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\{ 3.5 UTILITY AND SUPPORT SYSTEMS

Louisiana Energy Services’ (LES) National Enrichment Facility (NEF) utility and support
systems are described in this section. The information provided for each system emphasizes
capacities, redundancies, and other provisions for coping with routine and non-routine events.

The Separations Bullding conslists of three units called Separations Building Modules. Some of
the utility and support systems are duplicated in each Separations Building Module while other
systems serve the entire facility. The descriptions and flow diagrams of duplicated systems
presented in this section represent Separations Building Module 1 systems, which are genérally
identical in Separations Building Modules 2 and 3. Any differences are clearly indicated in the
text and figures. '

The system descriptions provided for each system include functional requirements, design
capacities, system interfaces, and descriptions of major components. In addition, operational
characteristics are discussed for both routine operations and non-routine operations.
Supporting information is provided in the form of flow diagrams to facilitate an understanding of
the system design. ‘

Finally, safety considerations are described for each system. The calculated values of ke

provided in the following sections were obtained using the criticality code MONKBA (SA, 2001),

in conjunction with the JEF2.2 nuclear data library. All values of ke given in the following )

settions are equal to ke + 3 O With & salety limit of 0.85. The health and safety of the public

are protected such that a failure or inadvertant operation of any of the utility systems would not

result in a release of hazardous quantities of chemicals or radiation. The basis for this

conclusion is presented in Section 3.7, General Types of Accident Sequences, ard Section 3.8, |
\itJ}*  Items Relied on for Safety (IROFS).

Although many of the utility and support systems do not contain items relied on for safety,
appropriate design and operating features that enhance public safety, worker safety, and facility
reliability are provided for each system. Items relied on for safety, which are asscciated with
utility and support systems, are listed in Section 3.8, ltems Relied On For Safety (IROFS). The
Codes and Standards generally applicable to the utility and support systems are listed in Table
.3.5-1, Codes and Standards. '

In the following sections, the design process parameter values are specified with a datum of
standard atmospheric pressure at sea level. These values will be finalized to reflect the site-
specific NEF elevation during the design phase and the ISA Summary will be revised
accordingly.

3.5.1 Bullding Ventilation

.
-
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ANSI! N14.1-2001, American National Standard for Nuclear Materials - Uranium Haxafluoride
Packaging for Transport, 2001.

ANSI N15.5-1972, Statistical Terminology and Notation for Nuclear Materials Management.
1972.

ASCE 58, Structural Analysis and Design of Nuclear Plant Facilities, Manuals and Reporls on
Engineering Practice, 1980.

ASCE 7-88, Minimum Design Loads for Building and Other Structures, 1998.

ASME B31.3-2002, Process Piping, 2002.

ASME, Boiler and Pressure Vessel Code, Section Vi, Division 1, 1899.

ASME, NQA-1-1994, Quality Assurance Requirements for Nuclear Facility Applications, 1994.

\L y ASME, NQA-1a-1895, Addenda to ASME NQA-1-1994 Edition, Quality Assurance
- Requirements for Nuclear Facility Applications, 1995.

ASTM C761-01 - Standard Test Methods for Chemical, Mass Spectrometric, Spectrochemical,
Nuclear, and Radiochemical Analysis of Uranium Hexafluoride, 2001.

ASTM E 814, Fire Tests of Through-Penetration Fire Stops.
ERDA 76-21, Nuclear Air Cleaning Handbook, 1976.

IEEE 336, Standard Installation, Inspection, and Testing Requirements for Power,
Instrumentation, and Control Equipment at Nuclear Facilities, 1891.

IEEE C2-2002, National Electrical Safety Code, 2002.
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ISO 668: 1995, Series 1 Freight Containers - Classification, Dimensions and Ratings, 1995.

NFPA 1, Fire Prevention Code, 1997.

NFPA 10, Portable Fire Extinguishers, 1994.

"] NFPA 101, Life Safety Code, 1997.

NFPA 12, Carbon Dioxide Systems, 1893.

NFPA 13, Installation of Sprinkler Systems, 1996.

NFPA 14, Standpipe, Private Hydrant and Hose Systems, 1886.

NFPA 15, Water Spray Fixed Systems for Fire Protection, 1896.

 NFPA 20, Installation of Stationary Pumps, 1996.

NFPA 2001, Clean Agent Fire Extinguishing Systems, 1896.

NFPA 22, Water Tanks for Private Fire Protection, 1896.

