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3.0 SAFETY PROGRAM COMMITMENTS

This section presents the commitments pertaining to the facility's safety program including the
performance of an ISA. 10 CFR Part 70 (CFR, 2003b) contains a number of specific safety
program requirements related to the integrated safety analysis (ISA). These include the primary
requirements that an ISA be conducted, and that it evaluate and show that the facility complies
with the performance requirements of 10 CFR 70.61 (CFR, 2003c).

3.0 .7 SAFE1Y PROGRAM

irhe three elements of the safety program defined in 10 CFR 70.62(a) (CFR, 2003d) are
addressed below.

3.0.1 Process Safety Information

A. LES has compiled and maintains up-to-date documentation of process safety
information. Written process-safety information is used in updating the ISA and in
identifying and understanding the hazards associated with the processes. The
compilation of written process-safety information includes information pertaining to:

1. The hazards of all materials used or produced in the process, which includes
information on chemical and physical properties such as are included on Material
Safety Data Sheets meeting the requirements of 29 CFR 1910.1200(g) (CFR,
2003e).

2. Technology of the process which includes block flow diagrams or simplified
process flow diagrams, a brief outline of the process chemistry, safe upper and
lower limits for controlled parameters (e.g., temperature, pressure, flow, and
concentration), and evaluation of the health and safety consequences of process
deviations.

3. Equipment used in the process including general information on topics such as
the materials of construction, piping and instrumentation diagrams (P&IDs),
ventilation, design codes and standards employed, material and energy
balances, IROFS (e.g., interlocks, detection, or suppression systems), electrical
classification, and relief system design and design basis.

The process-safety information described above is maintained up-to-date by the
configuration management program described in Section 11.1, Configuration
Management.

B. LES has developed procedures and criteria for changing the ISA. This includes
implementation of a facility change mechanism that meets the requirements of 10 CFR
70.72 (CFR, 2003f).

The development and implementation of procedures is described in Section 11.4,
Procedures Development and Implementation.
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C. LES uses personnel with the appropriate experience and expertise in engineering and
process operations to maintain the ISA. The ISA Team for the various processes
consists of individuals who are knowledgeable in the ISA method(s) and the operation,
hazards, and safety design criteria of the particular process. Training and qualifications
of individuals responsible for maintaining the ISA are described in Section 11.3, Training
and Qualifications, Section 2.2, Key Management Positionsanid Section 3.2, Integrated
SaifetyAnalys~is _Team_.

3.0.2 Integrated Safety Analysis

A. LES has conducted an ISA for each process, such that it identifies (i) radiological
hazards, (ii) chemical hazards that could increase radiological risk, (iii) facility hazards
that could increase radiological risk, (iv) potential accident sequences, (v) consequences
and likelihood of each accident sequence and (vi) IROFS including the assumptions and
conditions under which they support compliance with the performance requirements of
10 CFR 70.61 (CFR, 2003c).

A synopsis of the results of the ISA, including the information specified in
10 CFR 70.65(b) (CFR, 2003a), is provided in the National Enrichment Facility
Integrated Safety Analysis Summary.

B. LES has implemented programs to maintain the ISA and supporting documentation so
that it is accurate and up-to-date. Changes to the ISA Summary are submitted to the
NRC, in accordance with 10 CFR 70.72(d)(1) and (3) (CFR, 2003f). The ISA update
process accounts for any changes made to the facility or its processes. This update will
also verify that initiating event frequencies and IROFS reliability values assumed in the
ISA remain valid. Any changes required to the ISA as a result of the update process will
be included in a revision to the ISA. Management policies, organizational
responsibilities, revision time frame, and procedures to perform and approve revisions to
the ISA are outlined in Chapter 11.0, Management Measures. Evaluation of any facility
changes or changes in the process safety information that may alter the parameters of
an accident sequence is by the ISA method(s) as described in the ISA Summary
Document. For any revisions to the ISA, personnel having qualifications similar to those
of ISA team members who conducted the original ISA are used.

C. Personnel used to update and maintain the ISA and ISA Summary are trained in the ISA
method(s) and are suitably qualified. Training and Qualification of personnel used to
update or maintain the ISA are described in Section 11.3, Training and Qualifications.

D. Proposed changes to the facility or its operations are evaluated using the ISA method(s).
New or additional IROFS and appropriate management measures are designated as
required. The adequacy of existing IROFS and associated management measures are
promptly evaluated to determine if they are impacted by changes to the facility and/or its
processes. If a proposed change results in a new type of accident sequence or
increases the consequences or likelihood of a previously analyzed accident sequence
within the context of 10 CFR 70.61 (CFR, 2003c), the adequacy of existing IROFS and
associated management measures are promptly evaluated and the necessary changes
are made, if required.
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E. Unacceptable performance deficiencies associated with IROFS are addressed that are
identified through updates to the ISA.

F. Written procedures are maintained on site. Section 11.4, Procedures Development and
Implementation, discusses the procedures program.

G. All IROFS are maintained so that they are available and reliable when needed.

3.0.3 Management Measures

Management measures are functions applied to IROFS, and any items that may affect the
function of IROFS. IROFS management measures ensure compliance with the performance
requirements assumed in the ISA documentation. The measures are applied to particular
structures, systems, equipment, components, and activities of personnel, and may be graded
commensurate with the reduction of the risk attributable to that IROFS. The IROFS
management measures shall ensure that these structures, systems, equipment, components,
and activities of personnel within the identified IROFS boundary are designed, implemented,
and maintained, as necessary, to ensure they are available and reliable to perform their function
when needed, to comply with the performance requirements assumed in the ISA
documentation.

The following types of management measures are required by the 10 CFR 70.4 r(CFR, 2003b)
definition of management measures. The description for each management measure reflects
the general requirements applicable to each IROFS. Any management measure that deviates
from the general requirements described in this section, which are consistent with the
performance requirements assumed in the ISA documentation, are discussed in ihe National
Enrichment Facility Integrated Safety Analysis Summary.

Configuration Manaaement

The configuration management program is required by 10 CFR 70.72 (CFR,2003f) and
establishes a system to evaluate, implement, and track each change to the site, structures,
processes, systems, equipment, components, computer programs, and activities of personnel.
Configuration management of IROFS, and any items that may affect the function of IROFS, is
applied to all items identified within the scope of the IROFS boundary. Any change to
structures, systems, equipment, components, and activities of personnel within the identified
IROFS boundary must be evaluated before the change is implemented. If the change requires
an amendment to the License, Nuclear Regulatory Commission approval is required prior to
implementation.

Maintenance

Maintenance of IROFS, and any items that may affect the function of IROFS, encompasses
planned surveillance testing and preventative maintenance, as well as unplanned corrective
maintenance. Implementation of approved configuration management changes to hardware is
also generally performed as a planned maintenance function.

