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1. PURPOSE

The purpose of this report is to define and document procedural safety controls (PSCs) for
preventing or mitigating event sequences that are derived from the preclosure safety analysis
(PCSA). The identified PSCs will provide the bases for developing licensing specifications,
normal and emergency operating procedures, and administrative controls. The report also
identifies administrative controls to be included as part of the support and management systems.
These administrative controls are used to establish the normal operating configuration and
environment to provide a basis for performing the PCSA.

2. QUALITY ASSURANCE

This report has been prepared in accordance with PA-PRO-0313, Technical Reports (Ref. 8.2.5),
and LS-PRO-0201, Preclosure Safety Analysis Process (Ref. 8.2.4). Therefore, the approved
version is designated as “QA: QA.”

2.1 USE OF SOFTWARE
2.1.1 Level 1 Software

No Level 1 software, as defined in IT-PRO-0011, Software Management (Ref. 8.2.3,
Attachment 12), is used in preparing this report.

2.1.2 Level 2 Software

Level 2 software, as defined in Software Management (Ref. 8.2.3, Attachment 12), used in
preparing this report is limited to the commercially available Word 2003, which is a component
of the Microsoft Office 2003 suite of programs. The program is used on a personal computer
running either Windows XP Professional or Windows 2000.

3. APPLICABLE CRITERIA AND REQUIREMENTS

A PCSA is required per 10 CFR 63.112 (Ref. 8.2.1). As required per 10 CFR 63.112, in part, the
PCSA must include a systematic analysis of natural and human-induced hazards at the geologic
repository operations area (GROA) and the technical basis for including or excluding specific
hazards in the safety analysis. Furthermore, the PCSA is required to evaluate the probability of
the occurrence of event sequences during the operating period before permanent closure and to
categorize them as either Category 1 or Category 2 event sequences, as described in 10 CFR
63.2. Event sequences that have less than one chance in 10,000 of occurring before permanent
closure of the repository are considered beyond Category 2 event sequences.
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The technical bases for including or excluding certain hazards or for determining the probability
category for a given event sequence may rest on the geologic setting; the design or structures,
systems, and components (SSCs) important to safety (ITS); or other controls that are relied upon
to limit or prevent potential event sequences or to mitigate their consequences. The Yucca
Mountain Review Plan (Ref. 8.1.15), Section 2.1.1.6.3, Acceptance Criterion 2, addresses
“administrative or PSCs needed to prevent event sequences, mitigate their effects” and includes
consideration of management systems and procedures that ensure that administrative or PSCs
will function properly. This report is developed to identify PSCs. A companion report,
Preclosure Nuclear Safety Design Bases (Ref. 8.1.13), identifies the SSCs that are ITS.

This report does not identify the subset of controls that will be identified as licensing
specifications. The purpose of this report is to collect the PSCs identified through the PCSA
process to provide input for further disposition as licensing specifications, operating procedures,
or administrative controls.

4. ASSUMPTIONS

None used.

5. METHOD FOR IDENTIFYING AND COMPILING PROCEDURAL
SAFETY CONTROLS

PSCs are documented and controlled specific actions, or series of actions, taken by the operating
staff in preparation for or during the execution of waste handling and emplacement. PSCs
implement human activities that:

1. For postclosure, are relied upon to ensure that the controlling parameters in the
features, events, and processes and the total system performance assessment are
satisfied

2. For preclosure, are relied upon to reduce the likelihood of an initiating event or an
event sequence

3. For preclosure, are relied upon to mitigate the consequences of an event sequence.

By Items 1, 2, and 3, PSCs are not intended to substitute for normal operating practices, and
there are no identified PSCs for manual action to terminate event sequences. However, they may
be implemented as individual written procedures, or they may be subsumed into normal
operating procedures (e.g., for alignment of heating, ventilation, and air-conditioning),
administrative controls (e.g., fire protection program, reliability program), management controls,
or the radiation protection program. Examples of how such programs support the PCSA are
listed in Table 2.

