilling basic regulatory requirements for meteorological monitoring in DOE Order 450.1,
the RWMS meteorological monitoring program is designed to include measurements of components of
the surface energy baance for caculation of PET. PET caculations are an important component of the
water balance estimates of the RWMSs. Meteorological parameters monitored at the Area5 RWMS
include:

o Air temperature a two heights
» Rdative humidity a two heights
e Wind speed at two heights

«  Wind direction a two heights

» Barometric pressure

« Solar radiation

« Precipitation

8.2.1 Potential Evapotranspiration

Thetotal calculated PET for Area5 in 2001 was approximately 1,690 mm (66 in.). The PET was
caculated using the radiation-based equation of Doorenbos and Pruitt (1977), which requiresthe
following datainputs. net solar radiation, air temperature, rdative humidity, wind speed, and barometric
pressure. This method provides results smilar to the previoudy used Penman Equation (Jensen et dl.,
1990), but with reduced data input needs and lower maintenance costs.

8.2.2 Precipitation Data

The annud averageranfdl a the Area5 RWMSis12.2 cm (4.8 in). Notable rainfal may occur
gporadicaly in winter or summer sorms. Figure 8-2 depicts historical precipitation recorded at BJY
station (located about 3 km northwest of the Area3 RWMS) and Well 5B station (located about 5.5 km
south of the Area5 RWMS).

8.2.3 Wind Roses

Wind rose diagramsillustrate wind direction (direction of wind source) and the occurrence of wind speed
groupings in each direction, using hourly wind data, measured at a height of 3.0 m (10 ft) above the
ground surface. Wind roses from Area5 RWMS meteorology station are presented in Figure 8-3.

Note that in general, low wind speeds tend to originate from the north, whereas high wind speeds tend to
originate from the south.
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Figure 8-1 Monitoring Stations at the Area 5 Radioactive Waste Management Site
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Meteorologica monitoring data are reported in annua reports such as the Waste Management
Monitoring Reports (e.g. BN, 2004b) and the NTS ASER (BN, 2003b). Details of the RWMS
meteorology monitoring activities can be found in the RWM S meteorology monitoring OI-2154.111,
“Ingtructions for Datalogger Monitoring Stations.”

8.3 Vadose Zone Monitoring

Vadose zone monitoring is conducted at the Area5 RWMS to demonstrate compliance with DOE
Orders 450.1 and 435.1; to test PA assumptions regarding the hydrologic conceptual mode including
s0il moisture content, upward and downward flux rates, and volétile radionuclide releases; to detect
changing trends in performance; to provide added assurance to PA conclusions regarding facility
performance; to evauate the performance of the operationa monolayer waste covers; and to confirm the
PA performance objective of protecting groundwater resources.

Vadose zone monitoring is conducted at the Area5 RWMS by measuring the water balance of the

RWMS and by directly messuring tritium migration within the Area5 RWMS. Water baance monitoring
is accomplished by use of meteorology datato caculate PET, the driving force of upward flow; by
mesasuring directly the actua evapotranspiration and bare-soil evaporation (Area5 RWMS weighing
lysmeter facility); and by measuring soil water content and soil weter potentid in waste cell coversand
floors (automated waste cover monitoring systems). The RWMS vadose zone monitoring strategy also
employs sampling of soil gasfor tritium at GCD-05U near the center of the Area 5 RWMS to evduate
the subsurface migration of tritium.

The current vadose zone monitoring program is designed on the basis of a strong understanding of the
vadose zone system from extensive vadose zone characterization studies (Blout et d., 1995; REECo,
19934, 1993b, 1994; Shott et a., 1998, 1997; Tyler et d., 1996), and from modeling studies (Crowe et
a., 1998; Levitt et d., 1999). The vadose zone monitoring program design also reflects the results of an
AES on vadose zone monitoring using an organized team approach (BN, 1998b) and vadose zone
monitoring field experience.

8.3.1 Gas-Phase Tritium Monitoring Data

Tritium monitoring of moisture in soil gasis conducted to evauate the upward pathway for radionuclide
transport. Tritium is avoldtile radionuclide and therefore provides a conservative measure of the
performance of the waste Site and its ability to isolate buried waste.

Gas-phase tritium monitoring is conducted via soil-gas sampling at GCD-05U (see Figure 8-1 for
location). Tritium sampling at GCD-05U has been conducted every year since 1990, providing an
important data set for analyzing tritium migration from the Area5 RWMS. Thisunit has alarge tritium
inventory (2.2 million Ci at time of digposal) and is instrumented with two strings of nine soil-gas sampling
ports buried at depths ranging from 3 to 37 m (10 to 120 ft) below surface. Tritium sampling a
GCD-05U provides adirect measure of tritium migration from waste packages with time due to
degradation of waste containers and the natural transport processes of advection and diffusion. Results
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indicate that while soil-gas tritium concentrations continue to increase at depths between 15 and 37 m
(50 and 120 ft), vertical migration is extremely Sow.

This ten-year data set could be used to cdibrate a tritium vapor transport mode to predict travel timesto
the ground surface (and atmosphere) and to vaidate the gaseous diffuson modelsin the PAs.

Soil-gas sampling ports are dso located in various locations a the Area5 RWMS, including severd
locations benesth pits PO3U and POSU. The ports are not currently monitored, but if required, they may
be monitored in the future to augment current studies of tritium migration.

8.3.2 Area5 Weighing Lysimeter Facility Data

The Area 5 weighing lysmeter facility congsts of two precison weighing lysmeters located about 400 m
(1,312 ft) southwest of the Area5 RWMS (Figure 8-4). Each lysmeter consists of asted box 2 m

(6.6 ft) deep, filled with soil and having a ground surface areaof 2 by 4 m (6.6 by 13 ft) and avolume of
16 (565 ft3). Thetop of the soil tank is flush with the ground surface, and access to the Side of the

s0il tank is provided through an underground entry. Each lysmeter is mounted on a sengtive scde, which
is continuoudy monitored using an eectronic loadcell. One lysmeter is vegetated with native plant
Species a the gpproximate dengity of the surrounding desert. The other is kept bare (to smulate the bare
operationa waste covers at the Area5 RWMS). Each of the weighing lysmetersis instrumented with
TDR probes to measure volumetric soil water content at depths ranging from 10 to 170 cm (4 to 67 in.).
The TDR probes are connected to automated datal ogger systems that provide daily profiles of soil water
content. The loadcells have been monitored continuously since March 1994 and provide an accurate
dataset of the surface water balance at the Area5 RWMS. This monitoring time period dso includes the
wet “El Nino” year of 1998, when rainfall was twice the annua average.

The Area 5 weighing lysmeter facility is managed by BN Environmental Technical Services. For more
information on this facility, refer to Levitt et d. (1996). Weighing lysimeter data represent asmplified
water balance: change in soil water storage is equa to precipitation minus evaporetion (E) or
evapotrangpiraion (ET), because no drainage has ever been measured through the bottoms of the
lysmeters and because the one-inch high lip around the edge of the lysimeters prevents run-on or run-off.
Totd soil water storage isillugtrated in Figure 8-5 for the period of March 30, 1994, through

December 31, 2001. Dally precipitation totals so are illustrated in Figure 8-5. The soil water storage
increases, recorded early in the data record for the vegetated lysimeter, were due to irrigations to ensure
that transplanted vegetation survived. Note the steep decrease in soil water storage in the vegetated
lysmeter following high-rainfall periods. Note aso that the vegetated lysimeter is considerably drier than
the bare-soil lysimeter, despite the paucity of plantsin the vegetated lysmeter (about 15 percent cover).
Theincreasing trend of soil water sorage in the bare lysmeter may eventudly lead to some drainage out
the bottom of the lysmeter. Conservative modeling results also indicate that some dight drainage

(1 percent of rainfal) will eventudly leak from the bottom of the bare-soil lysmeter (Levitt et d., 1999).
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In 1998, TDR probes were buried 1.2 m (4 ft) beneath the open pit floors of pits 3 and 5 at the Area 5
RWMS. In 1999, TDR probes were ingtdled in the operationd cover of Pit 3 at two sites (north and
south), at depths ranging from 10 to 180 cm (0.3 to 5.9 ft). In 2000, TDR probes were ingtaled in the
operational covers of Pits4 and 5 at depths ranging from 20 to 180 cm (0.7 to 5.9 ft), and HDPs were
ingtalled in the operationa cover of Pit POSU at those same depths. These sensors are connected to
datad oggers that automatically collect and store data, which are downloaded by telephone links (at some
locations) for immediate analyss. The dataogger dtation for the Pit PO3U floor sensorsis currently
located in Pit PO3U. This station will either be discontinued or moved (and some sensor cables may
need to be lengthened) if enough waste arrivesin Pit PO3U to warrant the move.

An automated monitoring system was indtaled in Area 5 adjacent to Borehole UeSPW-1, & the Neutron
Probe Cdibration Facility in 1998. This TDR system has 36 TDR probes buried a depths of 30, 60,
and 90 cm (1, 2, and 3 ft) and has performed well for over three years.
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Figure 8-8 Soil Water Content in Pit 5 Waste Cover Using an Automated TDR System

Soil water content versustime, isillugtrated in Figures 8-6 through 8-8 for TDR systems in the waste
coversat Pits 3, 4, and 5, and for the TDR systems in the floors of Pits 3 and 5. In Figures 8-6 through
8-8, note that the depth of infiltration from 2001 precipitation never exceeded 60 cm (2 ft) before that
water was returned to the atmosphere by evaporation. Slight increases in water contents are seen to
greater depths, but these are likely the result of water vapor flow rather than liquid wetting fronts.

8.3.4 Neutron Logging

Monitoring of vadose zone moisture content by neutron logging has been discontinued. With the
exception of disposa unit U-3bh crater, future moisture content monitoring a Areas 3 and 5 will be
conducted using only the automated TDR systems described in Subsection 8.3.3 above. For a detailed
history of the neutron logging monitoring program at Area 3 and Area5 RWMSs, refer to BN (1997).
The neutron access tubes are anticipated to remain in the covers.

8.4 Groundwater Monitoring

Groundwater monitoring is conducted at the three pilot wells surrounding the Area5 RWMS
(Figure 8-4) asrequired by Title 40 CFR 264 or 265. These wellswere originally drilled in 1993 as
characterization wells for determination of physical and chemica properties of drill core, for
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determination of chemical properties of groundwater in the uppermost aquifer, and for determination of
depths to the uppermost aguifer (REECo, 1994). In aletter from DOE/NV to NDEP dated

December 12, 1993, DOE/NV requested that the pilot wells be accepted as RCRA monitoring wells. In
aletter from NDEP to DOE/NV, dated February 24, 1994, NDEP stated that the pilot wells appear to
meet the gpplicable design, congtruction, and development criteriafor RCRA groundwater monitoring
wells. A revised groundwater monitoring program outline was submitted to NDEP on March 1, 1998
(BN, 19984). On March 31, 1998, NDEP transmitted a letter to DOE/NV stating concurrence with the
sampling frequency, indicator parameters, and investigation levels submitted in the groundwater
monitoring outline.

Groundwater from pilot wells are sampled semiannudly for the following parameters (BN, 19984):

Indicators of Contamination:
. pH
»  Specific conductance
» Tota organic carbon
» Totd organic halogen
o Tritium

Genera Water Chemistry Parameters:
* Tota Ca Fe, Mg, Mn, K, Na, SO,
* Tota SO,Cl, F4
o Alkdinity

Investigation levels for these indicators of contamination can be found in BN (1998a). Details of pilot
well congtruction can be found in REECo (1994).

Additiond groundwater monitoring requirements driven by DOE Orders and independent of EPA
requirements, were determined through a DQO-driven process and are detailed in the RREMP (BN,
20033). The groundwater monitoring frequency identified in the RREMP is biennial. Groundwater
monitoring andytes identified in the RREMP include:

o Tritium,

» Grossapha,

* Gross beta,

»  Gamma spectroscopy, and

e Plutonium-238, and plutonium-239+240.

All groundwater sampling data from the Area 5 RWMS pilot wdlsto date indicate that the groundwater
in the uppermost aquifer is unaffected by RWMS or NNSA wegpons testing activities. Tritium
concentrations in the groundwater beneath the Area 5 RWMS have never exceeded the method
detection limit for enriched tritium andysis (gpproximately 15 pCi/L). Groundwater eevation data
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indicate that the water table beneath the Area 5 RWMSis nearly flat, with groundwater flowing in a
northeastern direction at a horizonta velocity of approximately 23 cm (9 in) per year (BN, 2004a).

Groundwater monitoring data are presented in detail in the annua groundwater monitoring data report
(e.g., BN, 20049). Deailsof the Area5 RWMS groundwater monitoring activities can be found in the
Area5 RWMS groundwater monitoring OI-2154.108, “Instructions for Area5 RWMS Groundwater
Wl Preparation and Groundwater Sampling;” and Ol-2154-104, “Preparing and Sampling Routine
Radiologica Environmenta Monitoring Plan (RREMP) Groundwater Wells.”

8.5 Surface Water Runoff Monitoring

Design of gtructures and closure covers that can best accommodate run-on from precipitation events
over long periods of time must rely on historical precipitation and discharge data. Precipitation data have
been collected at various locations around the NTS for several decades. However, until recently, the
locations of data collection were not near the middle reaches of watersheds that potentialy collect and
discharge waters to the vicinities of facilities. To collect precipitation and discharge data rlevant to
performance assessment and eventuad design activities, two each of precipitation gauges and flumes were
ingaled in FY 2000 in watershed channds near the Area5 RWMS. One precipitation gauge and flume
are located in awatershed channd northwest of the Area5 RWMS. The intent isto collect precipitation
and discharge data at these locations through FY 2007, after which, activities associated with final
closure of the currently active, 92-acre part of the Area5 RWMS will beinitiated.

8.7 Biota Monitoring

DOE Order 450.1, “Environmenta Protection Program” includes specific requirements for the protection
of naturd resources including biota, and to evauate the potentia impactsto biotain the vicinity of DOE
activities. A DOE technical standard, DOE-STD-1153-2002 “A Graded Approach to for Evauating
Radiation Doses to Aquatic and Terrestrid Biota,” was developed by the DOE’ s Biota Dose
Assessment Committee. The standard describes a graded approach for evauating radiation doses to
biota and set the following dose limits, that based on current understanding, are protective of populations
of biota:

« Doselimit to terrestrid plants = 1 rad/day (10 milliGray [mGy]/day)
« Doselimit to terrestrid animas = 0.1 rad/day (1 mGy/day)

At the RWMSs, biota monitoring consists of sampling vegetation for tritium. If tritium concentrationsin
vegetation are exceedingly high, wild game may be sampled. Vegetation sampling may be limited year to
year, depending on rainfall and waste cover operations during operationa closure. Annud biota
monitoring data are reported in BN (2003b and 2004b). Details of the RWMS biota monitoring
activities can be found in the RWMSS biota monitoring Ol-2154.110, “Biota Sampling and Sample
Preparation for Animals and Vegetation.”
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The amount of tritium released into the atmosphere by plant transpiretion is affected by severd factors
including plant Size, species, and available moisture. Vegetation from on and near waste covers, as well
as vegetation from control areas far from waste covers, is sampled in mid-summer each year and
andyzed for tritium. Timing of the sampling isimportant because vegetation is forced to remove soil
water from greater depths (closer to waste) as surface soils dry out in summer. Plant water is extracted
from the vegetation samples by room temperature vacuum distillation and analyzed by liquid scintillation
for tritium. Animas (and soil from animd burrows) will be monitored for tritium if warranted by
increasing tritium trends in vegetation, or if animal burrows on or near waste covers are observed in
sgnificant numbers,

Slightly elevated tritium concentrations in air and vegetation at the Area 5 RWMS indicate thet thereis an
upward pathway for tritium migration primarily because of the combined effects of diffuson and plant
trangpiration processes. Therefore, this pathway should continue to be monitored.

8.7 Subsidence Monitoring

A forma program to monitor subsidence of waste covers was initiated in October 2000, including
coordination with waste operations personnel to facilitate timely repair of subsidence festures.
Subsidence monitoring conssts of routine ingpections of operationa and find waste covers for
subsidence features such as cracks and depressions, ponding, and erosion. When such festures are
observed, their locations are recorded using a Globa Postioning System unit and digita camera, and
operations personnd are informed to take corrective action.

Locations of any observed subsidence are presented in areport in (e.g., BN 2004b). Previoudy
observed features were mostly in locations of recently covered waste and concentrated along the edges
where compaction of the cover may beincomplete. In other locations within the Area5 RWMS, only a
few minor cracks and depressions required maintenance.

At the Area5 RWMS, subsidence monitoring is conducted monthly at al operationally closed disposa
units and at partialy buried open disposd units. Detalls of the RWMS subsidence monitoring activities
can be found in the RWM S subsi dence monitoring OI-2154.112, “ Subsidence Monitoring a the
Radioactive Waste Management Sites.”  The effectiveness of subsidence monitoring will periodicaly be
eva uated.

8.8 Air Monitoring Data
Air monitoring is conducted to confirm that RWM S activities do not result in significant radionuclide
concentrations above background and to confirm compliance with NESHAP.

8.8.1 Tritium

Atmospheric moigture is collected a the Area 5 RWMS and andlyzed for tritium. Tritium isavolatile
radionuclide and is therefore a conservative indicator of waste digposa unit performance. Data from
tritium sampling is presented in BN (20043, 2004b, 20033). Past data have shown dightly elevated
tritium concentrations in air at the Area5 RWMS northeast and west stations, but these are well below
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any concentrations of concern (DOE Order 5400.5 [DOE, 1993] Derived Concentration Guide [DCG]
level for the generd public for tritiumin air is 1E5 pCi/m?). Note that most of the RWM S tritium
concentrations were below the mean Minimum Detectable Concentration for tritium.

8.8.2 Particulates

Air particulate samples are collected at the RWM Ss and are analyzed for gross a phalbeta radioactivity,
gamma emitters, and americium and plutonium concentrationsin ar. Air particulate monitoring deta
indicate that radionuclide concentrationsin air at the RWM Ss are not above those of other nearby
gtations. The DOE Order 5400.5 DCG leve for Pu-239+240 is 0.04 pCi/m?. These data are
presented in BN (2004b, 2003b).

8.8.3 Radon

Measurements of radon flux through operationa waste covers are conducted at various locations every
year using Electret-Passive Environmentad Radon Monitors to determine if the fluxes are within a
performance objective of 20 pCi/mé/s given in the Area 3 and Area 5 PAs and DOE O 435.1. Radon
flux is mesasured on the cover of U-3ax/bl becauseit isthe only closed unit at the Area3 RWMS,
Radon flux monitoring is conducted a PO1U because it has the highest radium inventory at the Area 5
RWMS. Monitoring data has shown that radon flux was well below the performance objective flux of
20 pCi/n/s, specified in DOE Order 435.1. Annual radon monitoring data are reported in the Annual
Waste Management Monitoring Report (BN, 2004b).

8.9 Monitoring During Final Closure and Active Institutional

Control
Monitoring activities during the find closure and active inditutiona control periods of the RWMSs are
expected to be reduced and limited to:

*  Air monitoring for radon-222 and atmaospheric tritium

*  Tritium monitoring of moisture in soil gas a GCD-05U

»  Vadose zone monitoring of waste covers, waste digoosd unit floors, and lysimeter facilities
»  Groundwater monitoring

* Biotamonitoring for tritium

*  Subsidence monitoring.

Groundwater monitoring for compliance with Title 40 CFR 264 and 265 will be discontinued when a
groundwater monitoring exemption is requested from, and approved by, NDEP. However, groundwater
monitoring may continue a the Area5 RWMS pilot wells under the RREMP program.
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8.10 Summary

Environmenta and operational monitoring data from the Area 3 and Area5 RWM Ss indicate that these
facilities are performing as expected for long-term isolation of buried waste. Direct radiation exposure
dataindicate that exposure at and around the RWM Ssis not above background levels. Air monitoring
dataindicate that tritium concentrations are dightly above background levels. Groundwater and vadose
zone monitoring data indicate that the groundwater beneeth the Area 5 RWMS is unaffected by waste
disposa operations. Soil-gas monitoring a GCD-05U indicates that tritium is dowly migrating away
from alarge tritium inventory due to natura transport processes. Vadose zone monitoring dataindicate
that infiltrating precipitation reached a depth of about 1 m (3 ft) before returning to the atmosphere.

