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3.0 INTEGRATED SAFETY ANALYSIS AND INTEGRATED SAFETY ANALYSIS
SUMMARY

The requirements in 10 Code of Federal Regulations (CFR) 70.62(c) specify that an
Integrated Safety Analysis (ISA) of the appropriate level of detail for the complexity o1 the
process involved be conducted and maintained. An ISA Summary is required by 10 CFR
70.65(b). Accordingly, USEC Inc. (USEC) has conducted an ISA of adequate complexity to
support preparation of an ISA Summary for the ACP. The ISA is a compilation of the design
and analysis documentation utilized to: 1) identify the potential accident sequences that could
occur, 2) designate items relied on for safety (IROFS) to either prevent such accidents or
mitigate their consequences to an acceptable level, and 3) identify the management measures to
provide reasonable assurance of the availability and reliability of IROFS.

The ISA Summary is a synopsis of the ISA and contains the information required by 10
CFR 70.65(b). The ISA Summary is updated to reflect changes to the ISA. Neither the ISA nor
the ISA Summary is incorporated as part of this license. The ISA documentation is available to
the U.S. Nuclear Regulatory Commission (NRC) by request at the ACP through the Regulatory
Manager. The ISA Summary (Reference 1) is maintained as a separate document from the
license application, and is submitted separate from this license application. In addition to
providing a synopsis of the results of the ISA, the ISA Summary describes the methods and
criteria utilized in the safety analysis and describes the qualifications of the team performing the
ISA.

3.1 Safety Program and Integrated Safety Analysis Commitments

3.1.1 'Process Safety Information

The Chemical Process Safety program is described in Chapter 6.0 of this license
application. Consistent with this program, USEC compiles and maintains an up-to-date database
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:

• The hazards of materials used or produced in the process, which includes information
on chemical and physical properties (e.g., toxicity, acute exposure limits, reactivity,
and chemical and thermal stability) such as those included on Material Safety Data
Sheets (meeting the requirements of 29 CFR 1910.1200(g));

• Technology of the process, which includes a block flow diagram or simplified
process flow diagram, 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;

* Equipment used in the process, which includes general information on topics such as
the materials of construction, piping and instrumentation diagrams, ventilation;
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3.1.2.3.2.1 Initial Conditions

In order to establish the boundaries of the ISA, the bounding conditions for the ACP must
be identified. These boundaries are the operating conditions and limitations under which the
ACP is anticipated to operate and in turn are used to establish the ICs credited in the ISA. ICs
are the boundary conditions credited in the ISA and are used to establish an analysis reference
baseline. ICs are credited during the development of the unmitigated frequencies and event
consequences in the ISA. ICs capture assumptions to be used during design evolution or clarify
points of analysis that might otherwise be unstated. ICs typically delineate specific conditions
that are part of normal facility operations or delineate specific features of the facility that are
unlikely to change and are used in establishing the frequencies or consequences of events. ICs
have the potential to impact the results of the hazard analysis. ICs are normally established and
documented, prior to, or during the HE process, when events are postulated and evaluated. To
preserve the integrity of ICs, they are credited and treated as IROFS.

In general, ICs represent assumptions made in the consequences or probability analyses,
or specific passive and active design features credited in the probability analyses. Three
examples are: 1) the header isolation features which serve to limit the material at risk as
assumed in the consequence analyses, 2) the combustible materials control program serves to
limit -he presence of material that could fuel facility fires, and 3) the structural seismic
specifications serve to establish minimum structural requirements to reduce the frequency of
certain events.

Feed, product, and tails header isolation features serve to limit the amount of licensed
material that could be released from the process during a loss of confinement event. This allows
the consequence analysis to assume a realistic amount of material at risk. In this instance, the IC
credits the active design features to limit inleakage to the entire process.

The combustible materials control program serves to limit the amount of combustibles
that could be present in an area where licensed material is located. This reduces the probability
that a fire could be initiated or spread and grows in intensity causing a release of licensed
material. The IC allows the probability analysis to establish the unmitigated frequency for fire
related events. The IC credits the fact that good housekeeping practices will ensure combustible
materials are adequately controlled.