Planned surveillance testing (e.g., functionalperformance testing, instrument calibrations)
monitors the integrity and capability of IROFS, and any items that may affect the function of
IROFS, to ensure they are available and reliable to perform their function when needed, to
comply with the performance requirements assumed in the ISA documentation. All necessary
periodic surveillance testing is gienera1j performed on an annual frequency (any exceptions
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credited within the ISA are discussed in t National'Enric'hment Facilit ylntegrated Safety
Analysis Summary).

Planned preventative maintenance (PM) includes periodic refurbishment, partial or complete
overhaul, or replacement of IROFS, as necessary, to ensure the continued availability and
reliability of the safety function assumed in the ISA documentation. In determining the
frequency of any PM, consideration is given to appropriately balancing the objective of
preventing failures through maintenance, against the objective of minimizing unavailability of
IROFS because of PM. In addition, feedback from PM and corrective maintenance and the
results of incident investigations and identified root causes are used, as appropriate, to modify
the frequency or scope of PM.

Planned maintenance on IROFS, or any items that may affect the function of IROFS, that do' not
have redundant functions available, will provide for compensatory measures to be put into place
to ensure that the IROFS function is performed until it is put back into service.

Corrective maintenance involves repair or replacement of equipment that has unexpectedly
degraded or failed. Corrective maintenance restores the equipment to acceptable performance
through a planned, systematic, controlled, and documented approach for the repair and
replacement activities.

Following any maintenance on IROFS, and before returning an IROFS to operational status,
functional testing of the IROFS, as necessary, is performed to ensure the IROFS is capable of
performing its intended safety function.

Training and Qualifications

IROFS, and any items that may affect the function of IROFS, require that personnel involved at
each level (from design through and including any assumed process implementation steps or
actions) have and maintain the appropriate training and qualifications. Employees are provided
with formal training to establish the knowledge foundation and on-the-job training to develop
work performance skills. For process implemented steps or actions, a needs/job analysis is
performed and tasks are identified to ensure that appropriate training is provided to personnel
working on tasks related to IROFS. Minimum training requirements are developed for those
positions whose activities are relied on for safety. Initial 'identification of job-specific training
requirements is based on experience. Entry-level criteria (e.g., education, technical
background, and/or experience) for these positions are contained in position descriptions.

Qualification is indicated by successful completion of prescribed training, demonstration of the
ability to perform assigned tasks, and where required by regulation, maintaining a current and
valid license or certification.

Continuing training is provided, as required, to maintain proficiency in specific knowledge and
skill related activities. For all IROFS, and any items that may affect the function of IROFS,
involving process implemented steps or actions, annual refresher training or requalification is
g6nerally required (any exceptions credited within the ISA are discussed in ithe National
Enrichmeri Facility Integrated Safety Analysis Summary).
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Procedures

All activities involving IROFS, and any items that may affect the function of IROFS, are
conducted in accordance with approved procedures. Each of the other IROFS management
measures (e.g., configuration management, maintenance, training) is implemented via approved
procedures. These procedures are intended to provide a pre-planned method of conducting the
activity in order to eliminate errors due to on-the-spot analysis and judgments.

All procedures are sufficiently detailed that qualified individuals can perform the required
functions without direct supervision. However, written procedures cannot address all
contingencies and operating conditions. Therefore, they contain a degree of flexibility
appropriate to the activities being performed. Procedural guidance exists to identify the manner
in which procedures are to be implemented. For example, routine procedural actions may not
require the procedure to be present during implementation of the actions, while complex jobs, or
checking with numerous sequences may require valve alignment checks, approved operator
aids, or in-hand procedures that are referenced directly when the job is conducted.

To support the requirement to minimize challenges to IROFS, and any items that may affect the
function of IROFS, specific procedures for abnormal events are also provided. These
procedures are based on a sequence of observations and actions to prevent or mitigate the
consequences of an abnormal situation.

Audits and Assessments

Audits are focused on verifying compliance with regulatory and procedural requirements and
licensing commitments. Assessments are focused on effectiveness of activities and ensuring
that IROFS are reliable and are available to perform their intended safety functions as
documented in the ISA. The frequency of audits and assessments is based upon the status and
safety importance of the activities being performed and upon work history. However, at a
minimum, all activities associated with maintaining IROFS will 56nerall be audited or assessed
on an annual basis (any exceptions credited within the ISA are discussed in hNatioial
`Enichnment Facility Integrated Safety Analysis Summary).

Incident Investigations

Incident investigations are conducted within the Corrective Action Program (CAP). Incidents
associated with IROFS, and any items that may affect the function of IROFS, encompass a
range of items, including (a) processes that behave in unexpected ways, (b) procedural
activities not performed in accordance with the approved procedure, (c) discovered deficiency,
degradation, or non-conformance with an IROFS, or any items that may affect the function of
IROFS. Additionally, audit and assessment results are tracked in the Corrective Action
Program.

Feedback from the results of incident investigations and identified root causes are used, as
appropriate, to modify management measures to provided continued assurance that the
reliability and availability of IROFS remain consistent with the performance requirements
assumed in the ISA documentation.

Records Management

All records associated with IROFS, and any items that may affect the function of IROFS, shall
be managed in a controlled and systematic manner in order to provide identifiable and
retrievable documentation. Applicable design specifications, procurement documents, or other
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documents specify the QA records to be generated by, supplied to, or held, in accordance with
approved procedures are included.

Other Quality Assurance Elements

Other quality assurance elements associated with IROFS, or any items that may affect the
function of IROFS, that are required to ensure the IROFS is available and reliable to perform the
function when needed to comply with the performance requirements assumed in the ISA
documentation, Be discussed in the National Enrichment Facilitiy ntegrated Safety Analysis
Summary.
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3.1 INTEGRATED SAFETY ANALYSIS METHODS

0This section outlines the approach utilized for performing the integrated safety analysis (SA) of
the process accident sequences. The approach used for performing the ISA is consistent with
Example Procedure for Accident Sequence Evaluation, Appendix A to Chapter 3 of NUREG-
I 520 (NRC, 2002). This approach employs a semi-quantitative risk index method for
categorizing accident sequences in terms of their likelihood of occurrence and their
consequences of concern. The risk index method framework identifies which accident
sequences have consequences that could exceed the performance requirements of
p10 CFR 70.61 (CFR, 2003c) and, therefore, require designation of items relied on for safety
(IROFS) and supporting management measures. Descriptions of these general types of higher
consequence accident sequences are reported in the ISA Summary.