L ong-term vadose zone monitoring data from the weighing lysmeters indicate zero drainage through the
bottoms of the lysmetersin the past nine years of their operation. Biotamonitoring in Area 5 indicates
that tritium continues to be detected in plant water and this upward pathway should continue to be
monitored.
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9.0 SITE CHARACTERIZATION STUDIES

9.1 Introduction

The intent of this section is to describe the site characterization studies conducted to date, with emphasis
on the most recent sudies at the Area5 RWMS. Site characterization, monitoring, and modding studies
of the subsurface have been conducted at the Area5 RWMS since the 1980s. Monitoring activities are
described in Section 8.0, but monitoring information that contributes to characterization sudiesis
summarized in the following paragraphs. A list of modeling studies that could gpply to evauation of the
Area5 RWMS, and closure cover design, isgiven in Section 5.0, and some are also described in the

following paragraphs.

9.2 Meteorological Monitoring Data

The basic meteorologica parameters required to quantify the exchange of water and heat between the
s0il and the amosphere include:  precipitation, air temperature, humidity, wind speed (and direction),
barometric pressure, and solar radiation load. These data have been collected from a meteorology
gation near the Area5 RWMS (its location is shown on Figure 8-1).

9.2.1 Potential Evapotranspiration

Potentid evapotranspiration a Frenchman Hat is high because of the large incident solar radiation and
high average wind speeds. The potentid evaporation, caculated using the Penman equation (Doorenbos
and Pruitt, 1977) and data collected from the Area 5 RWM S meteorology station, is approximately

157 cm (62 in.). The average annua precipitation at the Area5 RWMSis12.2 cm (4.8in.) (BN,
2004b). The average ratio between potentia evaporation and precipitation at the Area5 RWMSis 124
(Levitt et d., 1996), indicating extreme evaporative conditions.

9.2.2 Precipitation Data

The average annud precipitation at Frenchman Hat is 12.2 cm (4.8 in.), based on records collected at
Wil 5B in Area 5 dating back to 1963 (Shott et a., 1998). Well 5B is approximately 6.0 km (3.7 mi)
southwest of the Area5 RWMS. Thisaverage is dightly lower than precipitation recorded a the Area 5
RWMS gtation noted in Section 9.2.1.

9.3 Vadose Zone Studies

Vadose zone monitoring is conducted at the Area’5 RWMS to support hydrogeologic characterization.
Site characterization, monitoring, and modeling studies of the subsurface hydrology have been conducted
sncethe 1980s. Vadose zone data has been gathered using lysimeters, neutron logging, and moisture
sensors, as described in Section 8.3.

Asdescribed in Section 5.1, climate and vegetation strongly influence the movement of water in the near
surface aluvium (upper 2.0 m [6.5 ft]). Except for periods following precipitation events, water content
in the near-surface region islow. Below thisregion is a zone where steady upward movement of water is
occurring, primarily viaevaporation (Tyler et d., 1996). This zone extends to depths as great as 3 to

40 m (10to 131 ft) in Area5. Below this zone, water potentiad measurements indicate the existence of a
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datic zone, the top of which is gpproximately 40 to 90 m (131 to 295 ft) below the ground surfacein
Area5 (Shott et d., 1997; 1998). In this satic zone, essentialy no vertical liquid flow is currently
occurring. Below this gtatic zone, flow is steady and downward due to gravity. Refer to Figure 5-1 for a
diagram of the vadose zone hydrologic conceptua model at the Area5 RWMS.

Monitoring and modeling detafor Area5 have indicated conditions of zero recharge (Levitt et ., 1996;
Shott et d., 1998). Recent studies show that under bare-soil conditions such asthose a the Area 5
operationa waste cdll covers, some drainage may occur through the covers and into the waste zone. The
drainage is estimated to be 1 percent of the annual rainfall at Area5 (Levitt et d., 1998, 1999). Also,
monitoring data from the Area 5 bare-soil weighing lysmeter indicate that soil water content at depths of
1to2m (3to 7 ft) isdowly increasing. To date, no drainage has occurred through the bottom of the
lysmeter.

9.3.1 Area5 Weighing Lysimeter Facility Data

The Area 5 weighing lysmeter facility conssts of two precision weighing lysimeters located about 400 m
(1,312 ft) southwest of the Area5 RWMS. One lysimeter is vegetated with native plant species at the
gpproximate density of the surrounding desert, and the other is kept bare (to smulate the bare
operationad waste covers a the Area5 RWMS). These stations have been monitored continuoudy since
March 1994 and provide an accurate data set of the surface water balance at the Area5 RWMS. This
monitoring time period includes the wet El Nino year of 1998, when rainfal was twice the annua

average. For details of the weighing lysmeters, refer to Levitt et . (1996).

9.3.2 Neutron Logging

Neutron logging historically was conducted at selected neutron access tubes at the Area5 RWMS to
provide profiles of soil water content with depth and time (see Section 8.3.4 for description of the
neutron logging program). Future plans for water content monitoring a the Area 5 RWMS include using
only the automated vadose zone monitoring system described in Section 8.3.3 above and in the following
section. For adetailed higtory of the neutron logging monitoring program &t the Area 5 RWMS, refer to
BN (1997).

9.3.3 Automated Waste Cover Monitoring Data

Since 1998, TDR data and soil temperature data have been gathered beneath the open pit floors of two
pits a the Area5 RWMS. Starting in 1999, water content sensors (TDR probes) and water potential/
temperature sensors (HDPs) were ingtalled in the operationa covers of specific pits a the Area 5
RWMS. Vadose zone monitoring data for the waste covers indicate that to date, infiltrating precipitation
rarely exceeds 60 cm (2 ft) before that water is returned to the atmosphere by evaporation.

9.3.4 Soil Gas Moisture Monitoring for Tritium

Gas-phase tritium monitoring is conducted using soil-gas sampling at GCD-05U, GCD unit with alarge
tritium inventory, located near the center of the Area5 RWMS. Tritium sampling has been conducted
for over twelve years, providing alarge data set for andyss of tritium migration from the Area5 RWMS,
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To date, results indicate that while soil-gas tritium concentrations continue to increase at depths between
15 and 37 m (50 and 120 ft), vertical migration is extremely dow (BN, 2004b).

9.4 Groundwater Monitoring

Groundwater monitoring has been conducted at three pilot wells around the Area 5 RWMS which were
origindly drilled in 1993 as characterization wells (REECo, 1994). Groundwater from these wellsis
sampled semiannually to determine pH, specific conductance, maor cations/anions, metals, tritium, total
organic carbon, and tota organic hadogen. All groundweter sampling data from the Area5 RWMS pilot
wells to date indicate that there has been no measurable impact to the uppermost aquifer from the Area 5
RWMS. Also, there have been no mgor changes noted in the groundwater elevation. There continues
to be an extremely smdll gradient to the northeast with aflow velocity of less than one foot per year

(BN, 20044a).

Groundwater monitoring data are presented in detail in the annua groundwater monitoring data reports
(e.g., BN, 2004a).

9.4.1 Hydrostratigraphic Model of Frenchman Flat

A three-dimensiona framework moded of the hydrogratigraphy of the Frenchman Flat CAU was
completed in 2004 for the DOE Underground Test Areas (UGTA) Subproject of the Environmental
Restoration Program (BN, 2005b). The framework mode will be used in computer models to predict
groundweter flow and contaminant migration within Frenchman FHat. Some studies conducted for
development of the modd that could contribute to the characterization of the Area5 RWMS are
described in the following paragraphs.

UGTA Program Exploratory Drilling. Two cdusters of hydrogeologic investigation wells were
drilled for the UGTA Program in 2000-2002. Thefirgt group of wellswas drilled in northern Frenchman
Flat. The deepest of those wells, Well ER-5-3#2, was drilled to total depth of 1,732 m (5,683 ft), and it
penetrated the regiona carbonate aquifer (known as the lower carbonate aguifer). A second cluster of
wellswas drilled in central Frenchman Hat. The degpest well in this group, Well ER-5-4#2, was drilled
to atotal depth of 2,134 m (7,000 ft) and does not penetrate the lower carbonate aquifer. These wells
are located roughly 2,500 m (8,200 ft) to the northeast and 3,400 m (11,155 ft) to the southwest of the
Area5 RWMS.

UGTA Program Geophysical Studies. Two recent geophysica studies from the UGTA program
have contributed to the understanding of the subsurface at Frenchman Flat. A three-dimensiond seismic
survey was conducted in Frenchman Hat in 2002 to help ddineate the subsurface geologic units and to
adjust the UGTA three-dimensiond framework modd (Prothro, written communication to P.K. Ortego
[BN], August 8, 2002). The U.S. Geologica Survey estimated the depth of the Frenchman Fat basin
using a gravity inverson method (Phelps and Graham, 2002).
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9.5 Biota Studies

Plant activity provides a potentia pathway for the release of radionuclides to the ble environment
by direct transport of contaminants to the surface or indirectly by the decomposition of roots thet cregte
channdsfor water and vapor movement through awaste cover and by the modification of waste (Suter
eta., 1993).

9.5.1 Floral Studies

Studies on flord communities occurring within Frenchman Flat (Romney et d., 1973; Hunter and
Medica, 1989; Ogtler et d., 2000; and Bestley, 1976) have classified the vicinity of the Area5 RWMS
as aLarrea-Ambrosia Mojave Desert community.

Direct release of radionuclides by vegetation begins with radionuclide absorption by plant roots, followed
by radionuclide transport upwards past the ground surface to the leafy part of the plant. Three
components associated with plant uptake are: root characteristics (root depth, dendity, and root activity);
the ability of plants to concentrate radionuclides, and plant biomass production and turnover.

The ability of plants to take radionuclides from the soil is avery complex process that is affected by
numerous factors such as soil type, climate, plant metabolism, rooting traits, and weather. Studies by
Sheppard and Evenden (1988), Whicker (1978), and Dreesen and Marple (1979) document the
variability in the ability of plantsto take up radionuclides.

Root depth is one of the most important components associated with plant uptake. In an arid climate, the
depth of infiltration tends to set the lower limit of rooting depths. Few studies have described the rooting
depths of Mojave Desert plants and assessed their potentia to penetrate waste cover capsat aLLW
disposal Ste. A study in Rock Valey on the NTS by Wallace and Romney (1972) reported a maximum
root depth of 168 cm (66 in.). Beatley (1969) Stated that winter annuals root in the top 20 cm (8 in.) of
s0il. Foxx et d. (1984a) reported that Russian Thistle root systems extended to depths of upto 4 m

(13 ft) a agtein New Mexico.

Data pertinent to the Area 5 RWMS on rooting depths of plants can be found in sudiesby Hansen and
Odtler (2003), Foxx et d. (1984a and 1984b), and Tierney and Foxx (1987). These studies show that
the roots of shrubland species that grow at the NTS are mostly confined within thetop 5 m (16.4 ft) of
soil. Hansen and Ostler (2003) indicate that root depth rarely exceeds 2 m (6.5 ft) based on visua
examination of pit wals at the Area5 RWMS.

Revegetation of the Area 5 RWMS waste covers, whether managed in the beginning, or left to occur
naturaly, will likely progress from bare soil to desert shrubland in less than 50 years (Suter et d., 1993).
Under subsidence conditions, which may enhance infiltration, this process may take considerably less
time.

At the Area 5 RWMS, biota monitoring congsts of sampling vegetation for tritium. Sightly elevated
tritium concentrationsin air and vegetation a the Area 5 RWMS indicate that there is an upward
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pathway for tritium migration primarily because of the combined effects of diffusion and plant
transpiration processes. I tritium concentrations in vegetation are exceedingly high, wild game are
sampled.

9.5.2 Faunal Studies

Faunawithin the Mojave Desert plant communities at Frenchman FHat are diverse. Invertebrates,
particularly insects, are the most abundant (O’ Farrell and Emery, 1976), and burrowing insects are the
most numerous insects on the NTS. This group includes both ants and termites. Allred et d. (1963)
report 20 ant species for Larrea-Ambrosia Mojave Desert communities. Vertebrates are less numerous
and diverse. They include game and fossorid (burrowing) species. For asummary onthe NTS fauna
see (Shott et d., 1998; Winkd et d., 1996; and Thompson, 1993).

The mgority of animals at the NTS appear to confine burrowing activities to the upper 3m (10 ft) of soil.
Termites, the exception, have been known to excavate burrows as deep as 6 m (20 ft) in the arid
southwest (Thompson, 1993). Plant roots are a primary food source for termites and they will follow
rootsto their termination. Because termite burrow depths are constrained by the depth of plant roots,
most burrows will terminate at around 5 m (16.4 ft). A few roots may reach the waste depth, and if
termites penetrate the waste horizons, they could enhance the degradation of plant-derived waste
products and wooden or cardboard containers.

9.6 Waste Cover Subsidence Monitoring and Studies

At the Area5 RWMS, subsidence monitoring is conducted monthly &t al operationally closed disposal
units and a partidly buried open disposa units. A forma program to monitor the subsidence of waste
coverswas initiated in October 2000. Subsidence monitoring is conducted to ensure that subsidence
features are repaired, in atimely manner, to prevent the development of preferentid pathways through the
waste covers, and to ensure that vadose zone monitoring data are representative of the entire RWMS.

Analyses of waste forms presently interred in U-3ax/bl and U-3ahat disposa unitsin the Area 3 RWMS
have shown that subsidence will occur, due mainly to the decompaosition of metal boxes (Obi et d.,
1996). Ohi et a. (1996) reported potential subsidence estimates as much as 4.3 m (14 ft) in U-3ax/bl,
and up to 15 m (49 ft) in U-3ahv/at. They aso stated that collapse of the containers will occur
sporadicaly, leading to localized subsidence festures digtributed over the surface of the cap until the
maximum collapse is reached.

As part of the closure process, afind cap was designed for the U-3ax/bl disposal unit. Thisdesign was
prepared assuming that subsdence of the buried waste under the cover would be minimal. However,
concerns developed over the amount and effects of subsidence on potentia radiological releases.
Consequently, aworking group of SMEs was convened to evaluate the consequences of subsidence a
the Area 3 and Area5 RWMSs.
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The mgjor observations and recommendations of that sudy (DOE/NV, 1998a) were:

* None of theregulations for disposa of low-leve radioactive waste at the NTS include specific design
requirements for closure caps.

» Peformance assessment models should be used to optimize designs for closure of waste disposal
Stes.

» Closure cover designs should satisfy minimum engineering performance standards and dose-related
performance assessment standards.

* Theexising cover desgn would not perform as intended because of the effects of subsidence.
* Andternative closure cover design consgting of athick layer of native aluvium should be devel oped
for use at the RWMSs. The cover design should rely upon thickness and evapotranspiration to

provide containment.

*  The cover should be monitored during the Ingtitutional Control period to monitor performance and
alow modification and maintenance if necessary.

* Void spaces between and within the waste packaging should be minimized.

An AES was convened August 12-15, 1997, to address closure of Disposal Cell U-3ax/bl and other
disposal cdls, and mitigation/accommodation of waste subsidence a the RWMSs a the NTS. Some of
the recommendations of the AES (Barker, 1997) were:

* Closdl NTSwaste cdls with soft covers, possibly thicker than present operationa covers.

* Do not grout or use degp dynamic compaction on any NTS waste cdlls.

»  Encourage generators to minimize waste container void spaces.

» Create adatabase of waste container locations and observed waste subsidence.

»  Whenever possible, consider bulk waste disposal.

9.7 Flood Studies

A flood assessment based on three watersheds that could contribute water to the Area5 RWMS shows
that only the southwest corner of the facility iswithin a 100-year flood hazard zone (Schmeltzer et d.,
1993). The currently active part of the Area5 RWMS is now protected from a 25-year, 24-hour flood
event viaachannd and berm system.
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9.8 Physical and Hydrogeological Property Data for Closure

Covers
Analyses of samples collected in FY 2002 from the Area5 RWMS operationa covers have been
conducted to document the current physica and hydrogeologica conditions of the closure covers. The
addition of soil to operationa closure covers could make collection of samplesin the future more difficult
and expensve. Table 9-1 summarizes some of these geotechnica properties. A complete set of dl
sample anayses obtained can be found in Appendix B.

A comparison of these new physica properties and hydrogeol ogic data to previous vaues obtained for
aluvium under the Area 5 RWMS (REECo, 19933, b; Blout et d., 1995; Levitt et d., 1996) indicates
that both data sets are very smilar.

9.9 Topographic Survey

A topographic survey was completed in FY 2002 to document the configuration of the Area5 RWMS
(92-acre areq) prior to any changes that might be made to the closure covers and intervening aress,
inclusive of the GCD boreholes, from the time of the survey through FY 2007. The process of find
closure of the 92-acre area by the BN Waste Management Project is scheduled to start in FY 2005.
The topographic map from this most recent survey of the Area5 RWMS is provided as Figure C-1in
Appendix C of this documen.
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Table9-1

Closure Covers

Summary of Hydraulic Propertiesfor Selected Samples from the Area 5 Radioactive Waste M anagement Site

Location of Sample| Depth? | Sample Moisture Content Permeability Bulk Density | Specific Gravity °
(feet) Date |(percent by weight) |(centimeters/second) (grams/cc) (grams/cc)

TO1U/TO7U ©:

Grid Pt. B8 1 07/03/02 3.6 7.65E-04 1.77 NA
3 07/03/02 4.6 5.94E-04 1.61 NA

Grid Pt. B4 1 07/03/02 5.6 5.02E-04 1.71 NA
3 07/03/02 6.8 9.12E-03 1.69 2.50

Grid Pt. D5 1 06/25/02 5.8 6.68E-04 1.75 NA
3 06/25/02 5.9 8.39E-04 1.67 NA

Grid Pt. F4 1 06/19/02 5.1 1.33E-04 1.66 NA
3 06/19/02 5.9 4.39E-04 1.70 2.38

Grid Pt. F7 1 06/25/02 NA NA NA NA
3 06/25/02 5.9 4.01E-04 1.69 NA

Pit 3 :

Loc. 22 1 05/29/02 4.7 2.86E-03 1.69 NA
3 05/29/02 4.7 3.26E-03 1.60 2.53

Pit 4 :

Grid Pt. B4, Well-8 1 05/29/02 5.7 6.49E-03 1.62 NA
3 05/29/02 6.7 3.12E-03 1.57 2.50

Grid Pt. C10 1 06/19/02 6.4 1.88E-04 1.70 2.45
3 07/03/02 6.3 3.72E-05 1.78 2.37

2 Depths are below ground level.

® Numbers reported are analyses done on material smaller than #4 sieve ( 0.187 in. ).
° Trenches TO1U, TO2U, TO3U, TO4U, TO6U, and TO7U.
NA - No analyses done.
Note: See Appendix B for complete analyses.
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10.0 CONCLUSIONS And RECOMMENDATIONS

10.1 Conclusions

Analysis of the compliance scenarios indicates that the waste disposal Siteis reasonably likely to meet dl
the performance objectives for 10,000 years (Shott et al., 1998; Levitt et a., 1999). Site
characterization studies and performance assessment have shown that the arid nature of the Area 5
RWMS, dong with the large depth to groundwater and negligible recharge, offer unique performance
enhancing advantages. The limited transport pathways and limited land use potentid of the Ste, coupled
with operational procedures (e.g., WAC) and closure plans (monolayer- ET cover), provide reasonable
assurance that regulatory performance objectives can be met (Shott, et a., 1998; Becker et d., 2002).

Characterization studies at the Area 5 RWMS planned through FY 2002, including recent
characterization of the operationa closure covers, have been completed. Based on analyses of this data,
no changesto the PA or closure cover design is needed.

10.2 Recommendations

»  Continue with Ste monitoring activities and reporting.

»  Proceed through the scheduled planned phases leading to fina closure of the Area5 RWMS and
defined in the ICMP (BN, 20053).

*  Proceed with the recommendation to add native soil to operationa covers as a preparatory measure
to final closure.
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11.0 REFERENCES

This section is divided into “References Cited” in this report (Subsection 11.1) and “ Other References
Consulted” for background information (Subsection 11.2). An annotated bibliography of selected
references (1994 - 2002) relevant to the Area 5 RWMS is provided in Appendix A.
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Appendix A

Annotated Bibliography of Selected References Relevant to the Area 5 Radioactive
Waste Management Site (1994 through September 2002)

Albright, W., 1995. Physical and Hydraulic Characteristics of Bentonite-Amended Soil from Area
5, Nevada Test Ste. Desert Research Ingtitute Publication No. 45137, DOE/NV/11508--06. Las

Vegas, NV.