Structural seismic specifications state that the process building is designed to withstand a
1,000-year return period seismic event. This precludes or significantly reduces the frequency of
building debris from falling on and damaging the operating cascade during a seismic event of
this magnitude or less. The IC credits the design of the building in preventing or reducing the
frequency of a release occurring as a result of a seismic event. Identifying and crediting certain
ICs in this manner is advantageous in that it eliminates the postulation of a release resulting from
an event with an unreasonable event frequency (e.g., a release from a 50-year return period
seismic tremor).

ICs that are associated with a specific or a limited number of events are identified in the
event description of those events in bold type font followed by IROFS numbers. ICs that apply
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to many events, such as cylinder integrity specifications, are not repeated in the event description
of each event (except for criticality events, where all applicable ICs are identified).

3.1.2.3.2.2 Unmitigated Hazard Evaluation

Information related to Unmitigated HE is collected and organized in "Hazard Evaluation
Table-." These tables are useful as a guide for performing HE, and they provide an effective
formal for documenting both unmitigated and mitigated HE results. HE Tables are generated to
address the non-screened hazards associated with the systems and areas identified during the
hazard identification process. The HE Tables may be based on facility sections, systems,
activities, or areas, and generally include the following information:

* Event Number and Category;

* Event Description (including location, release mechanism, material at risk, initial
conditions specific to the event, and hazard source);

* Cause(s);

* Unprevented Event Frequency Level;

* Unmitigated Consequence Level (categorized as Low, Intermediate or High); and

* Unprevented/Unmitigated Risk Bin (categorized as A or B).

For an unmitigated analysis, estimated values are provided in the columns pertaining to
Unprevented Event Frequency and Unmitigated Consequences. Additionally, any preventive
and mitigative controls that may be available within the facility are listed in their respective HE
Table columns as provided in Appendix C of the ISA Summary. However, no credit is taken for
the available controls during the unmitigated hazard analysis (unless the control is listed as an
Initial Condition).

3.1.2.3.2.2.1 Event Number and Category

In the HE Tables, events are identified by a unique sequential reference. The first: two
letters typically represent the facility section (i.e., "PB" for ACP Process Building) as indicated
in Seclion 3.1.2.3.1.1 above, the first number represents the event category as described below,
and the second number (following the hyphen) represents the event sequential number.
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3.1.2.3.2.2.4 Unprevented Frequency Level

3.1.2.23.2.2.4.1 Internal and External Initiated Events

Unprevented (sometimes termed "Unmitigated") frequency level evaluation is a
predominantly qualitative (or semi-quantitative) process that involves assigning a frequency
level lo each event (event is defined as the progression of occurrences necessary to release
hazardous material, i.e., from initiator, through to the point of release) in the HE Tables. The
term "unprevented" is used to designate a release event frequency derived during the unmitigated
HE before preventive features are credited to reduce the event frequency. Frequency levels with
numerical descriptions, which are based on NUREG-1520, Section 3.4.3.2 (9) Quantitative
Definitions of Likelihood (Reference 3) are summarized in Table A-4, Frequency Evaluation
Levels in Appendix A of the ISA Summary. Specifically, a "Highly Unlikely" event is defined
as an event with a frequency less than 105 occurrences per year, while an "Unlikely" event is
defined as an event with frequency range greater than or equal to 105 and less than 104
occurr nces per year. An event considered to be "Not Unlikely" is defined as an event with a
frequency range of greater than 104 occurrences per year. Table A-4 in Appendix A of the ISA
Summary provides a summation of the frequency evaluation levels used in the hazard evaluation
tables.