helSA isisistematic a'n'alysis to identify plant and external hazards and the potential for
Initiating accident sequences, the potential accident sequences, the likelihood and
consequences, and the IROFS.
gThe ISA uses a hazard analysis method to d'eify the hazards which are relevant for each
system or facility. The ISA Team reviewed the hazard identified for the "credible worst-case"
consequences. All credible high or intermediate severity consequence accident scenarios were
assigned accident sequence identifiers, accident sequence descriptions, and a risk index
dUetermination was made.

h risk index method is regarded as a screening method, not as a definitive method of proving
the adequacy or inadequacy of the IROFS for any particular accident.
I The tabular accident summary resulting from the ISA identifies, for each sequence, which
engineered or administrative IROFS must fail to allow the occurrence of consequences that
exceed the levels identified in 10 CFR 70.61 (CFR, 2003c).
For this license application, two ISA Teams were formed. This was necessary because the
sensitive nature of some of the facility design information related to the enrichment process
required the use of personnel with the appropriate national security clearances. This team
performed the ISA on the Cascade System, Contingency Dump System, Centrifuge Test
System and the Centrifuge Post Mortem System. This ISA Team is referred to as the Classifled
ISA Team. The Non-Classified Team, referred to in the remainder of this text as the ISA Team,
performed the ISA on the remainder of the facility systems and structures. In addition, the (non-
blassified) ISA Team performed the External Events and Fire Hazard Assessment for the entire
facility.

Inpreparing for the ISA, the Accident Analysis in the Safety Analysis Report (LES, 1993) for the
Claiborne Enrichment Center was reviewed. In addition, experienced personnel with familiarity
with the gas centrifuge enrichment technology safety analysis where used on the ISA Team.
IThis provides a good peer check of the final ISA results.
rA procedure was developed to guide the conduct of the 18A. This procedure was used by both
teams. In addition, there were common participants on both teams to further integrate the
approaches employed by both teams. These steps were taken to ensure the consistency of the
'results of the two teams. A non-classified summary of the results of the Classified ISA has been
prepared and incorporated into the ISA Summary.
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3.1.1 Hazard Identification

The hazard and operability (HAZOP) analysis method was used for identifying the hazards for
the Uranium Hexafluoride (UF6) process systems and Technical Services Building systems.
This method is consistent with the guidance provided in NUREG-1513 (NRC, 2001) and
NUREG-1520 (NRC, 2002). The hazards identification process results in identification of
physical, radiological or chemical characteristics that have the potential for causing harm to site
workers, the public, or to the environment. Hazards are identified through a systematic review
process that entails the use of system descriptions, piping and instrumentation diagrams,
process flow diagrams, plot plans, topographic maps, utility system drawings, and specifications
of major process equipment. In addition, criticality hazards identification were performed for the
areas of the facility where f issile material is expected to be present. The criticality safety
analyses contain Information about the location and geometry of the fissile material and other
materials in the process, for both normal and credible abnormal conditions. The ISA input
information is included in the ISA documentation and is available to be verified as part of an6o-i
lsite review.

jThe hazard identificatio nprocess documents materials that are:

Radioactive
* Fissile

r Flammable
rExplosive

r---- -- _.*Toxic

*_Reactive.
iThe hazard identification also identifies potentially hazardous process conditions. Most hazards
were assessed individually for the potential impact on the discrete components of the process
systems. However, for hazards from fires (external to the process system) and external events
0(seismic, severe weather, etc.), the hazards were assessed on a facility wide basis.
For the purpose of evaluating the impacts of fire hazards; the ISA team considered the
following:

' Postulated the development of a fire occurring in in-situ combustibles from an unidentified
ignition source (e.g., electrical shorting, or other source)

* Postulated the development of a fire occurring in transient combustibles from an unidentified
Ignition source (e.g., electrical shorting, or other source)

r Evaluated the uranic content in the space and its configuration (e.g., UF6 solid/gas in
,cylinders, UF6 gas in piping, UF6 and/or byproducts bound on chemical traps, Uranyl
Fluoride (U02F2) particulate on solid waste or in solution). The appropriate configuration_
was considered relative to the likelihood of the target releasing its uranic content as a result
of a fire in the area.

In order to assess the potential severity of a given fire-and the resulting failures to critical
systems, the facility Fire Hazard Analysis was consulted. However, since the design supporting
the license submittal for this facility is not yet at the detailed design stage, detailed in-situ
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'combustible loading and in-situ combustible configuration information is not yet available._
Therefore, in order to place reasonable and conservative bounds on the fire scenarios analyzed,
the ISA Team estimated in-situ combustible loadings based on information of the in-situ
Combustible loading from Urenco's Almelo SP-5 plant (on which the National Enrichment Facility
(NEF) design is based). This information from SP-5 indicates that in-situ combustible loads are
expected to be very. low.

The 1ire Safety Management Program will limit the allowable quantity of transient combustibles
In critical plant areas (i.e., uranium areas). Nevertheless, the ISA Team still assumed the
presence of moderate quantities of ordinary (Class A) combustibles (e.g., trash, packing
materials, maintenance items or packaging, etc.) in excess of anticipated procedural limits. This
was not considered a failure of the associated administrative IROFS feature for controlling/
minimizing transient combustible loading in all radiation/uranium areas. Failure of the IROFS is
connoted as the presence of extreme or severe quantities of transients (e.g., large piles of
combustible solids, bulk quantities of flammable/combustible liquids or gases, etc.). The Uren6co
ISA Team representatives all indicated that these types of transient combustible conditions do
not occur in the European plants. Accordingly, and given the orientation and training that facility
Employees will receive indicating that these types of fire hazards are unacceptable, the
administrative IROFS preventing severe accumulations has been assigned a high degree of
Xreliability.

Fires that involve additional in-situ or transient combustibles from outside each respective fire
area could result in exposure of additional uranic content being released in a fire beyond the
quantities assumed above. For this reason, fire barriers are needed to ensure that fires cannrot
propagate from non-uranium containing areas into uranium (U) areas or from one U area to
another U area (unless the uranium content in the space is insignificant, i.e., would be a low
Consequence event). Fire barriers shall be designed with adequate safety margin such that the
total combustible loading (in-situ and transient) allowed to expose the barrier will not exceed
80% of the hourly fire resistance rating of the barrier.

For external events, the impacts were evaluated for the following hazards:

External events were considered at the site and facility level versus at individual system nodes.
Specific external event HAZOP guidewords were developed for use during the external event
portion of the ISA. The external event ISA considered both natural phenomena and man-made
hazards. During the external event ISA team meeting, each area of the plant was discussed as
to whether or not it could be adversely affected by the specific external event under
consideration. If so, specific consequences were then discussed. If the consequences were
known or assumed to be high, then a specific design basis with a likelihood of highly unlikely
would be selected.