This report details the characterization of a soil mixture intended for use as the low-
permesbility component of a radioactive waste disposa Site. The addition of 6.5 percent
bentonite to the sandy soils of the Site reduced the value of saturated hydraulic
conductivity by more than two orders of magnitude to 7.6x10-8 cm/sec.

Characterization of the soil mixture included messurements of grain dengty, grain Sze
distribution, compaction, porosity, dry bulk dengity, shear strength, desiccation shrinkage,
Ks, the effect of dternating cycles of drying and restoration on K, the effect of water
content at time of compaction on K, vapor conductivity, air permegbility, the
characteristic water retention function, and unsaturated hydraulic conductivity by both
experimental and numerica estimation methods. Simulations were conducted using a
one-dimensona modd of the landfill cover.

Albright, W., S. Tyler, J. Chapman, M. Miller, REStrella, 1994. Area 5 Ste Characterization Project
Report FY 1994. U.S. Dept. of Energy Report DOE/NV/10845-T20. Desert Research Indtitute,
LasVegas, NV.

The Area5 Site Characterization Project is designed to determine the suitability of the
RWMSfor disposd of LLW, MW and TRU waste. DRI characterized important
properties of the upper vadose zone which influence infiltration and redistribution of water
and transport of solutes as well as water quaity and hydrologic conditions of the
uppermost aquifer. This report describes methods and presents a summary of dl data
and results from laboratory physical and chemicd testing from borehole samples through
September 1994. DRI laboratories performed soil water content, soil water potential,
soil bulk density, and soil water extract isotope analyses.

Barker, L., 1997. Alternative Evaluation Sudy: Methods to Mitigate/Accommodate Subsidence
for the Radioactive Waste Management Stes at the Nevada Test Ste, Nye County, Nevada,
with Special Focus on Disposal Unit U-3ax/bl. Bechtel Nevada, September, 1997.

An Alternative Evauation Study was convened August, 1997 to make recommendations
concerning closure of Disposal Cell U-3ax/bl and to address waste subsidence at the
RWMS at the NTS. Results of the study and recommendations are presented.
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Barker, L.E., G.J. Shott, P.K. Black, B. A. Moore, and S. E. Rawlinson, 1998. Performance
Assessment of the Area 5 RWMS at the NTS, Nye County, Nevada: Update of Scenarios and
Waste Acceptance Criteria Through the Performance Assessment Maintenance Program.
Bechtel Nevada. DOE/NV/11718--177. February 1998.

The Performance Assessment Maintenance Program is the mechanism to integrate additiona
information about the ste. Through the PA Maintenance Program at DOE/NV, technical
uncertaintiesin theinitial PA are systematically reduced by data collection, further studies,
and ongoing analyses to provide greater confidence in the results and to ensure long-tem
protection of the public hedlth and environment. This addendum is the first update to the
Area5 RWMS PA through the PA Maintenance Program.

Bechtel Nevada, 2005. Integrated Closure and Monitoring Plan for the Area 3 and Area 5
Radioactive Waste Management Stes at the Nevada Test Ste. DOE/NV/11718--449-REV-2.
Report to U.S. Department of Energy, National Nuclear Security Adminigtration Nevada Site Office,
Las Vegas, Nevada. June 2005.

This document is an integrated plan for closing and monitoring both RWMSs, and is based on
guidance issued in 1999 by the DOE for developing closure plans. The closure and
monitoring plans were integrated because much of the information is the same, and integration
provides program efficiency. The ICMP identifies the regulatory requirements, describes the
disposa sites and the physical environment, and defines the approach and schedule for both
closing and monitoring the sites. Closure of the Area 3 and Area5 RWM Sswill proceed
through three phases: operationd closure, find closure, and inditutional control. The basic
closure cover design for dl of the various units will be of the vegetated monolayer-
evapotranspiraive type. Closure activities for waste digposal unitsin the 92-acre Site, an
expanson area north of the Area5 RWMS, and the Area 3 RWMS follow a systemétic
process conssting of ten steps, itemized below:

* priminary assessment » drafting of aclosure plan
e initid planning * implementation of closure
» drafting of acharacterization plan » drafting of aclosure report
» implementation of the characterizetion acknowledgment of completion
plan »  pog-closure monitoring and maintenance (if
» drafting of a characterization report required according to closure plan).

Closure ectivities for waste disposal units in the expanson areaand the Area3 RWMS are
scheduled over the time frame of FY 2019 through 2021. Active indtitutional controls, such
as control of access, cover maintenance, and monitoring, will continue for 100 years.
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Monitoring at the Area 3 and Area 5 RWMSs is required under avariety of regulatory
drivers, including federa regulations and DOE Orders. Monitoring data are used to
demongtrate compliance with regulatory drivers and performance objectives presented in the
PAs, confirm assumptions about flux rates through upward and downward pathways, confirm
assumptions about soil water contents and potentia's, confirm conceptua models, provide
input to PA maintenance, and evauate radiation doses to the generd public. Monitoring is
also conducted to ensure the integrity of waste covers. In addition, the monitoring program is
designed to sufficiently forewarn of any need for mitigative actions, and to record the utility of
any mitigative actions. This ICMP describes the programs for monitoring direct radiation
fidds, ar, vadose zone, biota, groundwater, meteorology, and subsidence during the
operationa closure period (current), and find closure/active inditutiona control periods.

Bechtel Nevada, 2002. 2001 Waste Monitoring Report, Area 3 and Area 5 Radioactive Waste
Management Stes, Nevada Test Ste. DOE/NV/11718-718.

This document summarizes the calendar year 2001 environmenta, subsidence, and
meteorology monitoring data collected at and around the Area 3 and Area5 RWMSs at the
NTS. These monitoring data include radiation exposure, ar, groundwater, meteorology,
vadose zone, subsidence, and biotadata. All 2001 monitoring data indicate that the Area 3
and Area5 RWMSs are preforming within expectations of the model and parameter
assumtions for the facility performance assessments.

Bechtel Nevada, 2002. 2001 Data Report: Groundwater Monitoring Program, Area 5 Radioactive
Waste Management Ste, Nevada Test Ste. DOE/NV/11718--694. Report to U.S. Department
of Energy, Nevada Operations Office, Las Vegas, Nevada. February 2002.

This report is acompilation of the calendar year 2001 groundwater sampling results for the
Area5 RWMS at the NTS. Wells UE-5PW-1, UE-5PW-2 and UE-PW-3 were sampled
semiannudly for pH, specific conductance, mgjor cations/anions, metd, tritium. total organic
carbon, and tota organic halogen. Results from al samples collected in 2001 were below
ILs. These dataindicate that there has been no measurable impact to the uppermost aquifer
from the RCRA regulated unit within the Area5 RWMS, and confirm that the detections of
TOC and TOX in 2000 were fase positives. There were no mgjor changes noted in the
groundwater elevation. There continues to be an extremely smdl gradient to the northeast
with aflow veocity of less than one foot per year.

Bechtel Nevada, 2002. Bechtel Nevada Facility-Level Facility Execution Plan for Areas 3 and 5

Radioactive Waste Management Stes. Bechtel Nevada, FEP-NTS-FL-03-05 Rev. 2. Las
Vegas, NV.

A-3



Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site June 2005

The following topics for the subject NTS facilities are defined: facility description, including
capabilities, assts, interfaces, operating schedule, costs and funding sources, performance
measures, hazard andysis, legd and regulatory obligations, and management tools.

Bechtel Nevada, 2002. Bechtel Nevada Support Execution Plan for Areas 3 and 5 Radioactive
Waste Management Stes. Bechtel Nevada, SEP-2150-04 Rev. 2. LasVegas, NV.

Thefollowing topics for the subject NTS facilities are defined:  scope of work, organization
and respongibilities, work schedule, costs and funding sources, hazard analysis, legd and
regulatory obligations, and management tools.

Bechtel Nevada, 2002. 2001 Annual Summary Report for the Area 3 Radioactive Waste
Management Ste at the Nevada Test Site, Nye County, Nevada, Review of the Performance
Assessment and Composite Analysis. Report to U.S. Department of Energy, Nevada Operations
Office, Las Vegas, Nevada. March 2002.

This report presents the determinations of the adequacy of the PA/CA, aswdl asthe
supporting information and data from the FY 2001 review. The annud review for the PA
includes operationd factors, such as the waste form and containers, facility design parameters
and closure, waste recei pts and inventory estimate a closure, and the results of the
monitoring and research and development activities. The annud review of the CA includes
the environmental restoration activities at the NTS relevant to the sources of resdud
radioactive materiad that are considered in the CA, the land use planning, and the results of
the environmental monitoring and R&D activities. Recent results of Ste monitoring and Ste
research programs are compared with PA and assumptions, conceptua models, and results,
and are found to be consstent. No revisonsto the PA/CA are needed at thistime.

Bechtel Nevada, 2001. Alternative Closure Cover and Monitoring System Project Area 3
Drainage Lysimeter Facility, Nevada Test Ste, Fiscal Year 2001 Data Report. Bechtel Nevada.
LasVegas, NV.

A drainage lysmeter facility was constructed at the mixed waste disposal unit U-3ax/bl at
the Area3 RWMS a the NTS. Each of the eight lysmetersisingrumented with soil
water content and soil water potentia sensors at eight depths. The objective of the
facility isto collect data to reduced the uncertainty associated with the performance of
monolayer-evapotranspiration waste coversin arid regions. Data collection of daily
water content and water potential measurements began in February 2001.

Bechtel Nevada, 2001. Closure Report for Corrective Action Unit 110: Area 3 RWMS U-3ax/hl

Disposal Ste Nevada Test Ste, Nevada. DOE/NV—-733. Report prepared for the U.S.
DOE/NNSA/NV. LasVegas, NV.
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The NTS Area 3 U-3ax/bl Digposd Unit, CAU 110, was operationdly closed in 1987 by
ingalling aRCRA equivaent cover. Closure was completed using a NDEP approved
Closure Plan (DOE, 2000, Rev 0). The U-3ax/bl Waste Disposal Unit was closed in place
by ingtalling amonolayer vegetative cover. Post-closure monitoring will congst of Ste
ingpections to determine the condition of the engineered cover and cover performance
monitoring usng Time-Domain Reflectometry arrays to monitor moisture migration in the
cover. (www.ogti.gov)

Bechtel Nevada, 2001. Integrated Closure and Monitoring Plan for the Area 3 and Area 5
Radioactive Waste Management Stes at the Nevada Test Ste. DOE/NV/11718-449, Revision
1. September 2001.

Bechtel Nevada, 2001. 2000 Data Report: Groundwater Monitoring Program, Area 5 Radioactive
Waste Management Stes, Nevada Test Ste. DOE/NV/11718--514. Report to U.S. Department
of Energy, Nevada Operations Office, Las Vegas, Nevada. February 2001.

This report is acompilation of the calendar year 2000 groundwater sampling results for the
Area5 RWMS at the NTS. Wells UE-5PW-1, UE-5PW-2 and UE-PW-3 were sampled
semiannudly for pH, specific conductance, mgjor cations/anions, metd, tritium. total organic
carbon, and total organic halogen. Although some indicator anaytes have been reported
abovethelL, itismost likely that these results are a product of sample handling rather than
being representative of aquifer conditions. There were no maor changes noted in the
groundwater elevation.

Bechtel Nevada, 2001. Performance Assessment for the Area 5 Radioactive Waste Management
Ste. Addendum 1. DOE/NV/11718-176-ADDL1.

The Area 5 RWMS Disposa Authorization Statement issued by the U.S. Department of
Energy/Headquarters on December 5, 2000, identifies two performance assessment issues
and requires resolution of these issuesin an addendum or arevision to the PA within one
year. The two conditions for resolution affect: 1) Dose estimates for the pogt-drilling intrusion
scenario for Pit 6, and 2) Performance objectives for the agricultura scenario.

Bechtel Nevada, 2001. Composite Analysis Assessment for the Area 5 Radioactive Waste
Management Ste. Addendum 1. DOE/NV/11718-594-ADD1.

The Area5 RWMS Disposa Authorization Statement issued by the U.S. Department of
Energy/Headquarters on December 5, 2000, requires that supplemental information
generated during the DOE/HQ review of the CA be incorporated into the CA within one
year. The supplementa information includes the following: Issues identified in the review
team report, crosswak presentation, and maintai ning doses as-|ow-as-reasonably-
achievable,
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Bechtel Nevada, 2001. 2000 Waste Management Monitoring Report: Area 3 and Area 5
Radioactive Waste Management Stes, Nevada Test Ste. DOE/NV/11718--582. Report to
U.S. Department of Energy, Nevada Operations Office, Las Vegas, Nevada. June 2001.

Environmental monitoring data, subsidence monitoring data, and meteorology monitoring data
were collected at and around the Area 3 and Area5 RWMSs at the NTS, and include
radiation exposure, air, groundwater, meteorology, vadose zone, subsidence, and biota data.
All 2000 monitoring data indicate that the Area 3 and Area 5 RWM Ss are performing well at
isolating buried waste.

Bechtel Nevada,, 2001. Annual Ste Environmental Report for Calendar Year - 1999, Nevada Test
Ste. DOE/NV/11718--605. Report to U.S. Department of Energy, Nevada Operations Office, Las
Vegas, Nevada. October 2001.

Monitoring and surveillance, on and around the NTS, by U.S. DOE/NNSA/NV contractors
and NTS user organizations during 2000, indicated that operations on the NTS were
conducted in compliance with applicable NNSA/NV, gate, and federd regulations and
guiddines. Results and explanations of environmental monitoring programs a the NTS and
offgte locations, an overview of QA programs and a summary of environment compliance
activities associated with each site are included. During 2000, no accidenta or unplanned
releases occurred on the NTS. No measurable radiologica exposure occurred to the genera
public who reside outside these locations, and no federal or contractor employees working at
theses Sites received radiation exposure doses in excess of internationa standards, while most
were far below dlowable limits.

Bechtel Nevada, 2001. Composite Analysis for the Area 5 Radioactive Waste Management Ste at
the Nevada Test Site, Nye County, Nevada. DOE/NV--595-ADD1. Report to U.S. Department
of Energy, Nevada Operations Office, Las Vegas, Nevada.

The Area 5 RWMS Disposa Authorization Statement issued by the U.S. Department of
Energy/Headquarters on December 5, 2000, requires that the supplementa information
generated during the DOE/HQ review of the CA be incorporated into the CA within one
year. Thisreport fulfills that requirement. The supplementa information includes the
following: Issuesidentified in the Review Team Report; crosswak presentation; and
maintaining doses as low as reasonably achievable.

Bechtel Nevada, 2000. Performance Assessment/Composite Analysis for the Area 3 Radioactive
Waste Management Site at the Nevada Test Ste, Nye County, Nevada, Rev 2.0.
DOE/NV/11718--491.

This document describes the results of a Performance Assessment and Composite Analysis
for the Area3 RWMSat the NTS. The PA performance objectives adopted from DOE
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Order 5820.2A contain standards for members of the public and inadvertent human intruders.
Total effective dose equivadent limits are set and include exposure through dl pathways. The
results of the PA arelessthan al performance objectives for aperiod of 1,000 years after
closure.

Bechtel Nevada, 2000. Composite Analysis for the Area 5 Radioactive Waste Management Ste at
the Nevada Test Ste, Nye County, Nevada. DOE/NV--594. Report to U.S. Department of
Energy, Nevada Operations Office, Las Vegas, Nevada. February 2000.

Thisreport is prepared as an addendum to the PA for the Area5 RWMS Rev 2.1 (Shott

et a., 1997). The CA assesses the potentid radiologica dose from al radioactive waste
projected to be disposed of a the Area5 RWMS by closure and &l other sources of residual
radioactive contamination that may interact with the digposd site. The TEDE estimated for
the Area 5 RWMS is 0.8 mrem/yr, much less than the 30-mrem/yr dose condtraint, and is
assumed to be ALARA. The CA provides reasonable assurance that continuing operation of
the Ste does not pose an unacceptable risk to the public considering the effects of interaction
sources of radioactive materials.

Bechtel Nevada, 2000. 1999 Waste Management Monitoring Report: Area 3 and Area 5
Radioactive Waste Management Stes, Nevada Test Ste. DOE/NV/11718-425. Report to U.S.
Department of Energy, Nevada Operations Office, Las Vegas, Nevada. May 2000.

Environmental monitoring data, subsidence monitoring data, and meteorology monitoring data
were collected at and around the Area 3 and Area5 RWMS at the NTS. These datainclude
radiation exposure, air, groundwater, meteorology, vadose zone, subsidence, and biota data.
This document now includes data that were formerly reported in the annua Ecosystem
Monitoring Report (radon and tritium monitoring deta). All 1999 monitoring data indicate
that the Area3 and Area 5 RWM Ss are performing well at isolating buried wagte.

Bechtel Nevada, 2000. 1999 Annual Data Report: Groundwater Monitoring Program, Area 5
Radioactive Waste Management Stes, Nevada Test Ste. DOE/NV/11718-401. Report to U.S.
Department of Energy, Nevada Operations Office, Las Vegas, Nevada. March 2000.

This report isacompilation of the calendar year 1999 groundwater sampling results for the
Area5 RWMS at the NTS asrequired by Title 40 CFR 265. Wells UE-5PW-1,
UE-5PW-2 and UE-5PW-3 were sampled semiannualy to determine pH, specific
conductance, mgjor cations/anions, metd, tritium, total organic carbon, and total organic
halogen. Information regarding Ste hydrogeology, well congtruction, and sample collection is
aso provided. There were no mgjor changes noted in the groundwater elevation.

A-7



Characterization Report - Closure Coversfor the
Area 5 Radioactive Waste Management Site
at the Nevada Test Site June 2005

Bechtd Nevada, 1999. Written Communication Prepared for National Nuclear Security Administration,
Nevada Operations Office. Subject: 1998 Annual Data Report:  Groundwater Monitoring
Program, Area 5 Radioactive Waste Management Stes. February 1999.

This report is acompilation of the calendar year 1998 groundwater sampling results for the
Area5 RWMSat the NTS. Wells UE-5PW-1, UE-5PW-2 and UE-5PW-3 were sampled
semiannually to determine pH, specific conductance, mgor cations/anions, metd, tritium, total
organic carbon, and total organic halogen. There were no mgor changes noted in the
groundwater elevation.

Bechtd Nevada, 1999. Written Communication Prepared for National Nuclear Security Adminigtration,
Nevada Operations Office. Subject: Watershed Report: Area 3 Radioactive Waste Management
Ste, DOE/Nevada Test Ste, Nye County, Nevada. September 1999.

Watershed studies were conducted near the Area 3 RWMS as part of a Site characterization
program designed to obtain input parameters required for a hybrid rainfall-runoff/transmission
loss modd developed by DRI. Field data from two high intensity precipitation events
(February 1998, June 1998) were collected. This study also supports the long-term sediment
modeling at nearby subsidence crater U-3db.

Bechtel Nevada, 1999. Characterization Report for Corrective Action Unit 110: Area 3 U-3ax/bl
Disposal Unit Nevada Test Ste, Nevada. DOE/NV--580. Report to U.S. Department of
Energy, Nevada Operations Office, Las Vegas, Nevada. Environmental Restoration Division, Bechtel
Nevada. LasVegas, NV. November 1999.

The U-3ax/bl disposal unit was operationally closed in 1987. Hydrogeologic characterization
included two angled boreholes beneath the U-3bl crater. Laboratory analysis showed
physica and hydraulic propertiestypica of dluvid valeysonthe NTS. A conceptua moded
of the disposa unit indicates that wastes have not migrated beneath the unit. An evauation of
the potentia subsidence by aworking group indicated that the operationa cover will likely fall
in the future. 1t is recommended to proceed with the development of a Closure Plan. The
recommended closure Strategy is closure in place with an engineered RCRA dAternative
cover.

