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EXECUTIVE SUMMARY

This document is an integrated plan for closing and monitoring two low-level radioactive waste
disposal sites at the Nevada Test Site (NTS). The Area 3 and Area 5 Radioactive Waste
Management Sites (RWMSs) are managed and operated by Bechtel Nevada for the U.S.
Department of Energy’s (DOE’s) National Nuclear Security Administration Nevada Site Office
(NNSA/NSO). This Integrated Closure and Monitoring Plan (ICMP) identifies the assumptions
and regulatory requirements, describes the disposal sites and the physical environment in which
they are located, describes the design of the closure cover, and defines the approach and schedule
for both closing and monitoring the sites. The plan serves as a reference document for specific
closure plans.

The ICMP for these sites is based on guidance for developing closure plans issued by the DOE
(DOE, 1999a). Closure and monitoring were integrated because monitoring measures the degree
to which the operational and closed disposal facilities are meeting performance objectives
specified in the manual to DOE Order 435.1 (DOE O 435.1). Department of Energy O 435.1
governs management of radioactive waste, and associated with it are Manual DOE M 435.1-1
and Guidance DOE G 435.1-1. The performance objectives are intended to ensure protection of
workers, the public, and the environment from radiological exposure associated with the
RWMSs now and in the future. This 2005 version of the ICMP will be published as Revision 2.

The Area 3 and Area 5 RWMSs accept low-level waste (LLW) from across the DOE Complex
according to the NTS Waste Acceptance Criteria (NNSA/NSO, 2003). The Area 3 RWMS
accepts both packaged and unpackaged bulk LLW for disposal in craters that resulted from
underground testing of nuclear devices in the 1960s. The Area 5 RWMS accepts primarily
packaged LLW for disposal in excavated pits and trenches.

The Area 3 RWMS covers 48 hectares (ha) (120 acres [ac]) and is comprised of seven
subsidence craters — U-3ax, U-3bl, U-3ah, U-3at, U-3bh, U-3az, and U-3bg. The area between
craters U-3ax and U-3bl was excavated to form one large disposal unit (U-3ax/bl); the area
between craters U-3ah and U-3at was also excavated to form another large disposal unit
(U-3ah/at). Waste unit U-3ax/bl is closed; waste units U-3ah/at and U-3bh are active; and the
remaining craters, although currently undeveloped, are available for disposal of waste if
required.

The Area 5 RWMS covers 293 ha (732 ac) and is bounded by a buffer zone 300 meters

(1,000 feet) wide. The southeast and northeast quadrants of the RWMS are actively used for
disposal or storage of wastes, although many of the disposal units in the southeast quadrant are
operationally closed or nearing capacity. The southeast quadrant covers 37 ha (92 ac), and is
referred to as the “92-ac area.” The northeast quadrant is being developed and is referred to as
the “expansion area.”

Most waste disposal units at both the Area 3 and Area 5 RWMSs are expected to be closed over
the next several decades. Closure of the RWMSs will proceed through three phases: operational
closure, final closure, and institutional control. Many waste disposal units at the Area 5 RWMS
are operationally closed and a final closure cover has been placed on unit U-3ax/bl (Corrective
Action Unit 110) at the Area 3 RWMS.
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A monolayer-evapotranspiration (ET) closure cover was selected as the preferred alternative
design to a multilayered Resource Conservation and Recovery Act (RCRA) closure cover and
other alternative designs only after a comprehensive evaluation of many alternatives. The
operational and final closure covers will be constructed of locally derived native soil. Multiple
lines of evidence suggest that a monolayer-ET design will cost considerably less than a multi-
layer RCRA design, be much easier to install and maintain and, in an arid environment, perform
according to performance criteria over long periods of time, even under conditions of cover
subsidence. The monolayer-ET cover and natural conditions at the NTS will integrate and
operate as a system. Natural conditions that optimize the system are: extremely low precipi-
tation and high potential ET, large depth to groundwater, and negligible recharge to groundwater.

Activities associated with final closure of the Area 5 RWMS 92-ac area are scheduled to start in
fiscal year (FY) 2005 and be completed in FY 2010. Activities associated with final closure of
the Area 5 expansion area north of the 92-ac site are scheduled to start in FY 2019 and be
completed in FY 2021. In FY 2004, a Six Sigma Process Improvement Project was conducted
that may lead to a decision to close the Area 3 RWMS within the next few years. Should this
decision be made, activities leading to final closure of the Area 3 RWMS could start as early as
FY 2006, with final closure as early as FY 2008.

Monitoring at the Area 3 and Area 5 RWMSs is required under a variety of regulatory drivers,
including federal regulations and DOE Orders. Monitoring data, collected via sensors and
analysis of samples, are needed to evaluate radiation doses to the general public; for performance
assessment performance confirmation, validation, and maintenance; to demonstrate regulatory
compliance; and to evaluate the actual performance of the RWMSs. Monitoring provides data to
ensure the integrity and performance of waste disposal units. The monitoring program is
designed to forewarn management and regulators of any failure and need for mitigating actions.

