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Center to be located near Homer, Louisiana. This report documents the
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1.  The NRC Public Document Room, 2120 L Street, NW., Lower Level, Washington, DC
20555-0001

2. The Superintendent of Documents, U.S. Goverriment Printing Office, Mail Stop SSOP,
Washington, DC 20402-8328

3. The National Technical information Service, Springfield. VA 22161
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available are regulatory guides, NRC regulations in the Code of Federal Regulations, and Nu-
clear Reguiatory Commission Issuancas.
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Documents such as theses, disse:ations, foreign reports and transiations, and non-NRC con-
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Reguiatory Commission, Washington, DC  20555-0001.
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process are maintained at the NRC Library, 7820 Norfolk Avenue, Bethesda, Maryland, for use
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tional Standards Institute, 1430 Broadway, New York, NY 10018.
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ABSTRACTY

This report documents the U.S. Nuclear Regulatory Commission (NRC) staff review and
safety evaluation of the Louisiana Energy Services, L.P. (LES, the applicant) apphcation for a
license 10 possess and use byproduct, source, and special nuclear material and to enrich
natural uranium 10 & maximum of 5 percent U-235 by the gas centrifuge process. The plant,
to be known as the Claiborne Enrichment Center (CEC), would be constructed near the town
of Homer in Claiborne Pansh, Louisiana. At full production in a given year, the plant will
receive approximately 4,700 tonnes of feed UF, and preduce 870 tonnes of low-enriched UF,,
and 3,830 tonnes of depleted UF, tails. Facility construction, operation, and decommissioning
are expected t last 5, 30, and 7 years, respectively.

The objective of the review is to evaluate the potential adverse impacts of operation of the
facility on worker and public health and safety under both normal operating and accident
conditions. The review also considers the management organization, administrative programs,
and financial qualifications provided 1o assure safe design and operation of the facility. The
NRC staff concludes that the applicant’s descriptions, specifications, and analyses provide an
adequate basis for safety review of facility operations and that construction and operation of
the facility does not pose an undue risk 1o public health and safety.
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EXECUTIVE SUMMARY

Background

This report documents the U.S. Nuclear Regulatory Commission (NRC) staff review and
safety evaluation of the Louisiana Energy Services. L.P. (LES, the applicant) application for a
license 1o possess and use byproduct, source, and special nuclear material and to enrich
natural uranium to a maximum of five percent U-235 by the gas centrifuge process. The
plant, to be known as the Claibome Ennchment Center (CEC), would be constructed near the
town of Homer in Claiborne Parish, Louisiana. The Application (LES, 1993k),
Environmentzl Report (LES, 1993b), Safety Analysis Report (LES, 1993a), Proposed License
Conditions (LES, 1993e and LES. 1994), and nonproprietary supporting information and
communications are available at the NRC Public Document Room (2120 L Street,
Washington DC) and at the Local Public Document Room (Claiborne Public Library, 901
Edgewood Drive, Homer, LA) under Docket No. 70-3070.

The plant’s design capacity is 1.5 miilion separative work units per year. At full production
in a given year, the plant will receive approximately 4,700 tonnes of feed UF,, and produce
870 tonnes of low-enriched UF, and 3,830 tonnes of depleted UF; tails. Facility construction,
operation, and decontamination and decommissioning are expected to last 5, 30, and 7 years,
respectively.

The application was filed on January 29, 1991, by LES, a corporation comprised of four
general partners and seven limited partners. The four general partners are Urenco
Investments, Inc., Claiborne Fuels L.P. (a subsidiary of Fluor Daniel, Inc.), Claiborne Energy
Services, Inc. (a subsidiary of Duke Power Company), and Graystone Corporation (a
subsichary of Northern States Power Company).

In accord with Public Law 101.575, the Solar, Wind, and Geothermal Power Production
Incentives Act of 1990 revision of the Atomic Energy Act of 1954, uranium enrichment
facihines will be licensed subject to the provisions of the Atomic Energy Act pertaining to
source matenal (SM) and special nuclear material (SNM) (NRC, 1992d). Therefore, the
primary bases for review of the application are the regulations of Parts 40 (NRC, 1961) and
70 (NRC, 1956a) of Title 10 of the Code of Federal Regulations (CFR). In addition, by
Commission Order (NRC, 1991b), the draft "General Design Criteria" for uranium
enrichment, published in the Advance Notice of Proposed Rulemaking for 10 CFR Part 76
(ANPR) (NRC. 1988a) and other special standards and instructions shall be applied. The
Commuission Order specifies that for the purpose of siting and design of a facility against
accidental atmospheric releases of uranium hexafluonide (UF,), health and safety criteria
comamned in NUREG-1391, "Chemical Toxicity of Uranium Hexafluoride Compared to Acute
Effects of Radiation” (NRC, 1991a), shall be applied. The criteria include a limiting intake of
uraniam in soluble form of 10 milligrams and a limiting exposure to hydrogen fluoride (HF)
at a concentration of 25 milligrams per cubic meter for 30 minutes. Other regulations which
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concludes that no interactions of these facilities would occur and that doses in the CEC area
from the other nuclear facilities would be insignificant.

The climate of north-central Louisiana is transitional between the subtropical, humid climate
of the Gulf of Mexico and the continental climates of the great plains and midwest. The
average annual temperature is 18.6 °C (65.4 °F), and average annual rainfall is approximately
130 centimeters. High winds in the vicinity of the site are most frequently associated with
thunderstorms and, due to the rolling hills and forest cover, tomadoes are not common. The
applicant has provided a probabilistic assessment of the high wind and tornado hazard for the
site. The ANPR specified a frequency of occurrence of 1x10™ per year as the design basis
for enrichment facilities. Applicant analysis reported that at this frequency, the design basis
tornado (DBT) has a wind speed of 51.4 m/s (115 mpli) and an atmosphernic pressure change
of 1913 pascals (40 psf). The NRC staff has reviewed the applicant analysis in light of NRC
guidance and concludes that the results provide an acceptable design basis for the CEC.

The applicant has based analysis of atmospheric dispersion at the site on 5 years of
meteorological data collected at Shreveport, LA. In order to establish the validity of this
approach, the Shreveport data was compared with data collected for two other north-Louisiana
sues. The NRC staff has reviewed the applicant analysis and concludes that the Shreveport
data is likely to be representative of meteorological conditions at the site. Joint frequencies
of concentration per unit source (x/Q)) estimated for normal operational releases show a
maximum annual average value of 5.5x107 s/m’ at a location 800 meters (0.5 miles) north of
the plant stacks.

The applicant has provided an assessment of flooding potential at the site based on Corp of
Engineer (COE) analysis and U.S. Geologic Survey maps. The site is not located near the
floodplain of a major river and consequently the site design basis flood results from local
intense precipitation. The applicant estimated that up to 6.2 centimeters (2.5 inches) of water
could pond on the site during the design basis storm. The NRC staff has reviewed the
applicant’s analysis and concludes that the results are an acceptable design basis for the CEC.

The geology of northern Louisiana reflects the deposition of sedimentary rocks throughout the
Cenozoic and Mesozoic Eras with Triassic basement rock located approximately 6,000 meters
(20,000 feet) below the ground surface. The site is located within the Interior Salt Basin
seismotectonic region. The region has histonically experienced minimal seismicity and is
generally considered aseismic. The largest recorded earthquake in the vicinity of the CEC
sile was a magniiade 4.6 earthquake at a distance of 169 kilometers (105 miles) in 1911. In
order to fulfill the ANPR requirement that the facility design basis earthquake (DBE) has a
return period of 500 vears, the applicant performed a probabilistic assessment of seismic
hazard. The procedure included identification of seismic zones, analysis of historical
earthquakes and related faulting, and atienuation of earthquake effects from the source to the
site. The design basis carthquake identified by the applicant procedure was characterized by a
horizontal acceleration at bedrock of 0.046g. The NRC staff concludes that the method is
state-of-the-art and acceptable and that the results fuifill the requirements of the ANPR. In
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post. Control valves, resistor orifices, and controllers provide uniform flow of product and
tails.

Depleted UF, exiting the cascades is compressed from the high vacuum of the centrifuge to
approximately 23,000 pascals (3 psia) for desublimation into tails cylinders. The primary
equipment of the tails take-off system is the vacuum pumps and the take-off cylinder stations.
Cooling water is sprayed over cylinders in the take-off stations to effect the desublimation.
Filling of the cylinders is monitored with a load cell system, and filled cylinders are
transferred to an outdoor storage area after solidification of the UF,.

Enriched UF, from the cascades is desublimed in a product take-off system comprised of
vacuum pumps, product cylinder take-off statons, and a desublimer. The pumps compress
the UF, from the low pressure of the centrifuge to approximately 45,000 pascals (6 psia).

The heat of desvhlimation of the UF is removed by cooling air routed through the product
cylinder take-off station. The product stream contains any light gases which may have passed
through the centrifuge cascades. Therefore, a desublimer is provided to vent these gases from
the product cylinder. Any UF, vented to the desublimer is transferred to another product
cylinder for use as product or blending stock. Filling of the cylinders is monitored with a
load cell system, and filled cylinders are transferred to product liquid sampling autoclaves for
assay.

The sampling autoclave 1s an electrically heated, closed pressure vessel used 10 liquefy the
UF; and allow collection of a sample. The autoclave is fitted with a hydraulic tilting
mechanism which elevates one end of the autoclave so that liquid UF, pours into a sampling
manifold connected to the cylinder valve. After sampling, the cylinder is indirectly cooled by
water flowing through coils located in the autoclave jacket.

LES customers may require product at enrichment levels other than that produced by a single
CEC Assay Unit. Therefore, the plant has the capability to blend enrichcd UF, from two
donor cylinders into a product receiver cylinder. The blending system is comprised of
autoclaves for the two donor cylinders and a take-up station for the receiver cylinder.

P oduct UF; is desublimed in the take-up station using recirculated cooling air.

Support functions, including sample analysis and equipment decontamination, are conducted
in the Technical Services Area (TSA) of the Separations Building. Decontamination,
primarily of pumps and valves, uses solutions of citric acid. Storage areas and portions of the
hiquid and solid waste management systems are also located in the TSA.

Design of Structures, Systems, and Componer.s
The NRC staff applied a structured release scenario development and impact analysis
procedure to identify structures, systems, and components important to safety. The NUREG-

1391 criteria for uranium intake and HF concentration were used 0 determine limiting release
quantities of UF,. Individual elements of the plant were examined for single active failures
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and response to design basis events. Potential consequences of release scenarios developed in
this manner were compared with the imiting release quantities 1o identify structures, systems,
and components important to safety. The NRC staff analysis identified heater protection
circuits (temperature and pressure) of the feed, sampling, and blending autoclaves as
important to saety.

Response to Design Basis Events

Plant systems important 1o safety or systems whose operation might affect operation of
systems important to safety must maintain function given the occurrence of ANPR-specified
design basis events. The NRC staff determined that the design basis flood does not affect
plant systems. The Separations Building comprises cylindrical steel stacks, rectangular
concrete columns, solid concrete walls. precast/prestressed concrete beams, and double-tee
roof and floor meinbers. For response to the DBT, the applicant provided analysis to identify
required load combinations and to demonstrate that roof members had required grout, and that
walls and stacks had adequate thickness to resist DBT forces and missiles. For the DBE. the
applicant identified required load combinations, calculated resultant member forces, and
compared these forces to the allowable member limits. The NRC staff reviewed the
applicant’s analysis and performed supplementary analysis to conclude that the Separafions
Building would maintain its physical integrity in the design basis ea~thquake and tomado.

The NRC staff reviewed the applicant’s analysis and performed supplementary calculations to
determine the response of the autoclaves and the autoclave heater protection controls to the
design basis earthquake. The Separations Building protects components inside the building
from the effects of the DBT. For the feed and blending autoclaves, the applicant provided a
design including force and moment balancss for equipment to be built to American Institute
of Steel Constructors (AISC) and American Society of Mechanical Engineers (ASME) code
specifications. The NRC staff concludes that autoclaves built to this design will maintain
function during the DBE. For the liquid sampling autoclave, the applicant provided a design
specification which was reviewed by the NRC staff. The NRC staff concludes that a product
liquid sampling autoclave built to this specification would maintain function during the DBE
but proposes an inspection license condition to confirm that the autoclave is built to the
specification. For autoclave foundations and Class I electrical and control systems, the
applicant provided design calculations based on force and moment balances. The NRC staff
reviewed the applicant’s design calculations, performed supplementary analysis, and concludes
that the autoclave foundations and Class I controls will maintain function during the DBE.

Instruments and Controls

Instrumentation and controls at the CEC are used to direct normal operations and to protect
against abnormal events or accidental releases. The upper-level approach is to have the
primary control and protection functions performed at local control centers (LCC) near the
equipment and to have all control functions dup_.cated in a central control room (CCR). Each
piece of equipment is controlled from an LCC which has state switches which provide for
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selection of vaive positions and interlocks for allowed operating states of that equipment.
Generally. controllers for individual elements have three set points. The low - two levels are
used 10 maintain process variadles within specified ranges, while the upper set point is used
10 shut down the controlled element. Monitoring of the confinement barrier is provided
primarily by measurement of pressure. Elevated pressure indicates an abnormal condition
with potential inleakage of air or exceedance of specified temperature. For each autoclave,
redundaunt autoclave air space temperature and pressure monitors are used to shut down the
heaters if control limits are exceeded. The ANPR specifies criteria for control room
instrumentaton, for performance of controls with safety significance, and for performance of
controls for process operation and shutdown. The NRC staff reviewed the design of CEC
instrumentation and control systems and concludes that the system designs meet the ANPR
requirements.

Waste Management

Gaseous, hquid, and solid waste will be produced and managed during operation of the CEC.
Potentially contaminated wastes streams are released to the environment from the GEVS and
a portion of the TSA ventilation system. All contaminated gaseous effluents pass through
stack monitors prior 1o release to the atmosphere. Gas exiting the GEVS has passed through
carbon, slumina, and High Efficiency Particulate Air (HEPA) filters for removal of
contaminants. (Gas exiting the potentially contaminated portion of the TSA HVAC system
passes througa a HEPA filter prior to release to the atmosphere. The average annual release
of uranium 1o the atmosphere is expected to be less than 4.4x10™ Bq (120 uCi). For this
release rate, the NRC staff estimates that the uranium concentration at the point of maximum
exposare would be 7.7x10* Bg/m® (2.0x10™ uCi/ml). This concentration is six orders of
magnitude less than the 10 CFR Part 20 limit for releases to unrestricted areas. The average
release rate of HF, the hazardous chemical of concern at the CEC, is expected to be less than
6.5 kilograms/yr. The NRC staff estimates that the HF concentration at the point of
maximum exposure is 1.1x107 mg/m’. The estimate is a factor of 30 million less than the
American Conference of Governmental Industrial Hygienists’ Time Weighted Average limit
for occupational exposures.

Liquids contaminated with uranium which are generated in CEC operations would pass
through a Liquid Waste Disposal System (LWDS) prior to release to Bluegili Pond through
the Sewage Treatment System. The LWT/5 uses precipitatior, evaporation, and ion exchange
to remove uranium isotopes from the liquid stream. Contaminated solids generated in the
LWDS would be disposed offsite at an authorized facility. For the purpose of impact
analysis, the NRC staff adopted 1.0x10™ Bg/yr (28 u Ci/yr) as a conservative estimate of the
upper limit for the annua! release rate of uranizm isotopes to Bluegill Pond. LWDS eifluent
is sampled and analyzed prior 0 release to the Sewage Treaimeni System and Sewage
Treatment System effluent is sampled during release 1o Bluegill Pond. The action level for
alpha acuvity in the liquid stream released w Bluegill Pond comresponds 10 0.5 percent of the
10 CFR Part 20 limit for release to unrestricted areas.
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review of the proposed administrative practices found the program acceptable. The NRC staff
reviewed the applicant’s analysis of safety factors for mass/geometric units and compared this
analysis with Regulatory Guide 3.52 safety margins. The NRC staff concludes that the
proposed cnticality safety critena are adequate to provide reasonable assurance that worker
and public health and safety are protected. The NRC staff reviewed the proposed design for
individual pieces of equipment against criticality safety criteria and concludes that the plant
can be safely operated.

Management Systems and Controls

The NRC staff has reviewed the management structure and administrative programs proposed
for the CEC. The NRC staff evaluated the management organization proposed for the CEC
and the qualifications proposed for the various managerial functions. The NRC staff
evaluated programs proposed for training; development, modification, and management of
procedures; conduct of operational and safety audits; operation of safety commitiees;
mainienance of records: and emergency planning. The NRC staff concludes that managerial
structure and administrative programs meet all regulatory requirements and provide for safe
operation of the CEC.

Accident Analysis

The NRC staff reviewed the accident analysis presented in the SAR and performed
independent analysis of a set of potential accidents related to operation of the CEC. The
estumated consequences of the potential accidents ranged in sever' y from minimal onsite
consequences to detectable of_ite consequences. In developing the representative set of
potential accidents, the NRC staff considered past experience at fuel cycle facilities handling
UF,, experience at Urenco facilities in Europe, and the CEC design described in the SAR.
The only accident deemed to be possible at the CEC which could have significant offsite
consequences 1s release of a large quantity of UF, from a cylinder containing liquid UF,.
Under normal operating conditions, UF, is present in the liquid state only in cylinders inside
of autoclaves. Attainment of the elevaied temperature and pressure required to breach a
cylinder and autoclave is prevented by heater shutoff circuits activated by occurrence of high
temperature or pressure. These protection circuits are provided for each autoclave. The
protection circuits are designated Class I, important to safety, and are designed to maintain
function in the occurrence of design basis events. The severity of the design basis events is
specified in the ANPR. Uncontrolled fire is an additional source of energy which could
possibly lead to rupture of a UF, cylinder. The CEC design precludes occurrence of this
scenario through absence of combustible material in areas where significant quantities of UF,
are present and limitation on fuel inventories on UF, cylinder transporters. Due to the design
features and the use of redundant, diverse protection circuits, the NRC staff concludes that
occurrence of potential accidents at the CEC does not pose an undue risk to public health and
safety.
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Quality Assurance

The ANPR specifies that Quality Assurance (QA) programs applied for structures, sysiems,
and components important to safety meet the requirements of 10 CFR Pant 50, Appendix B.
The applicant has proposed a graded, three-level QA program which follows the guidelines of
ASME NQA-1 for structures, systems, and components important to safety and intermediate
levels of controls for less sensitive systems. The NRC staff has reviewed the QA program
proposed for design and construction, and start-up and operation and concludes that the
program will meet the requirements of 10 CFR Part 50, Appendix B, and is therefore
acceptable.

Financial Qualifications

Four general and seven limited partners plan to construct, operate, and decommission the
CEC. The applicant estimates that hard construction costs will be $816 million in 1992
dollars. Approximately 30 percent equity financing will be used. The NRC staff reviewed
the financial status of each of the partners, including reports of shareholder equity, cash flow,
and cash on hand to evaluate the source of and reliability of funds. The applicant commits to
maintaining $200 million in nuclear liability insurance. The NRC staff reviewed the
applicant’s estimate of product market prices and considered project risk. On the basis of this
review, the NRC staff concludes that the financial risk of the project should not affect the
protection of public health and safety.

Safeguards and Security

The NRC staff has reviewed the applicant’s Fundamental Nuclear Material Control (FNMC)
Plan against the requirements of 10 CFR Part 74 and supporting NRC guidance. The FNMC
Plan includes descriptions of performance objectives and system capabilities, including the
means for precluding or detecting unauthorized enrichment activities. On the basis of this
review, the NRC staff concludes that the applicant’s proposed FNMC Plan, when
implemented, is acceptable for meeting the requirements of 10 CFR 74.33.

The NRC staff has reviewed the applicant’s Physical Security Plan against the requirements
of 10 CFR Pan 73 and supporting NRC guidance. The applicant’s plan includes constructing
the facility within a controiled area surrounded by a chain link fence. The controlled area is
further surrounded by a cleared area, and access is monitored and controlled by watchmen.
Security patrols and communications are provided as a response 1o unauthorized penetrations
of the controlled area. Personnel working at the facility will be screened for trustworthiness.
Notification, confirmation. and inspections are proposed to control special nuclear material
shipments. On the basis of this review, the NRC staff concludes that the applicant’s Physical
Security Plan meets the requirements of i0 CFR 73.67 and is thus acceptable.

The applicant is required to use, process, store, reproduce, transmit, or handle National
Security Information (NSI) and/or Restricted Data (RD) in accordance with 10 CFR Part 95,
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The NRC staff has reviewed and approved the applicant’s plan, which is not releasable to the
public, for control and protection of NSI and RD.

Decontamination and Decommissioning

Facilities licensed by the NRC under 10 CFR Parts 40 and 70 are decommissioned by the
licensee in order to permit release of the site and facilites for unrestricted use and to
terminate the license. In order to decontaminate and decommission (D&D) the facility, the
applicant proposes to incorporate specific features into the design which will facilitate D&D,
charactenize the facility and site after termination of enrichment operations, prepare a detailed
decommissioning plan, complete D&D acuvities. and complete a final site survey. The entire
D&D process is esimated 1o require 7 years and will involve installation of two new facilities
within existing buildings for decontamination operations. The applicant’s estimate of D&D
cost is approximately $518 million, including $485 million estimated for dispositioning of
depleted uranium tails. The NRC staff concludes that the applicant’s proposed procedures
and funding are adequate to D&D the facility. In addition, the applicant has committed by
license condition to reviewing and updating the decommissioning funding plan at least every
five years, starting from the time of issuance of the license.

Conclusions

The NRC siaff has reviewed the applicant’s SAR, Proposed License Conditions, and
supporting documentation, including responses to NRC requests for additional information,
and concludes that the applicant’s descriptions, specifications, and analyses provide an
adequate basis for safety review of facility operations. Further, the NRC staff concludes, on
the basis of the NRC staff review of applicant’s submissions and independent NRC staff
analyses as summarized above, that construction and operation of the facility does not pose an
undue risk to public health and safety. In order to provide additional assurance that the bases
for this conclusion remain unchanged and in accord with Public Law 101.575, NRC staff will
perform a preoperational inspection to confirm that the construction and installation of each
plant unit is in accordance with the requirements of the license.