Bechtel Nevada, 1999. Bechtel Environmental Integrated Data Management System (BEIDMS)

BEIDMS s an Oracle® based relationa database management system developed by Bechtel
for the comprehensive management and processing of environmenta data. This database
management system has been licensed and tailored to support both small and large
environmentda projects at BN. The use of BEIDMS will ensure consstency and promote
advanced planning, while providing a centra repostory for dl unclassfied environmenta data.
BEIDMSis currently operationd for environmental monitoring data from the NTS.
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Bechtel Nevada, 1998. Geology Report: Area 3 Radioactive Waste Management Ste, Nye County,
Nevada. DOE/NV/11718--195. Report to U.S. Department of Energy, Nevada Operations
Office, Las Vegas, Nevada. January 1998.

This report presents a summary of geologic studies undertaken by BN during fisca years
1996 and 1997 near the Area 3 RWMS at the DOE NTS, Nye County, in southern Nevada.
These studies were conducted as part of a Site characterization program designed to satisfy
the LLW Performance Assessment required by DOE Order 5820.2A (DOE,1988); the
LLW Composite Anaysis required at DOE stes (DOE, 1996) in response to
Recommendation 94-2 of the Defense Nuclear Facility Safety Board; and the RCRA closure
requirements in response to 40 CFR 265.

Bechtel Nevada, 1998. Nevada Test Ste Routine Radiological Environmental Monitoring Plan.
DOE/NV/11718--244. Report to U. S. Department of Energy Nevada Operations Office.
December, 1998.

The RREMP brings together site-wide environmentd surveillance; site-specific effluent
monitoring; and operationa monitoring conducted by various missons, programs, and
projects on the NTS. The plan provides an gpproach to identifying and conducting routine
radiological monitoring at the NTS, based on integrated technica, scientific, and regulatory
compliance data needs. The RREMP uses a decison-based gpproach to identify the
environmenta data that must be collected and provides QAA SPs which ensure that
defensible data are generated. The approach is based on a modification of the EPA’s Data
Quality Objective (DQO) process (EPA, 1994), a 7-step process that calls for identification
of the decisions that data collection activities must support, and uses alogica structure to
develop the plan for data collection and analysis. The detailed steps of the process for each
media are presented in Appendix E of the RREMP. During the design process, exigting and
historica site information and regulatory requirements were reviewed. A summary of the Site
characterigtics, transport and exposure pathways, regulatory requirements, and historical data
were evaluated for each medium in the preparation of the RREMP to support the monitoring
designs.

Becker, B.D., W.A. Clayton, and B.M. Crowe. 2002. Waste Management at the Nevada Test Ste
Fiscal Year 2001, Current Satus. U.S. Department of Energy, DOE/NV11718-714. LasVegas,
NV.

The performance objectives of the NNSA/NV Low-level Radioactive Waste (LLW)
disposal facilities located at the NTS transcend those of any other radioactive waste disposal
steinthe United States. Situated at the southern end of the Great Basin, 244 m (800 ft)
above the water table, the design of the Area 5 RWM S incorporates a combination of
engineered shdlow land disposa cells and deep augured shafts to dispose a variety of waste
dreams. These include high volume low-activity waste, classified radioactive materid, and
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high-specific-activity specia case waste. Fifteen miles north of Area 5 isthe Area3 RWMS,
Here bulk LLW disposa takes place in subsidence craters formed from underground testing
of nuclear weapons. Earliest records indicate that documented LLW disposal activities have
occurred at the Area 5 and Area 3 RWM Ss since 1961 and 1968, respectively. However,
these activities have only been managed under aforma program since 1978. This paper
describes the technical attributes of the facilities, present and future capacities and
capabilities, and provides a description of the process from waste approvd to fina
disposition. The paper aso summarizes the current status of the waste disposa operations.

Becker, B.D., C.P. Gertz, W.A. Clayton, and B.M. Crowe. 1998. Low-Level Radioactive Waste
(LLW) Management at the Nevada Test Ste (NTS). U.S. Department of Energy, DOE/NV-520.
LasVegas, NV.

Thetwo Low-Leve Radioactive Waste Management Sites at the NTS are briefly described.
The NTS Waste Acceptance Criteria establishes the standard and requirements that
generator Sites must meet in order to receive gpprova to ship radioactive waste to the NTS.
Disposal process and present waste inventory are defined for these shallow-land disposa
facilities. An estimate of future capacitiesis dso included.

Blout, D. O., W. S. Birchfiel, D. P. Hammermeigter, K. A. Zukosky, and K. D. Donnelson, 1995. Site
Characterization Data from Area 5 Science Boreholes, NTS, Nye County, Nevada.
DOE/NV/11432-170. Reynolds Electrical & Engineering Co., Inc. February 1995.

The Science Borehole Project consists of eight boreholes that were drilled (from 45.7 to 83.8
m depth) in Area 5 of the NTS, on behalf of the DOE. These boreholes are part of the Area
5 Site Characterization Program devel oped to meet data needs associated with regulatory
requirements gpplicable to the disposal of LLW and MW &t thisste. This series of boreholes
was specificaly designed to characterize parameters controlling near-surface gas trangport
and to monitor changes in these and liquid flow-related parameters over time. These
boreholes are located along the four sides of the approximately 2.6-sq km Area5 RWMS.
Material and hydrologic properties are reported (field and |aboratory measurements). Four

of the boreholes were instrumented and stemmed, and four were completed as neutron-
moisture logging access boreholes.

BN, see Bechtel Nevada.

Cochran, J. R., W. E. Beyder, D. A. Brosseau, L. H. Brush, T. J. Brown, S. H. Conrad, P. A. Davis,
T. Ehrhorn, T. Feeney, B. Fogleman, D. P. Gallegos, R. Haaker, D. Kdinina, L. L. Price, D. P.
Thomeas, and S. Wirth, 2001. Compliance Assessment for the Transuranic Wastes in the
Greater Confinement Disposal Boreholes at the Nevada Test Ste. Volume 2: Performance
Assessment (Version 2.0). Sandia Report SAND2001-2977. Sandia National Laboratories.
September 2001.
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Intermediate depth disposal operations were conducted by the NNSA/NV at the NTS from
1984 through 1989. These operations emplaced high-specific activity low-level wastes
(LLW) and limited quantities of classified, “specid casg’ transuranic (TRU) wastesin 37-m
(120-ft) deep, 3-m (10-ft) diameter Greater Confinement Disposal (GCD) boreholes. Four
boreholes contain about 60,000 kg (132,000 Ib.) of classfied TRU waste packages,
containing less than 330 curies of Plutonium-239. This report presents the performance
assessment (PA) that was conducted to determine if disposal of TRU waste in the GCD
boreholes complies with the EPA’s 40 CFR 191 requirements. Sandia National

L aboratories completed this PA. Topics addressed in this PA include:

* Regulaory andyss »  Deveopment of plant and animd

» Explanation of the Iterative PA bioturbation modeds
Methodology » Climate change studies

e Qudlity assurance and software quaity e Landfill subsdence andyss

* Andyssand screening of festures, » 10,000 year surface water flooding andysis
events, and processes under current and glacid climates

e Andyssaf human intruson »  Conceptud modd development

* Nudeer criticality assessment » Development of Flow and transport

»  Geochemicd sudies, including sorption * Dose Assessment modding.
and solubility

» Vadose zone characterization, including
moisture content, water balance, and
advective flux

The primary conclusions of this PA are that the digposa of TRU wagtesin the GCD
boreholes will, at mogt, result in minuscule doses to individuals, and that the GCD disposal
system easily meets the EPA’s 1985, 40 CFR 191 requirements for disposal of TRU waste.

Dixon, J. M., D. G. Levitt, and S. E. Rawlinson, 2001. “Alternative Site Technology Deployment-
Monitoring System For the U-3ax/bl Disposa Unit a the Nevada Test Site.” 36th Annual
Engineering Geology and Geotechnical Engineering Symposium: Soil and Water Issues for the
Arid West. DOE/NV/11718-505.

In December 2000, a performance monitoring facility was constructed adjacent to the
U-3ax/bl mixed waste disposa unit a the NTS. Recent studies conducted in the arid
southwestern United States suggest that a vegetated monolayer evapotranspiration (ET)
closure cover may be more effective a isolaing waste than traditiond RCRA mullti-layered
desgns. The monitoring system deployed next to the U-3ax/bl digposa unit conssts of eight
drainage lysmeters with three surface treetments. two are |eft bare; two are revegetated with
native species, two are being alowed to revegetate with invader species; and two are
reserved for future studies. Closure of U-3ax/bl isuniquein that it was one of the first mixed
waste disposal unitsto receive regulatory gpprova for closure usng the monolayer-ET cover.
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This dlosure cover is asgnificant departure from the traditiona RCRA subtitle C and D multi-
layered systems. This paper describes the design and deployment of a monitoring facility
using drainage lysmeters and the latest monitoring and data acquisition technology for
demonstration of cover performance.

Dixon, JM. 1999. An Evaluation of Unsaturated Flow Modelsin an Arid Climate. Univ. of
Nevada, Las Vegas MSthesis, dso as areport to the U.S. Department of Energy/NV,
DOE/NV/11718--395. LasVegas, NV.

The objective of this study was to evauate the effectiveness of two unsaturated flow models
(HYDRUS-1D and SHAW) in arid regions (the Area5 RWMS at the NTS). The
monitoring data collected included soil-water potential, moisture content, evaporation,
storage and various meteorologica data. These data made it possible to estimate soil water
balance, and to cdibrate unsaturated flow models that can be used to predict future
performance of the site.

DOE, see U.S. Department of Energy.

Drellack, S. L., 1997. Selected Stratigraphic Data for Drill Holes Located in Frenchman Flat,
Nevada Test Ste, Revision 1. Bechtel Nevada Report: DOE/NV/11718--077. February 1997.

Stratigraphic data are presented for 72 holes drilled in Frenchman Flat between 1950 and
1993. Three pairs of data presentations are included for each hole: depth to formation tops,
formation thicknesses, and formations eevations are presented in both fied (English) and
metric units. Also included for each hole are various congruction data (hole depth, hole
diameter, surface location coordinates) and certain information of hydrogeologic significance
(depth to water-leve, top of zedlitization). An extensive sat of footnotesis included.
Stratigraphic setting of Frenchman Ht, drill-hole naming conventions and database
terminology, and other background and references are included.

Estrdla R., 1994. Fate and Transport Proceses Controlling the Migration of Hazardous and
Radioactive Materials from the Area 5 Radioactive Waste Management Ste (RWMS). Desert
Research Ingtitute Publication No. 45134, DOE/NV/19845--53, Las Vegas, NV.

This study summarizes the available data and investigates the fate and trangport processes that
govern the migration of contaminants from the RWMSin Area 5 of the NTS. The purpose of
this effort is to define data availability and to better direct future data collection activities. An
overview of relevant sorption processes is given firg, followed by adiscusson of results
obtained to date. Fundamentals of chemica and biological transformation precesses are
discussed subsequently, followed by a discussion of relevant results.
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Edrela R., Tyler, S., Chapman, J., Miller, M., 1993. Area 5 Ste Characterization Project: Report
of hydraulic property analysis through August 1993. University of Nevada, Las Vegas, NV.
Desert Research Institute. DOE/NV/10845-41.

The purpose of DRI's Area5 Site Characterization Project is to characterize important
properties of the upper vadose zone which influence infiltration and redigtribution of water
and trangport of solutes aswell asto characterize the water quality and hydrologic conditions
of the uppermost aquifer. This report describes methods and presents asummary of al data
and results from laboratory physical and chemica testing from Filot Wells and Science
Trench borehole samples through August 1993. DRI Iaboratories performed soil water
content, soil water potential, soil bulk dengity, soil water extract isotope andyses and soil
water chemigiry analyses.

FFACO (Federa Facilities Agreement and Consent Order), 1996. Agreed to by the State of Nevada
Divison of Environmenta Protection, the U.S. Department of Energy, and the U.S. Department of
Defense.

Thisis an agreement among the State of Nevada Divison of Environmental Protection, the
U.S. Department of Energy, and the U.S. Department of Defense. The facilities addressed in
this agreement are the NTS, parts of the Tonopah Test Range, parts of the Nellis Air Force
Range, the Centrd Nevada Test Area, and the Project Shod Area. The Y uccaMountain
steis specificaly excluded from this Agreement. The purpose of this agreement include:
identifying contaminated Sites and implementing proposed corrective actions, establishing
sampling and monitoring requirements, providing dl parties with sufficient information,
ensuring that the parties work together, reducing the costs of cleanup through coordinated
project activities, and satisfying applicable lega regulatory requirements.

Fitzmaurice, T. M. and D. G. Levitt, 2000. Deployment of an Alternative Closure Cover and
Monitoring System at the Mixed Waste Disposal Unit U-3ax/bl at the Nevada Test Ste.

Fina closure of the Mixed Waste Disposal Unit U-3ax/bl a the NTS was achieved by the
successful deployment of RCRA dterndtive cover design. Thisclosureisuniquein that a
mono-layer closure cover, dso known as an evapotranspiration (ET) cover, consigting of
native aluvium, received regulatory approva instead of using atraditiona RCRA multilayered
cover. Recent sudiesindicate thet in the arid southwestern United States, mono-layer covers
may be more effective at isolating waste than layered covers because of the tendency of
layered systemsto fal over time.

Hokett, S. L. and R. H. French, 1998. Evaluation of Recharge Potential at Crater U-5a. Desert
Research Institute Publication 45160, DOE/NV/11508--32. LasVegas, NV.
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On the NTS, subsidence craters resulting from testing underground nuclear weapons are
numerous, and many intercept surface water flows. Consequently, these craters may provide
amechaniam for surface water to recharge the groundwater aquifer system underlying the
NTS. Crater USa (WISHBONE test), located in Frenchman Flat, was selected for study
because of its potentialy large drainage area, and significant erosiona features, which
suggested that it has captured more runoff than other craters in the Frenchman Flat area.
Recharge conditions were sudied in subsidence crater U5a by firgt drilling boreholes and
andyzing the collected soil coresto determine the soil properties and moisture conditions.
Thisinformation, coupled with a 32-year precipitation record, was used to conduct surface
and vadose zone modding.

IT Corporation, 1998. Underground Test Area Subproject Corrective Action Unit 98: Frenchman
Flat Data Analysis Task , Vol. 1 - Hydrostratigraphic Model Documentation Package, Rev. 0.
LasVegas, NV.

This report documents the development of a three-dimensiond framework modd of the
hydrogtratigraphy of the Frenchman Flat CAU, located on the southeast corner of the NTS.
This hydrogtratigraphic framework will be used in computer moddls to predict groundwater
flow and contaminant migration within the Frenchman Hat CAU. The Frenchman Flat CAU,
defined in the FFACO includes the Sites of ten underground nuclear tests conducted between
1965 and 1971 which are potentia sources of groundwater contaminants.

Kunerth, D. C., J. M. Svoboda, J. M. Slate, and J. E. Lee, 2002. Monitoring Moisture Content in
Surface Barriers Using a Passive Sensor Platform. 1daho Nationd Engineering and
Environmenta Laboratory, Idaho Falls, ID.

Work is being performed to develop a versatile micro-power sensor platform for the purpose
of periodic, remote senaing of environmenta variables such as subsurface moisture or
radiation. The key characterigtics of the platform are passive components (no interna power
source), communication with a*“reader” via short-range telemetry (no wires need penetrate
barrier structure), long service life, and compact sze. Functiondly, the sensor packageis
read by a short-range induction coil that both activates and powers the sensor platform and
detects the sensor output via aradio frequency signd generated by the onboard
programmable interface controller microchip. To date, a prototype of the platform has been
congtructed and tested with a commercid moisture sensor.

Laczniak, R. J., J. C. Cole, D. A. Sawyer, and D. A. Trudeau, 1996. Summary of Hydrogeologic
Controls on Ground-Water Flow at the Nevada Test Ste, Nye County, Nevada. U.S.
Geologica Survey Water-Resources Investigations Report 96-4109.

The underground testing of nuclear devices has generated subgtantia volumes of radioactive
and other chemical contaminants below ground at the NTS. Ground-weter flow isthe
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primary mechanism by which contaminants can be trangported significant disgances. The
diversty and structural complexity of the rocks aong these flow paths complicates the
hydrology of the region. This report summarizes what is known and inferred about ground-
water flow throughout the NTS region. Magor controls on ground-water flow, uncertainties,
and technica needs related to the Environmental Restoration Program are discussed.

Levitt, D. G., and V. Yucd, 2002. Infiltration Modeling to Support the Design of Closure Covers
at the Radioactive Waste Management Stes at the Nevada Test Ste (Abstract). Bechtel
Nevada. LasVegas, NV.

Two low-levd-radioactive-waste, shallow-land disposal cdlls a the NTS, managed by BN
for the NNSA, will be closed with monolayer covers of native dluvium. The cover thickness
has been optimized for infiltration, subsidence, biointrusion, and radon emissons.

Unsaturated zone modeing was performed using long-term continuous climatic data to assess
the long-term performance of various cover geometries.

Levitt, D. G., and V. Yucd, 2002. Potential Groundwater Recharge and the Effects of Soil
Heterogeneity on Flow at Two Radioactive Waste Management Stes at the Nevada Test Ste.
DOE/NV/11718--609. Bechtel Nevada. LasVegas, NV.

Scenarios for potentia groundwater recharge and associated radionuclide transport are
modeled in support of the PAsfor the two low-level RWMSs a the NTS. Radionuclide
travel times through the vadose zone, and via a groundwater pathway are modeled to

cd culate radionuclide doses to the public using conservative assumptions. Recent studies
indicate that under bare-soil conditions such as those found at the operationd waste cdll
covers, some drainage may eventualy occur through the waste covers into the waste horizon.
The drainage is estimated to be about one percent of the annua rainfall at Area 5, and ten
percent of annud rainfal at Area 3. Smulations and neutron logging dataindicate thet subtle
layering of hydraulic properties cause water flow to be sgnificantly less than if asingle set of
hydraulic properties are used.

Levitt, D. G., and T. M. Fitzmaurice, 2001. “Deployment of an Alternative Closure Cover and
Monitoring System at the Mixed Waste Disposal Unit U-3ax/bl at the Nevada Test Site.”
Proceedings of the Waste Management 2001 Conference. Tucson, Arizona.
DOE/NV/11718-462.

In October 2000, fina closure wasiinitiated at U-3ax/bl, a mixed waste disposa unit at the
NTS. The gpplication of approximately 30 cm of topsoil, composed of compacted native
aluvium onto an operationa cover, seeding of the topsoil, indalation of soil water content
sensors within the cover, and deployment of adrainage lysmeter facility immediately adjacent
to the digposd unit initiated closure. This closure is unique in that it required the involvement
of saverd DOE Environmental Management groups. Waste Management, Environmental
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Regtoration, and Technology Development. In addition, this closure is unique in that a
monolayer closure cover, dso known as an evapotranspiration cover, conssting of native
aluvium, received regulatory gpprovd ingtead of atraditionad CRA multi-layered cover.
Recent studies indicate that in the arid southwestern United States, monolayer covers may be
more effective a isolating waste than layered covers because of the tendency of clay layersto
desiccate and crack, and subsequently develop preferentid pathways. The lysimeter facility
deployed immediately adjacent to the closure cover consigts of eight drainage lysimeters with
three surface treatments. two were left bare; two were revegetated with native species; two
were alowed to revegetate with invader species; and two are reserved for future studies. The
lysmeters are congtructed such that any drainage through the bottoms of the lysimeters can
be measured.

(http:/Amww.osti.gov/servlets/purl /783705-w3K 3JP/webviewabl e/ 783705. pdf)

Levitt, D. G., M. J. Sully, B. L. Dozier and C. F. Lohrgtorfer, 1999. “ Determining the Performance of an
Arid Zone Radioactive Wagte Site Through Site Characterization, Modding and Monitoring.”
Proceedings of the Waste Management 1999 Conference, Tucson, Arizona.
DOE/NV/11718--307.