Identified credible events can be included in the HE Tables. A "Credible" event is
considered to be an event that can reasonably occur in .the absence of controls. Events
determined to be not credible meet one or more of the following criteria:

1. An external event for which the frequency of occurrences can conservatively be
estimated as less than once in a million years (<106/yr),

2. 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 events can ever have actually happened in any
fuel cycle facility for processes similar to ACP processes), or

3. Process deviations for which there is a convincing argument, given physical laws, that
they are not possible, or are unquestionably extremely unlikely (The validity of the
argument must not depend on any feature of the design or materials controlled by the
facility's system of IROFS or management measures).

Sources of event frequency could include generic initiator database information and
failure rate data from other sites (of which portions may be evaluated as applicable to ACP
operations), centrifuge event history, natural phenomena frequency levels, engineering
calculations, analyst judgment, and enrichment process expert opinion. The frequency level is
recorded in the HE Tables in Appendix C of the ISA Summary according to the Table A-4
lettering scheme. Uncertainties in frequency levels are accommodated by erring ir. the
conservative direction from best-estimate value. This practice is particularly important when an
event frequency is just below the next highest frequency level. For example, the HA team
considers the sources of frequency-related information, the methods used to evaluate that
information, and the uncertainty associated with the evaluation process. With this information,
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combination with the failure of a mitigative IROFS falls in either the Not Unlikely or the
Unlikely frequency range, the consequences of those "combination events" must be shown to be
sufficiently low such that the final risk still falls in the "B" risk bin.

3.1.2.3.2.7 Evaluation of Criticality Events

Criticality Events are derived and evaluated in a similar manner as radiological and
chemical release events are revised and evaluated. Reviews are conducted of the ACP facilities
and operations to determine the hazards that are present then further review is conducted to
determine the credible accident sequences. The credible accident sequences are evaluated to
determine the potential consequences and the frequency with which the accident sequences could
occur assuming no controls. Criticality events are assumed to have high consequences in a
localized area, so they must be made "Highly Unlikely." No mitigative controls are available to
reduce the assumed high consequences to within the 10 CFR 70.61 Performance Requirements.

In addition to the requirement to make high consequence events "Highly Unlikely,"
criticality events must have double contingency controls. For the initial ACP ISA effort, Nuclear
Criticality Safety (NCS) Reports were generated to document the NCS analysis of the general
ACP facilities and operations. The NCS Reports identified "What-If' events to assist in the
establishment of double contingency controls as required by 10 CFR 70.24.

A review of the NCS Reports was conducted and documents within an Engineering
Evaluation (Reference 15) to ensure the "What-If' events were adequately addressed by
criticality event sequences. Those "What-If' events determined not to credibly contribute to a
criticality event were documented as such. Those "What-If' events determined to credibly
contribute to a criticality event were documented in the ISA and evaluated to ensure the
frequency of the associated criticality event was "Highly Unlikely" by identifying appropriate
IROFS as necessary. Release events that could lead to a subsequent criticality that have been
made "Highly Unlikely" due to chemical consequences require no further analysis for
subsequent criticality concerns, as the initiating release is already "Highly Unlikely."

As the ACP design is finalized, NCS Evaluations (NCSEs) will be generated to document
the NCS analysis of the specific ACP facilities and operations. The NCSEs will be reviewed in
accordance with 10 CFR 70.72 to ensure agreement with the ISA.

Finally, consideration for chemical release events was made to address the large release
events that were mitigated to be "Low" consequences, but could still release hazardous material
in quantities that exceed the minimum critical mass (20 kg UF6 at 10 wt. percent 235jr per
Reference 16). Appropriate additional controls were credited as necessary to ensure a
subsequent criticality to those release events was "Highly Unlikely."

3.1.3 Idanagement Measures

ACP IROFS are identified in the ISA Summary. Management measures are utilized to
maintain the IROFS so that they are available and reliable to perform their safety functions when
needed. Management measures are the principal mechanism by which the reliability and
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be based on gamma radiation. Alarm annunciation, however, is usually limited to the immediate
area within the audible range of the unit's alarm with an additional telemetric link to the X-3012
ACR and X-1020. This link will transmit the location of the unit, if mobile, and allow the use of the
plant PA system to warn personnel within 200 feet of the area of the portable unit to evacuate. A
portable unit may only be used on a temporary basis and it may be located indoors, outdoors, or on a
vehicle.