6 iven that ex e'rnal events were considered at the facility Ievel, the ISA for external evenits was
performed after the ISA team meetings for all plant systems were completed. This provided the
best opportunity to perform the ISA at the site or facility level. Each external event was
assessed for both the uncontrolled case and then for the controlled case. The controlled cases
Could be a specific design basis for that external event, IROFS or a combination of both. An
Accident Sequence and Risk matrix was prepared for each external event.

xternal events evaluated included:

Seismic
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V Tornado, Tornado Missile and High Wind

r Snow and Ice
Flooding

g Local Precipitation

6 Other (Transportation and Nearby Facility Accidents)

* ipelines

FI Highway
*Other Nearby Facilities

Railroad

.OnsiteUse of Natural Gas

r Internal Flooding from On- Si t Above Ground Liquid Storage Tanks.

Ufhe ISA is intended to give assurance that the potenitial failures, hazards, accidernt sequences,
scenarios, and IROFS have been investigated in an integrated fashion, so as to adequately
consider common mode and common cause situations. Included in this integrated review is the
identification of IROFS function that may be simultaneously beneficial and harmful with respect
to different hazards, and interactions that might not have been considered in the previously
6ompleted sub-analyses. This review is intended to ensure that the designation of one IROFS
does not negate the preventive or mitigation function of another IROFS. An integration checklist
is used by the ISA Team as a guide to facilitate the integrated review. process.

Some items that warrant special consideration during the integration process are:

. Common mode failures and common cause situations.

Support system failures such as loss of electrical power or city water. Such failures can
have a simultaneous effect on multiple systems.

Divergent impacts of IROFS. Assurance must be provided that the negative impacts of an
IROFS, if any, do not outweigh the positive impacts; i.e., to ensure that the application of an
IROFS for one safety function does not degrade the defense-in-depth of an unrelated safety
function.

-bOther safety and mitigating factors that do not achieve the status of IROFS that could impact
'system performance.

Identification of scenarios, events, or event sequences with multiple impacts, i.e. impacts on
bhemical safety, fire safety, criticality safety, and/or radiation safety. For example, a flood
knight cause both a loss of containment and moderation impacts.

r Potential interactions between processes, systems, areas, and buildings; any
Interdependence of systems, or potential transfer of energy or materials.

_Ma adjor events, which tend to be common cause situations leading to interactions
between processes, systems, buildings, etc.
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3O 12- -rocessY aH-a-zad A^nTa-Is -Method

r-s noted above6,the IHAZOPimetfiod was used to identify the process hazards. The HAZOP
,rocess hazard analysis (PHA) method is consistent with the guidance provided in NUREG-

j1513 (NRC, 2001). Implementation of the HAZOP method was accomplished by either
validating the Urenco HAZOPs for the NEF design or performing a new HAZOP for systems
Where there were no existing HAZOPs. In general, new HAZOPs were performed for the
Technical Services Building (TSB) systems. In cases for which there was an existing HAZOP.
the ISA Team, through the validation process, developed a new HAZOP.
For the UF6 process systems, this portion of the ISA was a validation of the HAZOPs provided
by Urenco. The validation process involved workshop meetings with the ISA Team. In the
workshop meeting, the ISA Team challenged the results of the Urenco HAZOPs. As necessary
the HAZOPs were revised/updated to be consistent with the requirements identified in
p0 CFR 70 (CFR, 2003b) and as further described in NUREG-1513 (NRC, 2001) and NUREG-
p520 (NRC, 2002).
T6ovalidate the Urenco HAZOPs, the ISAKTeam performed the following tasks.

The Urenco process engineer described the salient points of the process system covered by
the HAZOP being validated.

The ISA Teamn divided the process "Nodes" into reasonable functional blocks.

t The process engineer described the salient points of the items covered by the "Node" being
reviewed.

.The ISA Team reviewed the "Guideword" used in the Urenco HAZOP to determine if the
HAZOP is likely to Identify all credible hazards. A representative list of the guidewords used
by the ISA Team is provided in Table 3.1-1, HAZOP Guidewords, to ensure that a complete
Assessment was performed.

C The iSA Team Leader introduced each Guideword being considered in the ISA HAZOP and
the team reviewed and considered the potential hazards.

1 - - ----------

For each potential hazard, the ISA Team considered the causes, including potential
Interactions among materials. Then, for each cause, the ISA Team considered the
consequences and consequence severity category for the consequences of interest
'(Criticality Events, Chemical Releases, Radiation Exposure, Environment impacts). A
statement of "No Safety Issue" was noted in the system HAZOP table for consequences of
nho interest such as maintenance problems or industrial personnel accidents.

r For each hazard, the ISA Team considered existing safeguards designed to prevent the
hazard from occurring.

re -For each hazard, the ISA Team also considered any existing design features that could
Mitigate/reduce the consequences.
The Urenco HAZOP was modified to reflect the ISA Team's input in ihe areas of hazards,
causes, consequences, safeguards and mitigating features.

- For each external event hazard, the ISA Tearmr determined if the exterrnal hazard is credible
(i.e., external event initiating frequency >10' per year).
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When all of the Guidewords had been considered for a particular node, the ISA Team
applied the same process and guidewords to the next node until the entire process system
was completed.

Tihesame process as above was followed for the TSB systems, except that instead of using the
"alidation process, the ISA Team developed a completely new HAZOP. This HAZOP was then
used as the hazard identification input into the remainder of the process.
iThe results of the ISA Team workshops are summarized in the ISA HAZOP Table, which forms
,the basis of the hazards portion of the Hazard and Risk Determination Analysis. The HAZOP
tables are contained in the ISA documentation. The format for this table, which has spaces for
describing the node under consideration and the date of the workshop, is provided in
1Table 3.1-2, ISA HAZOP Table Sample Format. This table is divided into 7 columns:

GUIDEWORD . Identifies the Guideword under consideration.
HAZARD .Identilfies any issues that are raised.

CAUSES - Lists any and all causes of the hazard noted.
tCONSEQUENCES Identifies the potential and worst case consequence and consequences

severity category if the hazard goes uncontrolled.

SAFEGUARDS -: Identifies the engineered and/or administrative protection designed to
prevent the hazard from occurring.

MITIGATION Identifies any protection, engineered or otherwise, that can
-mitigate/reduce the consequences.

XCOMMENTS - Notes any comments and any actions requiring resolution.
IThis approach was used for all of the process system hazard identifications. The "Fire" and
"External Events" guidewords were handled as a facility-wide assessment and were not
Explicitly covered in each system hazard evaluation.
the results of the HAZOP are used directly as input to the risk matrix development.