A draegy of Ste characterization, modeling and monitoring are used to evauate the
performance of an interim cover at alow-leve radioactive waste management Ste. The soil
water migration pathway must be evauated to assure the long-term isolation of low-level
radioactive waste. Water baance studies using precison weighing lysimeters have been
conducted for five years near the radioactive waste site at the NTS. The numericd flow
models UNSAT-H and HY DRUS-2D were tested using the weighing lysmeter data and then
used to evauate various cover design issues including cover thickness, presence of
vegetation, and monitoring system design. The modeling was conducted to examine the
expected behavior of a cover under redigtic climate conditions by smulating flow over a24-
year period using Ste-specific historical data. Moddling results indicate thet the current
interim cover, asingle layer of unvegetated recompacted native dluvium in excess of 24 m
thick, adequately isolates the waste during the operational period. Tota soil water storage
never exceeded 17.6 cm per meter of soil, and total drainage through the bottom of the cover
was 4.8 cm, or 1.6 percent of the tota rainfal for that period. In addition, modeling results
indicate that for a 3-m-thick unvegetated cover, total soil water storage never exceeded 16.3
cm per meter of soil, and total drainage through the bottom of the cover was 1.8 cm, or 0.6
percent of the total rainfdl for that period. Therefore the potentia for transport of radioactive
and hazardous constituents through the soil water pathway to the uppermost aquifer (a a
depth of 235 m), should be judged to be negligible. Results dso indicate that any cover
thickness in conjunction with partia vegetative cover completdy diminates drainage. The
performance of ingrumentation in the lyameters and modeing of moigture profilesin the
cover provided ingght into instrument selection, instrument location, and monitoring frequency
for the design of a cover monitoring system. Thistype of an evauation strategy of cover
performance and monitoring system design can be easily applied to other Sites.
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Levitt, D. G., M. J. Sully, and C. F. Lohrstorfer, 1997. Annual Data Report for the Water Balance
Monitoring Program at the Area 5 Radioactive Waste Management Ste. Bechtel Nevada
report. September 30, 1997. LasVegas, NV.

A summary of the water balance data collected as part of the Water Balance Monitoring
Program at the Area5 RWMS. Data collected from four rain gauges (precipitation) and
from two weighing lysmeters (evapotranspiration and evaporation) are summarized.

Levitt, D. G., C. F. Lohrgtorfer, M. J. Sully, and J. M. Ginanni, 1996. “An Arid Zone Lysmeter Facility
for Performance Assessment and Closure Investigations at the Nevada Test Site”  Proceedings of
Waste Management 1996 Conference, Tucson, Arizona. DOE/NV/10833-34. Bechtel Nevada,
LasVegas, NV.

Two precison weighing lysmeters were ingtaled near the Area5 RWMS on the NTS to
provide support for investigations of water, solute, and heat fluxes in the near-surface of the
soil. Thelysmeters consist of soil tanks with avolume of 16 m* mounted on a sensitive scae.
One lysmeter was revegetated with native shrubs where as the other was kept bare to
smulate a non-vegetated waste cover. Data conssting of physica and hydrologica
properties of the lyameter soils, therma and moisture conditions in the lysmeters and
atmospheric boundary conditions are being collected for caibration and verifying computer
models for smulating the flow of water and heat in the near surface dluvium at the Area 5
RWMS. Moidure and therma conditionsin the lysmeters are monitored daily using time
domain reflectometry probes and thermocouple psychrometers. Daily evaporation and
evapotrangpiration are caculated from the lysmeter scales. Meteorologica variables are
monitored by sensors mounted on a 3-meter tower adjacent to the lysmeters.
(http:/Avww.osti.gov/gpo/servlets/purl /251140-GK 42i p/webviewabl €/251140.pdf)

NAC, see Nevada Administrative Code.

Nevada Adminigtrative Code. NAC 444.6894, “ Program for postclosure for each municipa solid waste
landfill unit within Class| ste.” September 2, 1992; amended November 8, 1993.

The postclosure program, to be conducted for 30 years, shdl include severa aspects
induding, “The integrity and effectiveness of any find cover must be maintained, including
making repairs to the cover as necessary...”

Nevada Adminigtrative Code. NAC 444.6891, “ Requirements for Design and Construction of System
for Final Cover.” November 8, 1993.

The owner or operator of aClass| dte shdl ingtal asystem for afina cover whichis
designed to minimize infiltration and eroson.
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Obi, C. M., G. J. Shott, C. J. Muller, and L. E. Barker, 1996. Preliminary Estimates of Future Waste
Subsidence, Hydrogeologic Impact, and Contaminant Concentrations for Area 3 RWMS
Disposal Units at the NTS. Bechtel Nevada. October 1996.

This study provides a preliminary assessment of subsidence resulting from degradation of
waste and waste containers digposed at the Area 3 RWMS, and the implications toward
compliance with the DOE (1988) performance objectives. Included are: 1) A conservative
assessment of possible subsidence at the two waste disposal units U3ah/at and U3axbl. 2) A
preliminary assessment of hydrogeologic consequences of subsidence. 3) An uncertainty
assessment of the radionuclide concentration in both digposal units.

Shott, G. J, L. E. Barker, S. E. Rawlinson, M. J. Sully, and B. A. Moore, 1998. Performance
Assessment of the Area 5 RWMS at the NTS, Nye County, Nevada. Bechtel Nevada. Revision
2.1. DOE/NV/11718--176. January 1998.

Thisisarevised and updated version of Shott et d., 1995 (Rev. 2.0). A systematic andyss
of the potential risks posed by a waste management system to the public and to the
environment and a comparison of those risks to established performance objectives was
conducted. Performance objectives applied are contained in DOE Order 5820.2A. The
purpose of this assessment is to provide reasonable assurance of compliance with the
performance objectives for aperiod of 10,000 years after closure. See Shott et dl., (1995)
for Rev. 2.0.

Shott, G. J, C. J. Muller, L. E. Barker, D. E. Cawlfield, F. T. Lindstrom, D. G. Linkenheil, M. J. Sully,
L. McDowell-Boyer, and D. J. Thorne, 1995. Performance Assessment for the Area 5
Radioactive Waste Management Ste at the Nevada Test Ste, Nye County, Nevada. Rev. 2.0.
DOE/NV/11432--196. June 1995.

A systematic andysis of the potentid risks posed by awaste management system to the
public and to the environment and a comparison of those risks to established performance
objectives was conducted. Performance objectives applied are contained in DOE Order
5820.2A. The purpose of this assessment is to provide reasonable assurance of compliance
with the performance objectives for aperiod of 10,000 years after closure. See Shott et dl.,
(1998) for Rev. 2.1.

Shaott, G. J,, SJ. Sully, C. J. Muller, D.P. Hammermeigter, JM. Ginanni, 1995. Ste Characterization
and Performance Assessment for a Low-Level Radioactive Waste Management Ste in the
American Southwest. Reynolds Electrical & Engineering Co., Inc. DOE/NV/11432--192.
November 1995.

Site characterization studies a the Area5 RWMS, NTS, included the measurement of
physicd, hydrologic, and geochemica properties of core samples collected from 10 shalow
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and 3 relatively deep boreholes. The extreme arid climatic conditions at the Site reduce or
eliminate many radionuclide release and trangport mechanisms. Important radionuclide
trangport pathway's appear to be limited to upward diffusion and advection of gases and
biologically-mediated trangport. Conceptua models of disposa site performance have been
devel oped based on Site characterizations studies.

Smith, J. and T.M. Fitzmaurice, 2001. Regulatory Acceptance of Monolayer Vegetative Cover for
the Mixed Waste Disposal Unit U-3ax/bl at the Nevada Test Ste. Bechtel Nevada. LasVegas,
Nevada.

The NTS has numerous low-level waste landfills that require closure by 2011. In 1997, a
study was conducted on closure covers and subsidence. The study concluded that a
monolayer vegetative cover accommodates subsidence better than atraditionad multilayered
cover. In 1999, planning for the closure of U-3ax/bl mixed waste disposa unit was Sarted.
It was decided that a monolayer vegetative cover design would be proposed to the Nevada
Divison of Environmenta Protection (NDEP). Approva of the monolayer vegetative cover
design by the NDEP was achieved by careful up front planning. The process was
accelerated by anticipating NDEP concerns and preparing arguments and data that
addressed these concerns during the planning process.

U.S. Department of Energy, Nevada Nuclear Security Administration/Nevada Operations Office, 2002.
Nevada Test Ste Waste Acceptance Criteria. DOE/NV-325, Rev. 4.

This document establishes the US DOE, NNSA/NV waste acceptance criteriafor the two
NTSRWMSsin Areas 3and 5. The WAC provides the requirements, terms, and
conditions under which the NTS will accept low-leve radioactive and mixed waste for
disposd. It includes requirements for the generator waste certification program,
characterization, tracegbility, waste form, packaging, and transfer.

U.S. Department of Energy, 2001. Closure Report for Corrective Action Unit 417: Central Nevada
Test Area Surface, Nevada, Rev. 1. DOE/NV-743.

This report provides documentation for closure of the Centrd Nevada Test Area surface
Corrective Action Unit 417 located in Hot Creek Valey in Nye County Nevada. A nuclear
device for Project Faultless was detonated at a depth of 975 m in emplacement boring UC-1.
Site closure was completed using a NDEP-gpproved Corrective Action Plan (DOE/NV,
2000). The 34 Corrective Action Sites that comprise CAU 417 were closed in two phases.
The Centrd Mud Pit cover was vegetated and instrumented with time-domain reflectometry
sensors to monitor soil moisturein the cover. The UC-4 Mud Pit C cover was a non-
vegetated cover system that used a geosynthetic clay liner to prevent infiltration from reaching
the waste package. Site Closure was completed using NDEP approved CAP which was
based on the recommendations presented in the NDEP-approved CADD.
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U.S. Department of Energy, 2000. Disposal Authorization Satement for the Department of
Energy/Nevada Operations Office Nevada Test Ste Area 5 Radioactive Waste Management
Ste. December 5, 2000.

A disposd authorization statement (DAS) was issued by the U.S. Department of
Energy/Headquarters (DOE/HQ) on December 5, 2000, authorizing the NNSA/NV to
continue the operation of the Area5 RWMS at the NTS for the disposa of low-level waste
and mixed low-level waste. The Area5 RWMS DAS identifies two performance assessment
issues and requires that NNSA/NV provide to the Low-Level Waste Federd Review Group
(LFRG) the resolution of theseissuesin an addendum or arevison to the Performance
Assesament (PA) within one year of the Sgned DAS. The DAS cites the following two
conditions for resolution:

» Asaresult of the post-drilling intruder scenario as stated in Section 5.1 of the
1998 PA, the specific radionuclide concentration or inventory limits shal be
imposed on At 6 to ensure that performance objectives will not be exceeded. A
quantitative dose estimate shal be cd culated using the reduced inventory to
demongirate compliance with the performance objective.

» Theclosure plan shdl require aclosure cap thickness of at least 4 meters as
stated in Section 5.1 of the 1998 PA to ensure that performance objectives for
the agricultural scenario will not be exceeded. A quantitative dose estimate shall
be caculated using the 4-meter cap to demonstrate compliance with the
performance objective.

U.S. Department of Energy, 2000. Closure Plan for Corrective Action Unit 110: Area 3 RWMSU-
3ax/bl Disposal Ste, Nevada Test Ste, Nevada. DOE/NV--647. Environmental Restoration.
August 2000.

The U-3ax/bl disposa unit was operationaly closed in 1987, and will be closed in place by
ingaling a RCRA equivaent cover. Pogt-closure monitoring will consist of Ste ingpectionsto
determine the condition of the engineered cover and cover performance monitoring using
Time-Domain Reflectometry arrays to monitor moisture migration in the cover.

U.S. Department of Energy, 2000. United Sates Nuclear Tests, July 1945 through September 1992.
DOE/NV-209-Rev.15. LasVegas, NV. December 2000.

This document lists chronologicaly and aphabetically by name dl nuclear tests conducted by
the United States from July 1945 through September 1992.

U.S. Department of Energy, 2000. Corrective Action Plan for Corrective Action Unit 417: Central
Nevada Test Area, Nevada. DOE/NV--588. Environmental Restoration. April 2000.
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This CAP provides methods for implementing the gpproved corrective action dternative as
provided in the CADD for the CNTA, CAU 417. The CNTA islocated in the Hot Creek
Valey in Nye County, NV, approximately 137 km (85 mi) northeast of Tonopah, NV. A
nuclear device for Project Faultless was detonated a a depth of 975 m in emplacement
boring UC-1. Thirty four CASs were identified for investigation at the CNTA. Results of the
investigation activities completed in 1998 indicate that the only congtituent of concern & the
CNTA istota petroleum hydrocarbons. A multi-layered cover using a Geosynthetec Clay
Liner asan infiltration barrier was constructed over the UC-4 Mud Pit. An alternative cover
design, avegetated cover, is proposed for the UC-1 CMP. Closure activities are planned for
completion by October 2000.

U.S. Department of Energy, 1999. Written Communication Prepared for the Nevada Division of
Environmenta Protection. Subject:  RCRA Part B Permit Application for Waste Management
Activities at the Nevada Test Site, Pit 3 Mixed Waste Disposal Unit. Vol 3. October 1999.

This document provides specific information as required for the RCRA Permit Application.
Specificdly, this permit goplication presents an dternative liner design and a waste verification
program to allow for the disposal of 20,000 cubic meters of onsite- and off-ste-generated
LLMW at the NTS. In addition, it dso includes details regarding the modification of the pit
to accommodate the disposa capability and inddlation of additiond soil moisture monitoring

equipmen.

U.S. Department of Energy, 1998. Consequences of Subsidence for the Area 3 and Area 5 RWMS,
Nevada Test Ste (Working Group Report). DOE/NV-502. LasVegas, NV.

During review of the NTS Area 5 RWMS performance assessment, concern developed over
the amount and effects of subsidence on potentid radiologica releases. This report presents
the conclusions and recommendations of a\Working Group of nine subject matter experts
convened to evaluate the consequences of subsidence at the Area 3 and Area5 RWMSs.
Minimum reguirements for a dosure cap induded: maintaining aminimum cover over the
waste, reducing moigture infiltration, limiting gas migration, and minimizing plant and anima
intruson. The previous cap design contained soil-cement and soil-bentonite layers intended
to function as barriers. However, the unit will not perform as intended under expected
subsidence conditions. The working Group concluded the most practical option isto develop
an dternative cover. The cap design proposed is based on asingle thick layer of compacted
native soil Smulating the natural soil system at the NTS. Infiltration would be limited by
enhancing evapotrangpiration. The barrier would accommodate subsidence with limited
fracturing. Layering, accomplished by differential compaction or sorting, would promote
laterd digpersion of moisture and a reduction in plant-root penetration. Also, preiminary cost
estimates indicate that the aternative design would be less expensve than the initid design.
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U.S. Department of Energy, 1999. DOE Order 435.1, “Radioactive Waste Management.” U.S.
Department of Energy, Washington, D.C., July 9, 1999. (Changed 08/28/01)

The objective of this Order isto ensure that dl DOE radioactive waste is managed in a
manner that is protective of worker and public heath and safety, and the environment.

U.S. Department of Energy, 1999. DOE M 435.1-1, “Radioactive Waste Management Manud.” U.S.
Department of Energy, Washington, D.C., July 9, 1999.

Thismanua establishes an integrated Site-Wide Radioactive Waste Management Program
and basis for the management of radioactive waste (RW) under the responsibility of the
DOE/NV Operations Office. In this Manud radioactive waste includes LLW, TRU, and
MW.

U.S. Department of Energy, 1999. Implementation Guide for use with DOE M 435.1-1, U.S.
Department of Energy, Washington, D.C., July 9, 1999.

This guide provides suggestions and acceptable ways of implementing DOE M 435.1-1
“Radioactive Waste Management Manua.”

Young, M., C. Cooper, S. Sharpe, J. Miller, and D. Shafer, 2002. Written Communication Prepared for
the National Nuclear Security Administration, Nevada Operations Office. Subject: Upward
Advection: Dynamic Smulation of Vadose Zone Moisture Flux. Desert Research Indtitute. Las
Vegas, NV.

The primary goa of this research was to smulate water and vapor transport through 250 m of
unconsolidated sediment found at the Area5 RWMS at the NTS. Previous studies yielded a
large range in upward flux rates. The andys's was expanded to include laboratory
conductivity data from samples taken from the three Pilot Wells and Science Trench
boreholes, a 24,000-year climate sequence and a geotherma gradient. These data, dong
with measured soil water conditions were incorporated into the TOUGH2 code.

Yucd, V.and D. G. Levitt, 2002. Estimation of Upward Advective Liquid Flux at the Nevada Test
Ste (Abgtract). Bechtel Nevada. Las Vegas, Nevada.

The conceptua modd of release and transport of radionuclides from LLW disposal facilities
a the NTS identifies upward liquid flux as one of the primary pathways. The probability
digribution of the upward flux was developed through unsaturated zone flow modeling using
parameter values partially derived from numerous core samples taken at the site. The paper
aso compares soil-physics based estimates and stable-isotope base estimates for upward
liquid flux
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Appendix B
Characterization Data

B-1 Area 5 RWMS Operational Closure Cover Soil Sample Location

Information
B-2 Nuclear Density (field measurement)
B-3 In-Place Bulk Density/Percent Compaction/Moisture Content

B-4 Specific Gravity

B-5 Proctor Test

B-6 Sieve Analyses and Gradation Curves
B-7 Permeability
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Appendix B-1

Area 5 RWMS Operational Closure Cover
Soil Sample Location Information
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Area S RWMS Soil Core Samples

MTL Lab Date of Operational ~ Sample Depth of Comments
Number Sample Cover Location  Core
Sampling location is approximately 6 east of logging
tube 22. Location was dug to -4’. Material appears
1746, 1747, Logging , loose, not well graded, with rocks to about 11” to 15”.
1748 05/29/02 Po3U Tube 22 -1 Soil appears slightly moist with some organic matter
{plant roots). Using shovel, side wall was benched
at-1’. One 3” and two 6” core samples were taken.
Lab # 1746, 1748 performed by MTL. Lab # 1747 performed by D.B. Stephens
Sampling location is approximately 6” east to logging
tube 22. Location was dug to -4’. Material appears
1746, 1750, Loggin loose, not well graded, with rocks to about 11” to 15”.
1751 05/29/02 PO3U Tulg)i 2% -3 Soil appears slightly moist with some organic matter

**1794 (plant roots). Using shovel, side wall was benched
at-3’. One 3” and two 6” core samples were taken.
**Two 5-gallon buckets were filled for proctor.

Lab # 1749, 1751 performed by MTL. Lab # 1750 performed by D.B. Stephens.
Sampling location is by logging tube 8 and was dug to
1752, 1753, Grit Point R -1’. Ground is loose, sandy, very gravely, with some
1754 05/29/02 o4y #B4 -1 small rock, and slightly moist, One 3" and two 6” core
samples were taken.
Lab # 1752, 1754 performed by MTL. Lab # 1753 performed by D.B. Stephens.
Continued digging to -3°. Ground is loose, sandy
1755, 1756, s : . .
1757 05/29/02 PO4U Grit Point 3 gravel, with some small rock, and slightly moist at

%1795 #B4 depth. One 3” and two 6” core samples were taken.

**Two 5-gallon buckets were filled for proctor.
Lab # 1755, 1757 performed by MTL. Lab # 1756 performed by D.B. Stephens.
Dug to -1°. Soil core samples were pounded. Ground
1758, 1759, Grid Point , was stiff, appears well compacted, and is moderately
1760 06/19/02 POy #C10 -1 moist. Contains rock to approximately 8”. One 3” and
two 6” core samples were taken.
Lab # 1758, 1760 performed by MTL. Lab # 1759 performed by D.B. Stephens.
Dug to -3°. Soil core samples were pounded. Ground
was stiff, and is moderately moist. Contains rock to
1761, 1762, Grid Point approximately 4”-5”. One 3” and two 6” core samples
1763 06/19/02 PO4U -3’ )

%1706 #C10 were taken. .
**Collected two 5-gallon buckets of material for
proctor.

Lab # 1761, 1763 performed by MTL. Lab # 1762 performed by D.B. Stephens.
Dug to -1°. Soil core samples were pounded. Ground
1764, 1765, 06/19/02 TO1U- Grid Point BE was somewhat stiff (not hard), contains rock to 8”, and
1766 To7U* #F4 is moderately moist. Contains rock to approximately
8”. One 3” and two 6” core samples were taken.
Lab # 1764, 1766 performed by MTL. Lab # 1765 performed by D.B. Stephens.
Continued digging to -3°. Soil core samples were
pounded. Ground was somewhat stiff (not hard),
1767, 1768, To1U- Grid Point contains rock to 8, and is moderately moist. Contains
1769 06/19/02 TOTU* 4F4 -3’ rock to approximately 8”. One 3” and two 6” core
%k
1797 samples were taken.
**Collected two 5-gallon buckets of material for
proctor.

