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RADIATION PROTECTION EVALUATION .

11.1

Conduct of Review

The review of the health physics program of the proposed ISFSI included Chapter 7, Radiation
Protection, of the SAR. Information included in the references cited in Section 11.4 was also
considered in the review. Chapter 7 of the SAR, Radiation Protection, describes the radiation
protection features of the proposed ISFSI that ensure that radiation exposures to workers and
members of the public meet the regulatory requirements. The review of Chapter 7 considered
how the information in the SAR addresses the following regulatory requirements:
0

10 CFR 20.1101 (a) requires that a licensee develop, document, and implement a
radiation protection program.

*

10 CFR 20.1101 (b) requires that a licensee use sound radiation protection
principles to achieve ALARA.

0

10 CFR 20.1101(c) requires that a licensee periodically (at least annually) review
the radiation protection program.
10 CFR 20.1101 (d) requires that a licensee, as part of the radiation protection
program, establish a constraint for air emissions of radioactive materials to the
environment such that a member of the public is not expected to receive a total
effective dose equivalent in excess of 10 mrem (0.1 mSv) per year.

*

10 CFR 20.1201 (a) requires that a licensee control occupational dose to the
following annual dose limits: A total effective dose equivalent of 5 rem (0.05 Sv)
or the sum of the deep-dose equivalent and committed dose equivalent to any
individual organ or tissue other than the lens of the eye of 50 rem (0.5 Sv),
whichever is most limiting, a dose equivalent of 15 rem (0:15 Sv) to the lens of
the eye, and a shallow-dose equivalent of 50 rem (0.50 Sv) to the skin or an
extremity.

*

10 CFR 20.1301 (a) establishes dose limits for a member of the public, including
a total effective dose equivalent of 0.1 rem (1 mSv) in a year, and a maximum
dose in any unrestricted areas of 0.002 rem (0.02 mSv) in an hour.

*

10 CFR 20.1301(b) requires that if a licensee permits members of the public to
have access to controlled areas, the limits for members of the public continue to
apply to those individuals.
10 CFR 20.1301 (d) requires that the licensee comply with the environmental
radiation standards in 40 CFR Part 190.
*10 CFR 20.1302(a) requires a licensee to perform radiation surveys and monitor
radioactive materials in effluents in unrestricted and controlled areas to
demonstrate compliance with the dose limits for members of the public in 10
CFR 20.1301.
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*

10 CFR 20.1302(b) requires that the licensee show compliance with the limits in

10 CFR 20.1301, by either demonstrating compliance with the dose limit to an
individual by calculation or measurement, or by demonstrating that radioactivity
in gaseous and liquid effluents to do not exceed the values in table 2 of Appendix
B to Part 20, and the dose from external sources would not exceed 0.002 rem
(0.02 mSv) in an hour and 0.05 rem (0.5 mSv) in a year.
*

10 CFR 20.1406 requires that an applicant describe how facility design and
procedures for operation will minimize contamination and generation of
radioactive waste, and facilitate decommissioning.

0

10 CFR 20.1501 (a)(1) requires that a licensee make surveys necessary to
comply with 10 CFR Part 20.

*

10 CFR 20.1501 (c) requires that dosimeters that are used by licensee are
processed and evaluated by a processor holding accreditation from the National
Voluntary Laboratory Accreditation Program.

0

10 CFR 20.1701 requires that a licensee use process or other engineering
controls to control the concentrations of radioactive material in the air.

0

10 CFR 20.1702 requires that when it is not practicable to apply process or other
engineering controls, that the licensee shall increase monitoring and limit intakes
by use of other controls, including access control, limitation of exposure times,
use of respiratory protection, etc.

*

10 CFR 72.104(a) requires that, during normal operations and anticipated
occurrences, the annual dose equivalent to any real individual beyond the
controlled area must not exceed 25 mrem to the whole body, 75 mrem to the
thyroid and 25 mrem to any other organ, from various sources, including planned
discharges of radioactive materials to the environment.

*

10 CFR 72.104(b) requires that operational restrictions are established to meet
ALARA objectives for radioactive materials in effluents.

&

10 CFR 72.104(c) requires that operational limits for radioactive materials in
effluents are established to ensure that the dose limits in 72.104(a) are met.
10 CFR 72.106(b) requires that any individual located on or beyond the nearest
controlled area boundary shall not receive a dose greater than 5 rem to the
whole body or any organ from any design basis accident, and that the minimum
distance from the spent fuel waste handling and storage facilities to the nearest
boundary shall be at least 100 meters.
10 CFR 72.126(a) requires that radiation protection systems must be provided
for areas and operations where onsite personnel may be exposed to radiation or
airborne radioactive materials. Structures, systems, and components for which
operation, maintenance, and inspections may involve occupational exposure,
must be designed, fabricated, located, shielded, controlled and tested to control
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external and internal radiation exposures. The design must include means to,
among other things, control access to areas of potential contamination or high
radiation, measure and control contamination, minimize worker time, shield
personnel.
10 CFR 72.126(c)(1) requires that, as appropriate for the handling and storage
system, effluent systems must be provided, as well as methods for measuring
'the amount of radionuclides in the effluents.
10 CFR 72.126(c)(2) requires that areas containing radioactive materials must
be provided with systems for measuring the direct radiation levels in and around
these areas.,
10 CFR 72.126(d) requires that the ISFSI be designed to limit effluents to
ALARA levels, and analyses must show that releases to the environment during
normal operations and anticipated occurrences will be within the exposure limit
given in 10 CFR 72.104.
11.1.1

As Low As Is Reasonably Achievable Considerations

This section evaluates whether the applicant has appropriately considered the goal of
maintaining doses ALARA during the operation of the Facility. Section 7.1 of the SAR
addressed ALARA considerations.
11.1.1.1 As Low As Is Reasonably Achievable Policy and Program
The ALARA policy and program for the proposed ISFSI are described in Section 7.1.1 of the
SAR, Policy Considerations. The primary goal of the Radiation Protection Program is to
minimize exposure to radiation such that the individual and collective exposure-to personnel in
all phases of operation and maintenance are kept ALARA. The ALARA program will maintain
radiation exposures ALARA through the following methods:

"*

controlling and surveillance over internal and external radiation exposures to
maintain worker and public exposures within permissible limits;

"*

ongoing reviews to determine how exposures may be reduced;

"*

sufficient training for personnel in radiation protection principles and procedures,
protective measures, and emergency responses;

"*

giving radiation protection personnel sufficient authority to enforce safe Facility
operation;

"*

making revisions to operating and maintenance procedures and modifications to
Facility equipment and facilities when the proposed revisions will substantially
reduce exposures at a reasonable cost; and
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ensuring that adequate equipment and supplies are provided for radiation
protection work.
The ALARA program will follow the guidance of Regulatory Guides 8.10 and 8.8 (Nuclear
Regulatory Commission, 1977, 1978) to ensure compliance with the requirements of 10 CFR
72.126 and 20.1101, which require radiation protection programs and systems.
The SAR states that the Facility management is committed to compliance with regulatory
requirements regarding control of personnel exposures and will establish and maintain a
comprehensive program at the Facility to keep individual and collective doses ALARA. The
management will ensure that each staff member integrates appropriate radiation protection
controls into work activities and each individual understands and follows procedures to maintain
their radiation dose ALARA.
The ALARA program, as described in the SAR, includes using pertinent information concerning
radiation exposure of personnel in design and operation activities. Applicable experience
gained during the operation of nuclear power stations relative to radiation control is factored into
procedures to ensure that the procedures continually meet the objectives of the ALARA
program. Trends in the Facility personnel and job exposures will be reviewed to permit
corrective actions to be taken with respect to adverse trends.
The staff considers that the implementation of the proposed ALARA program will provide
reasonable assurance that doses to workers and members of the public will be maintained
ALARA in accordance with the requirements of 10 CFR 20.1101 (a-c) and 72.104(b) and (c).
The proposed program contains the applicable elements in Regulatory Guides 8.8 and 8.10,
such as management commitment to the ALARA program and principles, written administrative
procedures and instructions for operations involving potential radiation exposures, defining
responsibility and authority for implementing the program, and using an effective measurement
system to determine the success of the program and any trends in exposures.
11.1.1.2 Design Considerations
The description of the ALARA design considerations at the proposed ISFSI is provided in
Section 7.1.2 of the SAR, Design Considerations. Specific features of the Facility that consider
ALARA include:
"*

use of thick shielding during all canister handling, transfer, and storage
operations to minimize direct radiation levels;

"*

placement of the storage pads at a sufficient distance from the restricted area
fence and controlled area boundary to assure doses are ALARA;

"*

adequate spacing between storage casks to permit workers to function efficiently
during placement and removal of storage casks at the pads and during
performance of maintenance and surveillance;

"*

use of metal canisters that are welded shut to confine radionuclides and prevent
release of radioactive effluents from inside the canister;
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"*

use of a passive system to require minimum maintenance and surveillance
requirements by personnel;

"*

use of a temperature monitoring system that allows for remote readout of cask
temperatures;
use of power operated wrenches, where practical, to reduce the time associated
with tasks involving bolt insertion and removal; and
use of temporary shielding where it is determined to be effective in reducing total
dose for a task.