3.1e.3 Risk Matrix Development

3.1.3.1 Consequence Analysis Method

7 0 CFR 70.61 (CFR; 2003o) specifies two categories for accident sequence consequences:
Ahigh consequences" and "intermediate consequences." Implicitly there is a third category for
accidents that produce consequences less than "intermediate." These are referred to as "low
consequence" accident sequences. The primary purpose of PHA is to identify all uncontrolled
and unmitigated accident sequences. These accident sequences are then categorized into one
of the three consequence categories (high, intermediate, low) based on their forecast
'Radiological, chemical, and/or environmental impacts.

'For evaluating the magnitude of the accident consequences, calculations were performed 6using
the methodology described in the ISA documentation. Because the consequences of concern
are the chemotoxic exposure to hydrogen fluoride (HF) and U02F2, the dispersion methodology
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discussed in Section 6.3.2 was used. The dose consequences for all of the accident sequences
were evaluated and compared to the criteria for "high" and "intermediate" consequences. The
inventory of uranic material for each accident considered was dependent on the specific
accident sequence. For criticality accidents, the consequences were conservatively assumed to
be high for both the public and workers.
Table 3.1-3, Consequence Severity Categories Based on 10 CFR 70.61, presents the
radiological and chemical consequence severity limits of 10 CFR 70.61 (CFR, 2003c) for each
bof the three accident consequence categories. Table 3.1-4, Chemical Dose Information,
provides information on the chemical dose limits specific to the NEF.

3.3.12 LIkelih6od Evaluation Methlod

Ti 0 CFR 70.61 (CFR, 2003c) also specifies the permissible likelihood of occurrence of accident
sequences of different consequences. "High consequence" accident sequences must be "highly
unlikely' and "intermediate consequence" accident sequences must be "unlikely." Implicitly,
,accidents in the "low consequence" category can have a likelihood of occurrence less than
"unlikely" or simply "not unlikely." Table 3.1-5, Likelihood Categories Based on 10 CFR 70.61,
shows the likelihood of occurrence limits of 10 CFR 70.61 (CFR, 2003c) for each of the three
likelihood categories.

jrhe definitions of "not unlikely" and "unlikely" are taken from NUREG-i520 (NRC,2002). The
definition of "highly unlikely" is taken from NUREG-1520 (NRC, 2002). Additionally, a qualitative
determination of "highly unlikely" can apply to passive design component features (e.g., tanks,
piping, cylinders, etc.) of the facility that do not rely on human interface to perform the criticality
'safety function (i.e., termed "safe-by-design"). Safe-by-design components are those
Components that by their physical size or arrangement have been shown to have a
ke, < 0.95. The definition of safe-by-design components encompasses two different categories
of components. The first category includes those components that are safe-by-volume, safe-by-
diameter or safe-by-slab thickness. A set of generic conservative criticality calculations has
determined the maximum volume, diameter, or slab thickness (i.e., safe value) that would result
in a kef < 0.95. A component in this category has a volume, diameter or slab thickness that Is
less than the associated safe value resulting from the generic conservative criticality
calculations and therefore the keff associated with this component is < 0.95. The components in
the second category require a more detailed criticality analysis (i.e., a criticality analysis of the
physical arrangement of the component's design configuration) to show that keff Is < 0.95. In th6
second category of components, the design configuration is not bounded by the results of the
generic conservative criticality calculations for maximum volume, diameter, or slab thickness
that would result in a keff < 0.95. Examples of components in this second category are the
product pumps that have volumes greater than the safe-by-volume value, but are shown by
Opecific criticality analysis to have a ken < 0.95.
For failure of passive safe-by-design components to be considered "highly unlikely," these
components must also meet the criterion that the only potential means to effect a change that
Mmight result in a failure to function, would be to implement a design change (i.e., geometry
'deformation as a result of a credible process deviation or event does not adversely impact the
'performance of the safety function). The evaluation of the potential to adversely impact the
safety function of these passive design features includes consideration of potential mechanisms
to cause bulging, corrosion, and breach of confinement/leakage and subsequent accumulation
of material. The evaluation further includes consideration of adequate controls to ensure that
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lthedouble contingency principle is met. For each of these passive design components, it must
be concluded, that there is no credible means to effect a geometry change that might result in a
failure of the safety function and that significant margin exists. For components that are safe-
by-volume, safe-by-diameter, or safe-by-slab thickness (i.e., first category of safe-by-design
components), significant margin is defined as a margin of at least 10%, during both normal and
upset conditions, between the actual design parameter value of the component and the value of
the corresponding critical design attribute. For components that require a more detailed
criticality analysis (i.e., second category of safe-by-design components), significant margin is
dIefined as kff < 0.95, where kff = kIt + 3cac. This margin is considered acceptable since the
calculation of kff also conservatively assumes the components are full of uranic breakdown
material at maximum enrichment, the worst credible moderation conditions exist, and the worst
credible reflection conditions exist. In addition, the configuration management system required
by 10 CFR 70.72 (implemented by the NEF Configuration Management Program) ensures the
maintenance of the safety function of these features and assures compliance with the double
contingency principle, as well as the defense-in-depth criterion of 10 CFR 70.64(b).

Trhedefinition of "not credible" is also taken friomNUREG-1 520 (NRCY2002). If an evernt is not
credible, IROFS are not required to prevent or mitigatethe event. The fact that an event is not
Ucredible" must not depend on any facility feature that could credibly fail to function. One cannot
claim that a process does not need IROFS because it is "not credible" due to characteristics
provided by IROFS. The implication of "credible" in 10 CFR 70.61 (CFR, 2003c) is that evenis
that are not "credible" may be neglected.

Ay one of the following independent acceptable sets of qualities could define an event as not
5redible:

a. An external eveent for which 'the frequency of occurrence can conservatively be estimated as
less than once in a million years

b. A process deviation that consists of a sequence of many unlikely human actions or errors for
which there is no reason or motive (In determining that there is no reason for such actions, a
wide range of possible motives, short of intent to cause harm, must be considered.
Necessarily, no such sequence of events can ever have actually happened in any fuel cycle
facility.)

c.Process dw a convincing argument, given physical laws that they
are not possible, or are unquestionably extremely unlikely.

3.1.3.3 ~ Risk Matrix

thethree categories of consequence and likelihood can be displayed as a 3`x 3 risk index
matrix. By assigning a number to each category of consequence and likelihood, a qualitative
,risk index can be calculated for each combination of consequence and likelihood. The risk
Index equals the product of the integers assigned to the respective consequence and likelihood
Categories. The risk index matrix, along with computed risk index values, is illustrated in
Trable 3.1-6, Risk Matrix with Risk Index Values. The shaded blocks identify accidents of which
the consequences and likelihoods yield an unacceptable risk index and for which IROFS must
be applied.