1 INTRODUCTION AND GENERAL DESCRIPTION
1.1 Introduction

This repont documents the U.S. Nuclear Regulatory Commission (NRC) staff safety review
and evaluation of the Louisiana Energy Services, L.P. (LES, the applicant) application for a
license to possess and use byproduct, source, and special nuclear material and 1o enrich
natural uranium to a maximum of 5 percent U-235 by the gas centrifuge process. The plant,
to be known as the Claiborne Enrichment Center (CEC), would be constructed near the town
of Homer in Claiborne Parish, Louisiana. The License Application (LES, 1993k).
Environmental Report (ER) (LES. 1993b), Safety Analysis Report (SAR) (LES, 1993a),
Proposed License Conditions (PLC) (LES, 1993¢ and LES, 1994), and nonproprietary
supporting informauon and communications are available at the NRC Public Document Room
(2120 L Swreet, NW., Washington DC) and at the Local Public Document Room (Claiborne
Parish Library. 901 Edgewood Dnive, Homer, LA) under Docket No. 70-3070.

The plant design capacity is 1.5 million Separative Work Units (SWU) per year. At full
production in a given year, the plant will receive approximately 4,700 tonnes of feed uranium
hexafluoride (UF,), and produce 870 tonnes of low enriched UF, and 3,830 tonnes of depleted
UF, tails. Facility construction, operation, and decontaminatior. and decommissioping are
expected to last five, thirty, and seven years, respectively.

The application was filed on January 29, 1991 by LES, a corporation comprised of four
general partners and seven limited partners. The four general partners are Urenco
Investments, Inc., Claiborne Fuels L.P. (a subsidiary of Fluor Daniel, Inc.), Claiborne Energy
Services, Inc. (a subsidiary of Duke Power Corapany), and Graystone Corporation (a
subsidiary of Northern States Power Company).

In accord with Public Law 101.575, the Solar, Wind, and Geothermal Power Production
Incentives Act of 1990 revision of the Atomic Energy Act of 1954, uranium enrichment
facilities will be licensed subject to the provisions of the Atomic Energy Act pentaining to
source material (SM) and special nuclear material (SNM) (NRC, 1992d). Therefore, the
primary bases for review of the application are the regulations of Parts 40 (NRC, 1961)

and 70 (NRC, 1956a) of Title 10 of the Code of Federal Regulations (CFR). In addition, by
Commission Order (NRC, 1991b), the draft "General Design Criteria" for uranium
enrichment, published in the Advance Notice of Proposed Rulemaking for 10 CFR Part 76
{ANPR) (NRC, 1988a), and other special standards and instructions shall be applied. The
Commission Order specifies that for the purpose of siting and design of a facility against
accidental atmosphenc releases of uranium hexafluonide (UF,), health and safety criteria
contained in NUREG-1391, "Chemical Toxicity of Uranium Hexafluoride Compared to Acute
Effects of Radiation” (NRC, 1991a) shall be applied. The criteria include a limiting intake of
uranium 1n soluble form of 10 milligrams and a limiting exposure to hydrogen fluoride (HF)
at a concentration of 25 milligrams per cubic meter for 30 minutes. Other regulations which
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shall be applied according to their terms include: 10 CFR Parts 19 (NRC, 1973),
20 (NRC, 1991c¢). 21 (NRC. 1977¢), 30 (NRC, 1991d), 61 (NRC, 1992a),
and 140 (NRC, 1960).

The objective of the review is to evaluate the potential adverse impacts of operation of the
facility on worker and public health and safety under both normal operating and accident
conditions. The review also considers the managemeni organization, administrative programs,
and financial qualifications provided to assure safe design and operation of the facility. The
review followed the ANPR framework in identifying and evaluating those elements of plant
design and operation, termed important to safety, which must function at the highest level of
reliability. The function of these and related systems was evaluated for response to design
basis events. Particular attention is given o criticality safety, which is evaluated in its
administrauve. design, and operational aspe~ts. Normal operational impacts are assessed for
maximally exposed individuals and for the surrounding population. The potential
consequences of a set of accidents are estimated to identify the range of potential adverse
impacts and to identify required limits for operation. Where the applicant’s desige or
procedures should be supplemented, the NRC staff has recommended license conditions 10
provide additional assurance of safe operation. The following sections provide summaries of
relevant site and facility characteristics and summarize the results and conclusions of the
safety evaluation for the principal review matters.

1.2 General Plant Description
1.2.1 Site Description

The site is located in Claiborne Parish, northwest Louisiana, approximately 8 kilometers

(5 miles) northeast of the town of Homer, LA and 80 kilometers (50 miles) east-northeast of
Shreveport, LA (LES, 1993a, 1993b). It consists of 179 hectares (442 acres) of land,
approximately 28 hectares (70 acres) of which will be developed for plant facilities.
Topography of the area around the CEC is characteiized by rolling hills, with ground
elevations ranging from 60 to 104 meters (200 to 340 feet) above sea level. The site is in the
Ouachita River drainage basin with small creeks carrying water from the site 1o the east and
west.

1.2.2 Plant Description

The CEC is a process plant designed to separate a feed stream containing the naturally
occurring proportions of uranium isotopes into a product stream enriched in the uranium-235
isotope and a tails stream depleted in the uranium-235 isotope. The process, entirely physical
in nature, takes advantage of the tendency of materials of differing density 10 segregate in the
force field produced by a centrifuge. The chemical form of the working material of the plant,
UF,, does not require chemical transformations at any stage of the process. Solid UF; is
delivered to the plant in cylinders containing up to 12.6 tonnes (14 tons) of UF,. Feed
cylinders received at the plant are inspected and weighed in the Cylinder Receipt and
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Dispatch Building (CRDP), and transferred to the main process facility, the Separations
Building. Separation operations are divided among three Plamt Units, each capable of
handling one-third of plant capacity. Each Plant Unit is divided into two Assay Units and
each assay unit is comprised of 7 cascades. Therefore, the total plant is comprised of 42
cascades. Each cascade is comprised of approximately 1.000 centrifuges.

The ennchment process housed in the Separations Building is comprised of four major
elements: a feed system, an enrichment system, a product take-off svstem, and a tails take-
off system. Support functions include product sampling and blending systems and analytic
and decontamination systems. The major pieces of equipment used in the feed process are
autociaves, desublimers, and take-up cylinder cubicles. Feed cylinders are loaded into
electrically heated autoclaves; vented for removal of light gases, primarily air and HF, and
heated to liquefy and vaporize the UF,. The light gases and UF, vapor generated during
cylinder venting are rou'ed to the desublimer (that is, a cold trap) where the UF, is
desublimed. The light gases are routed to a process gas clean-up system called the Gaseous
Effluent Vent System (GEVS). The GEVS has activated carbor adsorbent and High
Efficiency Particulate Air (HEPA) filters which remove most of the HF and uranium
compounds before the gas is released to the atmosphere. The UF, solidified in the desublimer
is sublimed and wansferred to a cylinder in the take-up cubicle for re-use as feed material.
After venting, UF, from the feed autoclave is routed to the separation cascades. Pressure in
all process lines outside of the autoclaves is subatmospheric.

Gaseous UF, from the feed autoclaves is routed to the centrifuge cascades. Each centrifuge is
a thin-walled, vertical, cylindrically shaped rotor which spins around a central post within an
outer casing. Feed, product, and tails streams enier and leave the centrifuge through a central
post. Control valves, resistor orifices, and controllers provide uniform flow of product and
tails.

Depleted UF, exiting the cascades is compressed from the high vacuum of the centrifuge to
approximately 23,000 pascals (3 psia) for desublimation into tails cylinders. The primary
equipment of the tails take-off system is the vacuum pumps and the take-off cylinder stations.
Cooling water is sprayed over cylinders in the take-off stations to efiect the desublimation.
Filling of the cylinders is monitored with a load cell system, and filled cylinders are
transferred to an outdoors storage area after solidification of the UF,.

Enniched UF, from the cascades 1s desublimed in a product take-off system comprised of
vacuum pumps, produci cylinder take-off siations, and a desublimer. The pumps compress
the UF, from the low pressure of the centrifuge 10 approximately 45,000 pascals (6 psia).

The heat of desublimation of the UF, is removed by cooling air routed through the product
cylinder take-off station. The product stream contains any light gases which may have passed
through the centrifuge cascades. Therefore, a desublimer is provided to vent these gases from
the product cylinder. Any UF, vented 1o the desublimer is transferred to another product
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cylinder for use as product or blending stock. Filling of the cylinders is monitored with a
load cell system, and filled cylinders are transferred to product liquid sampling autoclaves for
assay.

The sampling autoclave is an electrically heated, closed pressure vessel used to liquefy the
UF, and allow collection of a sample. Thc autoclave is fitted with a hydraulic tlting
mechanism which elevates one end of the autoclave so that liquid UF, pours into a sampling
manifold connected to the cylinder valve. After sampling, the cylinder is indirectly cooled by
water flowing through coils located in the autoclave jacket.

LES customers may require product at enrichment levels other than that produced by a single
CEC Assay Unit. Therefore, the plant has the capability to blend enriched UF, from two
donor cylinders into a product receiver cylinder. The blending system is comprised of
autoclaves for the two donor cylinders and a take-up station for the receiver cylinder.
Product UF, is desublimed in the take-up station using recirculated cooling air.

Support functions, including sample analysis and equipment decontamination, are conductec
in the Technical Services Area (TSA) of the Separations Building. Decontamination,
primarily of pumps and valves, uses solutions of citric acid. Storage areas and portions of tte
liquid and solid waste management systems are also located in the TSA.

1.3 lIdentification of Agents and Contractors

LES, the applicant, is responsible for CEC design, quality assurance, construction, pre-
operational testing, initial start-up, and operation. LES contracted with Urenco, a general
partner, to provide the reference design for the facility. Urenco has expenience in the gas
centrifuge uranium enrichment process, operating three enrichment plants in Europe. LES
contracted with Fluor Daniel and Duke Engineering Services to specify structures and
facilities for the plant and to provide elements of the dose assessment and safety analyses.
LES used consultants, Westinghouse Environmental and Geotechnical Services auw Law
Engineering Services, to provide site suitability and seismic analyses.

1.4 Summary of Review and Findings

Principal review matiers for evaluation of the CEC include: description of site conditions and
charactenzation of design basis natural phenomena; identification of structures, systems, and
components important to safety: response of systems important to safety to design basis
events, criticality safety in design and operation: function of instrumentation and controls;
waste management; radiation protection of workers and the public; quality assurance:
management systems and controls; accident analysis; financial qualifications; safeguards and
security; and decontamination and decommissioning. The reviews and conclusions for these
areas are summanized in the following paragraphs.
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Site Characterization

Population density, land use, and physical characteristics of the site were reviewed against
ANPR and regulatory requirements. The NRC staff determined that the applicant’s analysis
had 1dentified appropriate charactenistics for design basis natural phenomena including,
carthquake, tomado, and flood. The NRC staff concludes that the characterization of the site
provides an adequate basis for safety review,

ldentification of tures, Svs and Components Important to Safety

The NRC staff applied a structured release scenario development and impact analysis
procedure to identify structures, systems, and components important to safety. The
NUREG-1391 criteria for uranium intake and HF concentration were used to determine
limiting release quantities of UF,. Individual elements of the plant were examined for single
active failures and response to design basis events. Potential consequences of release
scenarios developed in this manner were compared with the limiting release guantities to
idenufy structures, systems, and components important to safety (Class I). The NRC staff
analysis identified heater protection circuits (temperature and pressure) of the feed, sampling,
and blending autoclaves as important to safety.

Response to Design Basis Events

Plant systems important to safety or systems whose operation might affect operation of
imporant-to-safety systems must maintain function given the occurrence of ANPR-specified
design basis events. The NRC staff determined that the design basis flood does not affect
plant systems. The NRC staff reviewed the applicant’s analysis and performed supplementary
analysis to conclude that the Separations Building maintains its integrity in the design basis
earthquake and tornado. The NRC suaff reviewed applicant analysis and performed
supplementary calculations to determine the response of the autoclaves and the autoclave
heater protection controis to the design basis eartho ~ 2. The Separations Building protects
components inside the building from the effects of «he design basis tornado. The NRC staff
concludes that the important-to-safety mechanical and control components built to the CEC
design will survive the design basis earthquake.

Cnticalitv Safety in Design an ration

The NRC staff has reviewed the applicant’s program for administration of criticality safety
and the proposed nuclear criticality safety factors for design and operation. The NRC staff
review of the proposed administrative practices found the program acceptable. The NRC staff
reviewed the applicant’s analysis of safety factors for mass/geometric units and compared this
analysis with Regulatory Guide 3.52 safety margins. The NRC staff concludes that the
proposed criticality safety crileria are adeguate to provide reasonable assurance that worker




and public health and safety are protected. The NRC staff reviewed the proposed design for
individual pieces of equipment against criticality safety criteria and concludes that the plant
can be safely operated.

Instruments and Controls

The ANPR specifies criteria for control room mstrumentation, for performance of controls
with safety significance, and for performance of controls for process operation and shutdown.
The NRC staff reviewed the design of CEC instrumentation and control sysiems and
concludes that the system designs meet the ANPR requirements.

Wast ement

The NRC staff reviewed the design of CEC systems for management of radioactive,
hazardous, mixed, and industrial waste. The review established that CEC radioactive waste
management systems use effective process components which would limit releases to small
fractions of 10 CFR Part 20 limits. The NRC staff concludes that atmospheric and liquid
effluents would be controlled to levels as low as reasonably achievable. The NRC staff
concludes that the effluent monitoring sysiems have acceptable levels of detection and would
protect public health and safety. Systems for control of mixed, hazardous, and industrial
wastes are also in compliance with applicable reguiations.

Radiation Protection for Workers and the Public

The NRC staff reviewed proposed CEC Radiation Protection programs against the ANPR and
regulatory requirements. The NRC staff estimates of potential occupational and public
exposure 10 radioactivity were small, well below regulatory limits, and as low as reasonably
achievable. The NRC staff reviewed the radiation protection programs proposed for the CEC
and concludes that they would protect worker and public health and safety and are therefore
acceptable.

Quality Assurance

The ANPR specifies that Quality Assurance ‘QA) programs applied for structures, systems,
and components important to safety meet the requirements of 10 CFR Parnt 50, Appendix B.
The applicant has proposed a graded. three-level QA program which follows the guidelines of
ASME NQA-1 for structures, systens, and components important to safety and intermediate
levels of controls for less sensitive systems. The NRC staff has reviewed the QA program
proposed for design and construction, and start-up and operation and concludes that the
program will meet the requiremen's of 10 CFR Pant 50, Appendix B and is therefore
acceptable.
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Management Systems and Controls

The NRC staff has reviewed the management structure and administrative programs proposed
for the CEC. The NRC staff evaluated the management organization proposed for the CEC
and the qualifications proposed for the various managerial functions. The NRC staff
evaluated programs proposed for training, development and modification of procedures,
conduct vi operational and safety audits, operation of radiation protection and safety
committees, conduct of maintenance, emergency planning, and inspection of start-up and
operations. The NRC staff concludes that managerial structure and administrative programs
meet all regulatory requirements and provide for safe operation of the CEC.

Accident Analysis

The NRC staff reviewed the accident analysis presented in the SAR and performed
independent analysis of a set of potential accidents related to operation of the CEC. The
estimated consequences of the potential accidents ranged in severity from minimal onsite
consequences to detectable offsite consequences. In developing the representative set of
potential accidents, the NRC staff considered past experience at fuel cycle facilities handling
UF;, experience at Urenco facilities in Europe, and the CEC design described in the SAR.
The only accident deemed to be possible at the CEC which could have significant offsite
consequences is release of a large quantity of UF, from a cylinder containing liquid UF,.
Under normal operating conditions, UF, is present in the liquid state only in cylinders inside
of autoclaves. Attainment of the elevated temperature and pressure required to breach a
cylinder and autoclave is prevented by heater shutoff circuits activated by occurrence of high
temperature or pressure. These protection circuits are provided for each autoclave. The
protection circuits are designated important to safety and are designed to maintain function in
the occurrence of design basis events. The severity of the design basis events is specified in
the ANPR. Uncontrolled fire is an additional source of energy which could possibly lead to
rupture of a UF, cylinder. The CEC design precludes occurrence of this scenario through
absence of combustible material in areas where significant quantities of UF, are present and
limitation on fuel inventories on UF, cylinder transporters. Due to the design features and the
use of redundant, diverse protection circuits, the NRC staff concludes that occurrence of
potential accidents at the CEC does not pose an undue risk to public health and safety.

Financial ifications

Four general and seven limited partners plan 1o construct, operate, and decommission the
CEC. The applicant estimates that hard construction costs will be $816 million in 1992
dollars. Approximately 30 percent equity finarcing will be used. The NRC staff reviewed
the financial status of each of the panners, including reports of shareholder equity, cash flow,
and cash on hand to evaluate the source of and reliability of funds. The applicant commits to
maintaining $20¥) million in nuclear liability insurance. The NRC staff reviewed the
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2 SITE CHARACTERISTICS

This chapter descnibes and analyses those site characteristics which may affect operations or
accidents and reviews the applicant’s analysis which postulates the severity of natural
phenomena included in the plant design basis. These site characteristics--demographic,
hydrologic, meteorological, and seismological factors--determine the spatial and temporal
distribution of impacts of releases from a facility during normal operation or accidents. This
chapter also presents NRC staff evaluations of the proposed design basis natural phenomena
and of other site charactenstics.

This chapter consists of five sections. The first section describes the geography and
population distribution around the site, with emphasis on the nearby residents most likely to
be affected by accidental releases. The second section describes nearby industrial,
transportation, and military facilities, the operation of which could be affected by accidents.
The third section describes the meteorological conditions, which play a role in atmospheric
transport from the facility to potential receptors, and reviews the applicant’s analysis of the
design basis high wind and torado. The fourth section describes the surface water flow
system waich could transport releases from the facility and reviews the applicant’s analysis of
the design basis flood. The fifth section describes the geologic setting of the site and reviews
the applicant’s analysis of the design basis earthqua'~ The data and descriptions presented
are drawn from the Louisiana Energy Services’ (LEs) Claiborne Enrichment Center (CEC)
Safety Analysis Report (SAR) (LES, 1993a) and Environmental Report (ER) (LES, 1993b).

2.1 Geography and Demography
2.1.1 Site Location

The site for the proposed CEC i1s located in Section 3. T2IN, R6W, of Claiborne Parish,
northwest Louisiana, approximately 8 kilometers (5 miles) northeast of the town of

Homer, LA, and BO kilometers (50 miles) east-northeast of Shreveport, LA. The location of
the CEC site within the region is shown in Figure 2.1; its location within the local area is
shown in Figure 2.2. The site covers 179 hectares (440 acres); the controlled area, situated at
the center of the site, covers 28 hectares (70 acres) and includes seven main buildings
enclosed by a fence.

2.1.2 Site Description

Topography in the area around the CEC property is characterized by rolling hiils, with
ground-level clevations ranging from 50 to 100 meters (200 tc 330 feet) above mean sea level
(MSL). Elevations within the CEC property range from 85 to 104 meters {280 to 340 feer)
MSL, for the southem and central portions, respectively. Generally, the terrain can be
described as ranging between {lat and gently rolling.
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The entire site is part of the Ouachita River drainage basin. Drainage for the western and
southern portions of the site is provided by small unnamed creeks. These creeks join in the
southwestern portion of the site and flow into Bluegill Pond, at the head of Cypress Creek,
which flows into Lake Claiborne. For the eastern portion of the property, drainage is directed
into Lake Avalyn, a small lake at the head of an unnamed stream, which flows into
McCasland Creek. A more detailed description of site drainage is presented in Section 2.4.

Within the controlled area, a plant drainage system routes normal surface runoff into catch
basins, a hold-up basin, and Bluegill Pond. Flooding of the developed area is prevented by
the grading of the plant yard, which routes the run-off away from the structures.

Vegetation in the vicinity of the site is thick and composed mostly of pine, with some oak in
the botom land and moderate to dense underbrush. Extensive deforestation occurred between
the late winter of 1989 and the early summer of 1990. There are no plans for reforestation of
the clear-cut areas; instead. they will be allowed to reforest naturally.

On-site access roads could serve for movement of UF, cylinders or centrifuge components.
Incoming vehicles would enter the south gate at the security station, then drive either to the
Cylinder Receipt and Dispatch Building (CRDB) or 1o the Centrifuge Assembly Building
(CAB). In addition, there are paved roads between the CRDB and the Separations Building,
and within the storage areas, for the use of facility vehicles. Figure 2.3 shows the plan of the
facility and the configuration of the on-site access roads.

2.1.3 Boundaries

All activities within the fenced, 28-hectare (70 acre), controlled area are related to plant
operation. LES has the authority to determine all activities within this area. Any possible
future activities not related to the operation of the plant within this area will not interfere with
operations.

2.1.4 Population Distribution
2.1.4.1 Population in the Vicinity of CEC

The population of Claiborne Parish has been stable, though slightly increasing, over the last
three decades. In 1970, the population was 17,024; in 1980, 17,095; in 1990, 17,405 (U.S.
Department of Commerce. 1992a). Most of the population 1n the parish is clustered along
Parish Roads 39 and 9, in the towns of Homer and Haynesville, and in the Wade Correctional
Center. Both Claiborne Parish and the area around the CEC are sparsely populated. The
population density for the parish was 8.9 persons per square kilometer (23.1 per mi’) in 1990
(U.S. Department of Commerce, 1992a).
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; A large transient population clusters mainly around Lake Claiborne and. to a lesser extent,

’ other recreational facilities such as Comey Lake and the Kisatchie National Forest. Most of
these visitors engage in boating, fishing, hunting, and skiing. The transient population at
Lake Claiborne State Park alon: was 48,200 in fiscal 1988-89. The permanent residence
nearest 10 the CEC is located approximately 475 meters (1560 feet) north-northeast of the
plant stacks.

2.1.4.2 Population within 80 Kilometers of CEC

The closest major urban center is Shreveport, LA, which is 80 kilometers (50 mi) southwest
of the 1acility and has a population of 205,000. El Dorado, AR, lies about 80 kilometers
northeast from the facility and has 25,000 residents (U.S. Department of Commerce, 1992a).

Total population of the adjacent parishes is 472,000. Total population within an 80-kilometer

radius of the site, including as many as 1,167 inmates of the Wade Correctional Center, is

349,000. The distribution of population by direction and distance is summarized in Table 2.1.