Lab # 1767, 1769 performed by MTL.

Lab # 1768 performed by D.B.

Stephens.

*QOperational cover consists of the following pits and trenches: TO1U, T02U, TO3U, T04U, T0O6U, TO7U, PO1U, and PO2U.




Area S RWMS Soil Core Samples

MTL Lab Date of Operational  Sample Depth of Comments
Number Sample Cover Location Core
Dug to -1°. Soil core samples were pounded. Ground
1770, 1771, 06/25/02 TO1U- Grid Point 0 was somewhat stiff, contains rock to 4”-5, is
1772 TQ7U* #F7 moderately moist, and appears loose while digging.
One 3” and two 6” core samples were taken.
Lab # 1770, 1772 performed by MTL. Lab # 1771 performed by D.B. Stephens
1773, 1774, TO1U- Grid Point ’ Continued digging to -3°. Soil core samples were.
06/25/02 -3 pounded. Soil was very loose and moderately moist.
1775 TO7U* #F7 » »
One 3” and two 6” core samples were taken.
Lab # 1773, 1775 performed by MTL. Lab # 1774 performed by D.B. Stephens.
Dug to -1°. Soil core samples were pounded. Ground
1776, 1777, 06/25/02 TO1U- Grit Point 1 is loose and rocky and contains rock 3.5”-5". Soil
1778 TO7U* #D5S appears loose while digging and is slightly moist.
One 3” and two 6” core samples were taken.
Lab # 1776, 1778 performed by MTL. Lab # 1777 performed by D.B. Stephens.
Continued digging to -3’. Soil core samples were
1779, 1780, TO1U- Grit Point , pounded,.’ Srmuqd is loose and rocky anfi cgntams .
06/25/02 -3 rock 3.57-5”. Soil appears loose while digging and is
1781 TO7U* #D35 . .
slightly moist.
One 3” and two 6" core samples were taken.
Lab # 1779, 1781 performed by MTL. Lab # 1780 performed by D.B. Stephens.

Dugto -1°. Soil core samples were pounded. Ground

1782, 1783, 07/03/02 TO1U0- Grit Point Re is somewhat dense, sandy with some rock, and is
1784 TO7U* #B4 slightly moist. One 3” and two 6” core samples were
taken.
Lab # 1782, 1784 performed by MTL. Lab # 1783 performed by D.B. Stephens.
Continued digging to -3°. No change in material until
1785. 1786 around -2.5” where an approximately 1° layer of
4 ’ TO1U- Grit Point , cobbles was encountered. Appears to be waste rock
1787 07/03/02 " -3 . X
*%1708 TO7U #B4 from the screening process. Soil core samples were
pounded. One 3” and two 6” core samples were taken.
**Two 5-gallon buckets were filled for proctor.
Lab # 1785, 1787 performed by MTL. Lab # 1786 performed by D.B. Stephens.
1788, 1789, To1U- Grid Point , Pug to -1°. Soil core .samples were pouqded. Groun,(’i
07/03/02 -1 is loose, dry, rocky with sand, and contains rock to 3”.
1790 TO7U* #BS8 ,, ,,
One 3” and two 6” core samples were taken.
Lab # 1788, 1790 performed by MTL. Lab # 1789 performed by D.B. Stephens.
Continued digging to -3°. No change in material until
around -2.5° (same depth as Grid Point #B4) where an
1791, 1792, 07/03/02 TO1U- Grid Point 3 approximately 1’ layer of cobbles was encountered.
1793 To7U* #B8 Appears to be waste rock from the screening process.
Soil core samples were pounded. One 3” and two 6”
core samples were taken.
Lab # 1791, 1793 performed by MTL. Lab # 1792 performed by D.B. Stephens.
Dugto -1°. Attempted to retrieve three soil cores. All
three attempts failed due to bending or defacing
Grid Point , leading edge of sampling core. Therefore no further
1799 07/03/02 | TOIC-T06C #C10 1 attempts were made in this area. Material appeared to

not have been screened and was extremely rocky:.
Collected two S-gallon buckets of material for proctor.

*Operational cover consists of the following pits and trenches: T01U, TO2U, T03U, T04U, TO6U, TO7U, PO1U, and PO2U.
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Appendix B-2

Nuclear Density (field measurement)
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o AFAL R R A ANKLRENAT R AN EKLTNF Kl REFNI AN AR \SALE Date T ed : 09,24[02
s o oot —
LAS VEGAS, NV 89193-8521 Page 1 of 1

Requested by: Stuart Rawlinson User / Agency: Bechtel Material: Soil / Fill
Project: A-5 RWMS Operationat Cover Location of Tests: PO3U Cover (Pit 3}, Next to Sampling Tube #22
Tested by: Johnny H. Denny Date Tested: 05/29/02 Checked By: l/ ( ;) P E:@Checked Date: 09/25/02
Information transmitted to: By: How Date:

LABORATORY NO. 2100 2101 2102
TEST NO. 1 2 3

By sampling | By sampling } By sampling
STATION NO. tube # 22 tube # 22 tube # 22
PEPTH OF PROBE in B/S B/S B/S
inches
DEPTH OF TEST -4 -7 -2'
DRY DENSITY - PCF 85.8 102.9 95.3
MOISTURE % 11.7 6.6 10.0
MAX DENSITY PCF 110.1 110.1 110.1
E/iPTIMUM MOISTURE 108 10.8 10.8
PERCENT
COMPACTION 77.8 93.5 86.6
REQUIRED . - N
COMPATCTION % N/A N/A NIA
IN 7/ OUT of - - .
SPECIFICATION N/A NA NIA
VALUE OF M 639

GAUGE NO. 23205 DATE OF STANDARDIZATION 05/29/02 VALUEOF D 2738

REMARKS: CC:
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AD IV LaBLL-¥L P.O. BOX 98521

TROXLER 3440 LAS VEGAS, NV 89193-8521 Page _1_ of 1
Requested by: Stuart Rawlinson User/ Agency: Bechtel Material: _Soil / Fill
Project: A-5 RWMS Operational Cover Location of Tests: PO3U Cover (Pit3) |

; - 7}
i f gr /

Tested by: Johnny M. Denny Date Tested: 08/19/02 Checked By: ’// A" %M\Checked Date: 09/25/02
Information transmitted to: By: How Date:

LABORATORY NO. 2103 2104 2105 2106
TEST NO. 4 5 6 7

By sampling
STATION NO. A-1 A2 A-3 tUbe # 22
PEPTH OF PROBE in 0 6 12 12
inches
DEPTH OF TEST GRADE GRADE GRADE GRADE
DRY DENSITY - PCF *N/A 106.6 104.8 99.6
MOISTURE % *NIA 24 2.1 1.9
MAX DENSITY PCF *N/A 110.1 110.1 110.1
aPT!MUM MOISTURE *NIA 10.8 10.8 10.8
PERCENT .
COMPACTION - N/A 96.8 95.3 90.5
REQUIRED .
COMPATCTION % N/A N/A N/A N/A
IN 7/ OUT of .
SPECIFICATION NiA N/A NIA N/A
VALUE OF M 634

GAUGE NO. 23205 DATE OF STANDARDIZATION 08/19/02 VALUE OF D 2717
REMARKS: * Due {o the amount of course rock and cobles, as well as not cC:

being compated no test were completed at location A-1. Each test locations sample

hole was driven to a depth of 12", due to the condition of the material it became difficult

to maintain the 12" depth.



TROXLER 3440

P.U. BUA Y8241
LAS VEGAS, NV 89193-8521

vPage 1 of 2

Requested by: Stuart Rawlinson

Project: A-5 RWMS Operaticnal Cover

Tested by: Johnny H. Denny

Date Tested: 08/19/02 Checked By:

User/ Agency: Bechtel
Location of Tests: PO4U Cover (Pit4)

Material: Sail / Fill

4]

H

4 Checked Date: 09/09/02

Information transmitted to: By: How Date:

LABORATORY NO. | 2107 2108 2109 2110 2111 2112 2113 2114
TEST NO. 8 9 10 11 12 13 14 15
STATION NO. A1 C-1 B-2 A-3 c-3 B-4 A5 c5
55::: OF PROBE in 10 8 12 10 4 12 8 8
DEPTH OF TEST GRADE | GRADE | GRADE | GRADE | GRADE | GRADE | GRADE | GRADE
DRY DENSITY - PCF 105.6 103.4 105.1 104.8 103.8 107.4 109.8 100.3
MOISTURE % 1.9 26 2.5 39 3.1 29 22 2.4
MAX DENSITY PCF 112.1 112.1 112.1 112.1 112.1 1121 112.1 112.1
o TMUMMOISTURE | 454 10.6 10.6 10.6 106 106 10.6 106
ggﬁi’gm oN 94.2 92.2 93.8 935 926 95.8 97.9 975
ggﬁgffgﬂw o “N/A *NIA “N/A NIA “N/A N/A “NIA “N/A
'SNP'E(;"JF'{C";T[ oN NA N N/A NIA “NIA N/A N/A N/A

GAUGE NO. 23205

DATE OF STANDARDIZATION 08/18/02

REMARKS: Each test locations sample haole was driven to a depth of 12", due to the

VALUE OF M 634

VALUE OF D 2717

cC:

condition of the material it became difficult o maintain the 12" depth.
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LAS VEGAS, NV 89193-8521 Page _2 of 2
Requested by: Stuart Rawlinson User / Agency: Bechtel Material: _Soil / Fill
Project: _A-5 RWMS Operational Cover Location of Tests: PO4U Cover (Pit4)
TN )

Tested by: Johnny H. Denny Date Tested: 08/19/02 Checked By: (/ p /’ Checked Date: 09/09/02
Information transmitted to: By: How Date:

LABORATORY NO. 2115 2116 2117
TEST NO. 16 17 18
STATION NO. B-6 A-7 C-7
55:2: OF PROBE in 8 8 12
DEPTH OF TEST GRADE | GRADE | GRADE
DRY DENSITY - PCF 105.1 1048 108.2
MOISTURE % 2.1 2.5 25
MAX DENSITY PCF 112.1 1121 1121
:ZPTIMUM F\AOISTURE 10.6 106 106
gngiiTn oN 93.8 93.3 96.5
SOMPATCTION % NIA N/A NIA
?P;?:?FTQZTION NiA NIA N/A

VALUE OF M 834

GAUGE NO. 23205 DATE OF STANDARDIZATION_08/19/02 VALUE OF D 2717

REMARKS: cc




Appendix B-3

In-Place Bulk Density/Percent Compaction/Moisture Content
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FrEnwcni Lummraviivrne

P.O. BOX 98521
LAS VEGAS, NV 89193-8521

Date Typed : 08/13/02

PROJECT: Area 5 RWMS Cover Closure DATE RECEIVED: 7/3/2002
TESTED BY: Johnny H Denny ‘ DATE TESTED: 07/08/02 - 07/18/02
CHECKED BY: V. Thummata /" M Glzelny
. In place | In place As | Inplace | Proctor
Volu 9,
Lab# f:cr:gii Date 0, Jme V?c[uc’;le Mof;ture Dry den. Received | Dry den. | Dry den. Com /:cti
(i) ‘ ° (Fc) |density (g/cd)]  (pe) Pef P
Pit 3 -1', *Loc.
1746 - 05/20/02 | 2625 | 430.10 47 1.561 1.690 974 | 110.1 88.5
Pit 3, -3', *Loc.
1749 - 05/29/02 | 2647 | 433.75 52 1.507 1.600 941 | 1104 85.5
1752 | RO hsn0i00 | 2609 | 427.60 5.7 1.517 1.621 947 | 1121 84.5
Pt. B4 *L.W#8 : : ! ’ ’ : N _' N
Pit4, -3', Grid
1755 | oy el 0520002 | 2629 | 43086 6.7 1.461 1.568 g1.2 | 1121 81.4
Pit 4, -1', Grid
1758 o 06/19/02 | 2614 | 42828 6.4 1578 1702 98.5 | 109.8 89.7
1761 (TR 070302 | 2648 | 433.93 6.3 1.618 1.776 101.0 | 100.8 92.0
TOlU/ TQ7, -
1764 |10 g e | 06/19/02 | 2568 | 42078 5.1 1.564 1.661 976 | 1131 86.3
TO1U/TO7G, -
1767 |1 s rs | 061902 | 2611 | 42791 5.9 1.591 1.698 99.3 | 1131 878
TO1U/TO7U, -
1770 |0 Giares | 062502 | N/A N/A N/A N/A N/A N/A N/A N/A
TOLU/ Td7U, -
1773 |0 e | 062502 | 2636 | 43192 5.9 1.564 1.691 97.7 | 113.1 86.4
TOIU/TOTY, -
1776 | T2 Garrs | 062502 | 2599 | 42593 5.8 1.645 1.752 102.7 | 113.1 0.8
TOIWU/ TOTU, -
1779 TS s | 062502 | 2723 | 44628 5.9 1.562 1.668 97.5 | 11341 86.2
TO1U/ TOTU, -
1782 | T e | 07/03/02 | 25.99 | 425.89 5.6 1.607 1.711 100.4 | 1100 91.2
1785 | "o 70 070302 | 2620 | 42938 6.8 1.564 1.687 976 | 1100 | 887
, Grid Pt. B4
TOWU/TO7U, -
1788 |2 oramps | 070302 | 2602 | 42646 3.6 1.699 1.765 106.1 | 112.4 94.4
TOLU/TO7U, -
1791 |y o pe | 0703/02 | 2598 | 42575 4.6 1.542 1.613 962 | 1124 85.6

EQUIPMENT USED:

Scale: Mettler PM 8100, 1D# 301723

Calibration Date:

03/11/02

Thermometer: Omegasys, |D# 002875

12/18/01

REMARKS:

Density was calculated by dividing the as received sample weight (minus wt. of

core) by the volume of sampling core. * Location are next to existing neutron

Jdogging wells




BULK DENSITY MATERIALS TESTING LABORATORY
P.0. BOX 98521 Date Typed : 08/13/02
LAS VEGAS, NV 89193-8521 -
PROJECT: Area 5 RWMS Cover Closure DATE RECEIVED: 7/3/2002
TESTED BY: Johnny H Denny DATE TESTED: 07/08/02 - 07/18/02
CHECKED BY: V. Thummala 1/ =/ 4/ %é’/ 0L~
Sample . Volume | Volume . o,| Inplace | Inplace | Inplace As
Lab# Location Date Length | Diameter (in®) (c.c) Moisture% Sat. den. { Dryden. Received
1746 | P30T 0s29/02 [ 6.00 236 2625 | 430.10 47 1.874 1.561 1.690
Pit 3, -3, *Loc.
1749 > 052902 | 6.0 237 2647 | 43375 52 1918 1.507 1.600
Pit4, -I', Grid '
1752 | predionel 0s29/02 | 591 2.37 2609 | 42760 5.7 1932 1.517 1.621
Pit 4, -3', Grid
1755 | oot orsisy| 05129002 | 5.95 237 2629 | 43086 6.7 1.827 1461, | 1.568
Pit 4, -I’, Grid
1758 o] 0611902 | 6.00 236 26.14 | 42828 6.4 1.934 1.578 1.702
1761 P42 0P 6700302 | 6.00 237 | 2648 | 43393 63 1939 | 1618 1.776
TO1U/ TOTU, -
1764 | Giampe | 0671902 | 5.90 2.35 25.68 | 420.78 5.1 2.057 1.564 1.661
TOIU/TO7Y, - .
1767 |5 Gegoers | 06/19/02 | 6.00 235 2611 | 427.91 5.9 1.910 1.591 1.698
1770 [P0l 06202 | NIA N/A N/A N/A N/A N/A N/A N/A
,Grid L. F7
TO:U/TO7U, -
1773 |5 Giamms | 06725/02 | 6.00 237 2636 | 431.92 5.9 1.879 1.564 1.691
1776 |0 T 06125002 | 5.99 2.35 2599 | 425.93 5.8 1.991 1.645 1.752
, Grid Pt. F5
1779 | TOW/TOMUA gemsion | 6.02 2.40 2723 | 44628 5.9 1.868 1.562 1.668
3, Grid Pt. F5
TO1U/TO7U, - '
1782 || 070302 | 5.99 2.35 2599 | 425.89 5.6 1.933 1.607 1711
TOI1U/TO7U, - .
1785 | s | 07/03/02 | 5.99 2.36 2620 | 429.33 6.8 1.956 1.564 1.687
TOIU/TO7U, -
1788 | Vot | 070302 | 600 2.35 2602 | 426.46 3.6 2.079 1.699 1.765
TO1U/TO7U, -
1791 |72 e me | 07/03/02 | 5.99 235 2598 | 425.75 46 1.900 1.542 1.613

EQUIPMENT USED:

Calibration Date:

Calibration Due:

[Scale: Mettfer PM 6100, {D# 301723 03/11/02 03/11/03
Thermometer: Omegasys, ID# 002875 12/19/Q1 12/18/02

REMARKS:

Density was calcuiated by dividing the as received sample weight (minus wt. of core) by

the volume of sampling core. * Location are next to existing neutron Jogging wells.




Daniel B. Stephens & Associates, Inc.