The staff finds that the design of the proposed ISFSI will provide reasonable assurance that the
doses to workers and members of the public will be maintained ALARA and meet the
requirements of 10 CFR 72.126(a) because of the design and operating features listed above,
including adequate shielding and features that minimize exposure of operating staff. The staff
also finds that the design of the Facility adequately considers the minimization of contamination
and generation of radioactive waste as required by 10 CFR 20.1406. The staff also finds that
10 CFR 72.126(d) is satisfied because the Facility uses welded canisters that are not opened at
the Facility and, therefore, no effluents are expected.
11.1.1.3 Operational Considerations
The description of the ALARA operational considerations at the proposed ISFSI is located in
Section 7.1.3 of the SAR, Operation Considerations. Plans and procedures at the ISFSI will be
developed in accordance with Regulatory Guides 8.8 and 8.10 (Nuclear Regulatory
Commission, 1978, 1977). Specific Facility operational considerations to achieve ALARA
conditions include:
Canister transfer between the shipping cask and the storage cask will take place
within a shielded transfer cask.
Dry runs will be performed prior to canister transfer operations to train personnel
on canister transfer procedures, and to refine procedures to achieve minimum
probable exposures.
Procedures and work practices will be used that reflect ALARA lessons learned
from other ISFSIs that use dry cask storage.
Operations research will be performed to determine types of tools, portable
shielding, and equipment to help minimize exposures to workers involved in
canister transfer operations.
Surveys will be conducted as necessary to ensure that doses are maintained
ALARA.
The NRC staff finds that the use of Regulatory Guides 8.8 and 8.10 (Nuclear Regulatory
Commission, 1978, 1977) to plan operations to maintain doses ALARA is appropriate and will
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provide reasonable assurance that doses to workers and members of the public will be
maintained ALARA. The use of casks that are welded closed and are surveyed for surface
contamination prior to transport to the Facility meets the requirements of 10 CFR 20.1701 in
that engineering and process controls are used to prevent airborne radioactivity. Surveys as
required by 20.1501 (a)(1) will be used to assure that personnel exposures are within 10 CFR
Part 20 limits and maintained ALARA, and the surveys are identified as an element of the
ALARA program. The operational elements listed above, including dry runs, and using lessons
learned from similar operations, are accepted tools in implementing an effective ALARA
program.
11.1.2

Radiation Protection Design Features

This section evaluates the radiation protection design features at the proposed ISFSI. Relevant
information is contained in the SAR in Section 7.3, Radiation Protection Design Features.
11.1.2.1 Installation Design Features
The description of the installation radiation protection design features is provided in
Section 7.3.1 of the SAR, Installation Design Features. Applicable portions of Regulatory
Position 2 of Regulatory Guide 8.8 were followed in the design of the Facility, and are
addressed in the following sections (e.g., access control, radiation shielding, etc.). The
installation will be located far from populated areas, with the nearest town from the proposed
ISFSI located over 10 miles away. The storage area will be located far from the controlled area
boundary. The closest distance from a storage pad to the controlled area boundary will be 646
meters. The storage area will be located within a radiation area. The Canister Transfer
Building is located within the same radiation area to minimize the route between the handling
facility and storage pads, minimize additional traffic on the route, and maintain substantial
distance from the controlled area boundary. Airborne radioactive material will be prevented by
the use of the high-integrity welded canisters. The spent fuel will be maintained dry so no
radioactive liquid will be available for release. All sources of radiation located on the site will be
contained in heavily shielded shipping, storage, or transfer casks, except for low-level waste.
The low-level waste consists of low-activity material and the dose rates on the outer surface of
the low-level waste containers are expected to be negligible. Onsite work stations are located
at large distances from the storage pads or are located in buildings with radiation shielding.
The staff finds that the use of Regulatory Position 2 of Regulatory Guide 8.8 (Nuclear
Regulatory Commission, 1978) in designing the radiation protection features of the proposed
ISFSI is appropriate. The installation design features include controls toprovide reasonable
assurance that occupational and public exposures will be limited to levels that are within the
limits of 10 CFR 72.104(a) and meet the ALARA requirements of 20.1101 (b), and satisfy 10
CFR 72.1701. For example, the use of sealed canisters at the site provides reasonable
assurance that contamination of the Facility and the generation of radioactive waste will be
minimized in accordance with 10 CFR 20.1406, and will meet the allowable dose for members
of the public and the ALARA requirements for effluents in 10 CFR 72.104(a), (b) and (c), and
72.126(d). The staff finds that the distance between the spent fuel handling and storage areas
and the nearest boundary of the controlled area of the proposed ISFSI (646 meters) meets the
minimum distance specified in 10 CFR 72.106(b), which is 100 meters. The radiation protection
design requirements proposed by the applicant are, therefore, acceptable.
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11.1.2.2 Access Control,

The description of the access control to the proposed ISFSI is contained in Section 7.3.1 of the
SAR, Installation Design Features. Access control to the restricted area is'provided for both
personnel radiological protection and Facility physical protection. The access control
boundaries for the controlled areas and restricted areas are established along the site fence
lines. The restricted area is the space that is controlled for purposes of protecting workers from
exposure to radiation and for providing Facility physical security. The restricted area will
contain all areas at the Facility at which the dose rate may exceed 2 mrem/hr. The controlled
area is the area inside the site boundary surrounded by the controlled area fence. Dose rates
outside the controlled area will not exceed 25 mrem/yr.
Access to the restricted area is controlled through a single access point in the Security and
Health Physics Building. Provisions will be located in this building for donning and removing
personal protective equipment, such as anti-contamination clothing or respirators, in the event
of an accident or off-normal event leading to an area of the site becoming contaminated. This
building will also contain provisions for personnel decontamination.
Under normal operations, no high radiation, very high radiation, contamination, or airborne
radioactivity areas are expectedto exist at the proposed ISFSI. However, radiation protection
personnel will monitor radiation levels within the restricted area and may establish additional
access requirements and area designations as needed.
The staff finds that the access control at the proposed ISFSI is acceptable, since it provides for
security fencing, and limits access to a single point. The access point is controlled within the
Security and Health Physics Building. This prevents the entry into radiologically controlled
areas of unauthorized personnel. The description of the access control at the proposed ISFSI
is acceptable and meets the requirements of 72.126(a)(3), by limiting access to radiologically
controlled areas.
11.1.2.3 Radiation Shielding
The evaluation of the radiation shielding is provided in Section 7 of this SER.
11.1.2.4 Confinement and Ventilation
The evaluation of the confinement system (the MPC) is provided in Section 9 of this SER. The
confinement system is not vented.
11.1.2.5 Area Radiation and Airborne Radioactivity Monitoring Instrumentation
The description of the area radiation and airborne radioactivity monitoring instrumentation at the
proposed ISFSI is provided in Sections 7.3.5, Area Radiation and Airborne Radioactivity
Monitoring Instrumentation, and 7.6.1, Effluent and Environmental Monitoring Program, of the
SAR. All spent fuel that will be stored on the site will be contained within canisters that are
welded shut and there are no credible events that could result in the release of radioactive
material from within the canisters or unacceptable increases in direct radiation levels.
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Therefore, area radiation and airborne radioactivity monitors are not needed at the storage
pads.
External direct radiation dose rates will be monitored along the restricted area and owner
controlled area fences with thermoluminescent dosimeters (TLDs). Sixteen TLDs will be
located along the perimeter of each fence. The TLDs will be used to record dose rates at these
locations and provide documentation that radiation levels at these boundaries are within
regulatory limits. TLDs will also be placed on the outside of several facility buildings and other
strategic locations inside the Canister Transfer Building and the Security and Health Physics
Building to monitor dose rates. The TLDs will be retrieved and processed quarterly.
The Canister Transfer Building will be equipped with local radiation monitors with audible
alarms to provide personnel with warning of abnormal radiation levels. Portable monitors will be
used to perform airborne monitoring during canister handling operations to detect minor
releases of loose contamination on the exterior of the canisters. Continuous air monitors will be
located in the exhaust of each canister transfer cell. There are no anticipated liquid or gaseous
effluent releases from the proposed ISFSI during storage.
The staff finds that the radiation monitoring instrumentation described in the SAR meets the
requirements of 72.126(c)(2), which requires that areas containing radioactive materials must
be provided with systems for measuring the direct radiation levels in these areas. The local
area monitors include alarm systems to warn workers of unusual levels of radiation in the area.
Continuous air monitoring will be performed during canister handling activities to assure that
airborne radioactivity is within allowable levels as required by 10 CFR 20.1501(a)(1). The use
of TLD monitoring as described in Section 7.3.5 of the SAR provides reasonable assurance that
the licensee will (1) adequately monitor actual dose rates surrounding the Facility during its
operation, (2) detect unexpected increases in direct radiation dose rates, and (3) verify
compliance with the radiological limits in 10 CFR Parts 20 and 72 for members of the public.
11.1.3