Table 2.1 Population distribution within 80 kilometers of the CEC
Distance (km)
Decton o8 24 40 s6 72 120 240 400 S60 720
S 6 32 49 15 244 196 2361 .2524 1315 2157
SSW 0 3 23 29 289 288 1404 1983 2646 4531
SW 0 0 9 3 213 1727 1370 18675 6539 5213
WSwW 0 3 40 0 51 2055 752 2178 7308 74454
W 0 9 3 0 6 481 877 3273 1915 4935
WNW 12 9 3 1 3 20 603 1494 SB30 6426 2424
NW 9 3 9 0 0 47 3020 2348 3471 5201
NNW 6 0 0 29 1170 227 402 3182 14291 2944
N 20 0 0 0 0 218 407 833 1977 2435
NNE 17 20 17 17 0 182 540 2621 10373 1906
NE 9 12 6 i2 0 273 1162 5894 20851 1220
ENE 3 6 32 26 6 253 895 1839 1704 3333
E 0 0 0 9 17 126 2367 1430 5238 3501
ESE 0 6 23 6 0 64 1240 1974 3005 8772
SE 0 23 0 15 29 45 2047 23814 3352 2640
SSE 0 26 0 3 34 148 1531 7676 3162 12419
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2.2 Nearby Industrial, Transportation, and Military Facilities

Nearby industrial, transportation, and military facilities could affect or be adversely affected
by CEC operations. This section briefly describes the characteristics of these facilities and
supports the NRC staff finding on potential interactions. Because of the distances between
the CEC and all other industnial, transportation, and military facilities, the NRC staff
concludes that the CEC would not be significantly affected by current or planned activities,
and none of these activities would be adversely affected by CEC operations.

2.2.1 Industrial Facilities

Industrial facilities in the vicinity which could affect CEC operation include oil and gas
production and miscellaneous manufactuning operations. This section summarizes the number
and types of these facilities.

2.2.1.1 Oil and Gas

Claiborne Parish has 1,176 producing oil welis and 202 producing gas weils (LP&L, 1990).
There are 31 wells within & kilometers (5 miles) of the CEC facility, Of these, 19 were
producing oil, 10 were producing gas, and 2 were injection wells in 1990 (LES, 1993b). The
nearest producing well is a gas well approximately one kilometer (0.6 miles) southeast of the
CEC.

The applicant has analyzed the potental risk posed by oil and gas production in the vicinity
of the site (LES, 1993a). The applicant selected an oil- and gas-producing well located near
the southwest corner of the site as the basis for analysis. This well is the producing well
nearest the CEC. The analysis demonstrated that due to the nature of the local topography,
oil spilt from the well would flow away from the site and not pose a potential safety threat.
Analysis of the possibility of explosion of gas released from the well was based on
development of an estimate of the maximum quantity of gas which would be released in a
rupture. Because the well pipinz includes a valve designed to close on over- or under-
pressure signals and the local metering station includes backflow prevention, the maximum
estimate gas release is determined by the volume of piping between the valve and
transmission pipeline. The quanuty of gas which would be released from the well would be
less than that required to initiate a vapor-phase explosion.

The NRC staff reviewed the applicant’s analysis and finds that it is reasonable and supports
the conclusion that operation of off-site oil and gas wells does not pose a risk to operation of
the CEC.



2.2.1.2 Manufacturing

In 1990, Claiborne Parish had nine manufacturing operations employing a total of 684
residents in petroleum products, timber/wood products, plastics, garments, and packaging
(LP&L., 1990). Table 2.2 lists these companies, their primary business, and number of
employees. Given the nature and separation of the facilities, the NRC staff concludes that no
significant interactions with the CEC would occur.

Table 2.2 Manufacturers in Claiborne Parish (1990)

COMPANY PRIMARY BUSINESS EMPLOYEES
Emont Industnal gloves 300
Ludlow Corp. Packaging products (industrial) 200
Claibome Gasoline Co. Petroleum products 46
Harmon Wood Co., Inc. Pulpwood, longwood, logs, wood, 30

chips
Woodsmith, Inc. Molding, hardwood 43
Beacon Plastics, Inc. Plastic injection molding (custom) 20
Delat Draperies Draperies, bedspreads 15
Industrial Packaging Packaging products (industrial) 15
Laark Fashions Women's custom clothing 15

Source: LP&L, Claiborne Parish Profile, 1990, p.22.

2.2.1.3 Nuclear

Because no nuclear facilities exist within 32 kilometers (20 miles) of the CEC site, any
potential environmental problem at the CEC would be an isolated occurrence and, in any
emergency, would thereby preclude interactions with other nuclear facilities. The nearest
facility is the Grand Gulf Nuclear Power Station near Port Gibson, MS, approximately

215 kilometers (135 miles) southeast of the CEC. More distant nuclear facilities include
Arkansas Nuclear One in northern Arkansas (about 265 kilometers [165 miles] north), River
Bend in southern Louisiana (2bout 290 kilometers [180 miles) south), Waterford 3 in
southeast Lomsiana (about 400 kilometers {250 miles] away), and Comanche Peak in Texas
{about 430 kilometers [270 miles] west) (NERC, 1988). Given the great distances between
facilities, the NRC staff concludes that no interactions with the CEC would occur and that
doses in the CEC area from the other nuclear faciliies would be insignificant.



2.2.2 Transportation

This section discusses air and surface transportation by roads, railroads, airports, and
waterways, and land links by pipelines and power lines. Except for Parish Road 39, there
would be no changes in traffic patterns other than a moderate increase in traffic along
Roads 2 and 9.

2.2.2.1 Roads

State Roads 9 and 154 and Federal Highway 79 link Homer with Interstate 20 south of the
parish. State Road 2 links Bemice, Lisbon. Homer, and Cotton Valley; State Road 146 links
Homer and Ruston; State Road 9 links El Dorado, AR; Athens and Homer, LA; and
Intersiate 20. Federal Highway 79 links Magnolia, AR. to Haynesville and Homer, where it
veers southwest towards Minden. The regional and local access roads to the CEC are shown
in Figure 2.2.

2.2.2.2 Railroads

The nearest major raiiroad is the Louisiana Northwest Railroad, which connects with the
Southern Pacific Lines at its northem terminal, runs south parallel to Federal Highway 79
from the Arkansas border to Homer, then heads south along State Roads 9 and 154 to link the
parish to the Mid-South Railroad, which runs parallel to and south of Interstate 20. Two
freight trains serve customers and deliver to connections 5 days a week, with one-stop train
service 2 days a week. System capacity is 285,705,000 gross kilograms (628 million pounds)
per train (Ralston, R., Louisiana Northwest Railroad, Personal Communication, May 22,
1991).

2.2.2.3 Airports

The parish has two general aviation airports, both of which operate during daylight hours, 7
days a week. One is the Homer Municipal Airport, which lies 5 kilometers (3 miles) east of
the city and has a lighted 1.000-meter (3280-foot) runway. Airpor traffic averages four
aircraft per day. The second is Haynesville Airport, which has a lighted 900-meter
(2950-foot) runway. The nearest commercial airports outside the parish are located in El
Dorado, AR, fewer than 65 kilometers (40 miles) away, and in Shreveport, 80 kilometers
(50 miles) away (LP&L, 1990, and Homer Chamber of Commerce, 1990). Figure 2.2 shows
the location of the Homer Municipal Airport vis-a-vis the CEC.

Air traffic within the parish is not expected to increase significantly because of CEC
operation. No current or foreseen population growth would increase local air traffic over the
projected life of the facility. The applicant analyzed the probability of an airplane crashing
into the site (LES, 1993a). The analysis considered airplane types, flight frequencies and
trajectories, and plant area in order to develop an estimate of 1.3x10°, or 1.3 in a biliion,
crashes per year.
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The NRC staff reviewed the applicant’s analysis of gas pipeline operation and concludes that
operation of such lines at the present distances from the CEC does not pose a risk to safe
operation of the facility.

Electricity in the parish is provided by Claiborne Electric Power Cooperative, Inc., and
Louisiana Power & Light Company (LP&L). Claiborne Electric is part of Louisiana’s
Electric Cooperative Sysiem and is headquartered in Homer (LP&L, 1990). LP&L operates
an interconnected integrated electric system covering a 50,000 square-kilometer

(20,000 square-mile) area in 46 of the 64 parishes of Louisiana. The nearest LP&L
transmission line goes through a substation in Haynesville, northwest of the CEC site, another
line goes through a substation in Bernice, east of the CEC site. A 115-kilovolt overhead line
from each of these substations will be routed to a switchgear on the CEC site. Each line will
be capable of meeting all facility requirements. Only LP&L will provide power for the CEC
(LES, 1993a).

2.2.3 Military Facilities

There is no military presence in Claiborne Parish. Moreover, there are no military bases,
bombing ranges, munitions plants, or missile installations within 8 kilometers (5 miles) of the
facility. The nearest military facility is the Barksdale Air Force Base in Bossier City,

60 kilometers (40 miles) west of Homer (Brakefield, M., Homer Chamber of Commerce,
Personal Communication, October 28, 1992 and Rand McNally, 1991).

2.3 Climatology and Meteorology

This section describes the chimatological and meteorological conditions at the site, reviews the
applicant’s analysis of the design basis high wind and tomado, and summarizes the results of
atmospheric dispersion analysis appropriate for normal operation and accidents.

Climatological and meteorological conditions can initate or increase accidental releases of
radioactive or other hazardous matenial and would disperse such material released during
normal operation and accidents. Radioactive material would be released to the atmosphere
during normal operation of the CEC facility and could also be released to the atmosphere
during accidents.

2.3.1 Climatology

The climate of north-central Louisiana is transitional between the subtropical, humid clims 2
of the Gulf of Mexico and the continental climates of the great plains and middle west. The
average annual temperature is 18.6 °C (65.4 °F). The rural terrain of gently rolling hills
allows unobstructed air flow from any direction. Summer months are guite warm and humid.,
with afternoon temperatures above 30 °C (85 °F) and afternoon humidity in the 60- to
7S-percent range. Annual rainfall, which totals over 127 centimeters (50 inches) (only
October averages fewer than 3 inches), occurs primarily in moderate to heavy rains usually



associated with thunderstorms, especially in spring and summer. During winter, masses of
moderately cold air periodically move through the area. Snowfall and prolonged cold spells
are unusual, and measurable snow during a vear is rare. Ice storms and freezing rains often
damage power lines and make traveling hazardous. Limited climatological data for the site
are gathered in Homer; more complete data are gathered at Shreveport, which has the closest
National Weather Service Station. The CEC Draft Environmental Impact Statement (DEIS)
(NRC, 1993a) provides additional information.

2.3.1.1 Winds, Tornadoes, and Storms

Winds and Tornadoes

In Claiborne Parish, high winds are most frequently associated with thunderstorms, far less

frequently with hurricanes, the winds of which may be sustained but are rarely destructive,

Tomadoes are not commoen because of the rolling hills and forest cover around the site, and
the abundant water in rivers and lakes which moderates temperatures.

The applicant has provided an assessment of straight and tornado wind speed probabilities
(McDonald-Mehta Engineers, 1990) to characterize the wind hazard for the CEC site. The
analysis of straight wind speed was denived from maximum annual wind speed data from
Shreveport and Barksdale Air Force Base. Meteorological tower heights at both locations are
about 6 meters (20 feet) as opposed to the standard height of 10 meters (33 feet).
Measurements at this non-standard tower height result in lower reported wind speeds because
of fricuon with the ground, vegetation, and structures. Data were corrected to the standard
tower height and converted to fastest-mile wind speed.

Hurricanes dissipate too much over southern Louisiana to pose a severe wind damage threat
to the site in the northern part of the state. Their winds are usually not destructive, but severe
flooding can be expected near, but not at, the site. Hurricane Andrew, which struck
Louisiana on August 26, 1992, is a good example. As reported by the Nationa! Hurricane
Center, winds from this Force-3 hurricane neared 60 m/s (115 knots) at landfall. About 3 1/2
hours later, winds had fallen to 40 m/s (80 knots); after 9 1/2 hours, with winds at 25 m/s
(30 knots), Andrew was downgraded to a tropical storm: after 21 1/2 hours, with winds

at 15 m/s (30 knots), Andrew was downgraded to a tropical depression (NHC, 1992). The
distance traveled by Andrew by the time it was downgraded to a tropical depression
approximates the distance that would be covered if a hurricane went straight to Homer. Thus,
a wind speed of 15 m/s (30 knots) would be the sustained wind speed expected from a
Force-3 hurricane. More powerful hurricanes would be expected to result in windspeeds only
somewhat higher because most of the force of the storms would be spent near the coast, and
additional energy would not be available to them over land.

Applicant analysis of tornado probabilities followed the method of NUREG/CR-3058
(McDonald, 1983). The method required the development of tornado area-intensity and
occurrence-intensity relationships. The area-intensity relationship is a function of mean area
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of the damage path and the wind velocity, and was developed on the basis of National Severe
Storm Forecast Center data for the five-degree square represented in Figure 2.5. The
occurrence-area relationship was developed from data on 632 tornadoes reported from 1950 to
1987 for the three-degree square represented in Figure 2.5. Average occurrence is equivalent
to 16.6 tornadoes per year in an area the size of Indiana. There is no significant staustical
difference in tornado frequency between these slightly differently defined areas. Wind speed,
damage area, and occurrence data for the differing classes of tormadoes are summarized in
Table 2.3.

The fastest-mile wind-speed probabilities were combined with the tornado data to obtain an
overall wind-speed probability data set. The annual probabilities of exceeding a given wind
speed are summarized in Table 2.4. The Advance Notice of Proposed Rulemaking (ANPR)
(NRC, 1988a) specified a 1x10*/yr frequency of occurrence as the design basis for
enrichment facilities. The atmospheric pressure change and rate of atmospheric pressure
change estimated by the applicant for the design basis tornado are 1915 pascals (Pa) (40 psf)
and 958 Pa/s (20 psf/s), respectively. The representative missiles were a 5x10-centimeter
(2x4-inch) timber traveling with a horizontal speed of 45 m/s (100 mph) and a 7.5-centimeter
(3-inch) diameter steel pipe traveling with a horizontal speed of 22 m/s (50 mph).

The NRC staff reviewed the applicant analysis, compared the results with NUREG/CR-3058
and ANPR guidance, and concludes that the results provide an acceptable design basis for the
CEC.

2.3.1.2 Storms

The most common storms are thunderstorms, which occur during all months. Shreveport data
shows that an average of 55.9 thunderstorms occur each year, with the summer months
having a higher frequency (see Table 2.5). Hurricanes may have heavy rains associated with
them (Andrew dumped up to 25 centimeters [10 inches] on a near-coastal Mississippi town),
but they move fairly rapidly, and inland areas rarely get more than a several centimeters. The
heaviest rains are associated with very slow-moving tropical depressions.

Severe snow or ice storms, with accumulations nf 2.5 centimeters (1.0 inch) or more, are
infrequent and occur from November to March. There is a 60-percent chance of such a storm
in any given year, a 30-percent chance in January alone. Although such storms are infrequent
and the snow or ice rarely remains more than a few d-ys, the impacts are much more severe
in this area than in most of the continental U S. because of the lack of equipment for and
experience with such conditions.
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2.3.2 Meteorology

The meteorological factors affecting dispersion and potential exposure of recepiors include
wind speed, atmospheric stability, and mixing heights. Although no meteorological stations
are in the immediate vicinity of the site, three reasonably close sites provide suitable
meteorological data. These sites are Shreveport, LA: Monroe, LA; and El Derado, AR,
located 72 kilometers (45 miles) west-southwest, 92 kilometers (57 miles) east-southeast, and
56 kilometers (35 miles) northeast of the CEC site. respectively. National Weather

Service (NWS) data shows that the regional temperatures and precipitation increase from
north 10 south and from west to east. The differences among the data from these stations and
the Homer station are trivial and imply that the climatology in th= region is nearly uniform.
A more complete description of regional and local meteorologic™'  wditions, including the
joint distribution of wind conditions, is presented in the NRC's Ckx” DEIS (NRC, 1993a).

The frequencies at which winds biow in a particular direction and at various speeds are

usually represented graphically by a "wind rose.” The wind roses for all three sites are very

similar, but the data from Shreveport and Monroe, which have virtually identical stability
classifications, show more stability than data from El Dorado. Both Shreveport and the CEC

site are located on high hills, and no intervening geologic features or large bodies of water

can difterently affect the weather between the two sites. El Dorado is located in a valley

typical of southern Arkansas, and valley temperatures are often lower than those of ;
surrounding areas because of shading during the day and radiational cooling at night. These |
differences create inversion layers differing from the predominant mixing layer. Because uf
significant geophysical and meteorological differences between El Dorado and the CEC site,

E! Durado data should be excluded from consideration. Because of the geophysical and
meteorological similarities between Shreveport and the CEC site, the meteorological

similarites between Shreveport and Mon: . e, and the proximity of Shreveport to the CEC site,

the NRC staff considers the Shreveport data the most appropriate for dispersion modeling of

the CEC site (Ethridge, 1991). The wind rose for average annual conditions at Shreveport is

presented in Figure 2.6.

Onshore airflow from the Gulf of Mexice causes southerly winds 1o prevail most of the year.
Cold fronts cause northerly flows. The frequency distribution of wind speeds and stability
classes for Shreveport is presented in Table 2.6. The annual average wind speed at the 10-
meter Jevel is 3.4 m/s (7.6 mph): calms are reported 12.9 percent of the ime. Neutral
stability (Pasquill type D) conditions predominate, occurring 40 percent of the ume at the site.
Moderately stable (Pasquill type F) and extremely stable (Pasquill type G) conditions occur
15 and 10 percent of the ume, respectively.
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Table 2.6 Percent of time winds blow at each wind speed

STABILI1Y

WIND SPEED (m/sec)

CLASS 15 25 43 68 95 125 TOTAL
A 06 09 0.0 00 0.0 0.0 15
B 1.7 16 26 00 0.0 00 79
C 07 35 73 10 00 00 129
D 7 85 178 10.9 09 0.1 398
E 00 64 6.3 0.0 0.0 00 12.7
3 41 106 0.0 0.0 00 00 250
TOTAL 9.0 335 44 119 09 0.1 99 8

Mixing heights and controlling inversion layers typically have large diurnal vanatons.
Seasonal moming and afternoon mixing heights and wind speeds for the site are shown in

Table 2.7 (Holzworth, 1972). Summer afternoons have the highest mixing heights and lowest
wind speeds for afternoons, and spring mornings have the higiest mixing heights and highest

wind speeds for mornings. The mixing heights and wind speeds are fairly typical of the
interior Umited States.

Table 2.7 Seasonal mixing heights and wind speeds

MORNING AFTERNOON

e MIXING WIND MIXING WIND

HEIGHT SPEED HEIGHT SPEED

(m) - (m/sec)

WINTER 500
SPRING 550
SUMMER 500 4.0 1,800 50
FALL 400 45 1,400 5.5
ANNUAL 500 5.0 1,400 6.0

Source: Holzworth, 1972
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Pollution episode conditions defined by the National Air Pollution Potential Forecasting
Program are the combination of mixing heights under 1,500 meters (4,920 feet), wind speeds
under 4.0 m/s (8.9 mph). and no significant precipitation. Holzworth’s maps show that
Shreveport, the closest station for which there are upper-air data, reported 13 episodes lasting
at least 48 hours and 32 episode-days during the 5-year period of 1960-1964. Fall episodes
predominated, with no episode lasting more than 4 days. It appears that spring afterncons
may offer the best dispersion combination of mixing heights and wind speeds and fall
mornings the worst.

2.3.2.1 Onsite Meteorological Measurements

Installation of meteorological instrumentation compliant with NUREG 1.23 (NRC, 1985) is
described in the CEC SAR (LES, 1993a). All instrumentation will be located on a tower
south of the plant. at least a distance three times the heighi of the tallest CEC stack, and
installed at a height of nearly 40 meters (120 feet). The location of the instrumentation
complies with the guide, but the height of installauon significantly exceeds the standard
installation height of meteorological instrumentation (temperature at 2 meters, wind speed and
direction at 10 meters). As a result, CEC site data on temperature and wind speed and
direction will be slightly different from data collected under standard weather station

cond: ons. The net effect will be data showing faster but smailer temperature fluctuations at
sunns. or sundown, and higher wind speeds with fewer changes of direction than would data
collected closer to ground level. Differences between data collected at the CEC site and
estimates by models using NWS data should not be significant and should be smaller than the
range of error inherent in most model estimates. The data will be logged and processed on a
comp -rin order to generate monthly and annual joint frequency distributions oi wind speed
and -tion as a function of atmospheric stability. Instrumentation will be serviced

acco . ng to the manufacturers’ recommendations and as needed to ensure at least 90-percent
data recovery.

2.3.2.2 Normal Release Diffusion Estimates

NRC Regulatory Guide 1.111 (NRC, 1977a) provides guidance for applying Gaussian plume
modeling in order 10 estimate concentrations of material released duning normal operation.
The models include plume rise, building wake effects, and frequency of occurrence of
stability class, wind speed, and wind direction. Joint frequency distributions of concentration
per unit source (x/Q) are calculated using the XOQDOQ computer code (Sagendorf

et al., 1982). x/Q predictions by the NRC staff using this model are summarized in

Table 2.8. In addition, the NRC staff used the XOQDOQ mode! 1o review the applicant’s
%/Q estimates and concludes that the results are consistent and appropriate for use in
evaluating normal operational impacts.