The ICMP describes the program for monitoring direct radiation, air, vadose zone, biota,
groundwater, meteorology, and subsidence at the Area 3 and Area 5 RWMSs during the
operational closure period (current), final closure, and active institutional control periods.

Active institutional controls, such as control of access, cover maintenance, and monitoring, will
start after final closure and continue for 100 years. For wastes with hazardous constituents,
institutional controls will be conducted according to the RCRA permit conditions negotiated with
the Nevada Division of Environmental Protection. Passive institutional controls, such as
markers, records, or archives, and government ownership regulations regarding land and
resource use, will continue thereafter. Management of the RWMSs in both Area 3 and Area 5 is
planned to eventually be transferred to another agency or group within NNSA/NSO that is
expected to have long-term responsibilities at the NTS. Under this NTS Landlord, waste
disposal operations may continue in selected disposal units. The Landlord will also oversee and
conduct institutional control activities.
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1.0 INTRODUCTION

This document is an integrated plan for closing and monitoring two low-level radioactive waste
disposal sites at the Nevada Test Site (NTS). The Area 3 and Area 5 Radioactive Waste
Management Sites (RWMSs) are managed and operated by Bechtel Nevada (BN) for the U.S.
Department of Energy’s (DOE’s) National Nuclear Security Administration Nevada Site Office
(NNSA/NSO). The Integrated Closure and Monitoring Plan (ICMP) for these sites is based on
guidance for developing closure plans issued by the DOE (DOE, 1999a). The plan does not
closely follow the format suggested by the DOE guidance to better accommodate differences
between the two RWMSs, especially in terms of operations and site characteristics. The
modification reduces redundancy and provides a smoother progression of the discussion.
Further, much of the information that would be included in the individual plans is the same, and
integration provides efficient presentation. A cross-walk between the contents of the ICMP and
the DOE guidance is given in Appendix A.

Closure and monitoring were integrated because monitoring measures the degree to which the
operational and closed disposal facilities are meeting performance objectives specified in the
manual to DOE Order O 435.1. Department of Energy Order 435.1 governs management of
radioactive waste, and associated with it are Manual DOE M 435.1-1 and Guidance DOE

G 435.1-1. The performance objectives are intended to ensure protection of workers, the public,
and the environment from radiological exposure associated with the RWMSs now and in the
future.

1.1 Background

Manual DOE M 435.1-1 specifies that preliminary closure and monitoring plans for a low-level
waste (LLW) management facility be developed and initially submitted with the Performance
Assessment (PA) and Composite Analysis (CA) for that facility. These plans are then to be
updated within one year following issuance of the facility’s Disposal Authorization Statement
(DAS) to incorporate conditions specified in the DAS. The PA for the Area 5 RWMS was
reviewed and approved with conditions by DOE Headquarters (HQ) in 1996 and a DAS was
issued in December 2000, after review of the draft CA (the final CA for the Area 5 RWMS was
published in September 2001). The combined PA and CA for the Area 3 RWMS was reviewed
by DOE/HQ in 1999 and a conditional DAS was issued in October 1999.

Preliminary closure and monitoring plans were not submitted with either the Area 3 or Area 5
RWMS PAs and CAs. Rather, issuance of the DAS for the Area 3 RWMS started development
of closure and monitoring plans for the Area 3 RWMS. The ICMP was written for both the

Area 3 and Area 5 RWMSs and an initial version was published in October 2000, within the one-
year period specified in the Area 3 RWMS DAS. Significant changes in the conceptual approach
to closure of the Area 5 RWMS occurred soon after publication of the initial version of the
ICMP, prompting rewriting of the document. The subsequent version of the ICMP was pub-
lished in September 2001 without indication of it being a revision; that is, the initial version was
abandoned. However, this 2005 version of the ICMP is published as Revision 2.
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1.2 Objectives

Over the next several decades, most waste disposal units at both the Area 3 and Area 5 RWMSs
are expected to be closed. This ICMP identifies the assumptions and regulatory requirements,
describes the disposal sites and the physical environment in which they are located, describes the
design of the closure cover, and defines the approach and schedule for both closing and monitor-
ing the sites. The plan will serve as a reference document for specific closure plans.

1.3 Radioactive Waste Management Sites

The Area 3 and Area 5 RWMSs accept LLW from across the DOE Complex according to the
NTS Waste Acceptance Criteria (NTSWAC) (NNSA/NSO, 2003). The Area 3 RWMS accepts
both packaged and unpackaged bulk LLW for disposal in craters that resulted from underground
testing of nuclear devices in the 1960s. The Area 5 RWMS accepts primarily packaged LLW for
disposal in excavated pits and trenches.