Dose Assessment

Design basis dose rates for a single storage cask and a transfer cask were determined by
Holtec for the HI-STORM storage cask and the HI-TRAC transfer cask. As part of the approval
process for the Holtec HI-STORM 100 cask system, staff evaluated the shielding evaluation
and dose assessment for the cask system. The staff concluded that the design of the radiation
shielding features in the HI-STORM 100 Cask System are sufficient to meet the radiation
protection requirements of 10 CFR Part 20, 10 CFR 72.104 and 10 CFR 72.106. The staff's
shielding evaluation of the HI-STORM 100 Cask System is documented in the HI-STORM 100
SER (NRC, 2000b).
The applicant calculated off-site dose rates for the HI-STORM 100 storage cask based on PWR
design basis fuel source terms with a burnup and cooling time of 40,000 MWD/MTU for 10
years as discussed in Section 7.1.1 of this SER. The applicant calculated average contact
surface dose rates for the HI-STORM 100 storage cask to be approximately 10 mrem/hr at the
sides, 3 mrem/hr on top, and 6 mrem/hour at the vents. Based on these values, the applicant
calculated a site boundary dose rate of 0.0029 mrem/hr for 4,000 casks from direct and
scattered radiation exposure. As discussed in Chapter 9 of this SER, no release of radioactive
material in effluent is expected during normal operations; therefore, the dose due to effluents is
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not considered. The applicant extrapolated the site boundary dose rate out to a distance of two
miles and calculated an annual dose of 0.0356 mrem to the nearest resident, assuming the
resident is continually present for 8,760 hr/yr. The applicant also calculated an annual dose of
5.85 mrem for a hypothetical person at the site boundary (e.g., non-Facility worker), assuming
the person is at the site boundary for 2,000 hr/yr which is approximately equal to 40 hr/week.
These dose rates are less than the 10 CFR 72.104(a) dose limit of 25 mrem/yr to the whole
body to a member of the public.
The applicant calculated occupational exposures for site personnel at the Facility based on
PWR design basis fuel source terms with a burnup and cooling time of 35,000 MWD/MTU for'
20 years, as discussed in Section 7.1.1 of this SER. The occupational exposures were
calculated for shipping, transfer and storage activities of the spent fuel casks as discussed in
Section 7.4 of the SAR. Table 7.4-1 of SAR lists the cask operations, the estimated number of
personnel to complete each task, task duration, the cask dose rate in the area of the
performed task, and the accumulated dose from each task. Based on Table 7.4-1, the total
dose from receipt of a loaded shipping cask, transfer of the canister into a storage cask,
movement of the storage cask to the pad, and initial surveillance is approximately 250 person
mrem per cask for the average fuel loaded in the HI-STORM 100 Cask System.
The staff's evaluation of site boundary and nearest residence dose assessments is based on
information contained in PFS application and Chapters 5 and 10 of the HI-STORM 100 FSAR
(Holtec International, 2000). As discussed in Chapter 9 of this SER, no release of radioactive
material in effluents is expected. Therefore, the dose assessment considers only direct and
scattered radiation. The shielding evaluation of direct and scattered radiation dose
assessments is evaluated in Chapter 7 of this SER.
The staff finds the offsite and occupational dose assessments for the Facility to be acceptable.
Results of these assessments and previous evaluations in the HI-STORM SER provide
reasonable assurance that the doses to workers and to members of the public will be
maintained ALARA and will meet the requirements of 10 CFR 72.104 and 10 CFR Part 20.
Actual dose rates during operation of the Facility will be measured by active and passive
radiation monitoring in order to verify compliance with the radiological limits in 10 CFR Parts 20
and 72. The applicant will also operate the Facility under a Radiation Protection Program as
required in Technical Specification 5.5.3 to assure that radiation fields are continually monitored
and radiation doses to workers and members of the public are maintained ALARA as actual
dose information is gathered during operations. Radiation monitoring at the Facility and the
Radiation Protection Program are evaluated in Sections 11.1.2 and 11.1.4 of this SER.
11.1.4

Health Physics Program

Information about the health physics program is contained in Section 7.5 of the SAR, Radiation
Protection Program.

ý'
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11.1.4.1 Organization

The health physics program organization is described in Section 7.5.1 of the SAR,
Organization. The Radiation Protection Manager, who reports to the General Manager, is
responsible for administering the radiation protection program and for the radiation safety of the
Facility. The responsibilities of the Radiation Protection Manager and the radiation protection
technicians are consistent with the guidance contained in Regulatory Guides 8.10 and 8.8
(Nuclear Regulatory Commission, 1977, 1978).
The staff finds that the proposed radiation protection program satisfies 10 CFR 20.1101 (a) with
regard to the program organization described above, since it provides for a Radiation Protection
Manager, who reports directly to the General Manager, and radiation protection technicians.
11.1.4.2 Equipment, Instrumentation, and Facilities
The equipment, instrumentation, and facilities that will be utilized in the health physics program
at the proposed ISFSI are described in the SAR in Section 7.5.2, Equipment, Instrumentation,
and Facilities. A sufficient inventory and variety of operable and calibrated portable and fixed
radiological instrumentation will be maintained to allow for effective measurement and control of
radiation exposure and radioactive material and to provide backup capability for inoperable
equipment. Equipment will be appropriate to enable the assessment of sources of gamma,
neutron, beta, and alpha radiation, including the capability to measure the range of dose rates
and radioactivity concentrations expected. The radiological instrumentation proposed at the
Facility in the radiological control program is properly selected, operated, maintained, and
calibrated and includes the following:
*

low-level waste contamination meters,

"•

beta/gamma portable survey meters,

"*

alarming beta/gamma personnel friskers,

"*

portable air samplers,

"*

external dosimetry devices used for monitoring whole body exposure, including
TLDs and self-reading dosimeters or digital alarming dosimeters,

"*

respiratory protection equipment used to protect against airborne radioactivity,

"*

anti-contamination clothing to protect against removable contamination, and
equipment necessary to conduct a bioassay program in accordance with
Regulatory Guide 8.26, Application of Bioassay for Fission and Activation
Products (Nuclear Regulatory Commission, 1980).

The staff finds that the requirements of 10 CFR 20.1101(a) are met in that the health physics
equipment, instrumentation, and facilities described in the SAR are adequate to perform
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surveys of direct radiation and airborne radioactivity, as one element of a health physics
program.
11.1.4.3 Policies and Procedures
The health physics program policies and procedures at the proposed ISFSI are described in
Section 7.5.3 of the SAR, Procedures. Radiological practices used to control exposure include
the following procedures:
"*

performing badging functions for access authorization to the restricted area;

"*

issuing personnel dosimetry and monitoring, recording, and tracking individual
exposures;

"*

performing radiological safety training and refresher training;

"*

performing ALARA reviews of plant procedures and monitoring of operations;

"*

determining radiation doses on a periodic basis at restricted area and controlled
area boundaries using TLDs;

"*

issuing, revising, and terminating radiation work permits and standing radiation
work permits;

"*

roping off, barricading, and posting radiation control zones;

"*

decontaminating personnel, equipment, and areas;

"*

performing radiation surveys and smear swab sampling, counting, and
calculation;

"*

calibrating detection, monitoring, and dosimetry instruments;

"*

quantifying airborne radioactivity; and

"*
-

maintaining records of the radiation protection program, including audits and
other reviews of program content and implementation; radiation surveys;
instrument calibrations; individual monitoring results; and records required for
decommissioning.

The staff finds that the description of the health physics program policies and procedures,
including the elements listed above, is sufficient to provide reasonable assurance that the
health physics program will be implemented in accordance with 10 CFR 20.1101(a) and (b).
The use of TLDs to determine dose rates at the edge of the controlled area satisfies 10 CFR
20.1302(a), which requires that surveys of radiation levels are made to assure compliance with
the dose limits for individual members of the public. The radiation protection program
procedures provide reasonable assurance that the Facility will minimize contamination of the
Facility and the environment in accordance with 10 CFR 20.1406 by the use of smear surveys
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to identify areas of contamination and limiting access to contamination areas. Performing
radiation surveys and smear swab sampling, counting, and calculation are used as required by
10 CFR 20.1501 (a)(1). Procedural controls to limit intakes of radioactive materials are in
accordance with 10 CFR 20.1702, in that access may be limited, and respiratory protection may
be used if engineering controls are not effective in limiting airborne radioactivity. The staff
notes that the SAR does not indicate the frequency of review of the health physics program.
The provisions of 10 CFR 20.1101 (c) require that the health physics program be reviewed at
least annually.
11.2

Evaluation Findings

Based on a review of the information in the SAR, the following evaluation findings can be made
regarding the proposed ISFSI:

"Thestaff has reviewed the description of the ALARA program of the ISFSI and

found reasonable assurance that occupational radiation exposures will be limited
to levels that are ALARA, in compliance with 10 CFR 20.1101 (b) and 72.104(b).
The staff found that this will be achieved by acceptable means including
minimizing contamination in accordance with 10 CFR 20.1406, using proper
surveys in accordance with 10 CFR 20.1501, and using controls in compliance
with 10 CFR 20.1701, 20.1702 and 72.126(a).

"*

11.3

The staff has reviewed the Health Physics program at the ISFSI and found that it
has been adequately described. The staff found that the Health Physics
program provides reasonable assurance that radiation exposures will be ALARA
in accordance with 10 CFR 20.1101(b). The staff found that contamination will
be minimized in accordance with 10 CFR 20.1406. The staff found that the
description of the Health Physics program provides reasonable assurance that
controls will be used as necessary to limit intakes of radionuclides in compliance
with 10 CFR 20.1702. The staff found that the description of the Health Physics
program provides reasonable assurance that compliance with dose limits will be
demonstrated through surveys of radiation levels for workers and members of
the public in accordance with 10 CFR 20.1302(a), 20.1501 (a), and 72.126(c).
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12

QUALITY ASSURANCE

12.1

Conduct of Review

This chapter of the SER evaluates the applicant's Quality Assurance (QA) Program. The QA
Program submitted by the applicant is described in the "Private Fuel Storage Quality Assurance
Program Description" dated August 30, 1996, as supplemented by Chapter 11, Quality
Assurance, of the Safety Analysis Report (SAR).
The requirements of 10 CFR Part 72, Subpart G, and the guidance in the draft final report of
NUREG 1567, "Standard Review Plan for Spent Fuel Storage Facilities," were used to perform
a review of the QA Program. The purpose of the review was to determine whether the QA
Program complied with the requirements of 10 CFR Part 72, Subpart G. The staff's evaluation
of the QA Program for the PFS Facility is given below.
12.1.1

Organization

The description of the PFS organization was reviewed for conformance with the following
requirements:
10 CFR 72.142, "Quality assurance organization," requires that: "The licensee
shall be responsible for the establishment and execution of the quality assurance
program .... The licensee shall clearly establish and delineate in writing the
authority and duties of persons and organizations .... The quality assurance
functions are: (a) Assuring that an appropriate quality assurance program is
established and effectively executed and (b) Verifying...that activities affecting
the functions that are important to safety have been correctly performed. The
persons and organizations performing quality assurance functions must have
sufficient authority and organizational freedom ....The persons and organizations
performing quality assurance functions shall report to a management level that
assures that the required authority and organizational freedom..,.are provided."
In its application, PFS stated that: (1) the QA Program applies to all activities-affecting quality;
(2) the QA Program assures safe operation of facilities for independent spent nuclear fuel
storage, high level radioactive waste storage, and use of radioactive shipping packagings; (3)
QA personnel are responsible for establishing and executing the QA Program which meets the
requirements of 10 CFR Part 72, Subpart G; (4) QA personnel have the authority and
organizational freedom to assure that applicable requirements are met; and (5) QA personnel
have direct access to the PFS Board of Directors. In its QA Program, the applicant describes
the interrelationships, responsibilities, and authority of persons and organizations for the day-to
day execution of the QA Program.
The staff reviewed the QA Program and determined that PFS established and delineated the
authority and duties of persons and organizations to assure that its QA Program is effectively
executed. The staff determined that PFS organizations performing QA functions have sufficient
authority and organizational freedom to perform their duties, and that activities affecting the
functions that are important to safety are correctly performed. The staff, therefore, concludes
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that the PFS organizational structure, responsibilities, and authority, as described in the QA
Program, satisfy the requirements specified in 10 CFR 72.142.
12.1.2