NEF Safety Analysis Report Revision 4
Page 3.1-8



Trherisk indices can initially be used to examine whether the consequences of an uncontrolled
and unmitigated accident sequence (i.e., without any IROFS) could exceed the performance
requirements of 10 CFR 70.61 (CFR, 2003c). If the performance requirements could be
exceeded, IROFS are designated to prevent the accident or to mitigate its consequencesto a6ri
acceptable level. A risk index value less than or equal to four means the accident sequence is
acceptably protected and/or mitigated. If the risk index of an uncontrolled and unmitigated
accident sequence exceeds four, the likelihood of the accident must be reduced through
designation of IROFS. In this risk index method, the likelihood index for the uncontrolled aid
unmitigated accident sequence is adjusted by adding a score corresponding to the type and
number of IROFS that have been designated.

3.1 .4 RIsk Index Evaluationi Summary

heresults of the ISA ar summarizediin tabular form. This table includes the accidenti
sequences identified for this facility. The accident sequences were not grouped as a single
accident type but instead were listed individually in the table. The Table has columns for the
initiating event and for IROFS. IROFS may be mitigative or preventive. Mitigative IROFS are
measures that reduce the consequences of an accident. The phrase "uncontrolled and/or
unmitigated consequences" describes the results when the system of existing preventive IROFS
fails and existing mitigation also fails. Mitigated consequences result when the preventive
)ROFS fail, but mitigative measures succeed. Index numbers are assigned to initiating eventi,
'IROFS failure events, and mitigation failure events, based on the reliability characteristics of
these items.

With redundant IROFS and in certain other cases, there are sequences in which aninitiating
event places the system in a vulnerable state. While the system is in this vulnerable state, ad
IROFS must fail for the accident to result. Thus, the frequency of the accident depends on the
frequency of the first event, the duration of vulnerability, and the frequency of the second IROFS
failure. For this reason, the duration of the vulnerable state is considered, and a duration index
is assigned. The values of all index numbers for a sequence, depending on the number of
events involved, are added to obtain a total likelihood index, T. Accident sequences are then
assigned to one of the three likelihood categories of the risk matrix, depending on the value of
ihis index in accordance with Table 3.1-8, Determination of Likelihood Category.
jrhe~values of index numrtibers in ac'cidenfksequences are assigned considering thectriaeria
Tables 3.1-9 through 3.1-11. Each table applies to a different type of event. Table 3.1-9,
Failure Frequency Index Numbers, applies to events that have frequencies of occurrence, such
as initiating events and certain IROFS failures. Failure Probability Index Numbers are evaluated
based on operating experience, (either from Urenco or the National Enrichment Facility, as
appropriate) or analyses. When failure probabilities are required for an event, Table 3.1-10,
Failure Probability Index Numbers, provides the index values. Table 3.1-11, Failure Duratiori
Index Numbers, provides index numbers for durations of failure. These are used in certain
taccident sequences where two IROFS must simultaneously be in a failed state. In this case,
one of the two controlled parameters will fail first. It is then necessary to consider the duration
that the system remains vulnerable to failure of the second. This period of vulnerability can be
terminated in several ways. The first failure may be 'fail-safe" or be continuously monitored,
thus alerting the operator when it fails so that the system may be quickly placed in a safe state.
Or the IROFS may be subject to periodic surveillance tests for hidden failures. When hidden
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failures are possible, these surveillance intervals limit the duration that the system is in a
g ulnerable state. The reverse sequences, where the second IROFS fails first, should be
considered as a separate accident sequence. This is necessary because the failure frequen'6
and the duration of outage of the first and the second IROFS may differ. The values of these
duration indices are not merely judgmental. They are directly related to the time intervals used
for surveillance and the time needed to render the system safe.
Tpi'duratio'n -of failure is accounted for in establishing the overall likelih66d that an accident
sequence will continue to the defined consequence. Thus, the time to discover and repair the
failure is accounted for in establishing the risk of the postulated accident.
Trhetotal likeliho~od iundex is the suniof the indices for all the events in the sequence, including
those for duration. Consequences are assigned to one of the three consequence categories of
the risk matrix, based on calculations or estimates of the actual consequences of the accident
sequence. The consequence categories are based on the levels identified in 10 CFR 70.61
(CFR, 2003c). Multiple types of consequences can result from the same event. The
Consequence category is chosen for the most severe consequence.
In suimmarizing the ISA re'sults; Table 3.7-i, Accidnht Seq'uen'cearid Risk' knde'x, provide's two
risk indices for each accident sequence to permit evaluation of the risk significance of the
IROFS involved. To measure whether an IROFS has high risk significance, the table provid6s
an Uuncontrolled risk index," determined by modeling the sequence with all IROFS as failed
(i.e., not contributing to a lower likelihood). In addition, a "controlled risk index" is also
balculated, taking credit for the low likelihood and duration of IROFS failures. When an accident
sequence has an uncontrolled risk index exceeding four but a controlled risk Index of less than
four, the IROFS involved have a high risk significance because they are relied on to achieve
acceptable safety performance. Thus, use of these indices permits evaluation of the possibl6
benefit of improving IROFS and also whether a relaxation may be acceptable.
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3.2 INTEGRATED SAFETY ANALYSIS TEAM

inhere were two ISA Teams that were employed in the ISA. The first team worked on the non-
plassified portions of the facility and is referred to in the text as the ISA Team. The second
team, referred to as the Classified ISA Team, performed the ISA'on the classified elementsof
the facility. Both teams were selected with credentials consistent with the requirements in
h10 CFR 70.65 (CFR, 2003a) and the guidance provided in NUREG-1520 (NRC, 2002). To
facilitate consistency of results, common membership was dictated as demonstrated below
(i.e., some members of the Non-Classified Team participated on the Classified Team. One of
the members of the Classified Team participated in the ISA Team Leader Training, which was
conducted prior to initiating the ISA. In addition, the Classified ISA Team Leader observed
some of the non-classified ISA Team meetings.
T he ISA w'as' performed by a team with expertise in engineering, 'safety analysis and enrichmn6ht

process operations. The team included personnel with experience and knowledge specific to
'each process or system being evaluated. The team was comprised of individuals who have
!experience, individually or collectively, in:

; Nuclear criticality safety
Radiological safety

r Fire safety
. Chemical process safety

Operations and maintenance
-IISA methods.

i he ISA team leader was trained and knowledgeable in the ISA method(s) chosen for the
hazard and accidents evaluations. Collectively, the team had an understanding of all process
operations and hazards under evaluation.
~The ISA Manager was responsible for the overall direction of the ISA. The process expertise
Was provided by the Urenco personnel on the team. In addition, the Team Leader has an
adequate understanding of the process operations and hazards evaluated in the ISA, but is not
the responsible cognizant engineer or enrichment process expert.
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3.3 COMPLIANCE ITEM COMMITMENTS

3.3.1 For accident sequences PT3-5, PBi-3, FRi-i, FR1-2, FR2-1, FR2:2, DS11 1,DS1-2,
DS2-1, DS2-2, DS3-1, DS3-2, SW1-1, SW1-2, LWI-2, LW1-3, RD1-1, and EC3-1,
an Initiating Event Frequency (IEF) Index number of "-2" may be assigned based on
evidence from the operating history of similar designed Urenco European plants.
betailed justifications for the IEF index numbers of U-2" will be developed during
detailed design. If the detailed justification does not support the IEF index numberiof
'-2," then the IEF index number assigned and the associated accident sequence(s)

will be re-evaluated and revised, as necessary, consistent with overall ISA
methodology.