1.3.1 Area 3 Radioactive Waste Management Site

The Area 3 RWMS is approximately 45 kilometers (km) (28 miles [mi]) northwest of Mercury,
Nevada, in the east-central part of Yucca Flat, in the northeast part of the NTS (Figure 1.1). The
Area 3 RWMS covers 48 hectares (ha) (120 acres [ac]) and is comprised of seven subsidence
craters — U-3ax, U-3bl, U-3ah, U-3at, U-3bh, U-3az, and U-3bg (Figure 1.2). The area between
craters U-3ax and U-3bl was excavated to form one large disposal unit (U-3ax/bl); the area
between craters U-3ah and U-3at was also excavated to form another large disposal unit
(U-3ah/at). Waste unit U-3ax/bl is closed; waste units U-3ah/at and U-3bh are active; and the
remaining craters, although currently undeveloped, are available for disposal of waste if
required. The RWMS boundary is marked by a wire fence. Access to the RWMS is through a
gate on the north side of the facility, adjacent to structures that house office space and access
control. The craters and infrastructure associated with disposal operations within the fence
boundary have largely disturbed natural conditions. This is also true, but to a lesser extent,
beyond the fence boundary. Infrastructure and controlled areas resulting from nearby
aboveground nuclear tests are present around the RWMS.

1.3.2 Area 5 Radioactive Waste Management Site

The Area 5 RWMS is approximately 22 km (14 mi) north of Mercury, Nevada, in the northern
part of Frenchman Flat (Figure 1.1). The Area 5 RWMS covers 293 ha (732 ac) and is bounded
by a buffer zone 300 meters (m) (1,000 feet [ft]) wide. The southeast and northeast quadrants of
the RWMS are actively used for disposal or storage of wastes, although many of the disposal
units in the southeast quadrant are operationally closed or nearing capacity (Figure 1.3). The
southeast quadrant covers 37 ha (92 ac), and is referred to as the “92-ac area.” The northeast
quadrant is being developed and is referred to as the “expansion area.” Packaged LLW, mixed
low-level waste (MLLW) generated within Nevada under the purview of NNSA/NSO, and
asbestiform waste are currently disposed in excavated disposal units which, with exceptions, are
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typically between 180 and 210 m (600 and 700 ft) long, 12 and 18 m (40 and 60 ft) wide, and 6
and 9 m (20 and 30 ft) deep. Four of 25 disposal units within the 92-ac area are active. The
other disposal units are operationally closed with a cover of native soil approximately 2.4 m

(8 ft) thick. Excess screened soil from excavation of new pits in the expansion area may be
added to the operational closure covers to increase the thickness.

In addition to pits and trenches, 13 Greater Confinement Disposal (GCD) boreholes are present
within the 92-ac area (Figure 1.4) These boreholes are typically 3 m (10 ft) in diameter and 36 m
(120 ft) deep and unlined except for the top 3 m (10 ft), which are cased with corrugated metal
pipe. The GCD boreholes were used in the past to dispose high-specific-activity waste that
required greater confinement depths than standard shallow-land disposal.

1.4 Approaches to Closure and Monitoring

Closure activities for waste disposal units at the Area 3 RWMS and at the 92-ac area and the
expansion area of the Area S RWMS will follow a systematic process consisting of ten steps
discussed below. The first two steps — preliminary assessment and initial planning — determine
the depth to which each remaining activity has to be conducted or which documents have to be
developed.

Monitoring is conducted at the Area 3 and Area 5 RWMSs via sensors and analysis of samples
for various reasons: to satisfy regulatory requirements, to ensure the integrity of covers over
waste disposal units, to sufficiently forewarn management and regulators of any need for
mitigating actions and to record the utility of such actions, and to provide data for routine
maintenance of the PAs and CAs. Review of monitoring data for maintenance of the PAs and
CAs 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 approach to monitoring in this document references many other documents for details of
various components of the section. Particularly relevant are (1) the Routine Radiological
Environmental Monitoring Plan (RREMP) (BN, 2003a) for the decision-based approach to
identify key monitoring data that must be collected, and (2) specific monitoring Organization
Instructions (Ols), which are required to maintain consistency and comparability of data from
year to year.

! 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 m [100 ft] wide for a pit and less than 30 m [100 ft] wide for a trench.) Trench

designations are prefixed with a “T,” whereas pit designations are prefixed with a “P.” The designations are suffixed with either
a “U” or “C” to indicate “unclassified” waste or “classified” material, respectively.

2 Trenches T04C and T04C-1 are herein considered to be discrete, resulting in 25 disposal units within the 92-acre area, rather
than 24 disposal units as is sometimes referenced.
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1.4.1 Approach to Closure

Responsibilities for closure at the Area 5 RWMS are shared between the NNSA/NSO Waste
Management Division (WMD) and the BN Waste Management Project. Closure activities
associated initially with closure of disposal units within the 92-ac area and the Area 3 RWMS,
and later within the expansion area, will follow a ten-step approach. Each step listed below will
lead to the next step in sequence.