)
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Table 2.8 Annual average dispersion analysis (x/Q) for the CEC (s/m’)

hstance (m)
e ROS 2414 4023 5612 241 12068 24115 40225 56118 72408
s 342810 1392x10™ K 177210™ 5.723x10™ 4365:10™ 2 500x10™ 1.157x10™ 6.507210™ 4437210% 3.330210™
SSW 16852107 7659210™ 4641x10™ 1208210 2. 5%0x10™ 1. 480x10™ 6912x10™ 1903 10" 2667107 2004 10"
W 1.579x10 6.488x10® 3041x10™ 2819x10™ 2 183107 1.287%10™ 6085216™ 3 467x10™ 2 ®ix10™ 1.795x 0™
WSW 1.505x10% 6569410 1941510™ 2.780x10™ 2128x10™ 1.227x10™ 5.652:10% 3167x10™ 2 154210 1.614x10%
w 2279210 Lo74x10™ 697 7x10™ S 142x10™ 4044210™ 2432210™ L164x10™ 6656110 4573x10™ 3448210
WNW 2078x10™ Lidixio®™ 8.420x10™ 6.827x10™ 5.713x10™ IRS1x10™ 2062x10™ 1.250x10% £ 868210 68282107
NW 3 iRdx10™ 1 879210 1.421x10" 1 148x 16" 9.594x10™ 6352010™ 1. 340210™ 200010™ 1 413x10™ 1.084x10™ ‘
NNW 10772107 1620107 1.164x10” 9.329x10™ 7811x10™ 5.2410™ 2819530™ 1.716x10™ 1.221x10™ 9 417x10™
§ N 5 4662107 2553mt0™ 16522107 1 232x10" 9 828x10™ 6.102x10* 3052x10° 1792510 1.251x10™ 9 534x10™
NNE 1 904z i0” B 614x10™ S T6Re 0™ 4422x10% 1600x10™ 220210 1205210 7.227510™ 51035107 1918:10™
NE 18782107 7.587z10™ 5.000x10% 3817x10™ 3101x10% 1.996x10™ 1o3sxi0™ 6.206010™ 4380%10™ 3.363x10™
ENE 1.785210™ 9 {74x10™ 7.759x10™ 6 7R7x10"™ 5079x10™ 4322:10 2 466x10™ 1.543x10™ L12x10™ B.654x10"
E 1 59310 8 §37x10™ 7.999x10™ 7.300x16™ 6607x10™ 4.969x10™ 293 x10™ 1. 860x10™ 1351x10™ 1.056x10™
ESE 1.307x10 6208210 4.489x10% 1611xi0™ 1.040210™ 2070x10™ L131x10™ 6948210 4967210 1 845x10™
SE 1 8362107 7.362:10™ 4254210 2934x10™ 221m10% 1248x10™ 5.639x10™ 3.135x10™ 2 125x10% 1 SREx10™
SSE 1.537210™ 5.542:10" 1.049x10™ 2067x10™ 1.551x10™ B 783x10™ 40412107 2.286x10™ 1.566x10™ 1 180x10” ,
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2.3.2.3 Accident Diffusion Estimates

Regulatory Guide 1.145 (NRC, 1982b) provides guidance for applying Gaussian plume
modeling of continuous releases and selecting meteorological conditions representative of
accident conditions, including plume rise, building wake effects, and frequency of occurrence
of stability class, wind speed, and wind direction. ¥/Q estimates were calculated for each of
16 direction categories and for all directions taken together, for both elevated and ground-
level releases.

For elevated releases, a summary of accident condition dispersion modeling estimates of 21Q
for a set of distances is presented in Table 2.9. The results indicate that the maximally
exposed individual is located in the northern sector at a distance of 400 meters and that the

95-percent overall and the largest 99.5-percent sector %/Q estimates are approximately equal
at 1.7x10° s/m’.

For continuous ground-level releases, accident condition dispersion modeling estimates of 2Q
are summarized in Table 2.10. The distances selected for these estimates are locations of
potentially maximally exposed individuals. The first individual is located at the restricted
area fence; the second. at the point of maximum exposure located for elevated releases

(400 meters). In this case, the east is the direction of maximum ¥/Q. and the 95-percent
overall and the largest 99.5-percent sector ¥/Q estimates are approximately equal. x/Q values
for the fence-line and 400-meter receptors are 6.9x107 and 1.5x10° ¢/m’, respectively.

2.4 Hydrology

Surface water flowing from the CEC site is a potential pathway for transporting radioactive
materials to local residents and the environment. In addition, radionuclides deposited onto
soils or sediments could be leached into groundwater and transported to potential human
receptors. Radionuclides released from the CEC stacks could be a source for surface soil
contaminaton. Using a conservative esumate of annual atmospheric releases for uranium
(120 pCi, SER Chapter 7), the maximum annual average x/Q (see SER Table 2.8), and a
deposition velocity of 0.001 m/s (Napier, 1990), the NRC staff estimated that uranium
deposition for a 30-year period would be 2.0x10* pCi/em®. If this quantity of uranium were
dispersed through the upper centimeter of soil, the average uranium concentration would be
1.0x10* pCi/g. This is a small fraction of normally occurring uranium concentrations in soil.
Similarly, if all of the uranium contained in a 30-year volume of CEC liquid effluent were to
accumulate in a 1-centimeter layer of Bluegill Pond sediment, uranium concentration would
be 0.4 pCi/g. Given the conservative assumptions and the low solubility of uranium in water,
this is an insignificant concentration. On the basis of these considerations, the NRC staff
concludes that potential CEC releases 1o groundwater have insignificant public health and
safety impacts. A description of the groundwater resources is presented in the CEC DEIS
(NRC, 1993a). This section describes surface water discharge from the CEC site.
characterizes potential exposure pathways, and estimates the potential for flooding.
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Table 2.9 Frequency distributions of concentration per unit source, for elevated releases

2/Q (s/m’)
Direction
Distance to Receptor
200 m 400 m 600 m

95% Overall
8.4X10° 1.7x10* 1.3x10°

99.5% Sector
S 8.1x10° 1.7x10° 1.2x10°
SSW 1.8x10° 1.1x10° 9.5x10°
SW 1.8x10° 1.1x10° 1.0x10°
| WSW 1.7x10* 1.1x10° 9.7x10¢
W 6.0x10* 1.4x10° 1.1x10°
| 1.8x10° 1.3x10° 1.1x10°
7.2x10° 1.5x10° 1.1x10°
5.5x10° 1.4x10° 1.1x10°
9.2x10* 1.7x10° 1.4x10°
5.3x10° 1.3x10° 1.1x10°
7.1x10° 1.4x10° 1.1x10°
7.0x10°* 1.5x10° 1.1x10°
6.8x10° 1.4x10° 1.1x10°
1.7x10°* 1.1x10° 9.6x10°
1.8x10° 1.1x10* 9.9x10°
1.8x10° 1.1x10° 9.9x10°
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Table 2.10 Frequency distributions of concentration per unit source, for

ground-level releases
x/Q (s/m’)
Direction
Distance to Receptor

165 m 400 m

95% Overall
6.9%10° 1.5x10°

99.5% Sectn
S 1.9x10° 4.8x10*
SSw 1.3x10° 2.8x10*
SW 1.2x10° 2.7X10*
WSWwW 1.2x10° 2.7x10*
w 2.3x10° 5.7x10*
WNW 6.5x10° 1.5x10°
NW 7.4x10° 1.6x10°
NNW 7.4x10° 1.6x10°
N 7.0x10° 1.6x10°
NNE 4.0x10° 8.8x10*
NE 3.4x10° 7.5x10*
ENE 7.4x10° 1.6x10*
E 7.8x10° 1.7x10°
ESE 4.1x10° 9.1x10*
SE 1.2x10° 2.8x10*
SSE 5.1x10° 1.2x10*
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2.4.1 Regional Surface Water Hydrology

The CEC site is located in the western portion of the Quachita River Basin, as shown in
Figure 2.7. The Ouachita River drains to the east and flows into the Mississippi River, which
flows south into the Gull of Mexico. Major tributaries include Bayou D' Arbonne, which is
located to the east and south of the site and flows southeast into Lake Claiborne. Its branches ~
flow from northwest to southeast into the Ouachita River. The Middle Fork of Bayou ‘
D’ Arbonne is located northeast of the site and flows southeast into Bayou D’ Arbonne Lake.

The largest surface waier body in the vicinity of the site is Lake Claiborne, a man-made lake
created for flood control in 1966 by damming Bayou D" Arbonne. This lake is used
extensively for recreational purposes, including boating, fishing, swimming, and water skiing,
but not as a source of public drinking water.

2.4.2 Local Surface Water Hydrology

The CEC site 1s located on a drainage divide (LES, 1993b). Surface water flows from the
site 10 the northeast northwest, and southwest. The surface water resources of the CEC site
and vicinity include small sueams and two man-made lakes, Bluegill Pond and Lake Avalyn,
as shown in Figure 2.8. Surface water flowing from the site to the west and northwest
discharges to Cypress Creek, which joins Beaver Creek just before it flows south into Lake
Claiborne. Surfac: water flowing to the east from Lake Avalyn forms the headwaters of
McCasland Creek. which eventually discharges into the Middle Fork of Bayou D’Arbonne, a
Louisiana Natural and Scenic State Stream (Emmer et al., 1983). An unnamed stream has its
headwaters in the extreme southeast corner of the site and flows southwest to Cypress Creek
and then into Lake Claibome. |

The onsite streans are generally intermittent but wave flow rates recorded up 1o a few cubic _
feet per second (LES. 1993b). Onsite stream flows are generally an order of magnitude :
greater in Januery than in July and August. Recently obtained streamflow measurements of
streams on the CEC site are listed in Table 2.11. 1

The two main streams which drain the LES site are Cypress Creek and McCasland Creek.

Cypress Creek flows south into Bayou D' Arbonne, and McCasland Creek flows east into the |
Middle Fork of Bayou D’Arbonne. In August 1990, the downstream reaches of these two |
creeks were ¢ry. Human use of Cypress and McCasland Creeks was not documented,

however, 1t 15 possible that children in the area may play in and on the banks of these

streams. In additon, hivestock raised by residents hiving along the downstream reaches of

both creeks may use the streams as sources of vater.

The two mun-made lakes on the site, Bluegill Pond and Lake Avalyn, have surface elevations

of 85 and %0 meters (275 fer 1 and 297 feet), respectively. Bluegill Pond has a drainage basis
of 1.05 hectares (2.6 acres) [ake Avalyn of 68.4 hectares (169 acres). On the basis of depth
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Figure 2.7 Map of Louisiana river basins (Emmer et al., 1983)
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Figure 2.8 Delineation of the three water drainage areas at CEC (LES, 1993b)
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Table 2.11 Estimates of surface water flow in streams on or in
the immediate vicinity of the CEC site

Discharge (m'/sec)

January May July

Location 1990 1990 1990
Lake Avalyn Drainage Basin

Southern flow to Lake Avalyn 0.017 0.005 NE

Discharge from Lake Avalyn 0.068 0.047 0.002
Bluegill Pond Drainage Basin

Total flow into Bluegill Pond 0.013 0.011 NE

Discharge from Bluegill Pond 0.019 0.014 NE

Flow in tributary from SW comer of CEC site to 0.040 0.016 NF

CEC site

Flow at the SW site boundary after confluence of 0.054 NE 0.006

tributary from the SW and Bluegill Pond

discharge
Northwest Drainage Basin

Flow in tributary on NW corner of LES property 0.009 NE NF

Source: LES, 1992a
NE = not estimated.
NF = no flow identified; standing water only.

surveys, Bluegill Pond has a volume of 19,820 cubic meters (700,000 ft’); Lake Avalyn, a
volume of 113,250 cubic meters (4,000,000 ft') (LES, 1993b). Discharge from Bluegill Pond
was less than 0.03 cubic meters per second (1 ft'/sec) in both January and May 1990.
Discharge from Lake Avalyn was 0.07 cubic meters per second (2.4 ft'/sec) in January 1990,
and 0.05 cubic meters per second (1.65 ft'/sec) in May 1990 (Table 2.10). Because of the
wide vanability in flows and for a conservative impact analysis, the NRC staff used the
applicant’s estimate of annual average developed area run-off of 0.012 cubic meters per
second.

The Army Corps of Engineers (COE) determined that a small area of wetlands exists on the
proposed site (Westinghouse, 1989). This area is located in the northeast corner of the site,
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downstream from the CEC facility and the Lake Avalyn dam. The soils map identifies this
area as Iuka-Darley soils, which are subject to flooding by local small streams.

2.4.3 Flooding Potential

The applicant evaluated (LES, 1993a) the flooding potential at the CEC site based on the
following sources of information: a COE site assessment and an examination of flood
insurance maps, maps developed by the U.S. Soil Conservation Service (SCS) (DOA, 1956),
and U.S. Geological Survey (USGS) topographic maps. Estimates of the probable maximum
precipitation and the design storm are based on data provided by the National Oceanic and
Atmospheric Administration (NOAA) and the SCS. The results of these evaluations are
discussed in this section.

The COE assessed the flooding potential of the CEC site (COE, 1989) and determined that
the proposed site is located in an area of minimal flooding. The USGS topographic map for
the area indicates that the proposed site is on a topographic high, is not located in or near the
floodplains of any major streams or rivers, and is not adjacent 10 any major bodies of water.
Finally, an applicant search for flood insurance maps of the area found that none has been
issued for the site area--a suggestive but unreliable indicator that flooding in the area is not a
concem.

Because the site is located on the top of a hill, the applicant proposed that the design basis
flood for the site results from locally intense precipitation on the site (LES, 1993a). The
Design Basis Flood Level (DBFL) 1s the Standard Project Flood (SPF), as defined by the
COE (LES, 1993a). Rainfall from this storm amounts to 15 centimeters (6 inches) over a
6-hour period. By assuming that the edge of the developed area acts as a weir, the applicant
estimated that up to 6.2 centimeters (2.5 inches) of water could pond on the facility grounds
during the storm.

The NRC staff review.. the basis and method for estimation of the DBF and concludes that
the results are reasonable and consistent with the requirements of the ANPR guidance for
selection of design basis natural phenomena events.

2.5 Geology and Seismology

The applicant reported geologic, seismologic, and other geotechnical data, including
foundation and earthquake information for consideration in the design and construction of the
CEC, which compose a portion of the CEC design basis (Law Engineering Services, 1990a,
1990b). This section describes the geologic and seismologic data and analysis on which the
CEC design is based in hight of data in other relevant technical documents. It aiso assesses
the CEC design and construction in terms of the relevant geologic, seismologic, and other
geotechnical critena.



Appropriate design and construction criteria for buildings subject to earthquake were
developed in the Building Seismic Safety Council (BSSC, 1988) National Earthquake Hazards
Reduction Program (NEHRP). The purposes of the provisions are to (1) minimize the hazard
to life for all buildings, (2) increase the expected performance of higher-occupancy structures
and (3) improve the capability of essential facilities to function during and after an
earthquake. The provisions are expected to "provide the minimum criteria considered to be
prudent and economically justified for protection of life safety in buildings subject to
earthquakes at any location in the United States” (BSSC, 1988, p. 1).

In 11s reports. the applicant concludes:

i

r

Faulting in the area of the proposed site is related to regional subsidence of the salt
basin and to salt intrusion. These faults are considered 10 be inactive because the
middle tertiary faults do not exist at the site.

Although the site is located on the northwestern flank of the Homer salt pillar (an
incipient salt dome), the salt pillar ceased its structural development in the middle to
late Cretaceous.

The site and surrounding region have a history of very few earthquakes.

Three design-basis earthquakes were analyzed for groundshaking at the site:

(a) The design earthquake for a far-field event was chosen to be an m, = 6.7
carthquake located at a distance of 365 kilometers (225 miles) from the point in
the New Madrid Fault Zone closest to the site. This earthquake magnitude was
chosen because it represents the statistical 500-year return period for this
earthquake source zone. The largest earthquake known to have occurred in the
fault zone is the 1812 earthquake, with m, = 7.3.

(b) The design earthquake for a mid-field event was chosen to be an m, = 5.7
earthquake occurring 105 kilometers (65 miles) from the site and represents the
statistical 500-year return period.

(¢c) The design earthquake for a near-field event was chosen to be an m, = 4.3
carthquake occurring 14 kiloimeters (9 miles) from the site and represents the
statstical 500-year return period.

The possibility of liquefaction can occur in Stratum IV and Stratum V (silts, fine sand
with some clay beds). Some of these soils are above the water table and, thus, are not
susceptible to liquefaction.

Compaction of soils resulting from earthquake groundshaking can occur in Stratum IV
and Stratum V.

[
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The first subsection of this geology and seismology review summarizes the basic data
presented by the applicant. The second subsection summarizes the applicant’s analysis along
with the NRC staff review of the applicant’s analysis. The final subsection summarizes the
NRC staff review. A major element of the NRC staff review is an evaluation of the
charactenistics of the CEC design basis earthquake (DBE).

2.5.1 Basic Geologic Information

The applicant conducted literature searches and reviewed surface and subsurface studies of
regional and site-specific geology. site-specific soils engineering, and restricted site-specific
geophysics (cross-hole/down-hole seismic) (Law Engineering Services, 1990a; 1990b) in order
to determine the geologic and geotechnical suitability of the site for the CEC facility. Topics
of regional studies included physiography, stratigraphy, tectonic setting, fault activity, salt
domes, and mineral resources. The applicant conducted no field investigations (e.g., geologic
mapping of reported active or suspected active faults) and provided no new information or
interpretations of the regional geologic data. Within these limits, the applicant described the
regional and site-specific tectonic setting, fault activity, and salt domes and used this
information to define areas or sources of potential earthquakes which might affect the site for
the far-field, mid-field, and near-field earthquakes. The NRC staff did not inspect the site,
excavations, or soils retrieved from borings.

2.5.1.1 Regional Geology

The proposed site in northern Louisiana is within the Interior Salt Basin Region of the Gulf
Basin or Gulf Coast Geosyncline. The Geosyncline is composed of Jurassic to Quaternary
sedimentary rocks, primarily shale, limestone, sandstone, anhydrite, and silt.

Within the Geosyncline, the rocks have been subjected to local broad uplift, have been locally
folded, and are offset by normal, dip-ship faults, Most of the normal faults are considered 10
have been caused by differential subsidence of the Geosyncline. In addition. some of the salt
beds have deformed and developed salt domes. Faults are associated with these salt domes.

Major tectonic regions within a 320-kilometer (200-mile) radius of the site include:

(1) Interior Salt Basin Region, (2) Gulf Coast Region, (3) Central Texas Region, (4) Ouachita
Region, (5) Wichita-Arbuckle Region, (6) Reeifoot Rift, (7) New Madrid Fault Zone, (8)
Central Stable Region, and (9) Mississippi Embayment. Each of these regions has different
tectonic characteristics, and some have greater potential for producing major earthquakes than
other regions. Some of these regions have faults attributed to tectonic onigins (e.g., Ouachita
Region, Reelfoot Rift, and New Madnd Fault Zone), whereas other regions have faults
attributed 1o non-tectonic origins (e.g., the growth fauits of the Mississippi Embayment or
faults associated with the development of salt domes). In some areas, fauits are attributed to
extraction of fluids (¢.g.. oil, water) from the subsurface.



2.5.1.1.1 Physiographic Setting

The physiographic setting of northern Louisiana is generally flat. Average elevation of the
upland areas is approximately 90 meters (300 feet) above MSL. Major drainage features are
the southward-flowing Mississippi River 1o the east and the Red River 10 the west. These
rivers occupy broad floodplains several miles wide with steep sides. Topographic relief
averages approximately 30 meters (1C0 feet). These physiographic features were influenced
by the lowering of sea level during the Quaternary. Within the last 18,000 years, a slight rise
in sea level has decreased the rate of erosion.

2.5.1.1.2 Regional Structural Geologic Setting :

The present regional structural geologic setting began to develop during the late Paleozoic
when the incipient Gulf Basin or Gulf Coast Geosyncline formed by differential subsidence of
the continental crust. Block faulting accompanied the subsidence. Erosion of the higher
areas occurred during the Mesozoic (Triassic). Differental subsidence continued, and the
lower areas (basins) filled with detrital matenials from the erosion and ’ith evaporite deposits
such as salt and anhydrite. At the proposed site in northern Louisiana, one of these basins is
termed the North Lowsiana Salt Basin, or the North Louisiana Syncline. The block faulting
during the Triassic produced two ancient, high areas adjacent to the Louisiana Salt Basin: the
Sabine Uplift in northwestern Louisiana and the Monroe Uplift in northeastern Louisiana.

The Louisiana Salt Basin is bounded on its north by the South Arkansas Fault Zone, which is |
a series of faults. Northeast of the South Arkansas Fault Zone are the New Madrid Fault
Zone and Reelfoot Rift. Law Engineering Services considers the New Madrid Fault Zone as
the likely source of the largest earthquake which might affect the site; the NRC staff agrees.
West of the site are faults along the edge of the Ouachita Region. Other major fauhs or fault
zones include the Balcones, Luling, Mexia-Talco, and Charlotte-Jordonton.

Growth faults are consideved to be non-tectonic, gravity-related features formed .
contemporanecusly with sediment deposition and the downwarping of the Gulf of Mexico.
These faults are characterized by steep, near-surface dips. which become less steep with depth
and eventually pass into bedding planes at great depth. Movement on most known growth
faults ceased in the Tertiary. As a result of subsequent deposition, these faults are under high
lithostatic stress ard, thus, have little potential for surface displacement. Some have
continued 1o move, principally as a result of human activity (e.g., the withdrawal of
groundwater and fluids associated with hydrocarbon production). The applicant has not
identified such active growth faulis in the immediate area of the proposed site.

2.5.1.1.3 Stratigraphy

Since the Jurassic, sedimentary rocks filled the basins, essentially continuously, as the region
subsided. An unconformity occurs between the Miocene and Pleistocene rocks. The
Pleistocene and recent sedimentary deposits are primarily sands, silts, and clays derived from
exisung nearby sedimentary rocks.



2.5.1.1.4 Economic Resources

Economic resources of the North Louisiana Basin include oil. gas, salt, sulfur, lignite, iron
ore, and native materials used for constructions. such as soil, sand, and gravel. Oil and gas
comes primarily from Jurassic through Tertiary rocks. Salt and sulfur are extracted from the
salt domes which pierced the ground surface. Lignite is removed from the Tertiary Wilcox
group, and iron ore comes from glauconitic deposits.

2.5.1.2 Site Geology

The geology at the surface is relatively simple, but the geology in the near subsurface |
indicates some complexities and indications of structure. On the basis of information in the

Law Engineering Services report, tne NRC staff concludes that known geologic structures at

or in the immediate vicinity of the site do not present a known safety hazard to the proposed

facility. Although there is potennal for liquefaction and compaction, it is low, and prudent

engineering and construction should minimize their potential impacts.

2.5.1.2.1 Physiographic Setting

The site is approximately 104 meters (340 feet) above MSL in the central areas and 85 meters
(280 feet) above MSL 1o the south. The site contains gently rolling hills within the Ouachita
River drainage basin. Surface drainage flows both to the south and west, and to the east

The 1opography between the creeks is relatively flat and forms a drainage plain. Surface
drainage to the southwest flows into Cypress Creek and eventually into Lake Claiborne.
Surface drainage to the east is into Lake Avalyn, which is drained by McCasland Creek.
Vegetation at the site is extensive and consists of pine and oak trees. Where trees have been !
cut, the remaining trunks stand approximately 15 centimeters (6 inches) above the groand. :

2.5.1.2.2 Site Structural Geologic Setting

The site is located between the north flank of the North Louisiana Basin and the southwest
flank of the Monroe Uplift. Soil borings indicate that the rocks at the site have a low dip to
the southwest. Faults in the general area are related to regional subsidence and 1o intrusion of
salt domes. The applicant believes that faulting has not been active since the middle Tertiary
because sedimentation has not occurred since then; basin subsidence and salt dome growth
have not occurred because sedimentation has ceased.