Quality Assurance Program

The description of the PFS QA Program was reviewed for conformance with the following
requirements:
10 CFR 72.144, "Quality assurance program," requires that: "The licensee shall
establish...a quality assurance program ....The licensee...shall provide control
over activities affecting the quality. of the identified systems, structures, and
components to an extent commensurate with the importance to safety ....The
licensee shall provide for indoctrination and training of personnel performing
activities affecting quality ....The licensee shall review the status and adequacy
of the quality assurance program at established intervals."
In its application, PFS stated that: (1) the QA Program is in full compliance with the
requirements of 10 CFR Part 72, Subpart G; (2) the QA Program is comprised of the QA
Program description and QA procedures which contain detailed implementing instructions; (3)
the QA Program sets forth the requirements for the control of quality in the design, fabrication,
operation, and maintenance of ISFSIs and the use of shipping containers; (4) the QA Program
provides control over activities affecting quality in systems, structures, and components that are
important to safety; (5) training and evaluation of personnel qualifications are required for all QA
functions; and (6) the QA Program will be reviewed at established intervals to assure its
adequacy and status and that the program is being effectively implemented.
The staff reviewed the QA Program and determined that PFS has established a QA Program
that provides control over activities affecting the quality of the identified structures, systems,
and components to an extent commensurate with the importance to safety. The staff
determined that the QA Program provides for indoctrination and training of PFS personnel
performing activities affecting quality and requires that qualified PFS personnel review the QA
Program for adequacy at established intervals. The staff, therefore, concludes that the QA
Program, as described in the SAR, satisfies the requirements of 10 CFR 72.144.
12.1.3

Design Control

The description of the PFS design control process was reviewed for conformance with the
following requirements:
*

10 CFR 72.146(a), "Design control," requires that: "The licensee shall establish
measures to assure that applicable regulatory requirements and the design
basis...are correctly translated into specifications, drawings, procedures, and
instructions ...."

*

10 CFR 72.146(b) requires that: "The licensee shall establish measures for the
identification and control of design interfaces and for coordination among
participating design organizations...The licensee shall apply design control
measures to items such as: criticality physics, radiation, shielding, stress,
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thermal, hydraulic, and accident analyses; compatibility of materials; accessibility
for in-service inspection, maintenance, and repair; features to facilitate
decontamination; and delineation of acceptance criteria for inspections and
tests .... For the verifying or checking process, the licensee shall designate
individuals or groups other than those who were responsible for the original
design ....."
10 CFR 72.146(c) requires that: "The licensee shall subject design changes...to
design control measures commensurate with those applied to the original
design."
In its application, PFS stated that it will establish the requirements to assure that structures,
systems, and components are designed, added, deleted, or modified in accordance with
applicable regulatory requirements, codes, and standards. Specifically, the applicant states
that: (1) The design control process shall be implemented in accordance with written
procedures; (2) Design input and criteria are translated into specifications, drawings,
procedures, calculations, instructions, and procurement documents prepared and reviewed by
qualified personnel; (3) The procedures shall provide identification and control of design
interfaces and for coordination among participating design organizations; (4) The procedures
shall provide for the review of items such as stress, hydraulic, thermal, criticality physics,
radiation, shielding, and accident analyses; compatibility of materials; accessibility for
inspection, maintenance, and repair; features to facilitate decontamination; and delineation of
acceptance criteria for inspections and tests; (5) The procedure shall provide for a design
review by qualified personnel other than those performing the design; and (6) Any design
change or field change shall be subjected to the same design control measures as specified for
the original design.
The staff reviewed the QA Program and determined that PFS has established measures to
assure that applicable regulatory requirements and the design basis are correctly translated into
specifications, drawings, procedures, and instructions. The staff determined that the QA
Program has established measures to assure that design interfaces are identified and
controlled; there is coordination among participating design organizations; design control
measures apply to items important in the development of the design; design changes are
subjected to design control measures commensurate with those applied to the original design;
and individuals or groups, other than those who were responsible for the original design, will
review the design. The staff, therefore, concludes that PFS's program for design control, as
described in the QA Program, satisfies the requirements of 10 CFR 72.146.
12.1.4

Procurement Document Control

The'description of the PFS procurement document control process was reviewed for
conformance with the following requirements:
10 CFR 72.148, "Procurement document control," requires that: 'The licensee
shall establish measures to assure that applicable regulatory requirements,
design bases, and other requirementso...are included or referenced in the
documents for procurement .... the licensee shall require contractors or
subcontractors to provide a quality assurance program."
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In its application, PFS stated that it will establish measures to assure that procurement
documents covering materials, equipment, and services specify-appropriate quality
requirements. Specifically, the applicant states that: (1) The procurement documents shall
specify or reference the applicable requirements, design bases, codes, and standards to assure
quality, and that purchase orders shall include specifications which contain all the information
necessary to assure that material, equipment, and services are of adequate quality; (2) All
procurement activity shall be performed in accordance with written procedures delineate the
requirements for preparation, review, approval, and control of procurement documentation; and
(3) To the extent necessary, procurement documents shall require suppliers of material,
equipment, and services to have QA Programs complying with the pertinent provisions of 10
CFR Part 72, Subpart G.
The staff reviewed the QA Program and determined that PFS has establish measures to assure
that applicable regulatory requirements, design bases, and other requirements are included or
referenced in the documents for procurement, and that the contractors or subcontractors are
required, as appropriate, to provide quality assurance programs. The staff, therefore,
concludes that PFS's procurement document control program, as described in the QA Program,
satisfies the requirements of 10 CFR 72.148.
12.1.5

Instructions, Procedures, and Drawings

The description of the PFS instruction, procedures, and drawings development and control
process was reviewed for conformance with the following requirements:
10 CFR 72.150, "Instructions, procedures, and drawings," requires that: "The
licensee shall prescribe activities affecting quality by documented instructions,
procedures, or drawings ....The instructions, procedures, and drawings must
include appropriate quantitative or qualitative acceptance criteria for determining
that important activities have been satisfactorily accomplished."
In its application, PFS stated that it will establish the measures to assure that activities affecting
quality are performed in accordance with approved instructions, procedures, and drawings.
Specifically, the applicant states that: (1) Procedures shall be developed and implemented for
those operations affecting quality; (2) All instruction, procedures, and drawings are to be
developed, reviewed, approved, utilized, and controlled in accordance with the requirements'of
approved procedures; and (3) Procedures and instructions shall be established and maintained
to assure that sufficient records are specified, reflect the quality of work performed, and comply
with appropriate codes, standards, and regulatory requirements.
The staff reviewed the QA Program and determined that PFS has prescribed activities affecting
quality by documented instructions, procedures, or drawings, and that the instructions,
procedures, and drawings will include appropriate quantitative or qualitative acceptance criteria
for determining that activities important to quality have been satisfactorily accomplished. The
staff, therefore, concludes that PFS's control of instructions, procedures, and drawings, as
described in the QA Program, satisfies the requirements of 10 CFR 72.150.
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12.1.6

Document Control

The description of the PFS document control process was reviewed for conformiance with the
following requirements:
10 CFR 72.152, "Document control," requires that: 'The licensee shall establish
measures to control the issuance of documents such as instructions,
procedures; and drawings .... These measures must assure that documents,
including changes, are reviewed for adequacy, approved for release by
authorized personnel, and distributed and used at the location where the
prescribed activity is performed. These measures must assure that changes to
documents are reviewed and approved."
In its application, PFS stated that it will control the issue, use, review, approval, distribution, and
revision of quality related documents. Specifically, the applicant states that: (1) Procedures
shall be developed to identify individuals/organizations responsible for control, review, approval,
and issuance of documents; (2) Documents, including revisions, that are to be controlled, shall
be prepared, reviewed, and approved by qualified personnel using documented control
procedures; and (3) Documents shall be distributed to, and used at, the location where the
activity prescribed by the document is performed.
The staff reviewed the QA Program and determined that PFS has established measures to
control the issuance of documents such as instructions, procedures, and drawings; assure that
documents, including changes, are reviewed for adequacy, approved for release by authorized
personnel, and distributed and used at the location where the prescribed activity is performed;
and assure that changes to documents are reviewed and approved by authorized personnel.
The staff, therefore, concludes that PFS's document control program, as described in the QA
Program, satisfies the requirements of 10 CFR 72.152.
12.1.7

Control of Purchased Material, Equipment, and Services

The description of the PFS purchased material, equipment, and services control process was
reviewed for conformance with the following requirements:
10 CFR 72.154(a), "Control of purchased material, equipment, and services,"
requires that: "The licensee shall establish measures to assure that purchased
material, equipment and services...conform to the procurement documents."
10 CFR 72.154(b) requires that: 'The licensee shall have available documentary
evidence that material and equipment conform to the procurement specifications
prior to installation or use."
*

10 CFR 72.154(c) requires that: "The licensee or designee shall assess the
effectiveness of the control of quality by contractors and subcontractors."