Preliminary Assessment

Assessment data regarding the disposal units to be closed and the surrounding area will be
gathered, compiled, and summarized in a report. Data may be acquired through on-site
inspection; interviews; and review of literature, data bases, historical records, manifests, waste
profiles, maps, engineering drawings, photographs, and other media.
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Initial Planning

On the basis of the preliminary assessment, initial planning will be conducted to include as
necessary: stating the problem, defining the boundaries of the investigation, developing or
refining a conceptual model, identifying data requirements, identifying the approach to acquiring
required data, and identifying the approach to using acquired data. For closure of disposal units
regulated under the Resource Conservation and Recovery Act (RCRA) or a Nevada Division of
Environmental Protection (NDEP)-issued permit, or identified in the Federal Facility Agreement
and Consent Order (FFACO) (1996), the NDEP is involved in the planning process and approves
the results of planning.

Characterization Plan

8 Nevada Test Site
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Acknowledge Completion

On the basis of the closure report, an acknowledgment of completion is presented based on
information in the closure report. The NDEP presents the acknowledgment for closure of
disposal units regulated under RCRA or an NDEP-issued permit, or identified in the FFACO
(1996). The NNSA/NSO presents the acknowledgment for closure of all other disposal units.

Post-Closure Monitoring and Maintenance
Following completion, post-closure monitoring and maintenance of the final closure cover will
be conducted as specified in the closure plan specific to that closure.

1.4.2 Approach to Monitoring

The approach to monitoring at the Area 3 and Area S RWMSs is to meet data monitoring
requirements for operation and improvement of waste operations. Specific monitoring is
required under a variety of regulatory drivers including federal regulations and DOE orders.
Monitoring data are needed to evaluate radiation doses to the general public; for PA performance
confirmation, validation, and maintenance; to demonstrate compliance with regulatory drivers;
and to evaluate the actual performance of the RWMSs. Monitoring provides data to ensure the
integrity and performance of waste disposal units. The monitoring program is designed to
forewarn management and regulators of any failure of the units or covers and need for mitigative
actions.

This ICMP describes the program for monitoring direct radiation, air, vadose zone, biota,
groundwater, meteorology, and subsidence at the Area 3 and Area 5 RWMSs during the
operational closure period (current), and the final closure and active institutional control periods.

Radiation is continuously monitored at five locations at the Area 3 RWMS and at ten locations
within the Area 5 RWMS. Air monitoring for radionuclides other than radon is conducted at
several locations at each RWMS using air samplers, whereas radon is passively monitored at six
locations at each RWMS and at several background locations. Radon flux through waste covers
is measured annually at various locations at each RWMS and at background locations. Vadose
zone monitoring for soil-water content and soil-water potential is conducted continuously in
waste covers, beneath waste units, and at lysimeter facilities. Surface water runoff is monitored
at flumes, and at the floor of a nuclear subsidence crater. Tritium in soil-gas moisture is moni-
tored annually in a GCD borehole (GCD-05U) at the Area 5 RWMS, that contains a large tritium
source. Biota are monitored annually for trittum. Groundwater is sampled semiannually at three
wells surrounding the Area 5 RWMS for radioactive and nonradioactive constituents under
NDEPs interim status of the Pit 3 Mixed Waste Disposal Unit (MWDU) permit. In addition,
meteorology parameters are continuously monitored at both RWMSs, and measurement of waste
cover subsidence is conducted monthly at both RWMSs.
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1.5 Assumptions

Assumptions related to closure and monitoring of the Area 3 and Area 5 RWMSs are given in
the life cycle baseline of the NNSA/NSO WMD. Pertinent programmatic, scheduling, and
funding assumptions from the Waste Management baseline are reproduced below, in addition to
assumptions that relate more to the approach and responsibility for closure and monitoring
described herein.

1.5.1 Assumptions Related to Closure

¢ Funding will be available to complete closure-related activities at the scheduled times.

e Closure of all disposal units within the Area 3 and Area 5 RWMSs, regardless of waste type,
will be included in the NNSA/NSO WMD baseline.

e Activities related to final closure of the Area 3 and Area 5 RWMSs will be under the
management and technical direction of the NNSA/NSO WMD.

e The ICMP will address closure of all disposal units at the Area 3 and Area 5 RWMSs,
including disposed LLW (asbestos, hydrocarbon-impacted, and regular LLW), disposed
MLLW, and indefinitely stored classified materials.

e Individual closure plans will be drafted for the Pit 3 MWDU, Corrective Action Unit
(CAU) 111, the asbestiform waste pits, the LLW units, and the TRU waste units.

e The closure plans for disposal units containing hazardous constituent5.8(r)-D((asbestod-0.05D01000<00fa.6(
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1.5.2 Assumptions Related to Monitoring

e Environmental monitoring will continue through FY 2021 according to the ICMP; after
FY 2021, environmental monitoring will continue under long-term surveillance and
maintenance (LTSM).

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

e Post-closure monitoring of the Area 5 RWMS 92-ac area will commence in FY 2010 and
continue at least through FY 2021 according to RCRA requirements.