The applicant reports that salt domes do not exist at the site. The site, however, overlies the
northeast flank of the Homer salt pillar, an incipient dome, which reportedly developed during
the late Jurassic to early Cretaceous. It apparently did not develop further during the middle
to late Cretaceous.

ro
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A northeast-striking fault was reported under the site at a depth of 1.800 meters (5.900 feet)
below the surface with a vertical offset of 30 meters (100 feet) (Law Engineering, 1981).
The fault is below apparently unfaulted Cretaceous rocks.

2.5.1.2.3 Stratigraphy

The site is underlain by rocks that range in age from lower Jurassic to Tertiary. The
thickness of these rocks is 6,100 meters (20.000 feet), and they overlie rocks of the
Triassic basement. The Tertiary rocks are overlain by a relatively thin veneer of recent
alluvial deposits.

2.5.1.2.4 Economic Resources

Economic resources developed near the site are oil, gas, and native materials, such as soil and
sand. Oil and gas are produced 16 kilometers (10 miles) to the southwest.

2.5.1.3 Site Exploration

The applicant explored the site 10 determine the thickness and geotechnical characteristics of
the near-surface soils, groundwater table and perched water, and in-situ elastic properties for
seismic analysis. These data were obtained from soil borings, test pits, electric cone
penetrometer tests (CPT), and down-hole and cross-hole geophysical surveys. The applicant
also conducted laboratory tests of the soils. Soils engineering and construction
recommendations were bascd on data analysis and interpretation.

2.5.1.3.1 Location Surveys

The applicant conducted field surveys for locating soil test borings and electric CPTs by using
an estabhshed reference point at the northwest corner of the propenty.

2.5.1.3.2 Soil Test Borings

Approximately 54 test borings were completed by using two all-terrain vehicles and rotary
wash dri!l nigs. Samples were collected at 0.6-meter (2-foot) intervals in the upper 3 meters
(10 feet) and at 1.5 meter (5-foot) intervals below 3 meters (10 feet). The depth of drilling
ranged from 8 to 30 meters (25 to 100 feet). Standard penetration tests were conducted. Soil
samples were collected by using thin-wall tubes and pitcher samplers, as appropriate. All
tests followed Amencan Society of Testing Materials (ASTM) specifications. Four of these
borings were converted for use in measuring groundwater levels by installing temporary
piezometers. Water levels were meascred daily. All borings were logged and the soils
described according to the Unified Soil Classification System.
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2.5.1.3.3 Electric Cone Penetrometer Tests

CPTs were conducted at fificen locations within the process area to determine the in-situ
point resistance, side friction, and friction ratio of the soils. The tests were conducted
according 10 ASTM requirements. The field data were related by computer to equivalent
blow counts, friction angle, and undrained shear strength.

2.5.1.34 Test Pits

Thirteen test pits were excavated by backhoe to depths of 3 meters (10 feet) to evaluate the
soils collected as disturbed bag samples for suitability as yard fill and backfill. Samples were
collected accordina to ASTM requirements.

2.5.1.3.5 Geophysical Surveys

Two down-hole and two cross-hole seismic tests were conducted to obtain in-situ seismic
velocites and Poisson’s ratio with depth in the subsurface soils. The two down-hole surveys
reached depths of 30.3 and 30.7 meters (99.4 and 100.7 feet), and the two cross-hole surveys
reached depths of 13.9 and 30.4 meters (45.6 and 99.7 feet).

Grout, the water table, and perched water were present in the zone of measured compressional
(P) and shear (S) waves in the boreholes. Grout can make the arrival of P-waves difficult to
interpret, and the difference in P-wave velocity may possibly result from saturation of the soil
from rain (Law Engineering Services, 1990a, p. 37).

The NRC staff notes that the Poisson’s ratio values are very high (greater than 0.45) in
boreholes B-17 and B-27 (both down-hole and cross-hole) and B-15 (down-hole only). These
values occur both above and below the water table. The maximum theoretical value for
Poisson’s ratio is 0.5; characteristic values of the ratio for unsaturated soils of the types
described at 1ne »'te should be approximately 0.25 to 0.33. Values of the ratio in saturated
soils are questionat le because of the influence of the water on the velocities of both the P-
and S-waves. The NRC staff considers that the samples with calculated Poisson’s ratio values
greater than (.45 are suspect and probably not representative of the soil or rock. These
values, including the estimated values corrected for changes in stress as a result of grading at
the site, probably should not be used in the analyses related to design (Law Engineering
Services, 1990b, Table 4-2). An evaluation of this NRC staff finding is presented in SER
Section 2.5.3.

2.5.1.3.6 Laboratory Testing
The laboratory tests consistzd of determining Atterburg limits, moisture content, unit weight,
grain size, tnaxial compression. consclidation, permeability, shrink-swell, acidity (pH).

resistivity, expansion, standard Proctor, California Bearing Ratio, and resonant column tests.
The resonant column tests were conducted by McClelland Engineers.
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2.5.2 Vibratory Ground Motion and Ground Response Spectra

The site is subject to vibratory ground motion generated by earthquakes from different
seismic sources at different distances. The characteristics of the ground motion at the site
depend primarily on the magnitude of the earthquake, its distance from the site, and soils and
geologic conditions at the site. These three factors are integrated in establishing the seismic
design and construction of buildings.

Several accepted approaches in determining these factors and their application to a site have
been developed. The history of earthquakes and their magnitudes in the region is determined.
These earthquakes may be related 1o known geologic structures (e.g., individual faults) or to
tectonic regions (e.g., New Madrid Fault Zone). These data are analyzed (e.g., for each
tectonic region within a 320-kilometer [200-mile] radius of the site), and a decision is made
about the probability of an earthquake of a certain magnitude within a designated period of
time.

For example, the data might indicate that 2 magnitude 6.5 earthquake has a statistical mean
recurrence interval of 500 years. This recurrence interval approximates a 90-percent
probability that an earthquake of greater magnitude would not occur in a 50-year interval or
at an annual risk of 0.002 events per year. Such a magnitude and probability, if acceptable,
would be used as the design earthquake. However, the magnitude 6.5 may not be the largest
possible magnitude in the tectonic region, but a larger earthquake would have a probable
longer recurrence interval; the cost of construction related to design against the larger
earthquake might not be warranted by the reduced annual risk of that earthquake.

The expected ground shaking at the site i1s based on the design earthquake. Earthquake
ground shaking is based on field measurements (seismograms) from which specific ground
motion parameters are obtained. These parameters are frequency content of the seismic wave;
particle acceleration, velocity, and displacement: and duration of ground shaking. If possible,
a family of earthquakes representative of the design earthquake is chosen, preferably from the
same tectonic region as the design earthquake, and the ground motion parameters of
acceleration, velocity, displacement, and frequency (or its inverse, period) are plotted on
tn-partite logarithmic paper to develop a ground response spectrum, which depicts the
intensity and frequency of the ground motion. The earthquakes used in the development of
the spectrum may be some distance from the site, and the parameters have to be attenuated to
the site. Atienuation 1s commonly done by using empirically derived attenuation curves for
the respective parameters. The geologic conditions at the site are considered, and the
attenuated parameters are adjusted for amplification which might result because of local soil
or rock conditions.

This area of the southeastern United States does not have a history of frequent earthquakes of
large magnitudes. Thus, the reliability of recurrent events 1s not high and groundshaking
parameters may not be readily available. In such cases, ground motion parameters are
calculated by using Random Vibration Theory (RVT).
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2.52.2 Analysis of Law Engineering Services Seismic Design Basis

The applicant’s methodology in analyzing ground motion characteristcs is standard and
state-of-the-art. The approach identified discrete seismic source zones (faults. tectonic
regions) and assessed the maximum earthquake magnitude for each zone. The temporal
occurrence of earthquakes was determined for the zones, and ground motion parameters were
attenuated w the site. Because there are few earthquakes generated in the source z.nes, the
RVT was used 10 compute directly the theoretical response spectra as well as to provide
values of peak particle acceleration. velocity, and displacement.

Seismic data for the NEHRP 475-yea- earthquake are obtained from the hazard analysis
developed in the NEHRP methodology. The data can come from earthquakes of different size
and distance from the site. The estimate of the earthquake size is based on the history of
carthquakes in the different seismogenic regions. The applicant presented three design
carthquakes: (1) a small, near-field event; (2) a moderate, mid-field event; and (3) a large,
far-field earthquake occurring in the New Madrid Fault Zone. The applicant developed a
ground response spectra that combined the information from all three spectra.

2.5.2.2.1 Seismicity and Seismotectonic Zones

The applicant’s analysis concluded that the tectonic and seismotectonic regions within 320
kilometers (200 miles) of the site are: (1) Interior Salt Basin Region, (2) Gulf Coast Region,
(3) Central Texas Region, (4) Ouachita Region, (5) Wichita- Arbuckle Region, (6) Reelfoot
Rift, (7) New Madnd Fault Zone. (8) Central Stable Region, and (9) Mississippi Embayment.
Each region is briefly described below.

(1) Interior Salt Basin Region. This tectonically stable region contains the Gulf Coast
Basin boundary fault system, the Angelina-Caldwell flexure, the Sabine and
Monroe Uplifts, and several basins with salt domes. Six earthquakes with
magnitudes greater than 3.5 have been reported from the region, the largest of
which was 4.1, located beyond the 320-kilometer (200-mile) radius of the site.
Some relatuvely small earthquakes have been interpreted as being related to
hydrocarbon production. The maximum earthquake assigned to the region is 4.9.

(2) Gulf Coast Region. The offshore region is experiencing slow subsidence and is
characterized by active growth faults; the applicant considers these faults to be
aseismic. Seismicity of the region is low. Four earthquakes with magnitudes
between 4.2 and 4.4 have been reported but have not been related to known
geologic structures. A maximum earthquake of 4.9 has been assigned to the
region.

(3) Central Texas Region. Seismicity in this tectonically stable region is low. The

region is bounded on the east by the Rio Grande Rift, on the south by the
Wichita-Arbuckle Uplift, and on the west by the Mexia-Talco Boundary Fault
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Zone. Major structures include the Llano Uplift and the Permian Basin. The
applicant considers the surface faults in the region to be inactive. Eight
earthquakes with magnitudes from 4.0 to 4.6 have been reported. A maximum
magnitude of 5.7 has been assigned to the region.

(4) Ouachita Region. The region is relatively active seismically and tectonically.
Many surface and subsurface faults are known, but earthquakes have not been
directly related to these faults and are widely distributed throughout the region.
The largest historic earthquake had a magnitude of 4.8. A maximum earthquake
of 5.7 has been assigned 10 the region.

(5) Wichita-Arbuckle Region. Seismicity in the region is relatively acuve. Structures
include the Wichita Uplift. the Arbuckle Mountains, and the Muenster Arch. The
Meers Fault has inferred Quaternary displacement and a magnitude 6.1 to 6.6
earthquake has been inferred as possible. Five earthquakes with magnitudes
between 4.0 and 4.8 have been reported. A magnitude 6.8 has been assigned to
the region.

(6) & (7) Reelfoot Rift and New Madnd Fault Zone. These two apparently connected
regions are considercd to have the potential for producing the largest earthquakes
in the area. The Reelfoot Rift has had four earthquakes between 4.5 and 49. A
maximum magnitude 6.8 has been assigned. The New Madrd Fault Zone has had
historic earthquakes between 7.0 and 7.4 in 1811-1812. Many other earthquakes
are known to have occurred in the region. The maximum earthquake assigned to
the region is 7.4.

(%) Central Stable Region. The region is considered stable, with low seismicity.
Major structures include the Anadarko Basin and a portion of the Nemaha Ridge.
Four earthquakes between 4.4 and 5.5 have been reported. The maximum
magnitude assigned is 5.7.

(9) The Mississippi Embayment. The region is moderately seismically active with 13
earthquakes reported between 4.5 and 5.4. The maximum magnitude assigned
is 5.7.
2.5.2.2.2 Correlation of Seismic Activity with Geologic Structures

The apphicant correlated the seismic activity within each seismotectonic region with individual
geologic structures. This relation is summarized in Table 2.12.



Table 2.12 Summary of seismic activity related to geologic structures

Region Structure Seismic Number of Maximum Magnitude
Activity Earthquakes Assigned
(R) Region (R) Region (R) Region
(8) Structure (S) Structure (8) Structure
Interior Salt |« Gulf Coast Boundary Low (R) 6(R) m =49 (R)
Basin Fault System m=35141
«  Angelina-Caldwell
Flexure
+ Sabine Uplift
*  Monroe Uplift
Gulf Coast |+ South Louisiana Low (R) 4 (R) m =49 (R)
Region Embayment m=421044
*  South Texas
Embayment
+ Houston Embayment
Central * Rio Grande Rift Low (R) 8 (R) m=57(R)
Texas ¢ Mexia-Talco Surface faults m=41046
Region Boundary Fault Zone | considered
+ Llano Uplift inactive by
* Permian Basin LES
Ouachita *  Surface and Moderawe (R) m up to 4.8 m=57(R)
Region subsurface faults (R): (38 carthquakes m =
carthquakes have not 40 to 5.5 in Ouvachita
been directly related and Wichita Regions
o these faults (LES) from 1894 10 1975) (a)
+ Earthquakes widely
distributed
Wichita- *  Meers Fault Moderate (R) | m =6.1t0 6.6 (S) 68 (R)
Arbuckle *  Wichita Uplift {inferred from
+ Arbuckle Mountains Quaternary
*  Muenster Arch displacement along
Meer's Fault (LES))
Reelfoot Rift Moderate (R) 4(R) 6.8 (RY”
m=45t149R (Consistent with upper limit
assigned to Reelfoot Rift in
general but "postulated” faults
are assigned 7.4)
New Madrid - Moderate (R) Many R m=74(R)
Fault Zone mup to 74" (Nutti and Hernmnann, 1978,
indicates a magnitude | p. 79 (indicates the zone has
greater than B0 s |an m, = 7.5 recurrence m 800

staustcally likely every
§50-1,200 years)™

years)'*




Table 2.12 Summary . f seismic activity related to geologic saructures (continued)

Region Structure Seismic Number of Maximum Magnitude
Activity Earthquakes Assigned
{R) Region (R) Region (R) Region
(8) Structure (S) Structure (S) Structure
Central Anadarko Basin Low (R) 4 (R) m=57(R)
Stable Southern portion of m=44110S55
Region Nemaha Ridge (Nutth and Herrmann
cite 13 earthquakes m
greater than 44 in
Nemaha Ridge since
1867 to 1975y
Mississippi Moderate (R) 13 (R) m=57
Embayment m=451w 54

" The NRC staff's review of literature indicates that srong evidence ¢xists for 3 magnitude 7+ earthquake
within the past 1,000 to 1,400 years (Luza, et al., 1987, Ramelli, et al.. 1987) although it has been

relatively aseismic in historic past. The Meers Fault bas a prominent scarp.

" Nuttli, O.W_, and R.B. Herrmann, 1978,
°  Law Engineering Testing Company, 1986.
¢ Johnston, A.C., 1982,

2.5.2.2.3 Design Earthquakes and Maximum Potential Earthquakes

The design basis earthquake (design earthquake) is assigned a return period of 500 years
(NRC, 1988a). The applicant assigtied values t¢ three design earthquakes:

* Near-field, m, = 4.3, located at basement depth of 5 kilometers (3 miles) and a distance
of 14 kilometers (9 miles) from the site, with a peak horizontal acceleration at seismic
basement at the site of 0.045g. Seismic basement is defined as rock having a shear wave
velocity greater than 762 m/s (2,500 {/s)

* Mid-field, m, = 5.7, located in the Ouachita Region at 105 kilometers (65 miles) from the
site, with a peak horizontal acceleration of 0.04g at seismic basement at the site

* Far-field, m, = 6.7, located in the New Madrid Fault Zone at 365 kilometers (225 miles)
from the site, with a peak horizontal acceleration of 0.022g at seismic basement at the

site.

The site 1s located in the near-feld Interior Salt Basin Region. The applicant assigns a 4.9
maximum magnitude or thic cegion in which six earthquakes between 3.5 and 4.1 have

occurred.

The applicant assigns a 5.7 mid-ficld maximum magnitude design earthquake.
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The applicant assigns a 6.7 far-field maximum magnitude design earthquake. The NRC staff
notes that the maximum recorded earthquake was the magnitude 7.4 earthquake in 1811, In
addition, there is evidence that the Meers Fault experienced a magnitude 7+ earthquake within
the past 1,000 to 1,400 years (Luza, et al., 1987; Ramelli, et al., 1987). The Meers Fault is
very close to the edge of the 320-kilometer (200-mile) radius from the site.

The maximum design earthquakes and potential earthquakes are summarized in Table 2.13.
2.5.2.2.4 Ground Motion and Response Spectra

Ground motion and horizontal and vertical ground response spectra were derived from
earthquake data. The seismic parameters for the near-field, mid-field, and far-field design

carthquakes were attenuated to the seismic basement at the site, and ground response spectra
were developed for each of these three earthquakes.

Table 2.13 Maximum earthquake potential and design earthquakes

Field Seismotectonic Distance Maximum Design Maximum Peak
Region from Site Magnitude Earthquake | Horizontal Acceleration
(km) Assigned by at Seismic Basement at
Law Site Based on Design
Engineering Earthquake
Services
Near- Intenior Salt 14 5.7 43 0.045¢
Field Basin
Mid-Field | Ouachita 105 57 5.7 0.04¢
Far-Field | New Madrid 365 74 6.7 0.022¢
Fault Zone

Examples of recorded ground shaking from earthquakes (ume histories) were used 1o develop
the response spectra. Because of the relatively few earthquakes recorded in the regions, the
applicant used some time histories from Canada (New Brunswick, m = 5.7 for the near-field
event; Saguenay, Quebec, m = 5.9 for the mid-field event). For the far-field earthquake, it
used an artificial eartl quake of m = 6.7 because an earthquake of this magnitude has not been
recorded in the eastern United States. This artificial earthquake used RVT to compute the
peak acceleration. The response spectra were damped at 0.2, 0.5, 2.0, 2.5, and 10 percent.
The spectra for each of the design earthquakes represent actual earthquakes and not an
envelope or composite spectra. A comparison of these spectra shows how the near-field,
mid-field, and far-field spectra differ. As expected, the more distant earthquakes have lower
frequency content (longer periods) and larger values of acceleration and velocity. The values
of displacement for the three spectra tend to cluster near 0.13 centimeters (0.05 inch).
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The NRC staff notes that the use of data from the two earthquakes from Canada may be
questionable. Their origins are in seismotectonic regions different from those which they are
used 1o represent; thus. the differences may make their use invalid. The focal mechanism of
these earthquakes may not be the same as those from the near-field and mid-field
seismotectonic regions, and, thus, their seismic parameters may be different. A search for
seismic records from earthquakes that occurred in the near-field and far-field should be made
and compare.i 10 the Canadian records for similarities and dissimilarities. The NRC staff also
notes that eaiuquake records are available from events in the New Madrid Fault Zone:

June 13, 1975, m, = 4 10 4.5; March 25, 1976, m, = 5.0; March 25, 1976, m, = 4.5
(aftershock) (Hcrrmann, 1977). These data could be scaled upward to the m, = 6.7 used by
the applicant to assess similarities and dissimilanities with the artificial, random vibranon
theory earthquake used in the analysis.

2.5.3 NRC Staff Findings and Evaluation

In general, the applicant’s reports provide applicable geologic, geotechnical, and seismic data
which can be used for evaluating the siting of the proposed uranium enrichment facility at the
proposed site. This section summarizes the NRC staff’s findings on the applicant data and
analyses. In some instances, the data and analysis go beyond that needed for evaluation
against the ANPR requirements. This section presents the NRC staff’s comments on all
applicant analyses.

The data uscd fou the regional geology were based on literature searches; field work to venfy
reported active or suspected active faults was not done. The data used for the site geciogy
were based primarily on information from borings and test pits from the present and previous
investigations. The water table at the site is siiallow, between 3 and 15 meters (10 and

50 feet) below the surface; perched water is also present.

The data used for the geotechnical analyses came from field samples and laboratory soils
tests. The samples and the soils tests have followed ASTM standards. These data and thei
interpretations were used 10 make recommendations for site preparation and foundation
charactenistics for the facility. The data indicate that two stratigraphic layers have a low
potential for hiquefaction if the site is subjected to earthquake ground shaking of sufficient
frequency. stren~th, and duration. These two layers are locally below the water table.

Geophysical surveys at the site consisted of two down-hole and two cross-hole surveys.
Analysis of the compressional and siear waves indicate unusually high values (calculated) of
Poisson’s rano, 0.45 10 0.48 (the theoretical maximum value s 0.50). These values were
reported at levels both above and below the water table. Typical values for soils similar 1o
those at the site are characteristically between 0.25 and 0.33 above the water table. The
velocities from below the water table are affected by the water and should not be used to
calculate Poisson’s ratio. The high values of the ratio may result from the compressional and
shear waves being affected by the grout at the boreholes. Another possibility may be related
1o misidentifying the first amivals of seismic waves. In any case, the NRC staff recommends
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that the values of Poisson’s ratio calculated from these surveys not be used in future
refinements of the design.

The seismicity data used for the analysis were based on a literature search. Recurrence rates
were not completely consistent with reports elsewhere in the literature. The design
earthquakes are reasonable, and site-specific ground response spectra were prepared for
near-field, mid-field. and far-field earthquakes. The design earthquakes used in the near-field
and mid-field were denived from two different earthquakes in Canada. The NRC staff notes
that these earthquakes may not be represeriative of earthquakes from the seismotectonic
regions in the area near the site. The Canadian earthquakes may have different focal
mechanisms and different frequency content than those occurring near the site. The far-field
design earthquake from the New Madrid Fault Zone was artificial, generated by using RVT.
This approach is generally accepted in areas where earthquake records are sparse. However,
some time history records with magnitudes 4 10 5 are available from the New Madrid Fault
Zone. These records could be scaled upward and compared with the one generated by RVT.
If differences exist, then a decision must be made regarding which is the more reliable for
design.

The applicant presented data and analyses which describe the geology and seismicity of the
proposed CEC site and characierize the vibratory motion which might be experienced at the
site during an earthquake. The NRC staff finds that the applicant’s method for
characterizaton of seismic nisk, including identification of seismic zones, analysis of historical
earthquakes and related faulting. and attenuation of earthquake effects from the source to the
site, 15 a state-of-the-ant method and is acceptable. The NRC staff reviewed the NEHRP
seismic n1isk maps and determined that the peak horizontal acceleration predicted by the
NEHRP method is less than or equal to the peak horizontal acceleration (i.e., a, = 0.046 g)
predicted by the applicant’s method and is therefore acceptable.