NFPA 221, Fire Walls and Fire Barrier Walls, 1997,

NFPA 24, Private Fire Service Mains and Their Appurtenances, 1995.

NFPA 25, Water Based Fire Protection Systems, 1995.

NFPA 30, Flammable and Combustible Liquids Code, 2003.

NFPA 5000, Building Construction and Safety Code, 2003.

NFPA 54, National Fuel Gas Code, 1896.

NFPA 55, Compressed & Liquefied Gases in Cylinders, 1893.

NFPA 58, Liquefied Petroleum Gas Code, 2001.

NFPA 600 Industrial Fire Brigades, 1996.

NFPA 70, National Electric Code, 1996.

NFPA 704, Standard System for the Identification of the Hazards of Materials for Emergency
Response, 2001.

NFPA 72, National Fire Alarm Code, 1996.

NFPA 75, Electronic Computer/Data Processing Systems, 1995.

NFPA 780, Lightning Protection Systems, 1897.

NFPA 80, Fire Doors and Fire Windows, 1995.

NFPA 801, Fire Protection for Facilities Handling Radioactive Materials, 2003.

NFPA 80A, Exterior Fire Exposures, 1993.

NFPA 90A, Installation of Air Conditioning and Ventilating Systems, 1996.

NFPA 90B, Installation of Warm Air Heating and Air Conditioning Systems, 1996.
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NFPA 91, Exhaust Systems for Air Conveying of Materials, 1995.

NFPA, Fire Protection Handbook, 18" Edition, Section 9, Chapter 30, Nuclear Faciliies, 1997.

NFPA 110, Standard for Emergency and Standby Power Systems, 2002.

NFPA 111, Standard on Stored Elettrical Energy Emergency and Standby Power Systems,
2001. ' '

NFPA 70E, Standard for Electrical Safety Requirements for Employee Workplaces, 2000.

NFPA 79, Electrical Standard for Industrial Machinery, 1897.

PCI Design Handbook, Fifth Edition, 1899.

Uniform Building Code (UBC), 1897.

Uniform Mechanical Code (UMC), 1897.

Uniform Plumbing Code (UPC), 1897.
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3.6 PROCESS HAZARDS

The separation of uranium isotopes is a physical rather than chemical process. Natural uranium
hexafluoride (UF¢) arrives at the National Enrichment Facllity (NEF) in the solid phase in a 48-

mical reactions are initiated.

Although the separation of isotopes is a physical rather than chemical process, chemical
principles play an important role in the design of the facility. The phase behavior of UF; Is
critical to the design of all a

effluent streams and lubricating oil.

The process hazards assoclated with the NEF were Idenhf ed in the Integrated Safety Analysis
(ISA). These process hazards include radioaehvhy toxicity of UFs and breakdown products,

and criticality. The hazards from radioactivity were evaluated in the ISA and found to be low
concoguence, I
potential accident sequences consequences are
Scus: n greater deta n 3.7, General Types of Accident Sequences.

*NOTE: Design process parameter values are specified with a datum of standard atmosphsric pressure -
at sea lavel. These values will be finafized to refiact the site-specific National Enrichment Facility
elevation during the design phase and the ISA Summary will be revised accordingly. l

NEF ISA Summary : Revision 3, Semegmber §004 |
age 3.6-1



(This page intentionally left blank)

g

NEF ISA Summary : Revision 3, Septe;nber g(gg |
. age 3.



TABLE OF CONTENTS

\ ' Page
‘ 3.7 GENERAL TYPES OF ACCIDENT SEQUENCES.....cccceensueensenssanscnsesssnsanes 3.7-1
3.7.1 Process Risk Assessment 3.7-4
3.7.2 Fire and External Events Risk Assessment. - 3.74
3.7.3 Selected Consequence Analysis - 3.7-4
3.7.3.1 Nuclear Criticality 3.7-6

3.7.3.2 Blending Donor Station Heater Controller Failure and Heater Run
Away (No IROFS Credited) 3.7-6
3.7.4 References i 3.7-7

A%

\  NEFISASummary ~ Revision 3, Seaptexgg:x; 2303:1I |



Table 3.7-1
Table 3.7-2
Table 3.7-3
Table 3.7-4
Table 3.7-5
Table 3.7-6
Table 3.7-7 -
Table 3.7-8
Table 3.7-9
Table 3.7-10
Table 3.7-11
Table 3.7-12
Table 3.7-13
Table 3.7-14
Table 3.7-15
Table 3.7-16
Table 3.7-17
Table 3.7-18
Table 3.7-19
Table 3.7-20
Table 3.7-21