1.5.3 Assumptions Related to Long-Term Surveillance and Maintenance

e Active institutional control of the Area 5 RWMS 92-ac site will start after final closure in
FY 2010 and continue for a period of 111 years (through FY 2121).

e An exemption from RCRA groundwater monitoring requirements will be obtained after final
closure of the Pit 3 MWDU within the Area 5 RWMS 92-ac area.

e Active institutional control of the Area 5 RWMS expansion area will start after final closure
in FY 2021 and continue for a period of 100 years (through FY 2121).

e Active institutional control of the Area 3 RWMS will start after final closure in FY 2008 and
continue for a period of 100 years (through FY 2108).

e Passive institutional control of closed sites will start after active institutional control and
continue indefinitely.

1.6 Closure Cost Estimate

The cost of final closure of the Area 3 and Area S RWMSs depends on many factors that as of
now are too uncertain to allow an estimate. One factor that will have a large impact on the cost
of closing disposal units in the Area 5 RWMS is whether excess native soil can be placed on and
between existing operational closure covers as part of site operations. Placement of soil on
regulated disposal units, and in close proximity of regulated units, is contingent on approval from
the NDEP.

An estimate of the cost of closure of all disposal units within the Area 5 RWMS 92-ac area will
be possible after title design of the final closure cover and grading plan, tentatively scheduled for
FY 2006. For regulated disposal units within the 92-ac area, the state and federal governments
are exempt from the requirements of Title 40 CFR 264.142 to submit a cost estimate for closure
(Title 40 CFR 264.140 [c]).

An estimate of the cost of closure of all disposal units within the Area 3 RWMS will be possible
after title design of the final closure covers and grading plan for that facility. See Section 1.8,
Closure and Monitoring Schedule.
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1.7 Monitoring Cost Estimate

During the operational and closure periods, the monitoring activities and costs are unchanged
from the current form. Direct radiation monitoring, air monitoring, radon flux measurements,
biota monitoring, meteorology monitoring, vadose zone moisture monitoring, soil-gas moisture
monitoring for tritium, groundwater monitoring (none after closure of Pit 3), and subsidence
monitoring continue during this period.

Monitoring during the period of active institutional control is expected to continue, but be
reduced to air and soil-gas monitoring for tritium, radon flux measurements, meteorology
monitoring, vadose zone moisture monitoring, and subsidence monitoring. The value and need
for specific monitoring activities will be evaluated during this period so the monitoring activities
may change. Groundwater monitoring is expected to be discontinued when NDEP issues the
groundwater monitoring exemption. The annual cost for monitoring activities during active
institutional control is expected to be approximately half of the cost of monitoring during the
operational and closure periods.

1.8 Closure and Monitoring Schedule

Activities associated with final closure of the Area 5 RWMS 92-ac site are scheduled to start in
FY 2005 and be completed in FY 2010 (Table 1.1). Activities associated with final closure of
the Area 5 expansion area north of the 92-ac site are scheduled to start in FY 2019 and be
completed in FY 2021. Final closure activities at the Area 3 RWMS are expected to occur
between FY 2006 and FY 2008. These latter closures will follow the same ten-step sequence
expressed in Table 1.1 for the Area 5 RWMS 92-ac area. Monitoring and maintenance activities
specified for active institutional control will start after final closure and continue for the assumed
time periods, or for mixed waste, also according to conditions negotiated with the NDEP (see
Section 1.2).

1.9 Coordination with Operational Activities

In FY 2004, a Six Sigma Process Improvement Project was conducted that may lead to a
decision to close the Area 3 RWMS within the next few years. Activities related to closure of
the Area 3 RWMS will occur after all waste disposal operations have ceased, precluding the need
for coordination with operations.

Disposal operations are expected to continue within the Area S RWMS 92-ac area for several
years and within the Area 5 RWMS expansion area for a longer period of time. Infrastructure to
support those operations will remain in the southern and southeast parts of the 92-ac area of the
Area 5 RWMS. Near-term and longer-term activities related to closure at these locations will
sometimes have to be coordinated with disposal operations or maintenance. A liaison between
the closure project and disposal operations will be appointed to ensure that both activities run
according to cost and schedule.
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Preliminary Assessment 2005 2004 2005 2005 2005
Initial Planning 2005 2004 2005 2005 2005
Characterization Plan Previous | Previous | Previous Previous Previous
Implement Previous | Previous | Previous Previous Previous

Characterization Plan

Characterization Report 2006 2006 2006 2006 2006
Closure Plan 2008 2005 2006 2007 2009
Implement Closure Plan 2009 2009 2009 2009 2009
(Construction)

Closure Report 2010 2010 2010 2010 2010
Acknowledge (Certify) 2010 2010 2010 2010 2010
Closure

Post-Closure Monitoring 2010 2010 2010 2010 2010

and Maintenance

1.10 Closure and Monitoring Plan Maintenance and Amendment

The ICMP is scheduled to be reviewed and updated on a three-year interval (the next update after
this year to be conducted in FY 2007). Significant changes in the Waste Management program
could prompt an unscheduled update, or drafting and issuance of an addendum. The intent of
periodically updating the various related documents is to realize the primary objective of
ensuring that workers, the public, and the environment are safe during and after waste disposal
operations.
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2.0 WORK SMART STANDARDS AND COMPLIANCE STRATEGY

The Management and Operations (M&QO) contractor to the NNSA/NSO is required by contract to
conduct all activities according to a set of necessary and sufficient laws, regulations, and
directives. These laws, regulations, and directives form the Work Smart Standards. “Facility
closure” and “environmental monitoring” are processes listed under the work activity of
Radioactive Waste Management.