The NRC staff reviewed both the horizontal and vertical response spectra proposed by the
applicant. The applicant has selected as a basis for the analysis specific earthquakes which
may not be fully representative of the local conditions but which are within the range of
accepted professional judgment and are thus acceptable, For development of the horizontal
response spectra, the applicant uses data and procedures acceptable to the NRC staff and the
NRC staff concludes that the results are accepuable. For development of the vertical response
spectra, the applicant uses an acceptable procedure in conjunction with Poisson’s ratio data
which the NRC siaff believes may be high. The NRC staff concludes that the results for the
vertical response spectra may not be conservative, and, thus has not relied upon this vertical
response spectra in the review. The NRC staff followed the guidance of Regulatory

Guide 1.60 in the review of structures. systems, and components.

The NRC staff concludes that the applicant’s analysis of geology and seismology, in
conjunction with the Southern Standard Building Code adopted by the applicant, and
Regulatory Guide 1.60 procedures recommended by the NRC provides an acceptable basis for
safety review of CEC structures, systems, and components.
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3 PLANT DESIGN

The Claiborne Enrichment Center (CEC) is a process plant designed to separate a feed stream
containing the naturally occuming proportions cf uranium isotopes into a product stream
ennched in the uranium-235 (U-235) isotope and a tails stream depleted in the U-235 isotope.
The process, entirely physical in nature, takes advantage of the tendency of materials of
differing density to segregate in the force field produced by a centrifuge. The chemical form
of the working material of the plant, uranium hexafluoride (UF,), does not require chemical
transformations at any stage of the process. In the three primary steps of the process, UF, is
volatilized from a feed cylinder, passed through the separative centrifuges, and condensed in
product or tails cylinders. A block diagram of all steps in the process is presented in

Figure 3.1. The process comprises a linear sequence of steps and does not recycle material
from later steps in the sequence to earlier steps. The processing steps occur in seven
buildings located within a 28 hectare (70 acre) controlled area. The layout of the controlled
area is depicted in Figure 2.3, and the floor layout of the main building, the Separations
Building, is presented in Figure 3.2, The description of plant design and operations presented
in this chapter follows the flow of UF, from 1ts reception at ... site through processing 1o the
disposition of product and tails material. Each sub-section 1.st describes the facilities and
equipment used in that step of the process and then describes the operations performed with
the material and equipment. The primary process systems are described in this chapter, and
auxiliary or support systems are described in Chapter 6, The descriptions are drawn from the
CEC Environmental Report (ER) (LES, 199b), Safety Analysis Report (SAR) (LES, 1992a),
and selected Applicant Responses 1o NRC Riquests for Additional Information (RAI) (LES,
1992a, 1992b, and 1992¢). Detailed diagrams of CEC buildings and equipment are provided
in the CEC SAR.

3.1 Feed Receiving and Storage
Faciliues

CEC feed matenial in the form of solid UF, in cylinders is transported 1o the site on specially
designed and fited flat-bed trucks. Onsite, the feed matenial is delivered to the Cylinder
Receipt and Dispatch Building (CRDB) for cylinder inspection, weighing, and testing. The
CRDB is a sweel-frame building with insulated sheet-metal walls and a reinforced concrete
floor. The rectangular building is 30 meters (100 feet) long, 15 meters (50 feet) wide, and 10
meters (30 feet) high. An access corridor runs along the center of the long axis of the
building, and roll-up doors on opposite sides of the building allow trucks delivering or
removing cylinders to drive through. A 23-tonne (25-ton) capacity overhead bridge crane
travels on rails mounted on opposite sides of the long axis of the building. The crane can
move across the bridge and thus can cover almost all the floor area of the CRDB. An 18-
tonne (20-ton) weighscale 1s located adjacent to the truck bay area. The interior floor area of
the building stores feed and product cylinders on specially designed cradles. Storage space for
20 cylinders is provided in the CRDB. An outside storage area holding hardstands for 187
cylinders covers approximately one-half hectare adjacent to the CRDB.
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Operations

An overhead crane unloads feed cylinders delivered 1o the CRDB. The cylinders are
inspected for damage and general condition and weighed on the CRDB weighscale. The
cylinders are then transported to the outside area for storage or to the Separations Building for
processing.

3.2 Material Handling and Transfer
Faciliti 1on

Cylinders containing solid UF, feed, product, and tails material are stored outside the
Separations Building and must be transported to and from storage areas and transferred 1o
various process areas within the Separations Building. Mobile transporters, cranes, and rail
carmiages move these cylinders. The Separations Building is of pre-cast/pre-stressed concrete
construction, 238 meters (780 feet) long and 140 meters (460 feet) wide. The floor area at
ground level is 33,320 square meters (358,700 square feet).

Straddle carriers and modified forklifts transport cylinders from storage areas to and from the
Separations Building. A straddle carrier is a wheeled vehicle fitted with a claw-like lifting
mechanism which i1s hooked around the stiffening ring lifting lugs of a cylinder. The carrier
is positioned over the cylinder and aligned with the long axis of the cylinder. A modified
fork-lift 1s fitted with a forward-lifting mechanism which also hooks around the lifting lugs of
a cylinder. The long axis of the cylinder is aligned perpendicular to the axis of the fork-lift
The lifting capacity of each vehicle is 20 tonnes (22 tons).

An overhead bridge crane delivers feed cylinders to the Cylinder Handling Area of the
Separations Building. A diagram of the layout of this area is presented in Figure 3.2. The
crane travels on rails parallel to the north-south directions and moves across the bridge in the
east-west directions. The crane has a 25-tonne (28-ton) capacity and is used to unload
cylinders from straddle carriers and forklifts, move cylinders to the weighscale, or load
cyhinders onto the rail transporter.

A rail system is embedded in the floor along the long axis of th. Separations Building
parallel to the rows of feed, blending. sampling. and take-off stations. A transporter mounted
on these rails is used 10 move feed, product, and tails cylinders to and from these stations.
Each cylinder is carried on a carriage which moves on a second set of rails installed on the
rail transporter structure. The transporter is battery-powered and electric-motor driven with a
maximum speed of 0.61 m/s (2 fvs). The transponter is fitted with a rail bridge and hoist
system in order 10 move the secondary carriage and cylinders into and out of stations. The
hoist system is capable of lifting all types of cylinders over a range of 5 centimeters

(2 inches) and matches rail systems installed in feed. sampling, blending, and take-off
stations.
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3.3 Feed Purification and Feed

Facilities

The function of the Feed Purification and Feed System is to remove light gas contaminants
from the feed UF, and to provide a continuous. controlled flow of UF, to the separation
cascades. The pnmary pieces of equipment for this purpose are the feed autoclave, feed
purification desublimer and traps, feed purification cylinder station, and associated piping,
valves, and controls. The configuration of equipment is represented in Figure 5.1. The CEC
comprises three plant units each of which has independent, feed, enrichment, and product and
tails take-off equipment. Each plant unit includes a single feed purification system and four
feed autoclaves which are connected to a common plant unit header. The autoclaves are
rotated through purification, heat-up, feed, and cool-down cycles to maintain desired feed to
the cascades.

The feed autoclave is a horizontally mounted, carbon-sieel, cylindrically shaped vessel with
elliptical ends which is approximately 6 meters (20 feet; in length and 2.2 meters (7 feet) in
diameter. The head at one ead of the autoclave is hinged at the top to form & door which is
operated by a hydraulic opening mechanism. Rails mounted on the floor support the cylinder
carriage which can be rolled into and out of the autoclave. The cylinder cradle arrangement
includes weight sensors for continuous monitoring of cylinder contents. The interior of the
autoclave is heated by three separate resistance heaters and a two-speed fan with total heat
transfer rate of 18,000 joules per second (J/s) (17 BTU/s). The autoclave air space
communicates with the environment through two routes. The first piping line is a vent to the
Separations Building air space which includes a normally closed shut-off valve. The second
piping line connects the autoclave air space to the Gaseous Effluent Vent System (GEVS)
through a hand-operated valve which has a mechanical interlock to the autoclave door. The
autoclave also has interior piping and associated valves which provide the flow path for UF,
being transferred to the desublimer or to the cascades. Inside the autoclave, the transfer
piping has one hand-operated valve for line pump-down, one shut-off valve for
cylinder/autoclave isolation. and one modulating valve for UF, flow control. In addition, a
cylinder 1s fitted with an open/closc vaive which is connected to the autoclave interior piping
through a flexible pipe called a pigtail.

The autoclave exit line connecting the feed cylinder to the feed desublimer has two
open/close valves which direct flow to the desublimer or to the cascade header.
Desublimation at ambient temperature is possible at pressures used in the purification system.
Valves are in hot boxes, and lines are trace heated to prevent desublimation. The feed
purification desublimer compnises four stainless steel tubes sealed inside a stainless steel
cabinet. Each pipe is wrapped in a copper line capable of carrying hot refrigerant and a
copper line capable of carrying cold refrigerant. The cabinet is filled with insulation and
blanketed with nitrogen during operation to exclude moisture. Each desublimer tube is 0.41
meters (16 inches) in diameter and 6 meters (17 feet) in length with a volume of (.75 cubic
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meters (24 cubic feet). The desublimer is connected to the GEVS through an exit line
containing two valves, a pump, and two UF /hydrogen fluonide (HF) adsorption traps.

The feed punfication desublimer is connected to a UF, cylinder contained in the teed
purification cylinder station by a pipe containing three open/close valves, a short length of
flexible pipe, and a cylinder valve. The cylinder station is a rectangular-shaped cabinet with
cooling water connections. Cooling water from the main plant cooling water syste . is
sprayed onto cylinders in the station and returned to the system through drain pipes located at
the bottom of the cylinder station. Cylinders are placed inside the station on rail-mounted
carriages with weighscale mechanisms for monitoring of c¢ylinder contents.

Operations

Feed purification operations begin with loading of a full feed cylinder into a feed auioclave.
The cylinder valve is connected to the autoclave interior piping through a flexibie pipe and
purification 1s accomplished in two stages. In the first stage, termed cold punfication, the
unheated cylinder is vented repeatedly in a baich fashion to a chilled desublimer in order to
remove light gases present in the cylinder vapor space. The UF, transferred to the desublimer
1s sclidified in the desublimer tubes at the desublimer operating temperature. Routing of the
UF, flow is determined by valve positions selected on control switches for the autoclave and
desublimer stations. The autoclave door is left open for this operation in order to
automatically disable heater operation. Venting, including opening and closing of appropriate
valves, 1s repeated until desublimer pressure measurement indicates that light gases have been
effectively removed from the feed cylinder. Approximately 10 kilograms (22 pounds) of UF,
are carried over to the desublimer in each of the 10 1o 12 cold vent steps. After each step of
the process, the vapor space of the chilled desublimer is vented to the GEVS through the feed
purification system exit gas traps. Light gases, including air and HF, and a quantity of UF,
determined by the vapor pressure of UF, at the desublimer temperature are released in this
operation. At the completion of cold venting, the autoclave door is closed, and heating of the
cylinder 1s initiated. Heater controls are interlocked to door and valve positions and to
autoclave air space temperature and pressure in order to avoid overheating of the cylinder.
When the UF, is fully liquified, the cylinder is again vented 1o the desublimer in order to
remove light gas contaminants which may have been trapped in the solid UF,. Generally
only a single hot vent step is needed. and 1 kilogram (2.2 pounds) of UF; is transferred to the
desublimer. At the completion of hot purification, the cylinder is ready for transfer of UF, to
the cascades. An operational fill limit of 2,000 kg (4,400 pounds) is established for a four-
tube desublimer but the solidified UF, is transferred 1o a purification cylinder when the
desublimer contents reach an administrative limit of 400 kilograms (880 pounds) of UF,.

Transfer of UF, from a hot, purified cylinder to the cascade header 1s effected through
selection of valve posinons at the autoclave state switch. Exit line pressures are monitored
and control valve position is adjusted to maintain constant UF, mass flow rate. When the
flow can no longe: be controlled at the desired rate, the cylinder is taken off-line and replaced
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by another feed autoclave. The cylinder heel is transferred 1o the purification cylinder, and
the feed cylinder is cooled and removed from the feed autoclave.

3.4 Enrichment
Facilities

The CEC enrichment system separates a stream of gaseous UF, produced in the feed system
into a product stream enriched in U-235 and a 1ails stream depleted in U-235. The separation
15 effected in Urenco model TC-12 centrifuges which are grouped into arrays valled cascades.
The cascades in each of the three CEC plant units are organized into two assay units, each of
which 1s comprised of seven cascades. Therefore, each plant unit has 14 cascades, and the
CEC as a whole has 42 cascades. Each cascade is housed within a separate enclosure and
comprises approximately 1,000 centrifuges. Each cascade in a plant unit is connected to an
assay umt header which receives UF; teed from the plant vnit header and feed autoclaves.

Equipment comprising the enrichment section inciudes the centnfuges, control valves,
instrumentation, and associated piping. The centrifuge is a thin-walled, verticai, cylindrically
shaped rotor which spins around a central post within an outer casing. The rotor is fabricated
of carbon-reinforced epoxy, and the casing is aluminum. The centrifuge housing is installed
upon a specially designed and leveled floorplate called a flomel. The space between the rotor
and casing is maintained under vacuum to reduce drag. The rotor is driven by an
electromagnetic motor which draws power from a run convertor at a frequency equivalent 0
the rotor speed. Under normal operating conditions, each cascade uses energy at a rate of 86
kilowatts. Each cascade has a closed-loop cooling water system to remove the heat generated
by frictional losses and the electromagnetic motors. Cooling coils located at the top and
bottom of the rotor remove heat and provide a temperature gradient which plays a role along
with centrifugal force in producing the isotopic separation. Feed, product, and tails streams
enter and leave the centrifuge through the central post. Enriched gas is withdrawn at the top
of a rotor and depleted gas is withdrawn at the bottom of the rotor. Piping complexity is
reduced by grouping the centrifuges into blocks which are connected in series and parallel
fashion 1o constitute the cascade. Each centrifuge has an exit safety valve which is closed by
excess pressure within the centrifuge. Each cascade receives UF, from the assay unit header
through a control valve, resistor orifice, and controller which establish flow rate on the basis
of monitored pressure level. Product flow is controlled in a similar manner.

Operations

Under normal conditions, the centrifuges operate continuo ', with minimal operator
intervention. Automatic monitoring of centrifuge pressure, rotational frequency, and cooling
conditions is continuous as described in SER Chapter 5. The pressure within each centrifuge
15 subatmospheric, and each centrifuge contains 10 grams (0.02 pounds) of UF,. During
normal operation, mobile pump sets are used to draw samples periodically from each cascade.
The samples are desublimed into flasks by using liquid nitrogen, and non-condensible gases
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are vented 1o the GEVS. Ingress of light gas or process upsets can cause destabilization of
the centrifuge rotor and a resulting failure, termed a “crash”. In a centrifuge failure,
rotational energy is converted to heat, the rotor disintegrates, and a quantity of gas is
generated in the disintegration process and subsequent reaction with UF,. A pressure pulse
occumng during the crash closes isolation valves and separates the failed centrifuge from the
balance of the cascade. Solid reaction products accumulate in the bottom of the failed
centrifuge, and over a period of weeks., the reaction gases leak into the cascade header and
are removed through the GEVS. The failed centrifuge remains in place but no longer
contributes to the separation capacity of the cascade.

3.5 Product and Tails Take-off

The primary function of the product and tails take-off sysiems 1s to compress streams of UF;
from cascade pressure 10 an elevated but sub-atmospheric pressure to desublime UF, in
product or tails cylinders. A secondary function of the product and tails take-off systems is
to provide for rapid removal, or dumping, of the inventory of a cascade to product or tails
cylinders. The equipment used for the product and tails take-off is similar but not identical.
Fiow schematics of the product and tails take-off pumps and cylinder stations are presented in
Figures 5.2 and 5.3, and Figures 5.4 and 5.5, respectively. l

Product Take-Off Facilities |

Enriched UF, is compressed to desublimation pressure in a two-step manner. In the first step,

the product stream from each cascade is passed through two series, low-pressure, vacuum :
pumps as pressure 1s increased from 275 to 4,830 pascals (0.04 1o 0.7 psia). The seven ;
streams from each assay unit cascade are then combined and passed through two parallel,

high-pressure vacuum pumps. Pressure is increased from 4,830 o 43,990 pascals (0.7 t0 6.4

psia). Desublimation of UF, is possible at ambient temperature at process pressure

downstream of the high-pressure vacuum pumps. Hot boxes for pumps and valves. and line

heat tracing are used to prevent desublimation. Flows from the two assay units comprising a

plant unit are routed to one of the ten product take-off stations serving the plant unit. The

take-off station is a rectangular box 1.6 meiers (5 feet) wide, 1.6 meters (5 feet) high, and 2.5

meters (8 feet) long. The box is double-walled, insulated, and fitted with rails which support

the cylinder carnage. Load cells are provided, and the heat of desublimation is removed with

cooling air routed through closed-circuit feed and return lines. A single-tube desublimer

similar in design to the feed purification desublimer removes light gases. Three product

take-off desublimers are provided for each plant unit. The stainless steel desublimer tube is

housed in an insulated stainless steel cabinet and is wrapped with two copper tubes which

carry hot and cold refnigerant, The desublimer exit line is valved and includes a vacuum

pump and chemical traps for removing UF, and HF vented with the light gases.
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Flow from the cascades through the low- and high-pressure vacuum pumps is normally
continuous and is monitored with pressure sensors. Controllers on pump intake and exhaust
lines terminate flow if pressure is outside of prescrived operating ranges. During maintenance
of a cascade low-pressure pump, flow is diverted to the low-pressure pumps of an adjoining
cascade which are sized for this service. During maintenance of one of the two parallel,
assay unit, high-pressure pumps, the remaining pump 1is sized to handle the full flow of the
assay unit. Of the ten product take-off stations provided for a plant unit, three are normally
on-line at any given ume. Take-off station activities include loading of an empty product
cylinder into the station and connection to the take-off header by using flexible pipe. The
empty cylinder und process lines are evacuated to a pressure of one pascal and held at that
pressure for 30 munutes to detect potential leakage. Cooling air flow 1s initiated and product
is desublimed imto the cyvlinder. Pressure in the cylinder rises due to the accumulation of
light gas which preferennally flows to the product end of the cascade. When cylinder
pressure reaches 4,480 pascals (0.65 psia), the inlet line valve is closed, and the cylinder is
vented in baich fashion to the desublimer. In each vent step, the desublimer is itself vented
to the GEVS and cylinder venting is repeated unul the cylinder and desublimer pressures
differ by less than 10 pascals (0.001 psia). One or two venting sequences are required for a
product cylinder with less than 20 kilograms (44 pounds) of UF, carned over to the
desublimer from each cylinder. When load cells indicate that a cylinder is full, inlet and
cylinder valves are closed, the lines are evacuated. and the cylinder is disconnected and
removed from the take-off station. When process records indicate that a desublimer tube
contains 100 kilograms (220 pounds) of UF,, the desublimer is heated, and the contents are
transferred to a standby product cylinder station.

Tails Take-Off Facilitues

Depleted UF, 1s removed from the enrichment system in a process similar to product removal.
Tails from each cascade are compressed in two senes, low-pressure vacuum pumps from
cascade pressure to 4,830 pascals (0.7 psia). The combined flow from the seven cascades of
an assay unit is compressed to 22,750 pascals (3.3 psia) in three parallel, high-pressure
vacuum pumps. Desublimation is possible at ambient temperature at process pressure
downstream from the high-pressure pumps. The high-pressure pumps and downstream valves
are in hot boxes, and downstream lines are heat-traced to prevent desublimation. The tails
stream from the high-pressure pumps is routed to ten tails take-off stations, which serve the
plant unit. The 1ake-off station 1s a rectangular, insulated box with capacity for spray water
cooling of a tails cylinder. The box 1s 2 meters wide (6 feet), 3 meters (7 feet) high, and four
meters (13 feet) long. The cylinder is contained within the station on a rail carriage similar
10 the product take-off station. The cooling system is closed-circuit, and the rail supports are
fitted with load cells to monitor cylinder contents.

39



Tails Take- rations

Tails take-off operations are similar to product take-off operations except that cylinder venting
is infrequently required. Flow through the vacuum pumps is continuous and cross-piping and
excess capacity are provided for maintenance and replacement. Empty cylinders are placed in
take-off stations. connected to the piping, and evacuated as described for product cylinders.
After successful leak testing, cooling water flow is imuated, the inlet valves are opened, and
desublimation begins. Although ventng is seldom required, the cylinder may be vented to
the feed purification system if necessary. When the load cells indicate that the cylinder is
full, the valves are closed, the piping evacuated and disconnected, and the cylinder removed
from the station.

Product. Tails. and Conungency Dump

Extraordinary conditions may require the rapid removal of the inventory of a cascade, assay
unit, or plant unit. In these circumstances. the inventory may be removed through the Tails,
or Product Take-off Systems, or through a dedicated system, the Contingency Dump System.
In the case of removal through either the Tails Take-off System or the Product Take-off
System, pressure to the low-pressure vacuum pumps is increased, and mass flow to the
cylinder stations is increased. The UF, inventory is then desublimed into product or tails
cylinders. If the product and tails removal functions are unavailable. the plant inventory may
be removed in a Contingency Dump System provided for each assay unit. The system is
comprises sodium fluoride beds to adsorb UF, and surge vessels to provide flow control.
Each Contingency Dump System has seven parallel adsorbers/surge vessels, which service the
seven cascades of the assay unit. Light gases passing through the dump system are released
through the GEVS to the atmosphere.

3.6 Product Sampling and Blending

The function of the product sampling system is to certify that product meets customer
specifications. The function of the product blending system is to provide the ability to
produce a range of compositions of enriched product with a minimum complexity of
separation system configuration. Schematics of the blending and sampling systems are
presented in Figures 5.7 and 5.6, respectively. Each plant unit has a sampling system
comprised of two autoclaves, and all three plant units are served by a single blending system
comprising two autoclaves and five blending cylinder stations.