Summary of Initial Moisture Content, Dry Bulk Density
Wet Bulk Density and Calculated Porosity

Initial Moisture Content Dry Bulkk  Wet Bulk Calculated
Gravimetric Volumetric Density Density Porosity
Sample Number (%, g/g) (%, cm*/cm®) (glem®  (g/cm?) (%)
1747 56 8.8 1.58 1.67 40.4
1750 8.7 10.3 1.53 1.63 42.2
1753 6.0 9.5 1.59 1.69 39.8
1756 7.4 11.4 1.53 1.64 42.3
1759 7.0 10.9 1.55 1.66 41.6
1762 8.6 10.6 1.61 1.72 39.3
1765 5.8 9.0 1.53 1.62 421
1768 6.4 10.3 1.60 1.70 39.6
1771 6.7 105 1.56 1.67 41.0
1774 5.1 8.4 1.66 1.74 37.3
1777 6.1 9.2 1.51 1.61 42.9
1780 6.4 10.0 1.56 1.66 411
1783 5.9 8.8 1.49 1.57 43.9
1786 6.8 10.3 1.51 1.61 43.0
1789 3.8 5.8 1.54 1.60 42.0

1792 47 6.6 1.40 1.46 47.3




This Page Intentionally Left Blank



Appendix B-4

Specific Gravity
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SECIFIC GRAVI

- 5LDPCHA

ASTM b'854'-98'.: 98123720
JECT:  A/5 RWMS, OPERATIONAL COVER CLOSURES DATE SAMPLED: 05/29/2002
IPLED BY: J. DENNY TESTED BY: D. HERRINGTON
JUESTOR: S. RAWLINSON DATE TESTED:  08/15-23/2002
cKkeEDBY: |/~ (}l o ,4 DATE CHECKED: 9] J2./0 72
1y S .
FLASK FLASK WT.| WATER | WT. REL.
3 SAMPLE | FLASK FLASK WT. SoiL + SO+ | WT (ML) DIsP. DENS. TEMP. |SPECIFIC | DENSITY
. IMATERIAL NO. WT. + SOiL WT. WATER WATER WATER (C) GRAVITY (PCF)
4| -#s | 517 |17334 |480.97 |307.63 |858.71 | 499.44 [121.704 |099889 | 165 | 2.528 | 1577
5| -#4 | 516 |171.90 |437.62 | 26572 |830.48 | 499.31 |106.451 0.998627 18.0 | 2.496 l 155.8
6 | -#4 | 518 |164.98 | 467.35 | 302.37 | 838.83 | 498.98 |127.497 |0.99795 T 213 | 2.372 | 1480
7| .#4 | 519 |174.04 | 47432 | 30028 |847.26 | 498.98 |126.037 |0.99795 | 21.3 | 2.382 | 1487
8 | .#4 | 520 |171.35 |463.06 | 291.71 | 84537 | 499.06 |116.753 |0.99813 | 20.5 | 2.499 | 1559
9 | .#4 | 557 |179.97 |460.04 | 280.07 | 844.64 | 499.04 [114.442 |0.99808 | 20.7 | 2.447 | 1527
3 SAMPLE WT.IN WT.IN TEMP. SPECIFIC DENSITY
MATERIAL AIR WATER DIFFERENCE (C) GRAVITY (g/ec) {PCF)
1 +#4 2786.8 1576.8 1210.0 211 2.303 143.8
5 +#4 2819.1 1598.4 L 1219.7 18.8 2.311 144.3
5 +#4 4450.4 24761 1 1874.3 18.2 2.254 140.7
7 +#4 4718.9 2583.8 2135.1 19.2 2.210 138.0
3 +#4 T 5183.7 20634 22203 18.1 2.338 148.7
) +i4 T 40249 | 23347 1690.2 1 s 2.381 [ 1487
'MENT USED: PJ3000, # 301737, Callbration Date: 05/07/2002 Calibration Due: 05/07/2003
METTLER PM186, #301667, Calibration Date: 03/11/2002 Calibration Due: 03/11/2003

ARKS: NO SPECTFICATION, INFORMATION ONLY

THIS TEST WAS PERFORMED AS REQUESTED IN ASTM 1557-51.
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Appendix B-5

Proctor Test
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- - . Cmae s aAssrm e <. mases

MOISTURE CONTENT %

‘ Project:  A/5 RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency BN
Sampled by: J. DENNY 05/29/2002  Operational Cover: SampleJoc.: Logging Tube 22
Tested by: D, HERRINGTON Datetested: __08/15/2002 1~ o A

TRIAL 2 3 s 5 |
1 Wt.mold + wet scil 6908.8 6702.1 N/A N/A
2 Wt. mold 2828.7 2828.7 N/A N/A
3 Wt. wet soil 4080.1 3873.4 N/A N/A
g Wet Density, PCF 119.9 1139 N/A N/A
5 Moisture Tare # 2 3 N/A N/A
6 Wt wet soil + tare 1269.0 1425.5 N/A N/A
7 Wt dry soil + tare 1147.7 1336.4 N/A N/A
g Wt moisture 121.3 89.1 N/A N/A
S Wt tare 17.2 16.9 N/A N/A
10 Wt dry soil 1130.5 1319.5 N/A N/A
% Moisture 10.7 6.8 N/A N/A
Dry Density, PCF 108.3 106.7 N/A® N/A
100% Saturation Maisture 17.9 18.8 N/A N/A
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MOISTURE CONTENT %

A/S RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON BN
Sampled by: 05/29/2002 _ Operational Cover: PO3U ing Tube 22
Tested by: D. HERRINGTON Date tested: 08/15/2002 Checked by: {/ * é ;k 1A Z§

2 3 4 6
1 Unlit Wt. of Water: PCF 62.42 62.42 62.42 N/A
2 Percent of +3/4"" size: 6.4% 6.4% 6.4% N/A
3 Sp. Gr. of +3/4"" size: 2.30 2.30 2.30 N/A
4 % Water Content of 3/4™: 3.4% 3.4% 3.4% N/A
5 % Water Content of Fines: 10.7% 6.8% 12.5% N/A
5 Dry Unit Wt. of Fines: PCF 108.3 106.7 108.3 N/A
7 Y% Corrected Water Content: 10.3% 6.5% 11.9% N/A
8 Corrected Dry Unit Wt.: PCF 110.0 108.4 110.0 N/A
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“ Project: A/S RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency BN

Sampled by: J. DENNY Date sampled: 05/29/2002  Dperational Cover: PO4U Sample Loc.:  Orid Pt. #B4
Tested by: D. HERRINGTON Date tested: ~ 08/20/2002 Checked by: ;j / - A
TRIAL i 2 3 4 s 5
1 Wt.mold + wet soil 6912.6 70177 70573 67913 N/A N/A
2 Wt. mold 2828.8 | 28288 2828.8 2828.8 N/A N/A
3 Wi wet soil 4083.8 ’ 4188.9 4228.5 3962.5 N/A N/A
4 Wet Dengsity, PCF 120.0 123.1 124.3 116.5 — N/A N/A
5 Moisture Tare # 1 2 3 4.0 N/A N/A
6 Wt wet soil + tare 1455.5 1405.4 1640.0 1486.9 N/A N/A
7 Wt dry scil + tare 1329.4 1260.5 1442.6 1381.8 N/A N/A
£ Wt moisture 126.1 144.9 1974 105.1 N/A N/A
2 Wt tare 17.2 172 16.8 17.1 N/A N/A
10 Wt dry soil 1312.1 1243.3 1425.8 1364.7 N/A N/A
11 % Moisture 9.6 11.7 13.8 7.7 N/A N/A
12| Dry Density, PCF 109.5 1103 109.2 108.1 N/A | N/A
13| 100% Saturation Moisture 16.8 16.4 17.0 175 NA |l NA |
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MOISTURE CONTENT %

Rouinment used: PM 18, #301667. Cal data 013/11/2002. Cal. due: 03/11/2003 Cr K COOKR RECHTEL



CASTMD 4718:87

Project: __A/S RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency BN
Sampled by: J. DENNY. Date sampled: 05/29/2002 _ Operational Cover: PO4U Sample [,0c.: Grid Pt. # B4
Tested by: D. HERRINGTON Date tested: 08/20/2002 Checked by: } J b’ 3 7
1 ] 2 3 4 s 6 B
)\ | Unit Wt. of Water: PCF 62.42 I 6242 62.42 62.42 N/A N/A
2 Percent of +3/4" size: ) 6.0% 6.0% 6.0% 6.0% N/A N/A
3 Sp. Gr. of +3/4" size: 2.31 2.31 231 $ 231 N/A N/A
4 % Water Content of 3/4™ 3.3% 3.3% 3.3% 3.3% N/A N/A
5 %% Water Content of Fines: 9.6% 11.7% 13.8% 7.7% N/A N/A
5 Dry Unit Wt. of Fines: PCF 109.5 110.3 109.2 108.1 N/A N/A
7 % Corrected Water Content: 9.2% 11.2% 13.2% 7.4% N/A N/A
8 Corrected Dry Unit Wt.: PCF 1 1111 111.8 ~ 1108 109.8 | N/A N/A
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MOISTURE CONTENT %



- PREP. METH

Project:  A/5 RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency BN
Sampled by: J. DENNY Date sampled: 06/19/2002  Dperational Caver: PO4U Sample Loc.:  Grid Pt #C10
Tested by: D. HERRINGTON Date tested: 08/22/2002 Checked by: . '
TRIAL 1 2 3 4 5 6
1 Wt.mold + wet soil 6878.4 6789.0 6958.8 7007.7 N/A N/A
2 Wt mold 2828.8 2828.8 28288 2828.8 N/A N/A
3 Wt. wet soil 4049.6 3960.2 } 4130.0 4178.9 N/A N/A
4 | Wet Densiy, PCF 119.0 1164 | 1214 122.8 N/A N/A
s | Moistue Tare # 1 2 f 3 40 N/A N/A
[ Wt wet soil + tare 1417.1 1506.7 1724.6 1689 .8 N/A N/A ]
7 Wt dry soil + tare 1273.8 1378.3 1523.8 1466.3 N/A N/A
2 Wt moisture 143.3 128.4 200.8 223.5 N/A N/A
9 Wi tare 17.3 17.2 169 17.2 N/A N/A
10 Wt dry soil 1256.5 1361.1 1506.9 1449.1 N/A N/A
il % Molsture 11.4 9.4 133 154 N/A N/A
12 Dry Density, PCF 106.9 - 106.4 107.1 106.4 N/A N/A
13| 100% Saturation Moisture 16.2 16.4 16.0 16.4 N/A N/A |
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Project: __A/5 RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency _ BN
Sampled by: J. DENNY Date sampled: 06/19/2002 _ Dperational Cover: PO4U Semple Loc.: _ Grid Pt. #C10
Tested by: D. HERRINGTON Date tested: 08/22/2002 Checked by: ] /
L 2 3 4 s 6 1
1 Unit Wt. of Water: PCF 62.42 62.42 62.42 62.42 N/A N/A
2 Percent of +3/4" size: 9.8% 9.8% 9.8% 9.8% N/A N/A
3 Sp. Gr. of +3/4" size: 2.25 2.25 2.25 2.25 N/A N/A
4 % Water Content of 3/4'" 3.5% 3.5% 3.5% 35% N/A N/A
5 % Water Content of Fines: 11.4% . 5.4% 13.3% 15.4% N/A N/A
6 Dty Unit Wt. of Fines: PCF 106.9 106.4 107.1 1064 N/A N/A
7 % Carrected Water Content: 10.6% 8.9% 12.4% 14.3% N/A N/A
% | Corrected Dry Unit Wt.: PCF 109.4 109.0 [ 1097 109.0 N/A N/A
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“ASTM Dd718:8

Project: _A/S RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency BN
Sampled by: J.DENNY Date sampled: 05/29/2002  Operational Cover: PO4U Sample Loc.: Grid Pt. # B4
_UeFllie A .S ) S p DS 13 (0 o T i S
Tested by: D. HERRINGTON Date tested: 08/22/2002 Checked by: L /i . /Czi\
- ¥
1 2 T 3 4 s 6
t Unit Wt. of Water: PCF 62.42 62.42 62.42 62.42 N/A NA
2 Percent of +3/4" size: 5.8% 9.8% 9.8% 5.8% N/A NA |
3 Sp. Gr. of +3/4" size: 2.25 225 2.25 2.25 N/A N/A
4 % Water Content of 3/4'" 3.5% 3.5% 3.5% 3.5% N/A % N/A
5 % Water Content of Fines: 11.4% 9.4% 13.3% 15.4% N/A { N/A
6 Dry Unit Wt. of Fines: PCF 106.9 106.4 107.1 106.4 N/A N/A
7 % Corrected Water Content: 10.6% 8.9% 12.4% 14.3% 1 N/A N/A
8 Corrected Dry Unit Wt.: PCF 109.4 105.0 109.7 109.0 1 N/A NA
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Project:  A/5 RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency BN

Sempled by: J. DENNY Date sampled: _ 06/19/2002  Operational Cover.  TO1U-TO7TU Samplejjoc‘: Grid Pt. # F4
Tested by: D. HERRINGTON Date tested: 05/05/2002 Checked by: } / : (LL‘\,Q, 3
TRIAL 1 2 3 4 5 6
1 Wt.mold + wet soil 6894.9 7032.6 7068.3 7051.8 N/A N/A
2 Wt. mold 2828.8 2828.8 2828.8 2828.8 N/A N/A
3 Wt wet soil 4066.1 4203.8 4235.5 4223.0 N/A N/A
4 Wet Density, PCF 119.5 123.6 124.6 124.1 N/A N/A
5 Moisturs Tare # 1 2 -3 4.0 N/A : N/A
6 Wt wet soil + tare 1374.9 1632.5 1744.0 1554.4 N/A N/A
7 Wt dry soil -+ tare 1253.2 1463.6 1537.9 1346.3 N/A- N/A
8 Wt moisture 121.7 168.9 206.1 208.1 N/A N/A
9 Wi tare 17.4 17.2 17.0 17.2 N/A N/A
10 Wt dry soil 1235.8 1446.4 1520.9 1329.1 N/A N/A
11 % Moisture 9.8 11.7 13.6 15.7 N/A N/A
12 Dry Density, PCE 108.8 110.7 109.7 107.3 N/A N/A
13 130% Saturation Moisture 15.1 14.2 14.6 15.9 N/A N/A
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PARTICLES'
ASTM D 471887 °

Project: __A/5 RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWL INSON User/Agency BN
Sarmpled by: J. DENNY Date sampled: 05/29/2002 __ODperaticnal Cover;_ TOTU-TO7U Sample Loc.: Grid Pt. # F4
Tested by: D. HERRINGTON Date tested:  09/05/2002  Checked by: /7~ (Zk o A
——Zeeliere v/ ¥ r
i 2 3 4 s 8
1 Unit Wt, of Water: PCF 62.42 62.42 62.42 62.42 N/A N/A
2 Percent of +3/4" size: 8.9% 8.9% 2.9% 8.9% N/A N/A
3 Sp. Gr. of £3/4" size: 2.21 221 2.21 221 N/A NA
4 % Water Content of 3/4'"; 3.1% 3.1% 3.1% 3.1% N/A N/A
S % Water Content of Fines: 9.8% 11.7% 13.6% 157% N/A N/A
§ | Dry Unit Wi of Fines: PCF 1083 I 1107 1097 107.3 NA N/A
7 % Caorrected Water Content: 9.2% 10.9% 12.6% 14.5% N/A N/A
8 Corrected Dry Unit Wt.: PCF 110.9 112.6 111.8 109.5 N/A N/A
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s 0971172002
AMMER: MECH.

Sroject:  A/5 RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency BN
Sampled by: J. DENNY Date sampled: ~ 07/03/2002  ODperational Cover; TO1U-TO7U  SampleLoc.: _ Grid Pt #B4
[ested by: D. HERRINGTON Date tested: 09/09/2002 Checked by: Lf s @( e /d_
(72 ~
TRIAL 1 2 3 4 5 6
1 Wi.mold + wet soil 6721.6 6818.9 6374.3 6948.8 6591.9 N/A
2 ‘Wt. mold 2828.8 2828.8 28288 2828.8 2828.8 N/A
3 Wt. wet soil 3892.8 3990.1 4045.5 4120.0 4163.1 N/A
4 Wet Density, PCF 114.4 117.3 118.9 121.1 1224 N/A
5 Mioisture Tare # 1 2 3 4.0 5 N/A
[ Wt wet soil + tare 1566.6 1562.1 1691.6 1672.9 1770.1 N/A
7 Wt dry soil + tare 1459.8 14298 1520.0 1478.3 15363 N/A
8 Wt moisture 106.8 1323 171.6 194.6 233.8 N/A
9 Wt tare 17.3 172 17.0 17.2 17.2 N/A
10 Wit dry soil 1442.5 1412.6 1503.0 1461.1 1519.1 N/A
11 % Moisture 7.4 9.4 11.4 13.3 15.4 N/A
12 Dry Density, PCF 106.5 107.2 106.7 106.9 106.1 N/A
13 100% Saturation Moisture 18.3 17.9 18.2 18.1 18.6 N/A
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Project: __A/5 RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency BN

Sampled by: J. DENNY Date sampled: 05/29/2002 _ Dperaticnal Cover:__ TO1U-TOTU Sample Loc.: Grid Pt. # B4
Tested by: D. HERRINGTON Date tested: 09/09/2002 Checked by 1 s CD( . A
| v .
1 2 3 4 s 5
1 Unit Wt. of Water; PCF 62.42 62.42 62.42 62.42 62.42 N/A
2 Percent of +3/4" size: 8 G.6% 9.6% 9.6% 5.6% 9.6% N/A
3 Sp. Gr. of +3/4" size: 2.34 2.34 2.34 2.34 2.34 N/A
4 % Whater Content of 3/4'" 2.0% 2.0% 2.0% 2.0% 2.0% N/A
s | % Water Conteat of Fines: 7.4% | 94% | 11.4% 13.3% 15.4% N/A
6 Dry Unit Wt. of Fines: PCF 106.5 i 107.2 106.7 106.9 106.1 N/A
7 % Caorrected Water Content: 6.9% 8.7% 10.5% 12.2% 14.1% N/A
13 Corrected Dry Unit Wt.: PCF 1094 110.0 109.6 109.7 108.9 N/A
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- PREP; M

Project: _A/S RWMS, OPERATIONAL COVER CLOSURES _ Requested by: S. RAWLINSON User/Agency BN
Sampled by: J. DENNY Date sampled: (7/03/2002  Operational Cover: TO1C-TO6C Sample Loc.:  Grid Pt. #C10 |
Tested by: D. HERRINGTON Date tested: 09/11/2002 Checked by: ~{f
TRIAL 1 2 3 4 5 6
1 , Wt.mold + wet soil 6858.4 6971.9 7049.5 7036.0 N/A N/A
2 (Wt. mold 2828.8 2828.8 2828.8 2828.8 N/A N/A
3 { Wt. wel soil 4029.6 4143.1 4220.7 4207.2 N/A N/A
4 Wet Density, PCF : 118.5 1218 124.1 123.7 N/A N/A
s Moisture Tare # 1 - 2 3 4.0 N/A N/A
6 Wt wet soil +tare 1599.9 1612.3 1627.3 1654.7 N/A N/A
7 Wt dry soi + tare 1467.8 14527 14403 1440.9 N/A N/A
8 Wt moisture 132.1 159.6 187.0 213.8 N/A N/A
9 Wt tare 174 17.3 165 172 N/A N/A
10} Wtdrysoil 1450.4 1435.4 1423.4 1423.7 N/A N/A
i % Molsture 9.1 11.1 13.1 15.0 N/A N/A
12 | Dry Density, PCF 108.6 109.6 109.7 107.5 N/A N/A
{3 | 100% Saturation Maisture 16.6 16.0 16.0 17.1 N/A N/A
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Project: ___A/5 RWMS, OPERATIONAL COVER CLOSURES Requested by: S. RAWLINSON User/Agency BN

Sampled by: J. DENNY Date sampled: 05/25/2002 __ Operational Cover: TO1C-TO6C Sample Loc.: _ Crid Pt. #C10
Tested by D. HERRINGTON Date tested: 09/11/2002 Checked by: R
1 ’ 2 3 4 5 6
1 Unit Wt. of Water: PCF 62.42 62.42 62.42 62.42 N/A N/A
2 Percent of +3/4" size: 7.5% 7.5% 7.5% 7.5% N/A N/A
3 $p. Gr. of +3/4" size: 2.38 2.38 2.38 2.38 N/A N/A
4 % Water Content of 3/4'™: 1.3% 1.3% 1.3% 1.3% N/A N/A
5 % Water Content of Fines: 5.1% 11.1% 13.1% 15.0% N/A N/A
6 Dry Unit Wt. of Fines: PCF 108.6 105.6 109.7 107.5 N/A N/A
7 % Corrected Water Content: 8.5% 10.4% 12.2% 14.0% N/A N/A
8 Carrected Dry Unit Wt.: PCF 110.8 111.8 111.9 105.8 N/A N/A
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Appendix B-6

Sieve Analyses and Gradation Curves
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" BLDPCHAR

Reduestédbyﬁ*
User/Agency: o A794
Project: A/5 RWMS, OPERATIONAL COVER CLOSURES Sample Locaticn: LOGGING TUBE 22
Sampled by: J. DENNY Date Sampled: 05/29/2002 Operational Cover: . PQO3U
Tested By: D. HERRINGTON R Date tested: 08/15/2002
Checked by: 2. @h L L/K Date checked: 9 )iz]0 2
74 [y 1 t
LABORATORY TEST REQUIRED L SIEVE ANALYSIS
Sieve Analysis U.S. Standard Cumulative Spec %
{ASTM C-136-96) Sleve # Wt Retained % Retained % Passing Passing
{ASTM C-117-95)
X {ASTM D-422-63) 3 0.0 0% 100% N/A
X] (ASTMD-1140-67)
Moisture Content 112 458 2% 98% N/A
(ASTM C-568-97)
X (ASTM D-2216-98) 3/4 - 1254 6% 94% N/A
Unit Weight 3/3 250.4 13% 87% N/A
| ] (asTMC-2007)
4 406.6 21% 78% N/A
X | Soil Classification
Percent Porosity 10 832.2 32% 68% N/A
Specific Gravity 40 1137.5 58% 42% N/A
X (ASTM C-127-88/128-97) ]
(ASTM D-854-98) 100 1648.2 84% 16% NIA
| Other (as noted) 200 1819.4 92.6% 74% NIA
Soil Class: SM/SW Sample Wt (g): DRY = 19647
MOISTURE CONTENT UNIT WEIGHT
TARE# = Native # 29 Oversize # 30 Proctor Loose Rodded
Wet Weight + Tare 2890.2 4248.3 N/A Container Size(ft"3) 0.0897506 0.0897506
Dry Weight + Tare 2796.4 4138.6 J Total Weight {Ib}
Water 93.8 109.7 0.0 Tare Weight {(Ib}
Tare 908.3 895.1 Material Weight (Ib)
Dry Weight 1888.1 3242.5 0.0 Unit Weight (P.C.F.} NIA NiA
Moisture % 5.0% 3.4% N/A Percent Porosity NIA NiA
SHAPE: ANGULAR HARDNESS: HARD AND DURABLE
Oversize Specific Gravity: 2.303 ‘ Average Specific Gravity: 2.481
EQUIPMENT USED: PM 16, #301667, Cdlibration Date: 03/11/2002 Calibration Due: 03/11/2003
Sieve 3" PTL #303221 Cal. Date: 04/30/02 Cal. Due: 04/30/03
Sieve 1 1/2" PTL #303278 Cal. Date: 08/18/01 Cal. Due: 09/18/02 REMARKS: N/A
Sieve 3/4" PTL#303276 Cal. Date: 08/18/01 Cal..Dus; 08/19/02
Sieve 3/8 PTL#302106 Cal. Date: 09/15/01 Cal. Due: 09/19/02
Sieve#4 PTL#302043 Cal. Date: 09/18/01 Cal. Due: 09/19/02
Sieve # 10 PTL#312339 Cal. Date: 09/20/01 Cal. Due: 09/20/02
Sieve # 40 PTL#310013 Cal. Date: 05/24/01 Cal. Due: 09/24/02