In its application, PFS stated that it will assure that purchased material, equipment,'and
services, whether purchased directly or through contractors and subcontractors, coniform to the
procurement documents. Specifically, the applicant states that: (1) Procedures shall be
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implemented and used for determining supplier selection and evaluation and that this would
include the supplier's capability to comply with codes and standards, supplier performance, and
review of the supplier's QA Program and Facility operation; (2) Supplier performance
evaluations shall be performed based on the importance,.complexity, and quantity of the
product or services; and (3) Receipt inspection consistent with the importance and complexity
shall be performed using approved procedures to assure: (a) The material, components, or
equipment is properly identified and corresponds with the receiving documentation; (b) The
material, component, or equipment, and acceptance records are inspected and are acceptable;
(c) Inspection records and certificates of conformance attesting to the acceptance of material
and components are available; and (d) Accepted items are identified as to the inspection status
prior to release.
The staff reviewed the QA Program and determined that PFS has established measures to
assure that purchased material, equipment and services conform to the procurement
documents; documentation will be available showing that material and equipment conform to
the procurement specifications; and the effectiveness of the control of quality by contractors
and subcontractors will be assessed. The staff, therefore, concludes that PFS's control of
purchased materials, equipment, and services, as described in the QA Program, satisfies the
requirements of 10 CFR 72.154.
12.1.8

Identification and Control of Materials, Parts, and Components

The description of the PFS material, parts, and components identification and control process
was reviewed for conformance with the following regulation:
10 CFR 72.156, "Identification and control of materials, parts, and components,"
requires that: "The licensee shall establish measures for the identification and
control of materials, parts, and components; These measures must assure that
identification of the items is maintained ... either on the item or on records
traceable to the item as required, throughout fabrication, installation, and use of
the item."
In its application, PFS stated that it will identify and control material, parts, and components
from the time of receipt through installation and use. Specifically, the applicant states that: (1)
Approved instructions and procedures shall be implemented for the identification and control of
materials, parts, and components; (2) An identification system shall be established using
purchase order numbers, heat numbers, serial numbers, or other means to identify and control
materials, parts, and components; and (3) Specifications shall require that materials, parts, and
components are identified by some means and-shall require that documentation have
identification providing traceability to the item.
The staff reviewed the QA Program and determined that PFS has established measures for the
identification and control of materials, parts, and components. The staff determined that PFS's
measures assure that identification of the items are maintained either on the items or on
records traceable to the items, throughout fabrication, installation, and use of the items. The
staff, therefore, concludes that PFS's identification and control of materials, parts, and
components, as described in the QA Program, satisfy the requirements of 10 CFR 72.156.
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12.1.9

Control of Special Processes

The description of the PFS special processes controls were reviewed for conformance with the
following requirements:
10 CFR 72.158, Control of special processes," requires that: "The licensee shall
establish measures to assure that special processes, including welding, heat
treating, radioactive waste processing, and non-destructive testing, are
controlled and accomplished by qualified personnel using qualified procedures,
in accordance with applicable codes, standards, specifications, criteria, and other
special requirements."
In its application, PFS stated that it will assure that special processes, including welding, heat
treating, radioactive waste processing, and non-destructive testing, are controlled and
accomplished by qualified personnel, using qualified procedures, in accordance with applicable
codes, standards, specifications, criteria, and other special requirements. Specifically, the
applicant states that: (1) Special processes shall be planned through items such as
documented work instructions defining the sequence of operations, special environments,
suitable equipment, and criteria for workmanship standards; (2) Each special process shall be
performed in accordance with instructions, procedures, drawings, checklists, or other
appropriate means; (3) Equipment used for accomplishing special processes shall be
calibrated, maintained, stored, handled, and issued in accordance with applicable procedures;
and (4) Personnel shall be qualified to assure proficiency in the special skills required for the
process.
The staff reviewed the QA Program and determined that PFS has established measures to
assure that special processes are controlled and accomplished by qualified personnel using
qualified procedures. The staff determined that these measures include planning and
performing special processes using instructions, procedures, drawings, checklists, or other
appropriate means; qualifying the personnel performing special processes to assure their
proficiency in the skills required for the process; and specifying the proper use and control of
equipment, materials, and supplies to be used in the performance of special processes. The
staff, therefore, concludes that PFS's control of special processes, as described in the QA
Program, satisfies the requirements of 10 CFR 72.158.
12.1.10 Inspection
The description of the PFS inspection process was reviewed for conformance with the following
requirements:
10 CFR 72.160, "Licensee inspection," requires that: The licensee shall
establish and execute a program for inspection of activities affecting quality...to
"verifyconformance with the documented instructions, procedures, and drawings
-for accomplishing the activity. The inspection must be performed by individuals
other than those who performed the activity being inspected. Examinations,
measurements, or tests of material or products processed must be performed for
each work operation where necessary to assure quality .... Ifmandatory inspection
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hold points...are required, the specific hold points must be indicated in
appropriate documents."
In its application, PFS stated that it will establish a program for inspection of all activities
affecting quality, whether performed by company or contractor personnel, to verify conformance
with approved procedures, drawings, and specifications. Specifically, the applicant states that:
(1) Approved procedures shall be implemented delineating inspection methods, characteristics,
and documentation; (2) Inspections shall be performed by qualified personnel other than those
who performed or supervised the work being inspected; and (3) Mandatory inspection hold
points, which require witnessing or inspecting of an activity before processing, shall be
indicated in the appropriate procedures or specifications.
The staff reviewed the QA Program and determined that PFS has established a program for
inspection of activities affecting quality to verify conformance with the documented instructions,
procedures, and drawings for accomplishing the activity. The staff determined that the program
will assure that inspections are performed by individuals other than those who performed the
activities being inspected; examinations, measurements, or tests of material or products
processed will be performed for each work operation where necessary to assure quality; and if
mandatory inspection hold points are required, the hold points will be indicated in appropriate
documents. The staff, therefore, concludes that PFS's inspection control program, as
described in the QA Program, satisfies the requirements of 10 CFR 72.160.
12.1.11 Test Control
The description of the PFS test control process was reviewed for conformance with the
following requirements:
10 CFR 72.162, "Test control," requires that: "The licensee shall establish a test
program to assure that all testing required...is identified and performed in
accordance with written test procedures .... The licensee shall document and
evaluate the test results to assure that test requirements have been satisfied."
In its application, PFS stated that it will establish a test program to demonstrate that structures,
systems, and components will perform satisfactorily in service. Specifically, the applicant states
that: (1) Testing shall be performed in accordance with approved test procedures which
incorporate or reference the requirements and acceptance criteria contained in applicable
design documents and specifications; (2) Test results shall be documented and evaluated to
assure that test requirements have been satisfied; and (3) Test results which fail to meet the
requirements and acceptance criteria shall be properly noted and appropriate corrective action
taken.
The staff reviewed the QA Program and determined that PFS established a test program to
assure that all testing required is identified and performed in accordance with written test
procedures. The staff determined that the test program assures that all required testing will be
identified and documented; testing will be performed in accordance with approved test
procedures that incorporate or reference the requirements and acceptance criteria; test results
will be documented and evaluated to assure that test requirements have been satisfied; and
appropriate corrective action will be taken when test results fail to meet the test requirements
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and acceptance criteria. The staff, therefore, concludes that PFS's test control program, as
described in the QA Program, satisfies the requirements of 10 CFR 72.162.
12.1.12 Control of Measuring and Test Equipment
The description of the PFS measuring and test equipment control process was reviewed for
conformance with the following requirements:
10 CFR 72.164, "Control of measuring and test equipment," requires that: "The
licensee shall establish measures to assure that tools, gauges, instruments, and
other measuring and testing devices used in activities affecting quality are
properly controlled, calibrated, and adjusted...."
In its application, PFS stated that it has established the requirements for the control, calibration,
and periodic adjustment of tools, gauges, instruments, and other measuring and test equipment
(IM&TE) used to verify conformance to requirements. Specifically, the'applicant states that: (1)
Inspection, test, and work procedures shall include provisions to assure that IM&TE used in
activities affecting quality are of the proper range, type, and accuracy to verify conformance to
established requirements and test parameters; and (2) To assure equipment accuracy, IM&TE
shall be controlled, calibrated, adjusted, and maintained periodically, or prior to use.

,,

The staff reviewed the QA Program and determined that PFS has establisheded measures to
assure that IM&TE used in activities affecting quality are properly controlled, calibrated,
adjusted, and maintained to assure equipment accuracy. The staff determined that PFS has
established measures to implement procedures that will assure that IM&TE used in activities
affecting quality are of the proper range, type, and accuracy to verify conformance to
requirements. The staff, therefore, concludes that PFS's control of measuring and test
equipment, as described in the QA Program, satisfies the requirements of 10 CFR 72.164.
12.1.13 Handling, Storage, and Shipping
The description of the PFS handling, storage, and shipping control process was reviewed for
conformance with the following requirements:
10 CFR 72.166, "Handling, storage, and shipping control," requires that: "The
licensee shall establish measures to control...the handling, storage, shipping,
cleaning, and preservation of materials and equipment to prevent damage or
deterioration. When necessary for particular products, special protective
environments, such as inert gas atmosphere, and specific moisture content and
temperature levels must be specified and provided."
In its application, PFS stated that it will control the handling,' storage,oshipping, cleaning,
packaging, and preservation of material and equipment to prevent damage, deterioration, or
loss through shipment, installation, or use. Specifically, the applicant states that: (1) Approved
procedures and instructions shall be implemented delineating the requirements for handling,
storage, shipping, cleaning, and preservation of materials and equipment; and (2) When
required, procedures shall describe special equipment to be used, protective environments and
coatings, or other protective measures.
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The staff reviewed the QA Program and determined that PFS has established measures to
control the handling, storage, shipping, cleaning, and preservation of materials and equipment
to prevent damage or deterioration. The staff determined that PFS has established measures
to specify in approved procedures and instructions the requirements for handling, storage,
shipping, cleaning, and preservation of materials and equipment, and to specify special
equipment to be used, protective environments, coatings, or other protective measures, and
required documentation. The staff, therefore, concludes that PFS's control of handling,
storage, and shipping, as described in the QA Program, satisfies the requirements of 10 CFR
72.166.
12.1.14 Inspection, Test, and Operating Status
The description of the PFS inspection, test, and operating status control process was reviewed
for conformance with the following requirements:
10 CFR 72.168(a), "Inspection, test, and operating status," requires that: 'The
licensee shall establish measures to indicate, by the use of markings such as
stamps, tags, labels, routing cards, or other suitable means, the status of
inspections and tests performed upon individual items of the ISFSI ....These
measures must provide for the identification of items which have satisfactorily
passed required inspections and tests where necessary to preclude inadvertent
bypassing of the inspections and tests."
*

10 CFR 72.168(b) requires that: "The licensee shall establish measures to
identify the operating status of structures, systems, and components of the
ISFSI...such as tagging valves and switches to prevent inadvertent operation."