5.4.5 Technical Practices

5.4.5.J1 Application of Parameters

Moderation

Water is considered to be the most efficient moderator commonly found in the ACP. The
reactivity of the worst credible mixture of uranium (UF4) and hydrocarbon oil is less reactive than an
optimally moderated mixture of U0 2F2 and water (Reference 13). When moderation is not
controlled either optimum moderation or worst credible moderation is assumed as the normal case
when performing analyses. When moderation is controlled, credible abnormal process upset
conditions determine the worst-case moderated conditions. Generally, moderation control is not
maintained by measurement; however, when used, dual independent sampling methods are
implemented.

Moderation control is applied to plant equipment containing LJF6. In areas where greater than
the safe mass of uranium (as defined below) is handled, processed, or stored and moderation controls
are applied, that facility's pre-fire plan (reference Section 7.1.4 of this license application) includes
any unique firefighting strategy or tactics that may be needed to limit the use of moderator material.
However, even in these areas, the application of the double contingency principle ensures the worst
credible loss of moderation control cannot result in a critical configuration without an additional
independent and concurrent upset event.

The centrifuge process equipment is comprised of a variety of closed systems designed to
process gaseous UF6. This closed system prevents the introduction of moderation due to wet Eir in-
leakage. Also, because UF6 reacts chemically with moisture (a moderator) to produce solid
uranium-bearing compounds that impedes the proper operation of the process equipment, the UF6
bearing systems are'designed to minimize introduction of moisture.

Volunie

Volume limits are used as specified in NCSEs. The bases for volume limits are provided in
each NCSE prepared for those operations requiring containers. Specific details of these bases can be
obtained by referring to the applicable NCSE. When volume control is used, the size of the
containers is ensured through the CM Program and/or by procedurally requiring the use of certain
containers for fissile material operations.
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The computer codes and cross sections used in performing kff calculations are maintained in
accorcance with a configuration control plan. Quarterly, or prior to use, one of the following is
performed: a bit-by-bit comparison of the production version of the software (executable modules
and data libraries) versus an archived production version; or a comparison of the output from all
valida ion cases versus archived output of all validation cases from the original validation performed
when the production version was installed to ensure no changes in the calculated kff fo:r the
validajion cases. Changes to the hardware or software are evaluated in accordance with 10 CFR
70.72 change requirements. The System Administrator, a NCS engineer, is responsible for
controlling access to the software.

5.5 References

1. ANSIIANS-8.1-1998, Nuclear Criticality Safety in Operations with Fissionable Materials
Outside Reactors

2. ANSI/ANS-8.3-1997, Criticality Accident Alarm System

3. ANSI/ANS-8.19-1996, Administrative Practices forNuclear Criticality Safety

4. ANSI/ANS-8.21-1995, Use of Fixed Neutron Absorbers in NuclearFacilities Outside Reactors

5. ARH-600, Criticality Handbook, Volumes I, II, and m, Atlantic Richfield Hanford Co. rport
(1968)

6. LA-3605-0003, Integrated Safety Analysis Summary for the American Centrifuge Plant

7. LA-10860-MS, Criticality Dimensions of Systems Containing 2U5U, P23Pu, and 233U, 1986
Revision

8. NRC Regulatory Guide 3.71, Revision 0, Nuclear Criticality Safety Standards for Fuel,; and
Material Facilities

9. NUREG-1 513, Integrated Safety Analysis Guidance Document

10. NUREG-1520, Standard Review Plan for the Review of a LicenseApplicationfor a Fuel Cycle
Facility

11. WSMS-CRT-03-0093, United States Enrichment Corporation (USEC) PC-SCALE 4.4a
Validation (U), Revision 2, November 2005

12. NUREG/CR-6698, Guide for Validation of Nuclear Criticality Safety Calculational
Methodology, January 2001

13. NCS-CALC-04-001, Storage of UF4-oil Mixtures in Safe Volume Containers, September2005

5-21