LIST OF TABLES

Accident Sequence and Risk Index

Accident Sequence Descriptions

Extemal Events And Fire Accident Sequences And Risk Index
External Events and Fire Accident Descriptions
Uranic Material Assumptions for Criticality Accident Sequences
Cascade System

Product System

Tails System

Product Blending System

Product Liquid Sampling

Contingency Dump System

Centrifuge Test System

Centrifuge Post Mortem

Liquid Effluent Collection and Treatment System
Solid Waste Collection System
Decontamination Workshop

Fomblin Oil Recovery System

Ventilated Room System

Chemical Laboratory

Mass Spectrometry

Cylinder Preparation System

NEF ISA Summary

Revision 4, Aprit 2005 | \_-

Page 3.7




A

AN

P

Figure 3.7-1

LIST OF FIGURES

TEDE Doses from Postulated Criticality Accident

Figure 3.7-2 Airborne Uranium Concentrations Due to a Heater Runaway Release
Figure 3.7-3 Airbome Uranium Intake Due to a Heater Runaway Release
Figure 3.7-4 TEDE Doses Due to & Heater Runaway Release
Figure 3.7-5 Alrbormne Hydrogen Fluoride Concentrations Due to a Heater Runaway
Release.
NEF ISA Summary Revision 3, September 2004 |

Page 3.7-lii



(This page intentionally left blank)

NEF ISA Summary

Revision 3, September 2004 I
Page 3.7-iv



3.7 GENERAL TYPES OF ACCIDENT SEQUENCES

Table 3.7-1, Accident Sequence and Risk Index, lists the potential accident sequances that
were identified that could have consequences that exceed the performance criteria of 10 CFR

70.61 (CFR, 2003). The accident sequencss identified in Table 3.7-1 include those from the
classified and The likelihood, consequence,
and risk ratings are also provided. 1he measures 1o reduce the risk to acceptable levels (items

Relied on for Safety (IROFS)) by elther reducing the frequency of occurrence of the events or
mitigating the consequences of the events are also identified. Additional detalls/descriptions of
the accident sequences presented in Table 3.7-1 are provided in Table 3.7-2, Accident
Sequence Descriptions. Again, these descriptions include the—

The results presented in Tables 3.7-1 and 3.7-2 are for the hazards identified for the process
systems. The fire (external to the process systems) and extemal events (e.g., severe weather,
seismic, transportation and industrial) hazards were assessed on & facility-wide basis and the
results summarized in Tables 3.7-3, External Events and Fire Accident Sequences and Risk
Index and 3.7-4, Extemnal Events and Fire Accident Descriptions. These are discussed in
additional detail later in the text. Table 3.7-5, Uranic Material Assumptions for Criticality
Accident Sequences, provides the assumed mass and enrichment values for 2514 for each of
the criticality accident sequences presented in Tables 3.7-1 through 3.7-4.

The accident sequence risk assessment demonstrates that credible high-consequence events
are highly unlikely and credible intermediate-consequence events are unlikely. IROFS
necessary to prevent or mitigate event sequences that exceed 10 CFR 70.61 (CFR, 2003)
criteria have been identified.

\|. VY The definitions for the contents of each column in the accident summary tabulation in Table
" 3.7-1 and Table 3.7-3 are provided below. The ISA methodology is described in Section 3.1,
General ISA Information. .

Accident Identifier

This column identifies the accident sequence being analyzed. The ISA will have all accident
sequences for each uniquely identified facilty process. The accident sequence iclentifier has
the format AAB-C where AA is the system/area from the table below, B is the Hazard and
Operability (HAZOP) Analysis node number and C is the accident sequence number.

L

| - .
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Accident Sequence System ldentifier
Identifier (AA) Systeny/Area
CL Chemical Laboratory
CH Technical Services Building (TSB) Contaminated Workshop
and Laboratories HVAC )
CcP Cylinder Preparation Roomn
DC Contingency Dump
DS Decontamination
EC Cascade
FR Fomblin Oil Recovery
LR Laundry
LT Liquid Effluent Treatment
LW Liquid Effiuent Collection
MS Mass Spectrometry Laboratory
PB Product Blending and Liquid Sampling -
PT Product Take-Off
RD Cylinder Receipt and Dispatch
SV Separations Building Gaseous Effluent Vent
Sw Solid Waste Collection
TP CentrifugeTest/Centrifuge Post Mortem
TT Tails Take-Off
TV TSB Gaseous Effiuent Vent
UF UF, Feed
VR Ventilated Room