In its application, PFS stated that it will indicate the inspection, test, and operating status of
components and systems. Specifically, the applicant states that: (1) The status of inspections
and tests shall be indicated on the item to the extent possible, or in documents traceable to the
item; (2) The status is identified by the use of tags, markings, stamps, or other means to assure
required inspections or tests are not bypassed; (3) The operating status of systems and
components shall be controlled through the use of tags secured to appropriate valves, switches,
or control mechanisms.
The staff reviewed the QA Program and determined that PFS has established measures to
indicate the status of inspections and tests performed upon individual structures, systems, and
components to preclude inadvertent bypassing of the inspections and tests and to identify the
operating status of structures, systems, and components. The staff determined that PFS has
established measures to indicate the status of inspections and tests on items or in documents
traceable to the items; use tags, markings, stamps, or other means to assure that required
inspections and tests are not bypassed; and prevent the operation of equipment or systems
using status indicators. The staff, therefore, concludes that PFS's inspection, test, and
operating status control program, as described in the QA Program, satisfies the requirements of
10 CFR 72.168.
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12.1.15 Nonconforming Material, Parts, or Components

"-'

The description of the PFS nonconforming material, parts, and components control process
was reviewed for conformance with the following requirements:
10 CFR 72.170, "Nonconforming material, parts, or components," requires that:
"The licensee shall establish measures to control materials, parts, or
components that do not conform to the licensee's requirements in order to
prevent their inadvertent use or installation. These measures must include, as
appropriate, procedures for identification, documentation, segregation,
disposition, and notification to affected organizations. Nonconforming items
must be reviewed and accepted, rejected, repaired, or reworked in accordance
with documented procedures."
In its application, PFS stated that it will control materials, parts, or components which do not
conform to requirements in order to prevent their inadvertent use or installation. Specifically,
the applicant states that: (1) Approved procedures shall be implemented to provide
requirements for identifying, segregating, and reporting discrepancies and dispositioning of
non-conforming items as well as notification to affected organizations; (2) Materials, parts, or
components which do not conform to requirements shall be identified and placed in a hold
status; (3) Nonconforming items shall remain in a segregated area as appropriate until
approved disposition has been received; (4) The disposition of nonconformances shall be
evaluated and approved by appropriate personnel in accordance with approved procedures;
and (5) Nonconformances shall be closed by qualified personnel in accordance with written

K>

procedures to include verification that the corrective action was adequate, complete, and

documented appropriately.
The staff reviewed the QA Program and determined that PFS has establish measures to control
materials, parts, or components that do not conform to the licensee's requirements in order to
prevent their inadvertent use or installation. The staff determined that PFS has established
measures to identify, segregate, and disposition non-conforming items and report discrepancies
to affected organizations; segregate non-conforming items until properly dispositioned by
appropriate personnel; and close nonconformances using qualified personnel to verify that
corrective actions were adequate, complete, and documented: The staff, therefore, concludes
that PFS's nonconformance control program, as described in the QA Program, satisfies the
requirements of 10 CFR 72.170.
12.1.16 Corrective Action
The description of the PFS corrective action control process was reviewed for conformance with
the following requirements:
10 CFR 72.172, "Corrective action," requires that: "The licensee shall establish
measures to assure that conditions adverse to quality...are promptly identified
and corrected. In the case of a significant condition adverse to quality, the
measures must assure that the cause of the condition is determined and
corrective action is taken to preclude repetition. The identification of the
significant condition adverse to quality, the cause of the condition, and the
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corrective action token must be documented ane reported to appropriate levels
of management."
In its application, PFS stated that it will promptly identify and correct conditions adverse to
quality, such as failures, malfunctions, deficiencies, deviations, defective material and
equipment, and nonconformances. Specifically, the applicant states that: (1) Conditions
adverse to quality, such as failures, malfunctions, deficiencies, deviations, and defective
material and equipment, shall be identified and reported to appropriate personnel using
approved procedures; (2) For significant conditions adverse to quality, the cause of the
condition and corrective action necessary to prevent recurrence shall be identified, implemented
and then followed-up to verify corrective action effectiveness using approved procedures; and
(3) Appropriate levels of management will be notified of significant conditions adverse to quality
and the disposition of these conditions.
The staff reviewed the QA Program and determined that PFS has established measures to
assure that conditions adverse to quality are promptly identified and corrected. The staff
determined that PFS has established measures to identify and report to appropriate personnel
conditions adverse to quality; for significant conditions adverse to quality, identify the causes of
the conditions, determine the corrective actions necessary to prevent recurrence of the
conditions, and notify appropriate levels of management of the conditions and the dispositions
of the conditions; and verify corrective action effectiveness. The staff, therefore, concludes that
PFS's corrective action program, as described in the QA Program, satisfies the requirements of
10 CFR 72.172.
12.1.17 Quality Assurance Records
The description of the PFS QA records control process was reviewed for conformance with the
following requirements:
10 CFR 72.174, "Quality assurance records," requires that: "The licensee shall
maintain sufficient records to furnish evidence of activities affecting
quality .... Records must be identifiable and retrievable. Records pertaining to the
design, fabrication, erection, testing, maintenance, and use of structures,
systems, and components important to safety shall be maintained by or under
the control of the licensee until the Commission terminates the license."
In its application, PFS stated that it will maintain records of activities affecting quality.
Specifically, the applicant states that: (1) Approved procedures shall be developed and
implemented to establish controls for the identification, receipt, storage, preservation,
safekeeping, traceability, retrieval, and disposition of records; and (2) At a minimum, records
pertaining to the design, fabrication, erection, testing, maintenance, and use of structures,
systems, and components important to safety shall be maintained until termination of the
license.
The staff reviewed the QA Program and determined that PFS has established measures to
maintain sufficient records to furnish evidence of activities affecting quality. The staff
determined that PFS has established measures to control the identification, receipt, storage,
preservation, safekeeping, traceability, retrieval and disposition of records, and to maintain
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records pertaining to the design, fabrication, erection, testing, maintenance, and use of
structures, systems, and components important to safety until termination of the license. The
staff, therefore, concludes that PFS's QA records control program, as described in the QA
Program, satisfies the requirements of 10 CFR 72.174.
12.1.18 Audits
The description of the PFS audit control process was reviewed for conformance with the
following requirements:
10 CFR 72.176, "Audits,", requires that: "'The licensee shall carry out a
comprehensive system of planned and periodic audits to verify compliance with
all aspects of the quality assurance program and to determine the effectiveness
of the program. The audits must be performed in'accordance with written
procedures or checklists by appropriately trained personnel not having direct
responsibilities in the areas being audited. Audited results must be documented
and reviewed by management having responsibility in the area audited. Follow
up action, including re-audit of deficient areas must be taken where indicated."
In its application, PFS stated that it will establish a system of planned and documented audits to
verify compliance with all aspects of the QA Program and to assess the effectiveness of the
program. Specifically, the applicant states that: (1) Audits shall be performed in accordance
with written procedures or checklists by appropriately trained personnel having no direct
responsibilities in the area audited; (2) Audit results shall be documented and reported to the
management having responsibility in the area audited; and (3) Follow-up actions,'including a re
audit, shall be performed to verify that corrective actions have been taken to correct the
deficiencies or nonconformances.
The staff reviewed the QA Program and determined that PFS has established measures to
carry out a comprehensive system of planned and periodic audits to verify compliance with all
aspects of the QA Program and to determine the effectiveness of the program. The staff
determined that PFS has established measures to perform audits in accordance with written
procedures or checklists using trained personnel having no direct responsibilities in the area
audited; document and review audit results with management responsible for the area audited;
and perform audits to verify that corrective actions have been taken to correct deficiencies and
nonconformances. The staff, therefore, concludes that PFS's audit program, as described in
the QA Program, satisfies the requirements of 10 CFR 72.176.
12.2

Evaluation Findings

Based upon its review and evaluation of the PFS QA Program described in the SAR, the staff
concludes that the PFS QA Program:
establishes and delineates the authority and duties of persons and organizations
performing activities affecting quality;
provides for indoctrination and training of personnel performing activities
affecting quality;
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assures conformance to the approved design of structures, systems, and
components;
provides for approved procedures or instructions to document the QA Program
and requires that these procedures and instructions be followed;
provides control over activities affecting quality to an extent commensurate with
the importance to safety;
defines and establishes requirements, processes, and controls that will comply
with the requirements of 10 CFR 72, Subpart G;
assures management review of the QA Program to determine program status
and adequacy; and
*

satisfies the requirements of 10 CFR 72.40(a)(7).

Therefore, the staff has determined that, when properly implemented, the PFS QA Program is
acceptable.
12.3
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13

DECOMMISSIONING EVALUATION

13.1

Conduct of Review

The objective of the review is to determine whether the applicant's provisions for
decommissioning the Facility provide reasonable assurance that decontamination and
decommissioning of the Facility at the end of its useful life provide adequate protection to the
health and safety of.the public. The review considers information presented in the Preliminary
Decommissioning Plan in Appendix B of the License Application as well as the Chapters 3, 6, 7,
and 9 of the SAR to determine whether the following regulatory requirements are satisfied:

13.1.1

0

10 CFR 72.30 requires that each application under this part include a proposed
decommissioning plan that contains sufficient information on the proposed
practices and procedures for the decontamination of the site and for disposal of
residual radioactive materials after all spent fuel has been removed. This plan
must identify and discuss those design features of the ISFSI that facilitate
decontamination and decommissioning. Also, a decommissioning funding plan
must be included and financial assurance for decommissioning must be
provided.