2.1 Closure Standards

The Area 3 and Area 5 RWMSs are primarily LLW disposal sites. The Area 3 RWMS includes
LLW and MLLW, whereas the Area 5 RWMS includes LLW and MLLW, small amounts of
TRU waste and mixed TRU (MTRU) waste, and asbestiform waste. Low-level waste and TRU
waste are also stored at the Area 5 RWMS. Waste with only a radioactive component is self-
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 the RCRA under the authority
of the U.S. Environmental Protection Agency (EPA). The NDEP has been granted the authority
by the EPA to administer the RCRA in Nevada. Nevada Administrative Code (NAC) 444.8632
incorporates the federal RCRA requirements by reference (Nevada Environmental Commission
[NEC], 1987). The following excerpts from the DOE Orders and other regulations for closure
provide the basis for the Closure Program.

2.1.1 DOE Order 435.1

The DOE Order governing management of radioactive waste is 435.1. Associated with the
Order are a Manual (DOE M 435.1-1) and a Guidance (DOE G 435.1-1). The DOE/NV Manual
provides the requirements, roles, and responsibilities to establish the NNSA/NSO Radioactive
Waste Management Program according to the Order. The DOE Manual and Guidance list the
following requirements related to closure of LLW disposal cells.

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

e QO (1)(a). Closure plans shall be updated as required during the operational life of the
facility.

o QO (1)(b). Closure plans shall include a description of how the disposal 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 O 5400.5, “Radiation
Protection of the Public and the Environment” (or 10 CFR 834, when promulgated).

e O (l)(c). Closure plans shall include the total expected inventory of wastes to be disposed of
at the facility over the operational life of the facility.
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o (Q(2). Closure of a disposal facility shall occur within a five-year period after it is filled to
capacity, or after the facility is otherwise determined to be no longer needed.

e QO (2)(a). Prior to facility closure, the final inventory of the low-level waste disposed in the
facility shall be prepared and incorporated into the PA and CA which shall be updated to
support closure of the facility.

o O (2)(b). A final closure plan shall be prepared based on the inventory of waste disposed in
the facility and the updated PA and CA prepared in support of the facility closure.

o O (2)(c). Institutional control shall continue until the facility can be released pursuant to
DOE Order 5400.5, “Radiation Protection of the Public and the Environment” (or 10 CFR
834, when promulgated).

o O (2)(d). The location and use of the facility shall be filed with the local authorities
responsible for land use and zoning.

2.1.2 Title 40 CFR 265

Performance objectives related to closure of a waste disposal unit containing only LLW are
similar in principle to those specified in the RCRA Subpart N, Title 40 CFR 265.310(a) for waste
disposal cells containing MLLW:

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

e Provide long-term minimization of migration of liquids through the closed landfill
o Function with minimum maintenance

e Promote drainage and minimize erosion or abrasion of the cover

o Accommodate settling and subsidence so that the cover’s integrity is maintained

e Have a permeability less than or equal to the permeability of any bottom liner system or
natural subsoils present

In addition to the above requirements, Title 40 CFR 265.310(b) specifies that:
After final closure, the owner or operator must comply with all post-closure requirements

contained in 265.117 through 265.120, including maintenance and monitoring throughout the
post-closure care period. The owner or operator must:

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

e Maintain and monitor the groundwater monitoring system and comply with all other
applicable requirements of Subpart F of this part

e Prevent run-on and runoff from eroding or otherwise damaging the final cover

e Protect and maintain surveyed benchmarks used in complying with Title 40 CFR 265.309
2.1.3 Title 40 CFR 191

Small amounts of TRU and MTRU wastes are disposed in GCD boreholes and one shallow-land
disposal unit at the Area 5 RWMS. According to DOE M 435.1-1, TRU waste is to be disposed
according to Title 40 CFR 191. With respect to the limited amounts of these wastes, the
NNSA/NSO will assess the applicability of Title 40 CFR 191 to closure through the process of
self 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 al., 2001). Title 40 CFR 191 includes both quantitative require-
ments and qualitative “assurance” requirements that must be met to demonstrate adequate pro-
tection of human health and the environment. The three quantitative requirements pertain to
containment, individual protection, and groundwater protection. The six assurance requirements
are imposed to provide additional confidence that the containment requirements will be met:

(1) active institutional controls, (2) passive institutional controls, (3) monitoring, (4) engineered
and natural barriers, (5) siting to avoid resources, and (6) future removal of waste. According to
definitions in Title 40 CFR 191 for active and passive institutional controls, the assurance
requirement of monitoring is considered to be an active control, and barriers are considered to be
a passive control.