Initiating Event Index (Column a)

This column lists initiating events or IROFS failures that are typically identified in the Process
Hazard Analysis (PHA) phase of the ISA and that may lead to consequences exceeding those
identified in 10 CFR 70.61 (CFR, 2003). Initiating events are of several distinct types: (1)
external events, such as hurricanes and earthquakes; (2) facility events external to the node
being analyzed (e.g., fires, explosions, failures of other equipment, flooding from facility water
sources); (3) deviations from normal operations of the process in the node (i.e., credible
abnormal events); and (4) failures of IROFS of the node. The tabulated initiating events consist
of those that involve an actual or assumed failure of IROFS or that cause a demand requiring
IROFS to function to prevent consequences exceeding 10 CFR 70.61 (CFR, 2003) levels. The
frequency index number for initiating events is given in the table in column (a).” Table 3.1-9,
Failure Frequency Index Numbers, provides criteria for assigning a value to the frequency
index.

Preventive Safety Parameter 1 or IROFS 1 Failure index {Column b)

This column addresses the failure or success of the safety parameter designated to prevent
consequences exceeding 10 CFR 70.61 (CFR, 2003) criteria. Specific IROFS that are needed
to maintain the safety parameter are included in the table. The failure duration of the first
IROFS is assigned using Table 3.1-11, Failure Duration Index Numbers. Accident sequences

NEF ISA Summary Revision 3, September 2004 |
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where two IROFS must simultaneously be in a failed state require assignment of the three index
numbers (1) the failure frequency of the first IROFS, (2) the duration of this failure and (3) the
failure frequency of the second IROFS. Except where identified on Table 3.7-3, External Events
And Fire Accident Sequences And Risk Index, failure duration index numbers are zero (zero
corresponds to-an average failure duration and test frequency of one year) and ere therefore not
explidtly shown on Table 3.7-1 and Table 3.7-3. Reverse sequences are not identified in Table
3.7-1 since the failure frequencies and the duration of outages of the first and second IROFS of
accident sequences with multiple IROFS are the same. Accident sequences may be more
easlly described as an occurrence of an initiating event followed by a failure of the IROFS on
demand. In these cases, the failure probability index number is assigned using Table 3.1-10,
Failure Probability Index Numbers and the failure duration is assigned using Table 3.1-11.

Preventive Safety Parameter 2 or IROFS 2 Fallure Index (Column ¢) ’

This column is provided in case a second preventive Safety Parameter or IROFS is designated.
The failure probability on demand is assigned in the same manner as for preventive IROFS 1.

Mitigation IROFS Failure Index (Column d)

This column s provided in case IROFS are avallable to mitigate the consequences of the
accident sequence. That is, they reduce, but do not eliminate, the consequences of an accident
sequence. An IROFS that eliminates all adverse consequences is considered praventive.

LiKelihood Index T Uncontrolled (U)/Controlled (C) (Column e) and Likelihood Category
(Column f)

Column (f) lists the likelihood category number for the risk matrix, which is based on the total
likelihood index for an accident sequence. Column (e) is the total likelihood index, T, is the sum

of the indices for those events that comprise an accident sequence, which normally consists of *
the initiating event and failure of one or more IROFS, including any failure duration indices.
Based on the sum of these indices, the likelihood category number for the risk matrix is
assigned using Table 3.1-8, Determination of Likelthood Category.

"~ Consequence Category (Type of Accident) (Column g)

This column is provided to assign the consequence category numbers based on estimating the
consequences of all types (i.e., radiological, criticality, chemical, and environmental) of accident
sequences that may occur. Accident sequences having IROFS to mitigate consequences are
divided into two cases, one where the mitigation succeeds, and one where it falls, each with
different consequences. The type of accident is also listed in parenthesis where T indicates
chemical and CR indicates criticality.

Risk Indeit h = f x g) Uncontrolled(U)Controlled (C) (Column h

This column is provided to list the risk index, which is calculated as the product of the likelihood
category and consequence category numbers. This is shown in the column heading by the
formula “h =f x g.” Sequences with values of "h" less than or equal to 4 are acceptable (See
Table 3.1-6, Risk Matrix with Risk Index Values).
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Comments and Recommendations