*

10 CFR 72.130 requires that the ISFSI be designed for decommissioning.
Provisions must be made to facilitate decontamination of structures and
equipment, minimize the quantity of radioactive wastes and contaminated
equipment, and facilitate the removal of radioactive wastes and contaminated
materials at the time the ISFSI or MRS is permanently decommissioned.

Cask System Design Features

The Facility will use the HI-STORM 100 Cask System. Decommissioningconsiderations for this
cask system are discussed in the HI-STORM 100 FSAR (Holtec International, 2000). During
certification of the HI-STORM 100 Cask System, the staff found the cask system design to be
favorable to decommissioning (NRC, 2000a, 2000b).
The HI-STORM 100 Cask System is a canister-based storage cask system in which the fuel is
stored in a dry, inert environment inside of a sealed metal canister. 'The canisters are loaded,
sealed, and decontaminated at the originating power plant. This enables the sealed canisters
to be shipped to the Facility, stored, and removed from the site without having to open the
canister or handle fuel assemblies; thus, preventing contamination of the Facility equipment.
The Canister Building, canister transfer equipment, storage cask and storage pad are not
expected to have residual radioactive contamination because: (1) the canisters are sealed by
welding; (2) when the fuel is loaded at the originating reactors, measures are take to prevent
contamination of the canister outer surface; (3) the canisters are not permitted to be
transported to the Facility unless surveys determine that surface contamination levels are below
specified limits; and (4) neutron activation of the storage cask and pad materials will be
insignificant because the neutron flux from the spent fuel will be sufficiently low.
The staff finds that, in accordance with 10 CFR 72.130, the Facility design features
satisfactorily facilitate decontamination, minimize the quantity of radioactive waste and
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contaminated equipment, and facilitate removal of radioactive wastes and contaminated
material at the time that the Facility is decommissioned.
13.1.2

Facility Design and Operational Features

Design and operational features that are favorable to decommissioning include the use of a
canister-based storage system. This allows the spent fuel, which is sealed within the canisters,
to be shipped to the Facility, placed in storage, and removed from the site without having to
open the canister or handle fuel assemblies. Thus, the potential for contamination is minimized.
Decommissioning takes place after the spent fuel has been removed from the Facility. Other
features that prevent or minimize the generation of radioactive waste or contamination are
discussed in Sections 3 and 14 of this SER.
The Preliminary Decommissioning Plan and SAR also identify the Facility design and
operational features that facilitate eventual decontamination and decommissioning. These
include minimizing contamination, maintaining accurate records of spills or other unusual
occurrences involving the spread of contamination, and maintaining accurate as-built drawings.
These features are discussed in Section 13.1.3 below.
The staff finds that the Facility design and operational features satisfactorily facilitate
decontamination, minimize the quantity of radioactive waste and contaminated equipment, and
facilitate removal of radioactive wastes and contaminated material at the time that the Facility is
decommissioned.
13.1.3

Decommissioning Plan

Review of the Preliminary Decommissioning Plan included consideration of: (a) the overall
adequacy and completeness of the Preliminary Decommissioning Plan, including proposed
decontamination and decommissioning activities, (b) the decommissioning cost estimate, and
(c) the financial assurance mechanism. The review considered how the Preliminary
Decommissioning Plan and SAR addressed the following requirements of 10 CFR 72.30,
Financial Assurance and Recordkeeping for Decommissioning:
*

10 CFR 72.30(a) requires that each application under this part include a
proposed decommissioning plan that contains sufficient information on the
proposed practices and procedures for the decontamination of the site and for
disposal of residual radioactive materials after all spent fuel has been removed.
This plan must also identify and discuss those design features of the ISFSI that
facilitate decontamination and decommissioning at the end of its useful life.

0

10 CFR 72.30(b) requires that the proposed decommissioning plan also include
a decommissioning funding plan.

0

10 CFR 72.30(c) requires that the financial assurance for decommissioning be
provided.

The staff also notes that, in accordance with 10 CFR 72.30(d), PFS must keep records of
information important to the decommissioning of the Facility.
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Preliminary Decommissioning Plan, 10 CFR 72.30(a)
"Theapplicant submitted a Preliminary Decommissioning Plan which describes the conceptual

program for decontaminating and decommissioning the Facility. The plan states that "the
objective of decommissioning activities for the Facility is to remove all radioactive materials
having activities above the applicable NRC release limits in order that the site may be released
for unrestricted use, and the NRC license terminated."
As part of meeting this objective, the applicant plans to implement measures that reduce the
potential for contamination, thus, facilitating decontamination and decommissioning. The dual
purpose canisters arriving at the Facility are expected to have only minimal, if any, external
surface contamination. A canister would not be permitted to be transported to the Facility if
surveys performed at the originating power plant during loading indicate that the surface
contamination levels exceed the acceptable limits for the specific canister design: A survey will
be performed upon receipt of the canisters at the Facility, and canisters with surface
contamination levels above acceptable limits will be returned to the originator. Further, the
canisters, which are sealed by welding, will not be opened at the Facility. Thus, the possibility
of a canister contaminating the Canister Transfer Building, the canister transfer equipment, the
transfer cask, the storage casks, and storage pad is minimized. Nevertheless, the interior
concrete surfaces of the Canister Transfer Building will be coated with paint or epoxy, which is
non-porous and can be easily decontaminated by wiping.

k,>

The Preliminary Decommissioning Plan also provides a general discussion of decommissioning
tasks. Before decommissioning activities begin, the spent fuel canisters will be shipped off-site
using a cask approved under 10 CFR Part 71. Facility structures and components, including
storage casks, will be decontaminated to the extent practicable by conventional methods such
as wiping or stripping of paint. Structures or components with residual contamination or
activation levels above regulatory limits will be packaged and disposed of as low-level waste.
Radioactive waste generated during decontamination will also be packaged and disposed of as
low-level waste. A radiological survey of the Facility will be performed, with particular attention
to areas of known or historic contamination. A final radiation survey will be conducted to verify
that any radioactivity at the site is below the applicable NRC limits such that the site can be
released for unrestricted use.
The staff has reviewed the Preliminary Decommissioning Plan. -The staff finds that the
Preliminary Decommissioning Plan includes sufficient discussion of the applicant's proposed
practices and procedures for minimizing contamination at the Facility. The plan also includes
sufficient discussion of the applicant's conceptual program for decommissioning the Facility.
The Preliminary Decommissioning Plan sufficiently identifies and discusses the design and
operational features of the ISFSI that facilitate its decontamination and decommissioning. The
staff finds that the Preliminary Decommissioning Plan satisfies 10 CFR 72.30(a).
Financial Assurance, 10 CFR 72.30(b) and 72.30(c)
The applicant's financial qualifications are evaluated in Chapter 17 of this SER. The objective
of that evaluation is to determine compliance with the decommissioning funding and financial
assurance requirements of 10 CFR 72.30(b) and 72.30(c).
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Records of Information Important to Decommissioning, 10 CFR 72.30(d)
The Preliminary Decommissioning Plan includes a commitment by the applicant to maintain the
following records that are identified by 10 CFR 72.30(d) as important to decommissioning:
records of spills or other unusual occurrences involving the spread of
contamination [required by 10 CFR 72.30(d)(1)];
"*

as-built drawings and modifications of structures and equipment in restricted
areas [required by 10 CFR 72.30(d)(2)];

"*

a document, which is updated a minimum of every 2 years, listing all areas
designated at any time as restricted areas and all areas outside of restricted
areas involved in a spread of contamination [required by 10 CFR 72.30(d)(3)];
and

"*

records of the cost estimate performed for the decommissioning funding plan [as
required by 10 CFR 72.30(d)(4)].

13.2

Evaluation Findings

The staff has reviewed the SAR and the Preliminary Decommissioning Plan submitted by the
applicant for the PFS Facility. The staff has determined that the preliminary decommissioning
plan submitted by the applicant provides reasonable assurance that decommissioning issues
for the PFS Facility have been adequately discussed, so that the site may ultimately be made
available for unrestricted use for any private or public purpose. The staff, therefore, concludes
that the proposed decommissioning plan complies with 10 CFR Part 72.
13.3
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WASTE CONFINEMENT AND MANAGEMENT EVALUATION

14.1

Conduct of Review

This chapter of the SER evaluates the waste management systems of the Facility. Chapter 6 of
the SAR provides information about the waste confinement and disposal systems that are part
of the Facility. The review objectives for this chapter are to establish that the Facility provides
safe confinement and management of radioactive waste generated at the Facility, and the
generation of radioactive waste and release of the radioactive material to the environment meet
the regulatory standards.
14.1.1

Waste Sources

Review of the sources of radioactive waste described in Section 6.1 of the SAR included
consideration of dry solid radioactive waste produced during operation of the Facility. The
review considered how the SAR addresses the following regulatory requirements:
*

10 CFR 72.104(a) requires that, during normal operations and anticipated
occurrences, the annual dose equivalent to any real individual beyond the
controlled area must not exceed 0.25 mSv (25 mrem) to the whole body, 0.75
mSv (75 mrem) to the thyroid and 0.25 mSv (25 mrem) to any other organ, from
various sources, including planned discharges of radioactive materials to the
environment.

*

10 CFR 72.122(b)(4) requires that, for facilities located over an aquifer,
measures be taken to preclude transport of radioactive materials to the
environment through this pathway.