Sieve # 100 PTL # 300103 Cal. Date: 04/30/02 Cal. Due: 04/30/03



_ Request f Test Report.. ST FEE s :
Requested by. S RAWLINSON i SR ‘Chafge‘"#' 75_5LDPCHAR
User/Agency: - BECHTEL Log # /’A_ ' MTL Lab # 47;95 o
Project: A/5 RWMS, OPERATIONAL COVER CLOSURES Samp!e Location: GRID PT. #B4
Sampled by: J. DENNY Date Sampled: 05/29/2002 Operational Cover: PO4U
Tested By: D. HERRINGTON Date tested: 08/20/2002
Checked by: TS TR A Date checked: &/ )5 jm
L5, A S
LABORATORY TEST REQUIRED SIEVE ANALYSIS
Sieve Analysis U.S. Standard Curnuiative Spec %
(ASTM C-136-96) Steve # Wt Retained % Retained % Passing Passing
(ASTM C-117-95)
X| (ASTMD-422-63) 3 0.0 0% 100% N/A
X1 (ASTMD-1140-97)
Moisture Content 11/2 18.6 1% 99% N/A
(ASTM C-566-97)
X1 (ASTMD-2215-98) 34 985 6% 94% N/A
Unit Weight 318 183.5 1% 89% N/A
;] (ASTM C-20-97)
4 307.0 18% 82% N/A
X'} Soil Classification
Percent Porosity 10 493.9 30% 70% N/A
Specific Gravity 40 888.0 53% 47% N/A
X {ASTM C-127-88/128-97)
(ASTM D-854-8) 100 1330.5 80% 20% N/A
.| Other (as noted) 200 1493.0 89.6% 10.4% N/A
Soil Class: SM/SP Sample Wt (g): DRY = 1666.7
MOISTURE CONTENT UNIT WEIGHT
TARE# = J Native # 31 Oversize # 32 Proctor Loose Rodded
Wet Weight + Tare ‘ 2580.6 37104 N/A Container Size(ft"3) 0.0897508 0.0997506
Dry Weight + Tare 2486.2 3621.7 Total Weight (Ib) '
W ater 94.4 88.7 0.0 Tare Weight (Ib)
Tare 896.7 894.6 Material Weight (ib)
Dry Weight 1589.5 27271 0.0 Unit Weight (P.C.F.) N/A NIA
Maisture % 5.8% 3.3% N/A Percent Parosity N/A NIA
SHAPE: ANGULAR HARDNESS: HARD AND DURABLE
Oversize Specific Gravity: 2.311 Average Specific Gravity: 2.462
EQUIPMENT USED; PM 18, #301667, Calibration Date: 03/11/2002 Calibration Due: 03/11/2003
Sieve 3" PTL #303221 Cal. Date: 04/30/02 Cal, Due: 04/30/03
Sieve 1 172" PTL #303278 Cal. Date: 09/18/01 Cal. Due: 09/18/02 REMARKS: N/A
Sieve 34" PTL #303276 Cal. Date: 09/19/01 Cal. Due: 09/19/02
Sieve 3/8 PTL #302108 Cal Date: 09/19/01 Cal. Due: 09/18/02
Sieve #4 PTL # 302043 Cal. Date: 09/19/01 Cal. Due: 09/18/02
Sieve # 10 PTL #312339 Cal. Date: 09/20/01 Cal. Due: 08/20/02
Sieve #40 PTL #310013 Cal. Date: 09/24/01 Cal. Due: 08/24/02
Sieve # 100 PTL #300103 Cal. Date; 04/30/02 Cal. Due: 04/30/03



Request/ Test Report

~‘Char§e#5

- 5LDPCHAR

Requested by S, '__AWLINSON o :
User/Agency BECHA,EL G l_og # ':N/A MTL Lab# 1796
Project: A/5 RWMS, OPERATIONAL COVER CLOSURES Sample Location: GRID PT. #C10
Sampled by: J. DENNY Date Sampled: 06/19/2002  Operational Cover: PO4U
Tested By: D. HERRINGTON Date tested: 08/26/2002
Checked by: /- % M_/G& Date checked: G [y~ _Jb™
71 =
LABORATORY TEST REQUIRED SIEVE ANALYSIS
Sieve Analysis U.S. Standard Cumulative Spec %
(ASTM C-136-96) Sisve # Wt Retained % Retained % Passing Passing
{ASTM C-117-85) .
X {ASTM D~422-63) 3 0.0 0% 100% N/A
X1 (ASTMD-1140-87)
Moisture Content 11/2 133.4 5% 95% N/A
{ASTM C-566-97)
X | (ASTMD-2216-98) 3/4 2793 10% 90% N/A
Unit Weight 3/8 477.5 17% 83% N/A
j (ASTM C-29-97)
4 710.1 25% 75% N/A
X' Soll Classification
Percent Poraosity 10 1015.8 36% 64% N/A
Specific Gravity 40 16744 59% 41% N/A
X [ASTM C-127-88/128-97)
(ASTM D-854-98) 100 24489 86% 14% N/A
_-! Other (as noted) 200 26626 93.6% 6.4% N/A
Soil Class: SM/ SW Sample Wt (g): DRY = 2845.1
MOISTURE CONTENT UNIT WEIGHT
TARE# = Native # 32 Oversize # 33 Proctor Loose Rodded
Wet Weight + Tare 37475 5678.6 N/A Container Size{ft"3) 0.0897506 0.0987506
Dry Weight + Tere 3601.1 5517.8 Total Weight {Ib)
Water 146.4 161.1 0.0 Tare Weight (ib)
Tare 894.7 939.8 Materid Weight (Ib}
Dry Weight 27064 4577.7 0.0 Unit Weight {P.C.F.) N/A N/A
Moisture % 5.4% 3.5% N/A Percent Porosity N/A NIA
SHAPE: ANGULAR HARDNESS: HARD AND DURABLE
Oversize Specific Gravity: 2.254 Average Specific Gravity: 2343
EQUIPMENT USED: PM 16, #301667, Calibration Date: 03/11/2002 Calibration Due: 03/11/2003
Sieve 3" PTL#303221 Cal. Date: 04/30/02 Cal. Due; 04/30/03
Sieve 1 1/2" PTL#303278 Cal Date: 08/18/01 Cal. Due: 09/18/02 REMARKS: N/A
Sieve 3/4" PTL#3032768 Cal. Date: 09/19/01 Cal. Dus: 09/19/02
Sieve 3/8 PTL #302106 Cal. Date: 09/18/01 Cal. Due: 08/19/02
Sieve #4 PTL #302043 Cal. Date: 09/18/01 Cal. Due: 09/19/02
Sieve # 10 PTL#312338 Cal. Date: 08/20/01 Cal. Due: 08/20/02
Sieve # 40 PTL#310013 Cal. Date: 09/24/01 Cal. Due: 09/24/02
Sieve # 100 PTL #300103 Cal. Date: 04/30/02 Cal. Due: 04/30/03



Request / Test Report L
S RAWLINSON

C'hérgev#'

5LDPCHAR

Regquested by: " - ‘ L
User/Agency: BECHTEL i y : ‘Log#  NA R MTL Lab # 1797
Project: A/5 RWMS, OPERATIONAL COVER CLOSURES Sample Location: GRID PT. #F4
Sampled by: J. DENNY Date Sampled: 06/19/2002 Operational Cover: TO1U-TO7U
Tested By: D. HERRINGTON Date tested: 08/26/2002
Checked by: [/ W Datechecked: 9 /iz/p2—
ABORATORY TEST REQUIRED SIEVE ANALYSIS
Sieve Analysls U.S. Standard Cumuiative Spec %
{ASTM C-135-96) Sieve # Wt Retained % Retained % Passing Passing
(ASTM C-117-95)
X {ASTM D-422-63) 3 0.0 0% 100% N/A
X | (ASTMD-1140-57}
Moisture Content 1172 142.0 8% 94% N/A
(ASTM C-566-97) '
X1 (ASTMD-2216-98) 3/4 2253 9% $1% N/A
Unit Weight 3/8 341.9 13% 87% N/A
j (ASTM C-28-87)
4 537.7 21% 79% N/A
X | Scil Classification
Percent Porosity 10 815.2 32% 68% N/A
Specific Gravity 40 1350.5 53% 47% N/A
X (ASTM C-127-88/128-97) .
(ASTM D-854-98) 100 2047.2 81% 19% N/A
] Other (as noted) 200 2325.7 91.6% 8.4% N/A
Soil Class: SM/ SP Sample Wt (g): DRY = 2535.6
MOISTURE CONTENT UNIT WEIGHT
TARE# = Native # 34 Oversize # 35 Procter L Loose Rodded
Wet Weight + Tare 3541.3 5567.5 N/A Container Size(ft"3) 0.0997506 0.0997506
Dry Weight + Tare 3385.2 5428.1 Total Weight {Ib)
W ater 146.1 138.4 0.0 Tare Weight (ib)
Tare 936.3 897.0 Material Weight (ib)
Dry Weight 2458.9 4531.1 0.0 Unit Weight (P.C.F.) N/A NIA
Maisture % 5.9% 3.1% N/A Percent Porosity N/A NIA
SHAPE: J ANGULAR HARDNESS: HARD AND DURABLE
Oversize Specific Gravity: 2.210 Average Specific Gravity: 2.346

EQUIPMENT USED: PM 18, #301667, Calibration Date: 03/11/2002 Calibration Due:

03/11/2003

Sieve 3" PTL #303221 Cal. Date: 04/30/02 Cal. Due: 04/30/03
Sieve 1 1/2° PTL#303278 Cd. Date: 09/18/01 Cal. Due: 09/18/02 REMARKS: N/A
Sieve 3/4" PTL #303276 Cal. Date: 09/18/01 Cal. Dus: 09/19/02
Sieve 3/8 PTL #302106 Cal, Date: 09/19/01 Cal. Due: 09/19/02
Sleve #4 PTL #302043 Cal. Date: 09/19/01 Cal. Due: 08/18/02
Sieve # 10 PTL #312338 Cal, Date: 09/20/01 Cal. Due: 09/20/02
Sieve #40 PTL #310013 Cal. Date: 09/24/01 Cal. Due: 08/24/02

Sieve # 100 PTL #300103 Cal. Date: 04/30/02 Cal. Due; 04/30/03




Requests LINSON Soo om0 Charge#: SLDPCHAR -
User/Agency: - ‘BECHTEL *. SreeLog# SN T NITL Lab#: 1798
Project: A/5 RWNMS, OPERATIONAL COVER CLOSURES Sample Location: GRID PT. #B4
Sampled by: J. DENNY Date Sampled: 07/03/2002 Operational Cover: TO1U-TO7U
Tested By: D. HERRINGTON - Date tested: 08/26/2002
Checked by: i/ - ([}b L //4\ Datechecked: 4/ )2 )Jp2 -
v b A 7 -
LABORATORY TEST REQUIRED SIEVE ANALYSIS
Sieve Analysis U.S. Standard Cumulative Spec %
] (ASTMC-136-96) Sieve # Wt Retained % Retained % Passing Passing
(ASTM C-117-95)
X | (ASTMD-422-63) 3 0.0 0% 100% N/A
X | (ASTMD-1140-97)
Moisture Content 11/2 151.1 5% 95% N/A
{ASTM C-566-97)
X (ASTM D-2216-88) 3/4 306.4 10% 90% N/A
Unit Weight 3/8 452,86 14% 86% N/A
] (AsTMC-29-87)
4 674.6 21% 79% N/A
X | Soil Classification
Percent Porosity 10 989.4 31% 69% N/A
Specific Gravity 40 1808.6 57% 43% N/A
X [ASTM C-127-88/128-97)
{ASTM D-854-98) 100 2751.7 86% 14% N/A
| ] Other (as noted) 200 29952 94.1% 5.9% N/A
Soil Class: SM/ Sw Sample Wt (g): DRY = 3182.9
MOISTURE CONTENT UNIT WEIGHT
TARE# = Native # 36 Oversize # 37 Proctor Loose Rodded
Wet Weight + Tare 4044.6 6044.6 INFA Container Size(ftA3) 0.0997506 0.0997506
Dry Weight + Tare 3931.2 5845.1 Total Weight (ib)
W ater 113.4 99.5 0.0 Tare Weight (Ib)
Tare 896.4 981.3 Material Weight (b}
Dry Weight 3034.8 4963.8 0.0 Unit Weight (P.C.F.) N/A N/A
Maisture % 3.7% 2.0% N/A Percent Porosity NiA N/A
SHAPE: ANGULAR HARDNESS: HARD AND DURABLE
Oversize Specific Gravity: 2.335 Average Specific Gravity: 2464
EQUIPMENT USED: PM 16, #301667, Calibration Date: 03/11/2002 Calibration Due: 03/11/2003

Sieve 3" PTL # 303221
Sieve 1 1/2" PTL #303278
Sieve 3/4" PTL #303276
Sieve 3/8 PTL # 302108
Sieve # 4 PTL # 302043
Sleve # 10 PTL #312339
Sieve #40 PTL #310013
Sieve # 100 PTL #300103

Cal.
Cal.
Cal.
Cal.
Cal.
Cal.
Cal.
Cal.

Date: 04/30/02
Date: 08/18/01
Date: 08/19/01
Date: 09/18/01
Date: 09/15/01
Date: 09/20/C1
Date: 09/24/01
Date: 04/30/02

Cal. Due: 04/30/03
Cal..Due: 09/18/02
Cal. Due: 08/18/02
Cal. Due: 08/19/02
Cal. Due: 08/19/02
Cal. Due: 09/20/02
Cal. Due: 08/24/02

Cal. Due: 04/30/03

REMARKS: N/A




/. Request/ Test Report SRR ST o
 Requested: by 8 RAWLINSON S Charge#: SLDPC‘HAR L
_ User/AQency. , BEC HTEL ‘?L-o‘g'# L "N/A L L MITL Lab # 1799 ‘
Project: A/5 RWMS, OPERATIONAL COVER CLOSURES Samp e Location: GRID PT. #C10
Sampled by: J. DENNY Date Sampled: 07/03/2002  Operational Cover: TO1C -TO6BC
Tested By: D.HERRINGTON Date tested: 08/26/2002
Checked by: I/ - @M Didis s zg Date checked: 4/ j2./p =
.# o
LABORATORY TEST REQUIRED SIEVE ANALYSIS
Sisve Analysis U.S. Standard Cumulative Spec %
(ASTM C-136-96} Sieve # Wt Retained % Retained % Passing Passing
(ASTM C-117-85)
X (ASTM D-422-63) 3 0.0 0% 100% NfA
X1 (ASTMD-1140-87)
Moisture Content 11/2 107.6 ) 4% 96% N/A
(ASTM C-566-97}
X | (ASTMD-2216-98) 3/4 208.8 8% 1 92% N/A
Unit Weight 3/8 327.8 12% 88% N/A
j (ASTM €-29-97)
4 B49.2 20% 80% N/A
X | Scil Classification
Percent Porosity 10 866.0 31% 639% N/A
Specific Gravity 40 14476 52% 48% N/A
X (ASTM C-127-88/128-97)
; (ASTM D-854-98} 100 2238.5 81% 19% N/A
_] Other {as noted) 200 25222 91.0% 9.0% 1 N/A
Soil Class: SM/SP Sample Wt (g): DRY = 2771.5 B
MOISTURE CONTENT UNIT WEIGHT
TARE# = Native # 38 [ Oversize # 39 Proctor J Loose { Rodded
Wet Weight + Tare 3768.1 4831.1 N/A Container Size(ft"3) { 00997506 ‘ 0.0997506
Dry Weight + Tare r 3677.6 4780.0 Total Weight (Ib) i
Water 91.5 51.1 0.0 Tare Weight (Ib)
| Tae 1003.8 875.4 Material Weight (ib)
. DryWeight 2673.8 © 3904.8 0.0 Unit Weight (P.C.F.) NIA NIA
Moisture % r 3.4% 1.3% N/A Parcent Porosity NIA N/A
SHAPE: { " ANGULAR HARDNESS: HARD AND DURABLE
Oversize Specific Gravity: 2.381 Average Specific Gravity: 2.434
EQUIPMENT USED: PM 16, #301667, Calibration Date: 03/11/2002 Calibration Due: 03/11/2003
Sieve 3" PTL#303221 Cal. Date: 04/30/02 Cal. Due: 04/30/03
Sieve 1 1/2° PTL #303278 Cal. Date: 09/18/01 Cal. Dus: 08/18/02 REMARKS: N/A
Sieve 3/4" PTL #303276 Cal. Date: 09/19/01 Cal. Due: 08/18/02
Sieve 378 PTL #302106 Cal. Date: 09/18/01 Cal. Due: 08/19/02
Sieve # 4 PTL #302043 Cal. Date: 08/19/01 Cal. Due: 08/19/02
Sieve # 10 PTL#312339 Cal. Date; 09/20/01 Cal, Due: 08/20/C2
Sieve # 40 PTL #310013 Cal. Date: 09/24/01 Cal. Dus: 08/24/02
Sieve # 100 PTL #300103 Cal. Date: 04/30/02 Cal. Due: 04/30/03
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Appendix B-7

Permeability
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Daniel B, Stephens & Associates, Inc.

Summary of Saturated Hydraulic Conductivity Tests

Ksat Method of Analysis

Sample Number (cm/sec) Constant Head Falling Head

1771 5.4E-05 X




Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1747
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sampie Number: 1747
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Relative Hydraulic Conductivity

Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1750
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Daniel B. Stepliens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1750
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1753
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1753
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Relative Hydraulic Conductivity

Daniel B, Stephens & Associates, fnc,

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1756
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1756
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Daniel B, Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1759
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1759
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Daniel B, Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1762

1.E-02 +

1.E-03

1.E-04

L

1.E-05

L)

Relative Hydraulic Conductivity

1E-08 Jrrmrmooemorreeeeoee S S R —
1.E-07 4

(=T PR e T

1 . E'Og J[ T T T T i T T T T : T T T T r T T T T ? T T T T T T T T
6] 10 20 30 40 50 60
Moisture Content (%,cm3lcm3)




Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1762
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1765
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Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1765
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Daniel B. Steplhens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1768
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1768
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Hydraulic Conductivity (cm/s)

Daniel B. Stephens & Associates, Inc.

Plot of Hydraulic Conductivity vs Moisture Content
Sample Number: 1771
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Daniel B. Stephens & Associates, Inc.

Plot of Hydraulic Conductivity vs Pressure Head
Sample Number: 1771
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Relative Hydraulic Conductivity

Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sampie Number: 1774
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1774
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Relative Hydraulic Conductivity

Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1777
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Daniel B. Steplens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1777
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1780
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Daniel B. Stephens & Associates, {nc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1780
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Plot of Relative Hydraulic Conductivity vs Moisture Content

Daniel B, Stephens & Associates, Inc.

Sample Number: 1783
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1783
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Daniel B. Stepliens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1786
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1786
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Daniel B. Stephens & Associates, Inc.

Piot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number; 1789
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Daniel B, Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1789
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Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1792
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1792
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Moisture Content
Sample Number: 1771
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Daniel B. Stephens & Associates, Inc.

Plot of Relative Hydraulic Conductivity vs Pressure Head
Sample Number: 1771
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Appendix C

Topographic Map of the Area 5 RWMS, September 2002
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