Comparison of the assurance requirements associated with 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 the requirements of Title 40 CFR 191 will meet or exceed requirements of the radioactive
waste management Order. 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 also generally 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 specific closure plans.

2.1.4 NAC 444.743

Pits PO6U and PO7U are permitted Class III asbestiform low-level solid waste disposal units at
the Area 5 RWMS and must meet the following requirements:
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o NAC 444.743. Final cover or closure; postclosure. A Class Il site must comply with
requirements set forth in NAC 444.6891 to 444.6894, inclusive, concerning closure and
postclosure.

o NAC 444.6891. Requirements for design and construction of system for final cover. 1. the
owner or operator of a Class I site shall install a system for a final cover which is designed
to minimize infiltration and erosion. Except as otherwise provided in Subsection 2, the
system must be designed and constructed to:

® (a) Have a permeability that is less than or equal to the permeability of any system for a
bottom liner or natural subsoils present, or have a permeability no greater than 1 x 107
centimeters per second, whichever is less;

e (b) Minimize infiltration through the closed municipal solid waste landfill unit by the use of
an infiltration layer which contains at least 18 inches of earthen material; and

® (c) Minimize erosion of the final cover by the use of an erosion layer which contains at least
6 inches of earthen material which is capable of sustaining the growth of native plants.

2.2 Monitoring Standards

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

2.2.1 DOE Order 435.1

The DOE M 435.1-1 and DOE G 435.1-1 associated with DOE O 435.1 provide requirements
and implementation guidance for air monitoring (including radon), vadose zone, meteorology,
biota, direct radiation monitoring, and subsidence monitoring.

o Chapter 1V, P (1) (a). Dose to representative members of the public shall not exceed
25 millirem (mrem) (0.25 mSv) in a year total effective dose equivalent from all exposure
pathways, excluding the dose from radon and its progeny in air.

e P (1) (b). Dose to representative members of the public via the air pathway shall not exceed
10 mrem (0.10 mSv) in a year total effective dose equivalent, excluding the dose from radon
and its progeny.

e P (1) (c). Release of radon shall be less than an average flux of 20 pCi/m’/s (0.74 Bq/m’/s) at
the surface of the disposal facility. Alternatively, a limit of 0.5 pCi/l (0.0185 Bgq/l) of air may
be applied at the boundary of the facility.

e R (3) (a). The site-specific performance assessment and composite analysis shall be used to
determine the media, locations, radionuclides, and other substances to be monitored.
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e R (3)(b). The environmental monitoring program shall be designed to include measuring
and evaluating releases, migration of radionuclides, disposal unit subsidence, and changes
in disposal facility and disposal site parameters which may affect long-term performance.

e R (3)(c). The environmental monitoring programs shall be capable of detecting changing

trends in performance to allow application of any necessary corrective action prior to
exceeding the performance objectives in this Chapter.

2.2.2 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.

o Chapter 1V, 5b. (1). Environmental surveillance shall be designed to satisfy one or more of
the following program objectives:

o 5b (1)(a) Verify compliance with applicable environmental laws and regulations

o 5b(1)(b) Verify compliance with environmental commitments made in Environmental Impact
Statements, Environmental Assessments, Safety Analysis Reports, or other official DOE
documents

e 5b (1)(c) Characterize and define trends in the physical, chemical and biological condition of
environmental media

e 5b (1)(d) Establish baselines of environmental quality

e 5b (1)(e) Provide a continuing assessment of pollution abatement programs

5b (1)(f) Identify and quantify new or existing environmental quality problems
2.2.3 Title 40 CFR 61

Title 40 CFR 61 provides requirements for radiological air monitoring (including radon) and
direct radiation monitoring.

e Subpart H, National Emission Standards for Emission of Radionuclides Other Than Radon
from Department of Energy Facilities, Section 61.92 Standard. Emissions 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 receive in any year an effective dose equivalent of
10 mrem/year.

o Subpart Q, National Emission Standards for Radon Emissions from Department of Energy
Facilities, Section 61.192 Standard. No source at a Department of Energy facility shall emit
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more than 20 pCi/m’/s of radon-222 as an average for the entire source, into the air. This
requirement will be part of any Federal Facilities Agreement reached between
Environmental Protection Agency and Department of Energy.

To date, neither the Area 3 nor the Area S RWMSs contain 11.e.(2) waste, so Subpart Q does not
apply. However, Subpart Q is included because of the potential to receive 11.e.(2) waste in the
future.