~3.3.2 For Administrative Control IROFS that involve "use of" a component or device, a
Failure Probability Index Number (FPIN) of "-2" may be assigned provided the
IROFS is a routine, simple,' action that either: (1) involves only one or two decision
points or (2) is highly detailed in the associated implementing procedure. Alternately,
an FPIN of "-3" may be assigned for this type of IROFS provided the criteria specified
above for an FPIN of "-2" are 'met and the IROFS is enhanced by requiring
independent verification of the safety function. This enhancement shall meet the
requirements for independent verification identified in item 3.3.5 below. If these
criteria cannot be met, then the FPIN assigned to the IROFS and the associated
accident sequence(s) will be re-evaluated and revised, as necessary, consistent with
ihe overall ISA methodology.

3.3.3~~ '- For Admninistrative Control IROFS that involve "verifica'tion of' a state or condition, an
FPIN of "-2" may be assigned provided the IROFS is a routine action performed by
one person, with proceduralized, objective, acceptance criteria. Alternately, an FPIN
of o 3" may be assigned for this type of IROFS provided the criteria specified above
foran FPIN of "-2" are met and the IROFS is enhanced by requiring independent
verification of the safety function. This enhancement shall meet the requirements for
independent verification identified in item 3.3.5 below. If these criteria cannot be
'met, then the FPIN assigned to the IROFS and the associated accident sequence(s)
will be re-evaluated and revised, as necessary, consistent with the overall ISA
methodology.

3.3;4 For Administr'ative Conitrol IROFS that involve '' independent sampling," different
samples are obtained and an FPIN of "2" may be assigned provided at least three of
the following four criteria are met.

i. Different methods/techniques are used for sample analysis.
2. Samples are obtained from different locations.
b3. Samples are obtained at different times. The time period between collectionI of the different samples shall be sufficient to ensure results are meaningful

and representative of the material sampled.
:4. anmples are obtained by differentpersonne.

if at leasttthree of the above criteria cannot be met, then the FPIN assigned to the
IROFS and the associated accident sequence(s) will be re-evaluated and revised, as
necessary, consistent with the overall ISA methodology.
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3.3.5_ For IROFS a-nd IROFS With Enhinced Failure Probability Index Numbers(i.e._,
Ienhanced IROFS) that require independent verification" of a safety function, the
independent verification shall be independent with respect to personnel and
personnel interface. Specifically, a second qualified individual, operating
independently (e.g., not at the same time or not at the same location) of the
individual assigned the responsibility to perform the required task, shall, as
applicable, verify that the required task (i.e., safety function) has been performed
borrectly (e.g., verify a condition), or re-perform the task (i.e., safety function), and
confirm acceptable results before additional action(s) can be taken which potentially
negatively impact the safety function of the IROFS. The required task and
Independent verification shall be implemented by procedure and documented by
initials or signatures of the individuals responsible for each task. In addition, the
individuals performing the tasks shall be qualified to perform, for the particular
bystem or process (as applicable) involved, the tasks required and shall possess
operating knowledge of the particular system or process (as applicable) involved and
its relationship to facility safety. The requirements for independent verification are
consistent with the applicable guidance provided in ANSI/ANS-3.2-1994,
Administrative Controls and Quality Assurance for the Operational Phaseof Nuicidar
Power Plants.
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Table 3.1-1 HAZOPGGuidewords
IPage 1 of 1

UF 6 PROCESS GU1IDEWORDS' :, '_:'__-_-,;. _,_

Less Hea t C orrosioh Maintenanc6 JFlo-wl
'MoreHeat Loss of Services ,Criti Ality Reverse Flow
Less Pressure Toxicity Eff6ehtslNae Less Uraniurri
More Pressure pContarninatiori ori&nalMissile M rUrhaiumi
Ikipact/Dr~o Loss of Containmerit Less Flow light Gas
Fire (Process, Radiation Md7e Flow External Event
Internal, other)

NON UF6 PROCESS GUIDEWORDS' -_'_._'_:''-_'. ' _'._._'_--_:'

High Flo'w LoW PrFssure Hmpact/Droj3 -re raniurri
LewFlo w H igh Terat u or ir6 )rEsio Ext-'-Er-E--nt

'N6 Flow 1ow Temnperature Loss of Services Startup
Reverse' Fl6w 'Fire rxicdo

High Level High Contamiinioni6 adiatioii Interna iM'isile

Low Level S Rupture Maintenanc

.H i-ghPressre Loss of Containment Criticality

Ni~o Flow_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

EXTERNAL EVENTS POTENTIAL CAUSES :_______________

o6nstruction on oSite 1-curricne H riSisrni ITransport Hazard OW
,Site

Flooding industriaVHazard Of 1Torado External Fire
site

Airplane Snow/Icd Local Intense
Precipitation
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tTable 3.1-2 ISA HAZOP Table Sample Format
Sakei of 1

ISA HAZOP NODE:: DESCRIPTION :- DATE: PAGE:'-

GUIDEWORD HAZARD CAUSE 'CONSEQUENCE SAFEGUARDS MITIGATING "COMMENTS'
- FACTORS

I
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jable 3.1-3 Consequence Severity Categories Based on 10 CFR 70.61
Page 1lof 1

Workers Offsite Public Environment

Category3 Radiation Doise(RD) >1 Sievert (Sv) AD i0.25 Sv (25 rem)
HI"gh00 rem) 30 mg sol U intake
Consequence 6ti worker (elsewhere in room), CD T AEGL-2

6except the worker (local),
Chemical Dose (CD) > AEGL-3

For w6rkerF(lo6al),
CD > AEGL-3 for HF
CD * for U

Category 2 0.25 Sv rem) <RDs 1Sv 0.05 v (5 rem) <m RD - adioactive release
intermediate_ (100 rem) 0.25 Sv (25 rem) > 5000 x Table 2
Consequence A r -1 -- -- Appendix B of 1 0