This report is limited to development of preclosure PSCs.
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Expanding on the above, preclosure PSCs are defined as procedures or administrative controls
for implementation of human activities that reduce the chance of or mitigate the consequences of
event sequences. PSCs may also control the amounts and type of radioactive waste present in
repository operations or locations. A PSC is a formally documented and controlled specific
action or series of actions taken by the operating staff in preparation for or during the execution
of a particular GROA operation. A PSC may be a localized action that ensures that the
prevention of or the proper execution of a given event is performed with the required reliability.
A PSC may be a general requirement that ensures that the baseline operating conditions of
repository SSCs used for PCSA screening and detailed analyses are in place prior to and during
waste handling.

PSCs are derived from (1) event sequence quantification analyses where a human interaction or a
required operating condition affects the probability of an initiating event, affects the probability
of a pivotal event, or is the basis for screening out a particular human failure event (HFE);
(2) supporting analyses that provide the basis for screening out a potential hazard from being an
initiating event of an event sequence; (3) conditions necessary to prevent criticality scenarios;
and (4) conditions necessary to ensure that the amounts and type of radioactive wastes are
bounded by the source terms used in the radiological consequence analyses.

Units used in this report include the following:

e Limits on operating speeds are presented in both metric (mps) and engineering units (fps
or mph)

e Limits on operating, exposure, or mission times are expressed in hours.
5.1 PROCESS

Per Step 4.1.6 of Preclosure Safety Analysis Process (Ref. 8.2.4), the contents of this report are
developed from the results of the PCSA, performed using procedure Steps 4.1.1 through 4.1.4, or
from other event sequence analyses or references, to include the following:

e Identify the human actions that contribute to Category 1, Category 2, or beyond
Category 2 event sequences in concert with the ITS SSCs in the PCSA to comply with
10 CFR 63.111(c¢), and describe the associated PSCs.

e Identify the human actions that are relied upon in addition to the ITS SSCs for
preventing criticality for Category 1 and Category 2 event sequences, and describe the

associated PSCs.

¢ [dentify the human actions that are relied upon for maintaining dose compliance with 10
CFR 63.111, and describe the associated PSCs.

e Assess and compile the operational and maintenance conditions required to ensure the
level of performance and reliability of ITS SSCs incorporated into the PCSA.

e Prepare a PSC list.
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In addition, analyses that support the screening out of certain external or internal events are
examined for administrative controls that may be appropriate as PSCs. If it is determined that
the administrative restrictions are appropriate as PSCs because they are derived from, or support,
the PCSA, they are listed in Table 1, Procedural Safety Controls. However, if the administrative
control is already contained in existing Project's Support and Management System and derived
from the PCSA, the administrative control is included in Table 2, Other Administrative or
Management Controls That Support Preclosure Safety Analysis.

5.2 COMPILATION OF PROCEDURAL SAFETY CONTROLS FROM
PRECLOSURE SAFETY ANALYSIS AND SUPPORTING ANALYSES

PSCs are derived from several analyses that support the PCSA for the license application. The
supporting analyses include the event sequence quantification for each of the GROA facilities,
including the following:

e Canister Receipt and Closure Facility (CRCF)
Initial Handling Facility (IHF)

Receipt Facility (RF)

Wet Handling Facility (WHF)

Intra-Site Operations

Subsurface Operations.

Each of the event sequence analysis documents includes analyses of event sequences initiated by
mechanical failures or HFEs that cause malfunctions of mechanical handling equipment such as
cranes, canister transfer machines, waste form transporters, and shield doors. The analyses also
include initiating events caused by internal fires. Each of the documents also includes a
facility-specific human reliability analysis that points to the need for a particular administrative
control or procedure that is relied on for estimating the probability of an HFE. Other PSCs are
identified to ensure that initial or boundary conditions for fire initiation or normal environmental
conditions for equipment operations are maintained.

Specialized analyses include the following:

e External events screening
Aircraft crash

Seismic

Industrial military hazards
Criticality

Consequences

Construction hazards screening.

Each of the specialized analyses were reviewed to identify, where appropriate, PSCs that ensure
that initial or boundary conditions are satisfied, that are required to screen out various hazards, or
that ensure that the bases for PCSA radiological consequence analyses are maintained.

The following subsections provide a brief overview of the PSCs that are derived from each of the
source documents. The overview also summarizes the bases or origins of the PSCs that are
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documented in the source documents and, where appropriate, includes an identifier for a
representative event sequence that employs the PSC. Statements of specific PSCs and their
bases are presented in Table 1.