2.2.4 Title 40 CFR 264

The Area 5 RWMS 92-ac area groundwater monitoring program is guided in part by the
following sections of Title 40 CFR 264, 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, 2004a) in agreement between NNSA/NSO and NDEP:

264.97, General groundwater monitoring requirements
264.98, Detection monitoring program

264.99, Compliance monitoring program

264.100, Corrective action program

264.101, Corrective action for solid waste management units

2.2.5 Title 40 CFR 265

The Area 5 RWMS groundwater monitoring program is driven in part by the following sections
of Title 40 CFR 265, 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, 2004a) in agreement between NNSA/NSO and NDEP:

265.90, Applicability

265.91, Groundwater monitoring system
265.92, Sampling and analysis

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

2.2.6 Title 40 CFR 191
Title 40 CFR 191 provides the following general monitoring requirement:

e Section 191.14 Assurance Requirements, (b). Disposal systems shall be monitored after
disposal to detect substantial and detrimental deviations from expected performance. This
monitoring shall be done with techniques that do not jeopardize the isolation of the wastes
and shall be conducted until there are no significant concerns to be addressed by further
monitoring.
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2.3 Compliance Strategy

The strategy for meeting the performance standards and a description of the final closure design
are summarized below. The strategy assumes that operational closure covers have been placed
on all filled disposal units.

e Screened native soil will be placed for the final closure cover of disposal units within the
Area 5 RWMS 92-ac area.

e The closure cover will be graded to slope approximately 2 percent southwest to promote
drainage off and away from the RWMS.

e The cover will be seeded and/or planted with vegetation.

e Performance monitoring devices will be installed in the cover or in a representative, nearby
cover.

e A facility monitoring plan will be developed and implemented.

¢ (Grading, drainage, and monitoring will be integrated with the RCRA CAU 111 and the Pit 3
MWDU to ensure that there are no adverse impacts to either unit.

The properties of the native soil used for the final closure cover and base of Pit 3, along with the
design of the landfill, are further discussed in Crowe (2004).

The closure plan is based on closure of the Pit 3 MWDU concurrent with closure of the 92 ac at
the Area S RWMS, which requires integration of the Pit 3 MWDU, CAU 111, and all of the
operationally closed RWMS facilities. The proposed integrated cover design uses a final mono-
layer closure cover over all of the disposal units. The final 92-ac area RWMS closure cover is
referred to as a “monolayer-evapotranspiration” (ET) cover because of the absence of layers and
the two active processes in the cover that remove moisture from the soil — evaporation and
transpiration by plants. The final RWMS closure cover will include filling drainage channels
between disposal units and using drainage channels around the perimeter of the Area 5 RWMS
Facility.
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3.0 SITE CHARACTERISTICS

The geography, demographics, and other physical characteristics of the NTS, Yucca Flat,
Frenchman Flat, and surrounding areas are collectively important to the RWMSs, especially in
terms of meeting performance objectives defined in DOE M 435.1-1.

3.1 Geography

The NTS, located in Nye County, Nevada, 104 km (65 mi) northwest of Las Vegas, comprises
approximately 3,561 square km (km?) (1,375 square mi [mi]) of land reserved to the jurisdiction
of the DOE under four land withdrawals (DOE, 1996). The primary use of the NTS between
1951 and 1992 was testing of nuclear weapons. Since 1992, subcritical experiments and other
defense-related and nondefense-related activities have been and continue to be conducted at the
NTS. Mercury, in the southeast corner of the NTS, is the primary support facility for the NTS.
Other, smaller communities, including Amargosa Valley, Lathrop Wells, and Indian Springs, are
also present within a few tens of km (tens of mi) of the NTS, along the U.S. Highway 95 corridor
(Figure 1.1). The primary valleys on the NTS are Yucca Flat, Frenchman Flat, and Jackass Flats.
Yucca Flat is in the northeast part of the NTS, Frenchman Flat is in the southeast part of the
NTS, and Jackass Flats is in the southwest part of the NTS.

Yucca Flat is an elongated, sediment-filled basin that trends roughly north-south; the long axis is
approximately 27 km (17 mi) and the short axis is approximately 16 km (10 mi). Yucca Flat is
bounded by Quartzite Ridge and Rainier Mesa on the north, the Halfpint Range on the east, the
Massachusetts Mountains and Control Point Hills on the south, and Mine Mountain and the
Eleana Range on the west. The Yucca Flat basin slopes from the north at an elevation of
approximately 1,402 m (4,600 ft) to the south toward Yucca Playa, the lowest part of the basin at
an elevation of approximately 1,189 m (3,900 ft). Yucca Flat was one of several primary nuclear
test areas and is marked essentially the length of the valley with craters (Figure 3.1).

Frenchman Flat is a roughly circular basin bounded by the Massachusetts Mountains 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 3.2). Elevations range between
1,600 m (5,250 ft) in the surrounding mountains to 939 m (3,080 ft) at Frenchman Playa in the
center of the basin. Frenchman Flat was one of several primary nuclear test areas. Atmospheric
tests were conducted on the playa and a limited number of underground tests were conducted in
the northern part of the basin.

3.2 Demography

Demographic issues for use of the Area 3 and Area 5 RWMSs include the distribution of the
population in and around the NTS, as well as the current and proposed uses of the land adjacent
to the NTS.
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