Product Sampling Facilities

Sampling of product cylinders is accomplished in autoclaves specially designed for that
purpose. The sampling autoclaves are horizontal, cylindrical, carbon-steel vessels
approximately 1.6 meters (5 feet) in diameter and 4 meters (15 feet) in length. Rail structures
which support cylinder carriages are used to move cylinders into and out of the autoclaves.
Three electrical heaters and an air fan are used to liquify and homogenize UF; in the product
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cylinder. The autoclave air space is connected to the Separations Building air space and to
the GEVS through valved piping. Sample manifolds are connected to the cylinder vaive
inside the autoclave, and the autoclave air space is connected to the GEVS through a
open/close valve. The front support of the autoclave is hinged, and the rear support is
mounted on a hydraulic lift, which can tlt the autoclave, cylinder, and sampling manifold.
Autoclave air space temperature and pressure are monitored by redundant Class I systems,
which shut down heater function if temperature or pressure limits are exceeded. Cooling of
the autoclave is provided by a closed-circuit, non-contact cooling water system.

Product Samplig Operations

A rail transporter loads a full product cylinder into the sampling autoclave. The cylinder is
then clamped in place to prevent movement. The sampling manifold is connected to the
cylinder and a vacuum pump set evacuates the piping. Once leak tests are complete, the
autoclave door is closed and the heating cycle begun. The UF, 1s liquified, ailowed to mix
convectively for 16 hours, and heated an additional 2° C (4 °F) 10 ensure sublimation of UF,
in the sample manifold. The autoclave is then tilted 30 degrees. and liquid UF, pours into the
sample bottles attached to the sample manifold. The heater and fan are then activated to heat
the autoclave an additional 8° C (14 °F) 1o evaporate UF, from the sampling piping. The
autoclave is returned 1o the horizontal position and cooled by using water circulated through
the non-contact cooling coils. Once the autoclave is cool, its air space is checked for leaks
and the cyiinder removed by using the rail transporter.

Product Blending Facilities

Major pieces of equipment nvolved in a blending operation include two donor autoclaves,
one blended product cylinder station, one product blending desublimer, and associated valves
and piping. Each donor autoclave is a horizontal, cylindrical, carbon steel vessel 1.6 meters
(5 feet) in diameter and 4 meters (13 feet) in length. The autoclave is fitted with rail
supports for the cylinder carriage and has a hinged door at one end. The autoclave is
indirectly heated by three resistance heaters and an air fan. Closed-circuit indirect water
cooling coils remove heat. The autoclave air space temperature and pressure are monitored
by Class I systems, and the air space is connected to the Separations Building atmosphere and
to the GEVS through valved piping. The two autoclaves are connected by common piping to
the blending receiver cylinder station and to the blending system desublimer. The cylinder
station is a double-walled. insulated, rectangular, carbon-steel box 1.7 meters (5 feet) wide,
1.7 meters (5 feet) high, and 2.5 meters (8 feet) long. The station is cooled by a closed-
circuit air system and fitted with load cells to monitor cylinder contents. The desublimer is a
single stainless-steel tube wrapped in copper, hot and cold, refrigerant tubes inside an
insulaied cabinet. The desublimer tube exit line is connected by two valves, a vacuum pump,
and adsorber traps to the GEVS.
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The rail transporter loads full product cylinders and an empty receiver cylinder into the donor
autoclaves and receiver cylinder station, respectively. The cylinders are connected to the
process lines, and all lines exposed to air are evacuated. Before heating, the pressures of the
donor cylinders are measured. and the cylinders are vented to the desublimer if necessary.
The donor cylinders are then heated and the UF, liquified. The specified amount of UF, is
transferred from each donor cylinder to the receiver cylinder until the receiver cylinder is full
or the donor cylinders are empty. At the completon of operations, isolation valves are
closed, connector lines evacuated and the receiver cylinder removed from the station. Heels
from empty donor cylinders are transferred to the desublimer and then to a standby receiver
cylinder station. Full heels cylinders are used as blending stock or sold individually. Donor
cylinder connector lines are evacuated and empty cylinders removed from the autoclave.

3.7 Product and Tails Storage
Facilines an rations

Outside storage arcas are provided for UF, feed, product, and tails cylinders. All UF; is
stored in the solid state at ambient temperature with subatmospheric pressure. The Product
and Feed Storage Area 1s located southeast of the Separations Building and covers 0.5 hectare
(1.2 acres). Two Tails Storage Areas located southwest and southeast of the Separations
Building cover a total area of 6.1 hectares (15.2 acres). The storage areas are paved and are
sloped 0.2 percent from horizontal toward the southeast to drain rainwater. Cylinders are
stored on concrete saddles approximately 20 centimeters (8 inches) above ground level.
Cylinders are not stacked for storage and adequate clezrance is provided for mobile carriers to
access the yards.

3.5 Centrifuge Assembly
Facilites an rauons

The centrifuges used at the CEC are assembled in the Centrifuge Assembly Building (CAB)
from components received from off-site. The building is a metal frame structure 42.7 meters
(140 feet) wide, 85.3 meters (280 feet) long, and 12.2 meters (40 feet) high. Radioactive
materials are not handled or stored in the CAB. Components are received in a storage area
and unloaded from land/sea containers by using a 9-tonne (10-ton) overhead crane.
Centrifuge components are assembled and tested in a clean work area separated from the
storage area by air locks. Assembled centrifuges are transferred to the Separations Building
through an airlock corridor between the two buildings.
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39 Start-up

Start-up of the CEC involves purging of lines and equipment, calibration and testing of
instruments, verification of flow configuration, run-up of centrifuges, and introduction of UF,
feed material. The process equipment constructor verifies the as-built system against design,
purges hines and equipment, completes hydrostatic and pneumatc testing of lines and
equipment, and calibrates instruments before pre-operational testing. The pre-operational test
phase comprises four steps. First, the flow path from the feed autociaves to the product and
1ails take-off stations is verified. Second, the cascades are evacuated, run-up, and held at
vacuum for 150 hours. Run-up converters start the centrifuges in a sequence of frequency
steps over a period of several hours. Third. a small amount of feed UF; is introduced into the
equipment and allowed to react with contaminant residues present in the equipment as a
consequence of fabrication and installation. Fourth, design quantities of UF, are introduced
and cascade conditions verified through sampling of cascade enrichment settings.
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4 DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS

Structural, mechanical, and facilines design criteria developed for the Claiborne Enrichment |
Center (CEC) are the basis for evaluating the systems proposed for enriching uranium |
hexafluonde (UF,), maintaining safe operating conditions, and protecting public health and |
safety. This chapter describes the principal design criteria, identifies structures, systems, and

components important to safety; and evaluvates the safety systems under design basis

condiuons. These evaluations arc based on the plant design described in SER Chapter 3.

The major structures and components are the Separations Building and the cylinders,

autoclaves, and asscciated piping which contain UF,. The first section summarizes the

results; the remaining sections detail the evaluations. The NRC staff reviewed the applicant’s

analysis of structures. systems, and components important to safety and completed an

mdependent analysts of this topic. The NRC's and applicant’s analyses were consistent in

identifying important-10-safety systems.

4.1 Conformance with the ANPR General Design Criteria

The NRC has developed general design critenia applicable to centrifuge enrichment of UF,.
The criteria are applied to the appropniate processes, with their implications for safety
paramount. The Advance Notice of Proposed Rulemaking (ANPR) (NRC, 1988a) specifies
that the design must:

- Protect against loss of confinement capability when such loss of capability results from
any single failure of a system having safety significance

- Provide diversity in safety systems commensurate with their safety function

- Minimize non-random, concurrent failures of important elements in protection systems

- Provide criteria and bases for resistance of parts of the facility to upper limit accidents

- Provide employees adequate protection from hazards.

Both the NRC staff’s and applicant’s analyses identified feed, blending, and sampling
autoclave heater protection controls as important to safety. Because failure of these
protection controls could lead directly 1o an adverse safety condition, the controls are
categorized as System Class I (Category A) and their Quality Assurance level is 1 (see
Chapter 12). The applicant’s safety analysis evaluates the function of the Separations
Building, autoclaves, and System Class | components under design basis conditions and limits
transporter fuel inventory in a proposed hcense condition. The NRC staff has reviewed the
applicant’s analyses of response to design basis events, performed supplementary calculations
and concluded that the systems function under the design basis conditions. Consequently, the
NRC staff and applicant arrive at a consistent set of controls through analysis of structures,
systems, and components.

The heater protection systems are of a multiple redundant series design and thereby protect

against concurrent failures and prevent loss of confinement in the event of a failure by a
single component. The systems are also diverse in that the safety function is initiated by
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The enrichment process uses a variety of chemicals and energy sources which, while not

present in quantities comparable to UF,, may pose a threat to public health and safety. To

maintain a consistent approach for uranium releases, structures, systems, and components are

identified as important to safety if their function is required to prevent exposure of the public

to chemicals at a concentration just below that which causes clinically observable effects. For

specific chemicals, Emergency Response Planning Guides or American Conference of

Governmental Industrial Hygienist (ACGIH) Time Weighted Average (TWA) (ACGIH, 1986)
concentrauon levels are adopted as the criteria for identfication of structures, systems, and J
components as important to safety.

4.25 NRC Staff Review of Applicant’s Analysis of Structures, Systems, and
Components Important to Safety

Applicant’s analysis of structures, systems. and components important to safety is based on
the premise that containment of UF, is the primary CEC safety concem. A four-step
procedure constitutes the analysis. First, the criteria for identifying structures, systems, and
components important to safety are specified. The applicant adopted the NUREG-1391
(NRC, 1991a) intake of 10 milligrams of uranium by an off-site individual as the appropriate
criterion as directed by the Commission Order. Second, an atmospheric dispersion and
uranium intake analysis is performed 10 identify release quantities of UF, which would result
in off-site uranium intakes of 10 milligrams. The applicant considered that releases may be
either buoyant or non-buoyant and adopted the dispersion analysis used by the NRC in the
evaluation of emergency preparedness requirements at fuel cycle faciliies (NRC, 1988b).
Third, plant equipment, inventories, and failure scenarios are evaluated for buoyant releases.
Fourth, failure inventories and release scenarios are evaluated for potential non-buoyant
releases.

For buoyant releases, applicant’s dispersion/intake analysis identified 1,100 kilograms as the
quanuty of UF, which would result in a 10 milligram uranium intake off-site. The applicant
then reviewed plant area inventories and concluded that only cylinders contain UF, quantities
greater than 1,100 kilograms. The applicant proposed that rates of UF, sublimation are low
enough that a release of 1,1(X kilograms from the solid state is not feasible. The NRC staff"s
analysis suppors this assumption. Therefore, cylinders containing liquid UF, are identified as
the potenual source of reieases which could exceed the criteria. Independent autoclave air
space temperature and pressure sensors with automatic heater shut-off capability are
designated as Class ! systems, which precludes the potential occurrence of this release
scenario.

For non-buoyant releases, the applicant’s intake and dispersion analysis considered flow |
through a Separations Building door and estimated that 119 kilograms of UT, is the limiting |
release quantity. The applicant reviewed plant area inventories and concluded that cylinders, |
desublimers, and cascade hall piping each contain more than 119 kilograms of UF,. Release |
scenanos developed for these plant areas included pipe breaks and pump fume rel=ase events. |
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The release analysis considered air dilution and deposition of UO,F, within the Separations
Building. The analysis results indicated that off-site uranium intakes for all scenarios would
be less than the NUREG-139] critena. The NRC staff concurs with the result of this analysis
for Separations Building systems and components.

4.2.3 NRC Staff Independent Analysis of Structures, Systems, and Components
Important to Safety

In order to provide a differing perspective and to ensure that all sysiems important to safety
have been identified. the NRC staff completed an independent analysis of structures, systems,
and components important to safety. CEC design and process descriptions used in the
analysis are drawn from the CEC Safety Analysis Report (SAR) (LES, 1993a) and
Environmental Report (ER) (LES, 1993b).

4.2.3.1 Evaluation Methods

Identification of structures, systems, and components important to safety is based on
estimating hazardous chemical exposures and concentrations in the environment surrounding
the site. This calculation requires identifying hazardous chemicals on the site, identifying the
critical exposure location, considering release scenarios, and estimating exposure or
concentration at the critical location. Completing these calculations for all combinations of
chemicals and components is a lengthy process which is avoided through use of a screening
procedure. The screening procedure, as shown in Figure 4.1, incorporates hazard audit,
process characterization, dispersion analysis, and analysis of equipment, and instruments and
controls. The screening analysis is conducted at two levels of detail which are differentiated
primarily by the amount of information incorporated into description of the release scenario.

The first stage of the analysis uses the hazard audit and process information to identify the
maximum quantities and flows of material at selected locatons throughout the plant.
Maximum instantaneous and continuous releases are postulated on the basis of this review,
and a dispersion analysis estimates intakes and concentrations at the critical receptor location.
Review of a set of potential release scenarios and of instrument and control functions
supported selection of two hours as a conservative estimate of the duration of a release. The
review concluded that multiple signals of off-normal conditions would be reported at Local
Control Centers and at the Central Control Room. These signals would occur early in the
release event and thereby allow operator response o terminate the flow. Minimal information
on equipment function is used at this stage, and the release scenario is of a generic character.

Release scenanios included continuous and instantaneous releases both inside and outside the
Separations Building. If the estimated doses and concentrations are less than the review
criteria, then the structures, systems, and components used to contain the material at that plant
location are not important to safety: if the exposures or concentrations exceed the criteria, the
screening proceeds to the second stage.
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The second stage of the analysis uses the hazard audit, process characterization, and
dispersion analysis of the first stage with more detailed specification of the initiating event
and review of equipment function in order to develop more realistic estimates of the quantity
or rate of release of material. The response of the structure, system, or component 1o the
initiating event is considered at this stage of the analysis. If analysis demonstrates that the
system does not fail if the initiating event occurs, then a release does not occur. The severity
of the mitiating event is limited to the design basis specified in the ANPR. A single active
component faillure criterion is applied in developing the scenarios considered in the screening
procedure. Applying this principle allows identification of specific process conditions--for
example, temperatures, pressures, and flows--which are the basis of the analysis of system
response.  The atiention of individual operators to non-alarmed functions is not crodited for
preventing a hazardous condition. The attention of muitiple operators over a period of time
to non-alarmed functions is credited for preventing a hazardous condition. The response of a
single operator to a single alarm 1s not credited for preventing a hazardous condition or for
lerminating a continuous release, but the response of more than one operator t¢ more than one
signal is credited for completion of such actions.

Estimating the source term at the second stage uses mass, momentum, and energy balance
based physical models to characterize the release. Exposures ard concentrations estimated in
the dispersion analysis are again compared to the review criteria. If the exposures and
concentrations are less than the review criteria, then the structures, systems, and components
which contain the material at that plant location are not important to safety; if the exposures
or concentrations exceed the review critena, then at least some structures, systems, or
components used to contain the material are iniportant to safety. The details of the release
scenario as well as the specific functions of equipment, and instruments and controls are
reviewed to identify the specific structures, systems, or components which are needed to
prevent the occurrence of the release. These specific structures, systems, or components are
designated as important to safety.

The individual elements of the screening procedure use engineering analysis described in
detail in other sections of this SER, and use dispersion analysis suggested in prior NRC
guidance. These elements are described in the following paragraphs.

H udit

An audit conducted for the CEC identified large quantities of UF, as the primary hazard
associated with operation of the facility. SER Chapter 11 presents a detailed description of
the audit. The material is stored in the UF, Handling, Blending, and Cylinder Handling Areas
within the Separations Building, and in the Tails Storage, the Product Storage, and Feed
Storage Areas outside the Separations Building. Secondary quantities of UF, include the
inventories of the piping and centrifuges used in the separation process. The inventory of
UF, in each cascade is slightly less than 10 kilograms; because there are 42 cascades, the

total inventory of UF, in the cascades is less than 500 kilograms. Thus, the inventory of UF,
in the centrifuges and piping is of little importance to the safety of the system. Streams of
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UF, moving through the CEC systems were also considered as potential hazard sources for
continuous releases. A schematic of the flow configuration for one of the three plant units is
presented in Figure 4.2. The flow configurations for the other two plant units are identical to
the system represented in this figure. The maximum flow rate in any one pipe is
approximately 50 grams per second. with product flows from individual cascades as low as
0.7 grams per second. The hazard audit did not identify quantities of hazardous materials
other than UF, which could provide a basis for identifying a protective system as important to
safety.

Dispersion analysis to identify systems important to safety considers release modes and
scenario-specific factors in addition to the meteorological phenomena normally considered in
atmospheric dispersion analysis. Release modes include continuous and instantaneous (puff)
releases, and scenano-specific factors include heat generation and mixing before release 10 the
atmosphere. Reaction of UF, with atmospheric water generates heat, which increases the
effective release height and decreases concentrations at ground-level receptors. Each gram of
UF, contains 0.68 grams of uranium. Evaluating the magnitude of this effect depends in a
complex manner on reaction kinetics and the rate of entrainment of air into the UF, plume.
To provide a simplified, conservative analysis, buoyant plume rise is not considered in the
screening level analysis. The breathing rate used in the analysis, 3.47x10™ m's, is
recommended by the NRC (NRC, 1974) for estimation of intakes in early stages of
hypothet.cal accidents.

UF, releases inside the building are diluted before their release to the atmosphere. Evaluation
of the degree of mixing depends in a complex manner on release dynamics and building air
flow pattemns. To provide a conservative analysis, the release scenarios considered the
function of the building ventilation system. In the first scenario, the ventilation system
remains functuonal, mixing in the building air is not considered, and the material is released
directly to the stack without dilution in the building air. In the second scenario, the building
ventilation system is shut down in contaminated areas, and the released material is dispersed
into the accident compartment. In the absence of forced ventilation, normal wind flow
outside the building develops a draft through the building; the result is a leakpath, or
continuous release, represented as occurring at ground level. The features of the Separations
Building which are relevant to this release estimate are represented in Figure 4.3. Wind
flowing around the building induces a pressure drop along the path of the access cornidor.
Flow through this leakpath is limited by the resistance to flow through clearances around each
of the doors along the access cormdor. The magnitude of this resistance is estimated by
using standard correlations (Blevins, 1984). Using wind speeds occurring less than § percent
of the ume (approximately 5 m/s). the NRC staff developed an estimate of leakage flow of
0.039 m'/s (80 cfm) along the access corridor. Two doors in series separate each UF,
Handling Area from the access corridor. Using the pressure distribution estimated for the
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Table 4.1 %/Q Estimates for elevated continuous releases

%/Q (s/m”)
Direction
Distance to Receptor
200 m 400 m 600 m
95-percent Overall
8.4X10°* 1.7x10° 1.3x10°
99.5-percent Sector
S 8.1x10° 1.7x10* 1.2x10°
SSW 1.8x10° 1.1x10° 9.5x10°
SW 1 8x10° 1.1x10° 1.0x10°
WSW 1.7x10°¢ 1.1x10° 9.7x10°
w 6.0x10° 1.4x10° 1.1x10°*
WNW 1.8x10° 1.3x10° 1.1x10°
NW 7.2x10° 1.5x10° 1.1x10°
NNW 5.5x10° 1.4x10° 1.1x10°
N 9.2x10° 1.7x10°* 1.4x10°
NNE 5.3x10° 1.3x10° 1.1x10°
NE 7.1x10° 1.4x10° 1.1x10°
ENE 7.0x10° 1.5x10° 1.1x10°
E 6.8x10° 1.4x10° 1.1x10*
ESE 1.7x10° 1.1x10° 9.6x10°
SE 1.8x10° 1.1x10°* 9.9x10°
SSE 1.8x10° 1.1x10° 9.9x10°®
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Table 4.2 7/Q Estimates for continuous ground level releases

#/Q (s/m’)
Direction
Distance to Receptor
165 m 400 m
95-percent Overall
6.9X10° 1.5x10°
-‘—)-9.5~pcrccm Sector |

s 1.9x10° 4.8x10° ‘
SSW l.is‘txl()’3 2.8x10"
SW 1.2x10° 2.7X10°*
WSW 1.2x10° 2.7x10*
W 2.3x10° 5.7x10*
WNW 6.5x10" 1.5x10°
NW 7.4x10° 1.6x10°
NNW 7.4x10° 1.6x10°
N 7.0x10° 1.6x10*
NNE 4.0x10° 8.8x10*
NE 3.4x10° 7.5x10*
ENE 7.4x10° 1.6x10°
E 7.8x10° 1.7x10°
ESE 4.1x10° 9.1x10*
SE 1.2x10° 2.8x10*
SSE 5.1x10° 1.2x10*

locations consistent with those identified in the elevated release analysis. UF release
scenarios involving continuous ground-level releases are leakpath releases resulting from
continuous or instantaneous releases into the building space or continuous releases outside the
building. In each case, the controlling receptor is located at the controlled area fence. For
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continuous releases into the building space, the uranium intake criterion is controlling, and the
maximum allowable UF; release rate is 204 gm/s. For instantaneous releases into the
building space followed by leakpath continuous rel:ase, the uranium intake criterion is
limiting, and the allowable quantity is 1470 kilograms of UF,. For continuous ground-level
releases outside of the building, the uranium intake criterion is limiting, and the allowable
release rate of UF, is 0.85 gm/s.

ispersion Modeling for Instantaneous (Puff) Relea

Evaluation of uranium intakes and HF concentrations for comparison with the time dependent
NUREG-139] criteria requires estimation of release and exposure time intervals. In order to
analyze all potentially important release scenarios and to explicitly evaluate potential time
dependent impacts, the NRC staff evaluated instantaneous release scenarios. To maintain
consistency with the continuous release analysis, the NRC staff adopted the general approach
of Regulatory Guide 1.145 for use with a Gaussian puff model. The joint frequency of
meteorological conditions is used 1o calculate ¥/Q values. and the critical location is identified
for both elevaied and ground-level releases. Uranium intakes and HF concentrations which
would not be exceeded 95 percent of the time are calculated for a unit release of UF,.
Because doses and concentrations are linear functions of the UF, release quantity for
instantaneous releases, the analysis is used to identify release quantities which would exceed
the criteria.

For uranium intakes from elevated releases, the critical receptor is located at a distance of 400
meters north of the stacks, and a release of 1,785 kilograms of UF, would produce an intake
equal 1o the NUREG-1391 mit (10 milligrams). For HF concentrations from elevated
releases, the critical location is 200 meters north of the stacks, and a release of 1,480
kilograms of UF, would exceed the NUREG-1391 criterion.

For uranium intakes from ground-level releases, the critical receptor is located at the fence
line (165 meters), and release of 4.3 kilograms of UF, would produce a dose exceeding the
NUREG-1391 criterion. For HF concentrations from ground-level releases, the critical
receptor is located at the fence line, and a release of 2.8 kilograms of UF, would produce a
concentration in excess of the NUREG-1391 criterion.