5.2.1 Internal Event Sequence Quantification for GROA Facilities

The internal event sequence categorization analysis of each facility that comprises the GROA
(i.e., the CRCF, IHF, RF, WHF, Intra-Site Operations, and Subsurface Operations) identifies the
design and operational features that establish the bases for the safety analysis. Included in these
analyses are human reliability analyses that identify procedures that must be in place to support
the quantification of the probabilities of HFEs incorporated into the overall event sequence
quantification for a given facility. Each analysis also includes a comprehensive fire analysis that
relies on the implementation of a fire protection program to control transient combustibles and
ignition sources and that relies on maintenance of waste form exposure times to within the
parameters used in the fire analyses. Such procedural controls are identified in Section 6.9.2 of
the analysis for each facility:

o CRCF Facility Reliability and Event Sequence Categorization Analysis (BSC 2007
(Ref. 8.1.2))

o [HF Reliability and Event Sequence Categorization Analysis (BSC 2007 (Ref. 8.1.4))

e RF Receipt Facility Reliability and Event Sequence Categorization Analysis (BSC 2007
(Ref. 8.1.8))

o WHF Reliability and Event Sequence Categorization Analysis (BSC 2007 (Ref. 8.1.10))

o [ntra-Site Operations and Balance of Plant BOP Reliability and Event Sequence
Categorization Analysis (BSC 2007 (Ref. 8.1.6))

o Subsurface Operations Reliability and Event Sequence Categorization Analysis (BSC
2007 (Ref. 8.1.9)).

This report collects and consolidates the identical PSCs that have been identified in each facility
analysis.
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5.2.2 Seismic Event Sequence Analysis for GROA Facilities

Seismic Event Sequence Quantification and Categorization (Ref. 8.1.14) includes all of the
facilities and operations that comprise the GROA (i.e., the CRCF, IHF, RF, WHF, Intra-Site
Operations, and Subsurface Operations). The seismic analysis identifies the design and
operational features that establish the bases for the nuclear safety design bases. Included in these
analyses are expressions of the average time that a waste form is exposed to a seismic event
during the preclosure period. A PSC is defined to control and verify the average exposure times
so as to validate the preclosure seismic analysis. Other PSCs derived from the seismic analysis
ensure that waste forms are seismically stable at each step in the waste handling process. The
procedural controls are identified in the analysis and are incorporated into Table 1.

5.2.3 Ciriticality Analysis

The Preclosure Criticality Safety Analysis (Ref. 8.1.11) identifies component design
requirements, material properties, and operational conditions that must be controlled to validate
that criticality does not occur in any Category 1 or Category 2 event sequences. The analysis
includes all facilities in the GROA and identifies required PSCs for each facility. This report
collects these PSCs in Table 1.

5.2.4 Consequences

Preclosure Consequence Analyses (Ref. 8.1.7) identifies waste form material properties and
GROA operating conditions that must be controlled to validate the doses calculated for
Category 1 or Category 2 event sequences. The analysis includes all facilities and operations in
the GROA and identifies required PSCs for each facility. This report collects these PSCs in
Table 1.

5.2.5 External Events Screening

The External Events Screening Analysis (Ref. 8.1.12) applies considerations of site location and
characteristics to screen out potential hazards. For a few hazards, the screening relies on the
performance of some maintenance activities to ensure that the technical basis for screening is
realized over the preclosure period. For example, the screening out of external fires from the
land surrounding the GROA is based on maintaining a separation distance of 10 m (32.8 ft) or
greater between combustible vegetation and the nearest structures containing radiological
materials. This requirement was considered as a potential PSC. After review, it was determined
that the restriction is inappropriate to be listed as a PSC as it is contained in existing Support and
Management Systems. Specifically, it was determined that this administrative control is part of
the fire protection program and therefore, it was included in Table 2.