This column records ISA team conclusions. ) —

3.71 Process Risk Assessment

The results of the risk assessment performed for each accident sequence are summarizedin .
Table 3.7-1, Accident Sequence and Risk Index. The following information is provided for each
accident sequence, including the inclusion of any events which were screened as not credible:

o Consequences for each general type of uncontrolled accident sequence

« Comparison of the accident consequences to the performance requirements of 10 CFR
70.61 (CFR, 2003) and designation of each as a ‘high consequence event' (10 CFR
70.61(b)) (i.e., Consequence Category 3), &n ‘intermediate consequence event' (10 CFR
70.61(c)) (i.e., Consequence Category 2) or neither (i.e. an event of no regulatory concem
(low consequence event)) (i.e., Consequence Category 1) i

o Likelihood of occurrence of each accident sequence, expressed in terms of the likelihood
category (3=not unlikely, 2=unlikely, 1=highly unlikely)

¢ Classification of the risk of each uncontrolled accident sequence

¢ Classification of the likelihood of occurrence of each accident sequence (following
application of IROFS)

« Classtfication of the risk of each controlled accident sequence

The detalled descriptions for the accident sequences are prbvided in Table 3.7-2, Accident
Sequence Descriptions. _

3.7.2 Fire and External Events Risk Assessment

As discussed previously, facility fires (FF) and external events (EE) were assessed on a facility-
wide basis. The results of this assessment are presented in Tables 3.7-3, External Events and
Fire Accident Sequences and Risk Index, and 3.7-4, External Events and Fire Accident
Descriptions. The ISA methodology utilized for external events and facility fires is described in
Section 3.1, General Integrated Safety Analysis (ISA) Information. The information containedin |
the columns in Table 3.7-3, External Events and Fire Accident Sequences and Risk index is
defined in Section 3.7.1, Process Risk Assessment.

3.73 Selected Consequence Analysis
To support the classification of ISA events and sequences by the National Enrichment F'acility

Emergency Plan, consequence analyses have been performed for the ulated e
identified in the ISA Summary for which
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Page 3.7-4

|




Y

I
3781  Nuclear Criticality ‘

A conservative public consequence calculation for a ériticality event has been completed. The
consequence analysis methodology is based on NUREG/CR-6410 (NRC, 1988). The
calculations were performed using the following assumptions:

For the prompt gamma radiation, the source was assumed to be shielded by a 20.3 cm (8 inch)
‘thick concrete wall, and receptors were assumed to be at 340 m from the criticality site and ata
number of other distances out to 1.61 km (one mile). Ensuing doses were calculated through
use of a point-kemel shielding code, for a 2-hr exposure interval and for the duration of the
criticality event (8 hrs). :

“For the atmospheric releases, 100 % of the noble gases produced by the criticality events and
25 % of the halogens (iodines) produced by the criticality events, and 0.05 % of the particulates
and uranium isotopes in the evaporated solution (i.e., 0.0125 % of the totals) were assumed to
be released from the vessel where the criticality takes place and released to the atmosphere
without mixing or decay within the building. The atmospheric releases were assumed to be at
uniform rates representative of the actual airbomne releases from the criticality events during the
0 to 2 hr interval and the 2 to 8 hr interval. Credit for deposition within the building and ductwork
was conservatively ignored.
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Dispersion and ground-deposition of the released radioactivity was based on a computer code,

which implements the methodology in Regulatory Guide 1.145 (NRC, 1982) and uses a finite-
cloud-correction capability for cloud shine.

Dispersion/deposition calculations were performed for the 5™ percentile meteorology to
represent adverse dispersion conditions (i.e., better dispersion conditions prevail 95 % of the
time), and 50™ percentile meteorology to represent the realistic-case analyses.

The ensuing radiological consequences (submersion, inhalation and ground-shine pathways)
were calculated at the critical receptor on the site boundary and at a number of distances out to
1.61 km (one mile), using a computer code for radiological impact evaluations. The exposure
intervals were assumed to be 2 hrs and 8 hrs, the latter representing the end of the criticality
event. :

The 2-hr and 8-hr Total Effective Dose Equivalent E) doses &t the site boundary were
determined to be ; these doses
include the prompt gamma radiation and the re contributions under accident
meteorology (5" percentile). The corresponding doses as a function of distance from the

criticality site are presented in Figure 3.7-1, TEDE Doses from Postulated Criticality, for both
accident (5 %) and average meteorology. These results indicate that the consequences of a

postulated criticality event upon members of the public at or beyond the site boundary would be .
ISR, < cciied by 10 FR

considerably below the threshold for an
70.61 (CFR, 2003).

This calculation conservatively bounds the various locations in the facility where a criticality
event is possible.

3.73.2 g::ndlng Donor Station Heater Controller Fallure and Heater Run Away (No IROFS
dited)
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