4.2.3.2 Results

Scenarios developed in simple form for first-stage analysis and in more complex form for
second-stage analysis were used in conjunction with the dispersion analysis to identify
structures, systems, and components important to safety. To provide an exhaustive review of
hazards for the entire site, the screening procedure was implemented for each site area and
building on an overall unit basis and on a system-by-system basis. The initial step in the
analysis serves to review the function of the site areas and buildings, and to identify potential
common-cause failures: the system-by-system review examines the function of smaller
elements at a more detailed level. In the Separations Building review, the system-by-system
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review takes advantage of the simal-rity of Plant Units 1, 2, and 3 in the process from the
feed system through enrichment 10 we take-off systems. The UF, blending, sampling, and
storage systems are considered as separate plant elements. Hazards related to matenals other
than UF, are considered at each step of the procedure.

s Buildi View

The Separatuons Building houses the major components of the enrichment system, including

feed, sampling, and hlending autoclaves processing UF, in the liquid state. The hazard audit

identified inventonies of liquid UF, in the UF, Handling and Blending Areas, inventonies of

solid UF, in the Cylinder Handling, UF, Handling, and the Blending Areas; and the flow of :
gaseous UF, in the UF, Handling Area and the Cascade Halls. .

S Handling Liguid UE

Collapse of the building in an earthquake could damage the auioclaves and cylinders
containing liquid UF, and thereby cause an instantaneous release from the rapid
depressurization of the mixture of liquid and gasecous UF,. Each plant unit has more than one
feed autoclave and two blending autoclaves which may contain liquid UF; at a given time.
However, structural analys's described in Section 4.4 demonstrates that the Separations
Building does not collapse under design basis earthguake conditions. Thus, a release does not
occur, and analysis of this scenario ¢ s not identify the structure as important to safety.
Similarly, if an autoclave containing higuid UF, were to overturn or slide during an
earthquake, loss of containment could occur. Analysis presented in Section 4.8 demonstrates
the autoclaves do not slide or over-turn when subjected to design basis earthquake forces.
Thus. analysis of this scenano does not identify a component important to safety. Similar
considerations apply for scenarios involving the design basis tornado (DBT) and DBT-
missiles as the initiating event.  Analysis presented in Section 4.3 indicates that the
Separatons Building provides adequate protection under DBT conditions.

UF, 1s held in the liquid stawe in fecd and blending autoclaves after completion of the cold
and hot purification cycles. During this standby period, because valves in the autoclave exit
line are closed, UF, heating could cause over-pressurization of the cylinder and autoclave.
Similarly, the contents of the sampling autoclave are held at elevated iemperature and
pressure. and not vented. Ruptures of these cylinders and autoclaves, with a sudden loss of
pressure, would lead to large releases. If the final state is an equilibrium mixture of vapor
and solid at the atmospheric pressure sublimation point, the estimated amounts of UF, vapor
produced in the ruptures of single feed or product cylinders are 9,425 kilograms and 1,510
kilograms of UF,, respectively. In order to provide conservative estimates of potential UF,
releases. the initial temperatures and pressures used in the calculations were the upper level
set points of the heater protection circuits. These guantities are in excess of the 1,470
kilogram screening criterion. Therefore, the heater components and control circuits, and the
autoclave temperature and pressure sensors and associated controls (TE-122, TE-127, PT-115
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and PT-118) of the feed, blending, and sampling autoclaves are systems and components
important to safety.

Cylinders containing solid UF, are stored in the Cylinder Handiing Area on a temporary basis
before ransfer to the UF, Handling Area. An accident involving a fuel spill and subsequent
fire could cause over-pressurization and rupture of a UF, cylinder. Rapid de-pressurization of
the cylinder during failure would produce an instantancous release greater than the 1,470
kilogram screening criterion. Thus, transporters carrying significant quantities of fuel or the
UF, cylinders could be considered components important 1o safety. However, occurrence of
this scenario is prevented by limitation of transporter fuel inventory as proposed by the
apphcant (LES, 1993e).

Cylinders containing solid UF, may be ruptured if dropped in handling or crushed in vehicle
collisions. Such events could expose the solid UF; to the building air, and result in the
gradual sublimation of the UF, and subsequent production of HF. A conservative estimate of
the sublimation rate was ¢ veloped by using mass and energy balances formulated for a
cylindrical mass of UF; exposed to the atmosphere. Mass and heat transfer coefficients were
estimated by using standard correlations of experimental data (Bird, Stewart, and

Lightfoot, 1960). The UF, release rate predicted in this fashion is 0.016 gm/s and is oo low
to threaten public health and safety in a reasonable release duration.

The feed. product take-off, and blending systems use desublimers in which UF, is normally
present in solid and gaseous states. During the transition from the solid to gaseous state, UF,
is heated with Freon refrigerant R-11 at 122 °F. Desublimer inlet and outlet valves are closed
during this heating period. If the desublimer is over-filled, the solid UF, can expand and
rupture the desublimer pipe. The sudden loss of pressure would result in evolution of
approximately 10 kilograms of UF, vapor, with the balance of the pipe inventory remaining in
the solid state. Failure of the desublimer tube would also damage the Freon coil and
terminate return flow to the Freon supply system and the heating of the UF,. The quantity of
UF, generated because of heat transfer through the desublimer cabinet would be minimal.
Accordingly, the desublimers are not important to safety on the basis of this potential failure
mode.

Solid UF, in the feed. product take-off, and blending system desublimers is heated with
recirculated Freon 10 help transfer UF; to the appropriate cylinders. The Hot Refrigerant
Supply System in each plant unit indirectly heats the Freon with water, and a controller limits
the water temperature 10 165 °F. If the Freon temperature sensor fails and the water
lemperature control system functions properly. Freon could be supplied to the desublimers at
165 °F. Although the failure of the desublimer tube is not an important safety condition,
overheating and overfilling which cause a failure with the UF, in the liquid state is a
potentially more hazardous situation. A rupture produced by these conditions is equivalent in
its effect 0 the rupture of a single desublimer tube containing 2.420 kilograms of UF,. Rapid
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de-pressurization of a desublimer tube from the liquid state at 165°F produces approximately
1,100 kilograms of gaseous UF,. Because this amount is below the criterion amount, the
analysis does not identify components in single-tube desublimers important to safety. For the
feed desublimers, which contain four tubes, the analysis indicates that operator atiention to the
change of weight of feed cylinders is required to maintain a safe condition. Because
approximately 100 kilograms of UF; is transferred to the desublimer in purification of a
single cylinder, the contents of multiple cylinders would have o be transferred to the
desublimer to reach a potentially dangerous condition. Because credit is given for attention
by multiple operators over an extended period of time, the NRC staff analysis of this scenario
does not identify a system as important to safety.

Carbon and alumina traps are used in the desublimer vent sysiems and in the Gaseous
Effluent Vent System (GEVS) to adsorb UF, and HF. These systems have uranium capacities
lower than the 1470-kilogram limit and, thus, are not important to safety.

Systems Handling Gaseous UF,

If the Separatuons Building structure and autoclaves in each plant unit remain functional in all
design basis events but all three plant unit feed headers fail, a maximum continuous release of
approximately 150 gm/s is possible. The dispersion and scenario analysis concluded that a
continuous release of at least 204 gm/s is required to exceed the NUREG-1391 criterion.
Thus, the CEC pipework is not identified as a system important to safety. In addition, each
of the feed headers has a pressure sensor (PT-113) and associated circuitry designed to shut
valve HV-134 located inside the autoclave. Because closing these valves prevents the release,
the sensors, control circuitry, and valves provide additional assurance that the hazardous
condition will not occur.

The hazard audit idenufied the gaseous UF, inventory of the cascades as a total of 420
kilograms, a quantity less than the 1,470-kilogram instantaneous release criterion. Thus, the
centnfuges and associated piping and control systems are not identified as systems or
components imporiant 1o safety on the basis of inventory. The flow system review identified
the maximum inlet flow to any one cascade as approximately 3.5 gm/s. A release interval
greater than 200 hours 1s required at this release rate to produce a dose in excess of the
screening guidelines. Because operator response to a number of indications of abnormal flow
is credited, individual systems and components in the cascades are not identified as important
1o safety on the basis of flow.

The flow system review identified the product and tails take-off headers as handling a total
UF, flow of 150 gm/s. As in the case of the feed headers, simultaneous failure of these
headers does not produce a release in excess of the review criterion. Failure of multiple
cascade components other than the exit headers also produces release flow rates too low to
require safety protection systems.
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The flow system review determined that the maximum UF, flow from the blending autoclaves
1s approximately 75 gm/s. This flow rate is lower than the 204 gm/s level required to exceed
the NUREG-1391 criterion. In addition, the dispersion analysis indicated that reaching the
criterion would require a release period of greater than five hours. At this release rate, the
HF monitors in the UF, Handling Area and the alpha activity monitors in the ventilation
system would be activated. Because of the low level of the release and credit given for
operator response to multiple alarms, a continuous release of this magnitude and duration
does not identify any components important 1o safety.

or. d inder Recei D Building Review

Cylinders containing solid UF, are stored in the Product, Feed, and Tails Storage Areas and
are handled in the Cylinder Receipt and Dispatch Building. Accidents which could take place
in these areas include the collision, dropping. and fire scenarios like those of the Scpanmons
Building Cylinder Hanidling Area. Analysis of these events would identify vehicles carrying
fuel which sustains a substantial fire or the cylinders themselves as components important to
safety. However, occurrence of this scenario is prevented by limitation of transponer fuel
inventory as proposed by the applicant (LES, 1993¢).

4.3 Wind and Tornado Design

The ANPR for enrichment facilities requires that structures, systems, and components
important 1o safety be designed to withstand the effects of natural phenomena including the
DBT and DBT-generated missiles without loss of any safety functions. The NRC staff
evaluated the response of the Separations Building to such effects by reviewing the
applicant’s analyses presented in the CEC SAR (LES. 1993a) and supporting documents -
(LES, 1991), and the design basis criteria for compliance to the applicable codes and
standards. The NRC swff examined the analysis reports and their calculations for correctness,
and deterro ned whether the structure can retain its integrity against the effects of natural
phenomena and thereby protect public health and safety. This section presents a summary
descriptic.; of the structures, identifies design basis criteria, evaluates acceptability of the
analyucal methods, and compares the resuiting forces and stresses to the appropriate
allowable himits.

The Separations Building is divided into three independent plant units cach of which is
comprised of a UF, Handling Area, Auxiliary Area, and Cascade Halls. A Technical Services
Area supports acuvities in all three plant units. The Separations Building structure is System
Class 11, and its Quality Assurance level is 2. The members and the components of the
Separauons Building are cylindrical steel stacks, rectangular concrete columns, solid concrete
walls, precastprestressed concrete beams, and double-tee roof and floor members.



4.3.1 Design Criteria

CEC SAR Section 4.2.2 details the design criteria, This SAR included a site-specific study to
determine the tornado design parameters. The requirements of ANSI ASE.1. Section 6, were
adopted in SAR Section 4.2.1 and used for developing tomado pressure loadings. The NRC
staff accepts the design criteria. The tornado-generated missiles postulated in the analysis are
a 15-pound, 2x4-inch wood plank traveling 100 mph and a 75 pound, 3-inch steel pipe
traveling 50 mph.

The load combinations identified in SAR Sections 4.2.8.4.1. and 4.2.8.4.2. for the Class I
concrete-and-sieel structures were compared to the requirements of AISC, ACI-318, ACI
349-85, and ANSI/ANS-57.9-84. The combinations agree with the codes and standards, and
the NRC staff finds them to be acceptable. The results of the comparison of the NRC staff’s
and applicant’s load combinations are shown in Tables 4.3 and 4.4. At the design review
stage, all the combinations need not be used. The factor-of-safety values for overturning and
sliding of foundations were given in Section 4.2.8.4.3 of the SAR. The NRC staff’s
evaluations are shown in Table 4.5.

4.3.2 Design Evaluation

The applicant conducted analyses of the required grout on the roof members and the concrete
wall thickness to satisfy the SAR requirement for preventing scabbing or penetration by
tornado missiles. as reported in DC-SE-0001-SD, REV.1 (LES, 1991). The NRC staff
checked these calculations and found the results sausfactory, as indicated in Table 4.6; the
staff also checked the tornado forces and missile loads on the exterior walls and found them
to be acceptable, as shown on Table 4.7. The sizing of the roof members, interior and
exterior columns, and shear walls of the Separations Building is given in report
DC-SE-0003-SD, REV.0 (LES, 1991). The preliminary design of roof members, beams, and
inzzrior columns is performed for the combination of live load and dead load. Exterior
columns and shear walls were designed w the DBT. For shear walls, the design-basis
earthquake (DBE) condition dominates the DBT conditon. The NRC staff’s and applicant’s
estimated shearwall forces are compared in Table 4.8. The NRC staff concludes that the
Separations Building design is structurally acceptable for the natural phenomenon loads.

The design calculations for the stacks are included in reports DC-SE-0007-SD, REV. 0 and
DC-SE-0001-SD, REV. 0 (LES, 1991). The results of critical stress calculations for stacks
are tabulated in Table 4.9, The dead load of the stack was increased 20 percent in order t»
account for ladder and plant forms. The NRC staff concurs with the SAR conclusion that the
DBT, not the DBE condition, controls the design. The qualification of the section, anchor
bolts, base plate, and foundation footing for the load combination of S=D+L+WT was
performed for 1/4-inch-thick wall stacks. The NRC staff determined that the 1/4-inch wall
thickness originally proposed for the stacks was insufficient to meet DBT requirements. The
governing load combination 1s 1.68=D+L+WT+missile. The minimum wall thickness was
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Table 4.3 Load combination for class | concrete structure

ombination LES (Sec. 42841 of SAR) NRC NRC Ref /fComments
a U=14D+1 TL+1 MR or § Acceptable
or Rys1.7H4+1 4F
b U=1.4D41.71.41. 7141 4F+ | 7TW U=14D41.71 41 7H4+ 1 4F Acceptable. Ret. ACT 34985 Sec. 9.2.1(%),
+17W+17Re LES is missing Ro.
c D=1 4D+ 1. 7041 TH+ 1 4F+1 R7E U=1.4D%1 7141 TH+1 4F+1 7E+1. TR0 Acceptable. Ref. ACT 34985 See 92.1(2).
LES is missing Ro.
d U=7S1.4D41. 7141 TH+1 4F+ 1 4T+ 1 871) Accepiable
¢ U=T75(14D+1 7141 TH+ 1 4F+1 4T41 875) U=T7514D+1 7141 7Ro+1 4T+1 91) Acceptable. Ref. SRP 384.11.1b(5)
f U=T75(1. 4D+ 1. 7L+1. 7TH+ 1 4F+ 1 4T+1.7W) U=75(1 4D+ 1. 7041 TH+1.7T+1.7W) Acceptable. Ref. ANSI/ANS-579-84,
Sec. 6.17.3 1-(c). Code has 1.7T and no 1.4F
N U=9D4+13W U=1.2D417W Acceptable.
h =9D+1 43F U=12D419E Acceptable.
extreme environmental conditions:
i U=l 4Tl =D+l 4Ro+ T+E' Acceptable. Ref. SRP 3.8 4-11 3.(i) b(R),
Ro 18 missing.
h U= e T+ Wt U=D41+Ro+ T+ Wt Acceptable. Ref. SRP 3.8.4.11.3.4).(7), Ro is
missing.
j U=D+] 4+ T+DBEL U=D4+1 4 T+F+Ro+1.25Pa Acceptable. Ref. ACT 349-85, Sec. 9.2.1(6).
; To, Ro, Pa are missing.
LOAD NOMENCLATURE:
D - Dead load. T - Thermal.
L - Live load.

W, Wt - Wind & tomado loads.
E, E" - Design basis earthquake.

H - Lateral soif pressure.

F - Lateral and vertical pressure of liquids (DBF1).
Ro - Piping and equipment reactions.
Pa - Forces gencrated by a postulated pipe break.
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Table 4.4 Load combination for system class | steel structure

LES (Sec. 42842 of SAR) NRC NRC Ref /Comments
a 105=D+1+0R or Sor R)
b 1OS=D+L+W 1 08S=D+] +W Accepiable. SRP 38.4-11-c(a).(})
C 1.0S=D+].4E 1 0S=D+1.5E Acceptable. SRP 384-H-c(a)(2)
d 1.58=DaLsT Acceptable
e 15S=D41 4T+ W ESS=D+l4T+H+W Accept. ANSIANS 579-84,
Sec. 6.17.3.2.1.(d) Code has I in combination
but H =0
f 158S=D4+1.+T4E 1.6S=D+] +T+HsE Accept. ANSI/ANS 57 9-84, Sec. 6.17.3.2.1.(e)
Code is 1.68 and has H in combination
+ but H = 0.
w2
exireme environmemal conditions:
g 168 =D+ L4 T+E 1.68=D+L+T+H+E Accept. ANSI/ANS 57.9-84, Sec. 6.17.3.2.1 (e)
Code has H in combination but il = 0.
h 168 =Da L+ T+DRFL LSS=D+L4+T+H+Wt Not accept. ANSI/ANS.57.9-84,
Sec. 6.17.3.2.1.(d) Code has H in combination
but H and DBI. = 0,
i 168" =D L+ T+DBIL, No ref,

*The allow. stresses cannot exceed . 7Fu and 710 Z/7p (Zp is plastic section modulus).
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Table 4.5 Load combination safety factors for foundations

Combination LES (Sec. 42843 of SAR) NRC (Ref. ANSI/ANS-57.9-84, Sec. 6.17.4) NRC Comments
Overtumning Stiding Overtuming Shiding
D+ - - 15 15 No value by LES but
encompassed by DaH4E
D+ll4+E 1.5 20 1.1 i1 Acceptable
DiHsW 15 20 Ll i1 Acceptabie
Daii+E’ 1.5 20 Acceptable, but no ref. was
found.
D4+ Wt 1.5 20 Acceptable, but no ref. was
found.
"
-

LOAD NOMENCLATURE:

D - Dead load.

L. - Live load.

W, Wi - Wind & omado loads.

E, E' - Design basis earthquake.

T - Thermal

i - Lateral soil pressure.

- Lateral and vertical pressure of liquids (DBFL).

Ro - Piping and equipment reactions,

Pa - Forces generated by a postulated pipe break.



Table 4.6 Required exterior concrete thickness to resist tornado missiles: Ref. Cale. DC-SE-0001-SD, Rev. 1

Misstles 2X4 Timber 3" Steel Pipe NRC Comments
LES NRC LES NRC
Concrete wall 100 mph 100 mph 75 mph 75 mph Acceptable
Penetration 1.28" 1.28" 1.81" 181" Acceptable
Scabbing 6.m" 6.09" 604" 6.04" Acceptable
Required thick. 8.28" 8.29" 7.24" 7.24" Acceptable
Thick. used - 800" 8.00" Acceptable (timber is
deformabie)
S Congcrete roof 70 mph 70 mph 35 mph 15 mph Acceptable
= Penetration 98" 98" 1.39" 1.39" Acceptable
Scabbing 587" 587" 5.46" 5.46" Acceptable
Required thick. 7.04" 7.04" 6.55" 6.55" Acceptable
Thick. used - - 6.50" 6.50" Acceptable (timber is
deformable)




Table 4.7 Tornado forces on exterior panels: Ref. Calc. DC-SE-0001-SD, Rev. 01

Exterior Panel 36 1t Panel 47 ft Panel NRC Comments
LES NRC LES NRC
Outward wind 63.6 psf 63.6 psf 63.2 psf 63.2 psf Acceptable
pressure
Inward wind 20.0 psf 20.0 pst 20.7 psf 20.7 psf Acceplable
pressure
Missile crushing 26 8 kips 26.8 kips 26.8 kips 268 kips Acceptable
load (inward)
Moment at center 59.2 fi-kips 592 fi-kips &1 fi-kips R1 fi-kips Acceptable
'{; (with missile)
It Panel moment 69.2 f-kips 69.2 fi-kips 1384 ft-kips 138.4 fr-kips Acceptable
capacity at center
Moment at load 105.8 ft-kips 105.8 fi-kips 1459 ft-kips 1459 fi-kips Acceptable
(with missile)
Panel moment 155.7 fi-kips 155.7 fi-kips 2033 fr-kips 203.3 fi-kips Acceptable
capacity at load
Max. shear stress. 51.6 psi 51.6 psi 59.2 psi 59.2 psi Acceptable
Panel shear 141 psi 141 psi 141 psi 141 psi Acceptable
allow.
ratio=stress/allow 37 37 A2 42 Acceptable
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Tabie 4.8 Total DBT and DBE shear wall forces for separations building

Structure Cascade Hall UF6 Building NRC Comments
LES NRC LES NRC Acceptable
E-W Design wind 51.0 psf S1.0 psf 453 psf 453 psf Acceptable
pressure
Total EEW DBT 343 kips 343 kips 163 kips 163 kips Acceptable
load
N-S Design wind 60.3 psf 60.3 psf 56.1 psf 56.1 psf Acceptable
pressure
Total N-5 DBT 859 kips 859 kips 612 kips 612 kips Acceptable
load
Total DBE load 2160 kips 3645 kips 3191 kips 3191 kips Accepiable
(in the direction
of one major
axis)




Tahle 4.9 Stress on stack: Ref. Cale. DC-SE-0007-SD, Rev. 0

64" Stack 36" Stack NRC Comments
LES (t=1/4") NRC (1=3/8) Lr S (1=1/4") NRC (t=3/8")
Max. wind press. 55 pst 55 pst 55pst 55 psf 3/8" Acceptable
Max. wind for /it 293 pif 293 pif 165 pif 165 plif 3/8" Acceptable
Wind shoar @ roof 21.2 kips 21.2 kips 12.0 kips 12.0 kips 3/8" Acceptable
level
Max. wind 812 fr-kips R12 fi-kips 460 fi-kips 460 ft-kips 3/8" Acceptable
moment @ roof
level
Missile load @ top
IS 2X4 timber - 2.7 kips 1.51 kips 3/8" Acceptable
¥ 3" pipe . 6.8 kips - 3.78 kips 3/R" Acceptable
Waorst bending
stress 13.35 ksi 18.6 ksi 24.1 ksi /8" Acceptable
(D+L+ Wi+ Missile)
Allow. bending 3/8" Acceptable
stress
Fb=1.6*66*S 34 9% ksi 29.29 ksi 34 98 ksi
FB=1.5*66*S - 32.79 ksi
ratio= - 0.45 0.52 0.7 /8" Acceptable
stress/allowable




steel plate because of tornado missile impact. The applicant’s calculation to justify a 3/8-inch

thickness is shown in the repont DC-SE-0001-SD, REV.1. The