For other hazards, the external events screening analysis incorporates results of more detailed
analyses such as the Frequency Analysis of Aircraft Hazards for License Application (Ref. 8.1.3)
or the Industrial/Military Activity-Initiated Accident Screening Analysis (Ref. 8.1.5). These
analyses identify certain administrative restrictions that are relied upon as a basis for screening
out hazards, as identified in the respective reports. These administrative restrictions were
considered as potential PSCs as described in Sections 5.2.6 and 5.2.7.
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5.2.6 Aircraft Crash

The Frequency Analysis of Aircraft Hazards for License Application (Ref. 8.1.3) is based on
maintaining a buffer zone around and over the GROA that excludes flights by fixed-wing aircraft
and protects against helicopters flying close to waste handling facilities. The analysis specifies
several PSCs that must be incorporated into the operations of the GROA. Such PSCs are
incorporated into Table 1.

5.2.7 Industrial Military Hazards

The Industrial/Military Activity-Initiated Accident Screening Analysis (Ref. 8.1.5) evaluates the
proximity of hazards that currently exist at the Yucca Mountain site due to nearby military
activities, including the Nevada Test Site and the Nevada Test and Training Range, and due to
commercial activities, primarily transportation. Such hazards have been screened out because no
hazard exists within a 5-mile radius of the GROA. It is stated that the land withdrawal area, and
the U.S. Department of Energy management of that area, provides a buffer from current military
and industrial hazards, which will ensure that the 5-mile standoff radius will be maintained for
the preclosure period. It is determined that the administrative restrictions are inappropriate as
PSCs since they are contained in existing Project's Support and Management Systems. However,
such administrative controls are identified in external event screening analyses and therefore are
included in Table 2.

5.2.8  Construction Hazards Screening

The Construction Hazards Screening Analysis (Ref. 8.1.1) is a systematic examination of various
categories of hazards from surface and subsurface construction activities that could potentially
interact with waste forms or waste handling operations and lead to an exposure to radiation. The
analysis includes consideration of physical impact (e.g., collision, crushing) such as construction
cranes falling onto a waste form, chemical contamination, flooding, fires, explosions/implosions,
radiation, and thermal effects. The analysis identifies several administrative measures that allow
such hazards to be screened out as potential initiating events from the event sequence analyses
for the surface and subsurface facilities. Those administrative measures were considered as
potential PSCs. Such practices maintain separation distances and barriers and dictate how
construction materials, including explosives, are controlled. It is determined that the
administrative restrictions are contained in existing Project's Support and Management Systems,
and therefore are included in Table 2.
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6. SUPPORT AND MANAGEMENT SYSTEMS

In the course of analyzing means to prevent or mitigate event sequences, several support and
management systems were implicitly relied on to ensure that the GROA is operated and
maintained in accordance with regulatory and usual practices for nuclear facilities. With these
management systems in place, it is unnecessary to identify specific practices as PSCs in the
context of this report. Such management systems that are relied upon to implement
administrative and PSCs include the following:

¢ Quality Assurance Program—Requirements will be applied to appropriate SSCs, and
management controls will be applied to other SSCs.

e Records, reports, tests and inspections—Records will be created and maintained to
describe the construction and the resulting as-built configuration of the repository
surface and subsurface facilities.

e Training and certification of personnel—The training program will identify tasks and
personnel classifications that require training before personnel can operate, maintain,
engineer, manage, or perform quality-affecting activities.

e Startup activities and testing—This program will be applied to ITS SSCs and SSCs
important to waste isolation and their operational processes prior to receipt of waste.

e Conduct of normal activities, including maintenance, surveillance, and periodic
testing—Prior to the receipt of waste, plans will be developed and implemented for the
conduct of normal activities, including operations, maintenance, surveillance, and
periodic testing of SSCs and related processes.

e Emergency planning—This plan will establish the basis for written procedures and
practices for the control of emergency events that may occur at the repository.

e License specifications—License specifications will be used to set limiting conditions
for operations to ensure the safety bases of the PCSA.

e Operational radiation protection program—This program will be implemented
through procedures and work controls to ensure that radiation protection measures are
employed for the protection of workers, the public, and the environment, commensurate
with the scope and extent of licensed activities.

e Configuration management system—This system will maintain design bases and will

be integrated with repository procedures to ensure that design and operation within the
design bases of SSCs occurs.
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7. RESULTS

Table 1 lists the PSCs, the basis for identifying the requirement as a PSC, and the source
document(s). Table 2 lists items that are also derived from the PCSA and will be included in
administrative controls as part of the support and management systems that establish the normal
operating configuration and environment that provide a foundation for performing the PCSA.
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