F tf 6W6r-k&r(elsewhefiirel in r6&m_);, Md ZCDb_ -AE GL_2 'CFR Part 20
except the worker (local),
XEGL-2 < CD< AEGL-3
For thewrker (local);
XEGL-2 < CD S AEGL-3 for HF

<* CD <for U
Category 1 Accidents of lower radiological and_ Accidents of loWer Radj6active

-ow O.hemical exposures than those above radiological and r eleases with lower
Consequence in this column bhemical exposures E ffects than those

than those above In this referenced above i6
Polumn this column

Notes:

*NUREG 1391 threstihld value for intake of solubleU sultin in permaneit renal failIre

**NUREG-'139-ithieshold value for intake of soluble U resulting in no significant acuteeffectlt6
an exposed individual
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1Table 3.1-4 Chemical Dose Information
Page1 of 1

High Consequence Intermediate Consequence
(Category 3) (Category 2)

,Worke-r(1cail) O> 40mg U intake $ 10 mg U intake
> 139 mg HF/r 3  > 78 mg HF/r 3

Worker(elsewhere in 146 mg m

. > 139 mg HF/m3 1> 78 mg HF/m3

bOutside Controlled - f/- 3
A erea >, mgU/rl0 mgU/m 3

~3-i xoi) > 28 mg -HF/rn3 > 0.8 mg HF/rn 3
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Table 3.1-5 Likelihood Categories Based on 10 CFR 70.61
rpagel1 of*1

Likelihood Category' -Probability of Occurrence*

Not Unlikely | More than 10;4, per-event per-year

Unlikely Betweenf 10 and 10` per-event per-year

Highly Unlikely | _ ___ | Less than 1O4 per-event per-year

kBaSed on approximate order-of-magnitude ranges
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Trable 3.1-6 Risk Matrix with Risk Index Values
~Page 1 of 1

._______ - -Likelihood of Occurrence_ _ _ _ _
'Severity of Likelihood Category 1 Likelihood Category 2 LIkelihood Category 3

Consequences Highly Unlikely Unlikely Not Unlikely
(1) (2) '(3)

Consequence Acceptable Risk :Unacceptable Risk . Unacceptable Risk:
Category 3 High

(3) 36 '9

Conegury Acc ptable Rislk ~ Acceptable Risk 'Unacceptable Risk.Category 2 - - -Ris

intermedlate 6

Consequence Acceptable Risk Acceptable Risk Acceptable Risk
Category11 Low
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tTable 3.1-7 - (Not Used) Il
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tTable 3.1-8 Determination of ikelihood Category
Pagei1 of 1

Likelihood Category Likelihood Index T (= sum of Index numbers)

IS < T
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Table 3?-9 ' Failure Frequency Index Numbers
Page1 of 2

Frequency Based On Based On Type Of Comments
Index No.: Evidence IROFS**

External event 'If initiating event, no IROES
i With freq. < 1 04 /yr heeded.

* initiating event . For passive safe-by-design
with f req. < 1 OM5/y components or systems, failure

Is considered highly unlikely
When no potential failure mod6
(e.g., bulging, corrosion, or
leakage) exists, as discussed in
Section 3.1.3.2, significant
mrargin exists*** and these_
components and systems have
been placed under
_configuration manigemnent. |

'4* No failuresrin 30 Exceptionally robust Rarely can e
years for hundreds passive engineered IROFS evidence. Further, most types
of similar IROFS in (PEC), or an inherently 'of single IROFS have been
industry safe process, or two observed to fal

independent active
engineered IROFS (AECs),
PECs, or enhanced admin.l
IROFS

t3*N Wfailures in 30 A single lROFS w ithi
years for tens of Pedundant parts, eacihf
similar IROFS in PEC or AEC
industry

2* N6o failure 6f this r s sinilePEC
type in this facility
in 30 years

* AAfwfailures maywinglAEC, an
bccur during enhanced admin. IROFS;
facility lifetime an admin. IROFS with

large margin, or a
'redundant admin. IROFS

0 Failures occur KAsingle idministrativ6
_every 1 to 3 years IROFS

__ _l __ Fre per inadequantevet N Rfor RFSejnsinifiii

yc urea 6 i---- inadequate.IROFS '6vents
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Table 3.1-9 Failure Frequency Index Numbers

Frequency Based On - Based On Type Of Comments
Index No. Evidence - IROFS**-

2 pccurs every Very frequent event, Not for IROFS, just initiating
week or more inadequate IROFS events
often

" Indices less than (more negative than) -1 should not be assigned to IROFS un~rless the configuratirii
management, auditing, and other management measures are of high quality, because, without these
'measures, the IROFS may be changed or not maintained.

*The index value assigned to ani ROFS of a given type in columnn 3 may be one value higher or lower
than the value given in column 1. Criteria justifying assignment of the lower (more negative) value should
be given in the narrative describing ISA methods. Exceptions require individual justification.

F **For components that are safe-by-volume, safe-by-diameter, or safe-b6y7-labthickness, siignificanit
margin is defined as a margin of at least 10%, during both normal and upset conditions, between the
actual design parameter value of the component and the value of the critical design attribute. For
components that require a more detailed criticality analysis, significant margin is defined as kff < 0.95,
where l<" k, ajc + 3aca.
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Wable 3.1-10 Failure Probability index Numbers
Page 1 of 1

Probability Probability Based on Type of IROFS Comments
Index No.' of Failure

on Demand

ur6*004if initiating event, no
IROFS needed.

rid or -5* t4 -~~ jeptionally robust passive Can rarely bejustified
engineered IROFS (PEC), or an by evidence. Most
inherently safe process, or two _ types of single IROFS
redundant IROFS more robust thin have been observed to
simple admin. IROFS.(AEC, PEC, or fail

l____ Wnhanced admin.)

-3 or-4* -04 -104 rA single passive engineered IROFS
I(PEC) or an active engineered IROFS
,(AEC) with high availability

f-2or -3* 0 -single active engineered IROFS, or
an enhanced admin. IROFS, or an
6dmin. IROFS for routine planned
operations

.1 or -2 01 b lo- -2 'Anadmrin. IROFS that must be
-performed in response to a rare
unplanned demand

'lndices less than (more negative than) -1 should not be assigned to IROFS unless the configuration
management, auditing, and other management measures are of high quality, because, without these
hieasures, the IROFS may be changed or not maintained.
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1Table 3.1-1 I Failure Duration Index Numbers
Page 1 of 1

Duration
Index' 'Avg. Failure Duration Duration in Years Comments
-No. ': ''. ,,. - .

j1, More than 3-yrs

b ;i - 1-y

1m lO. Iormal monitoring to justify
indices less than -1

A few-da- io

i3 l,8 r rO.OO1 _ _ _ _ __ _ _ _ _ _

r .55 m irig -5_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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