*

10 CFR 72.128(a)(5) requires that systems for handling radioactive materials in
the ISFSI must be designed to minimize the quantity of radioactive wastes
generated.

The SAR describes the radioactive waste sources, which are limited to those produced during
the operation of the Facility., The solid waste will consist of anti-contamination clothing, rags,
and associated health physics materials. This solid waste will be packaged and temporarily
stored in the low-level waste holding cell at the Canister Transfer Building and then will be
transferred to an offsite low-level waste disposal facility. The dual-purpose canisters arriving at
the Facility are expected to have only minimal, if any, external surface contamination. A
canister would not be permitted to be transported to the Facility if surveys performed at the
originating power plant during loading indicated that the surface contamination levels exceed
the acceptable limits for the specific canister design. A canister would not be accepted at the
Facility if surveys conducted upon receipt indicated surface contaminations exceed the
acceptable limits. The canisters, which are sealed by welding, would not be opened at the
Facility. The welded canisters must be designed such that they are not breached under normal
and off-normal conditions of transfer, handling, and storage. Therefore, no release of
radioactive materials from inside the canister is expected under these conditions.
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The staff finds that the SAR adequately describes waste sources and that there are no routine
effluents discharged to the environment due to the operation of the Facility including normal
and off-normal conditions. Since there are no liquid or gaseous effluents, the staff finds that
the requirement of 10 CFR 72.122(b)(4) regarding precluding transport of radioactivity to an
aquifer is met, and that the dose limits of 10 CFR 72.104(a) are met with respect to release of
effluents. The generation of radioactive waste is limited because the surface contamination on
canisters is limited, the canisters are welded closed, and the canisters are not opened at the
Facility. Therefore, the staff has determined that the requirements of 10 CFR 72.128(a)(5) are
met in that the design of the Facility systems will minimize the generation of radioactive waste.
14.1.2

Off-Gas Treatment and Ventilation

The review of Section 6.2 of the SAR regarding off-gas treatment and ventilation considered
how the SAR addresses the following regulatory requirements:
*

10 CFR 20.2001 authorizes a licensee to dispose of radioactive materials only by
certain methods, including transfer to an authorized recipient, and by limited
release in effluents.

a

10 CFR 72.104(a) requires that, during normal operations and anticipated
occurrences, the annual dose equivalent to any real individual beyond the
controlled area must not exceed 0.25 mSv (25 mrem) to the whole body, 0.75
mSv (75 mrem) to the thyroid and 0.25 mSv (25 mrem) to any other organ, from
various sources, including planned discharges of radioactive materials to the
environment.

*

10 CFR 72.104(b) requires that operational restrictions be established to meet
ALARA objectives for radioactive materials in effluents.

*

10 CFR 72.104(c) requires that operational limits for radioactive materials in
effluents be established to ensure that the dose limits in 10 CFR 72.104(a) are
met.

*

10 CFR 72.122(h)(3) requires that ventilation systems and off-gas systems must
be provided where necessary to ensure confinement of airborne radioactive
particles during normal or off-normal conditions.'

*

10 CFR 72.126(c)(1) requires that, as appropriate for the handling and storage
system, effluent systems must be provided, as well as methods for measuring
the amount of radionuclides in the effluents.

*

10 CFR 72.126(d) requires that the ISFSI must be designed to limit effluents to
ALARA levels.
10 CFR 72.128(a)(5) requires that systems for handling radioactive materials in
the ISFSI must be designed to minimize the quantity of radioactive wastes'
generated.
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10 CFR 72.128(b) requires that the ISFSI must have radioactive waste treatment
facilities, and that provisions must be made for packing of site-generated low
level wastes in a form suitable for storage onsite awaiting transfer to disposal
sites.

According to the SAR, there will be no gaseous release from the storage systems at the
Facility, as the Facility will only handle sealed canisters. The staff finds that under normal
operations, no radioactive materials will be released to the environment as gaseous effluents.
Because there are no gaseous effluents, no special off-gas or ventilation systems are needed,
and the requirements of 10 CFR 72.122(h)(3), 72.126(c)(1), 72.126(d),,72.128(a)(5), and
72.128(b) are met. Since there are no gaseous effluents, the staff finds that the design and
operation of the ISFSI meet 10 CFR 72.104(a), (b), and (c) with regard to off-site doses from
effluents.
14.1.3

Liquid Waste Treatment and Retention

The review of Section 6.3 of the SAR regarding liquid waste treatment and retention considered
how the SAR addresses the following regulatory requirements:
*

10 CFR 20.2001 authorizes a licensee to dispose Of radioactive materials only by
certain methods, including transfer to an authorized recipient, and by limited
release in effluents.

*

10 CFR 20.2003 authorizes a licensee to dispose of radioactive materials by
discharge into sanitary sewerage, with certain restrictions.

0

10 CFR 72.104(a) requires that, during normal operations and anticipated
occurrences, the annual dose equivalent to any real individual beyond the
controlled area must not exceed 0.25 mSv (25 mrem) to the whole body, 0.75
mSv (75 mrem) to the thyroid and 0.25 mSv (25 mrem) to any other organ, from
various sources, including planned discharges of radioactive materials to the
environment

*

10 CFR 72.104(b) requires that operational restrictions be established to meet
ALARA objectives for radioactive materials in effluents.

*

10 CFR 72.104(c) requires that operational limits for radioactive materials in
effluents be established to ensure that the dose limits in 72.104(a) are met.

a

10 CFR 72.122(b)(4) requires that, for facilities located over an aquifer,
measures be taken to preclude transport of radioactive materials to the
environment through this pathway.

*

10 CFR 72.126(c)(1) requires that, as appropriate for the handling and storage
system, effluent systems must be provided, as well as methods for measuring
the amount of radionuclides in the effluents.
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*

10 CFR 72.126(d) requires that the ISFSI must be designed to limit effluents to
ALARA levels.

a

10 CFR 72.128(b) requires that the ISFSI must have radioactive waste treatment
facilities, and that provisions must be made for packing of site-generated low
level wastes in a form suitable for storage onsite awaiting transfer to disposal
sites.

According to the SAR, liquid wastes will not be routinely generated at the Facility under normal
operations. Drain sumps are provided in the Canister Transfer Building to catch and collect
water that may drip from the shipping cask. The collected water will be sampled and analyzed
for radioactive contamination prior to release. If the water is found to be contaminated, it will be
collected in a suitable container and then solidified by a suitable agent so that it qualifies as
solid waste. The solidified waste will be stored temporarily in the low-level waste holding cell
and then transported to the offsite low-level waste disposal facility.
The staff finds that there are no special liquid radioactive waste treatment and retention
systems needed at the Facility. The applicant has identified and described an appropriate
method for treating contaminated liquids, should it be needed, and therefore the staff finds that
the requirements of 10 CFR 72.128(b) are met for contaminated liquids. There are no liquid
radioactive effluents that will be discharged to the environment under normal operations.
Because there are no liquid effluents, the requirements of 10 CFR 20.2001, 20.2003,
72.122(b)(4), and 72.126(c)(1) and (d) are met with respect to possible release of radioactive
material in liquid effluents. Since there are no liquid effluents, the staff finds that the design and
operation of the ISFSI meet 10 CFR 72.104(a), (b), and (c) with regard to doses from liquid
effluents. The proposed method of handling contaminated liquid meets the requirements of
20.2001 for off-site disposal.
14.1.4

Solid Wastes

Review of the handling of solid wastes described in Section 6.4 of the SAR included the
description of collection, packaging, and storage of solid wastes. The review considered how
the SAR addresses the following regulatory requirements:
*

10 CFR 72.104(a) requires that, during normal operatibns and anticipated
occurrences, the annual dose equivalent to any real individual beyond the
controlled area must not exceed 0.25 mSv (25 mrem) to the whole body, 0.75
mSv (75 mrem) to the thyroid and 0.25 mSv (25 mrem) to any other organ, from
various sources, including planned discharges of radioactive materials to the
environment.

*

10 CFR 72.104(b) requires that operational restrictions be established to meet
ALARA objectives for radioactive materials in effluents.

a

10 CFR 72.104(c) requires that operational limits for radioactive materials in
effluents be established to ensure that the dose limits in 10 CFR 72.104(a) are
met.
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*

10 CFR 72.122(h)(3) requires that ventilation systems and off-gas systems must

be provided where necessary to ensure confinement of airborne radioactive
particles during normal or off-normal conditions.
*

10 CFR 72.128(b) requires that the ISFSI must have radioactive waste treatment
facilities, and that provisions must be made for packing of site-generated low
level wastes in a form suitable for storage onsite awaiting transfer to disposal
sites.

The SAR included a description of collection, packaging, and storage of solid wastes. The solid
waste at the Facility will be generated from decontamination activities. A small amount of solid
waste will be generated in the form of smears, disposable clothing, tape, blotter paper, rags,
and related health physics material. The solid waste will be identified and packaged in suitable
low-level waste containers. The solid waste will be temporarily stored at the low-level waste
holding cell at the Canister Transfer Building and will then be transferred to an offsite low-level
waste disposal facility. Because the solid waste will typically be generated due to an off-normal
or accident event, the volume of solid waste is expected to be minimal.
The staff agrees that the provisions for handling solid wastes are appropriate and meet the
requirements of 10 CFR 72.128(b). The method described would not be expected to produce
radioactive effluents, and therefore meets the requirements of 10 CFR 72.104(a), (b), and (c)
with respect to doses from effluents, and meets 10 CFR 72.122(h)(3) with respect to release of
effluents.
14.1.5

Radiological Impact of Normal Operations

Review of the summary of radiological impacts of normal operations in Section 6.5 of the SAR
considered how the SAR addresses the following regulatory requirements:
10 CFR 20.1101 requires that a licensee, as part of the radiation protection
program, establish a constraint for air emissions of radioactive materials to the
environment such that a member of the public is'not expected to receive a total
effective dose equivalent in excess of 10 mrem (0.1 mSv) per year.
10 CFR 20.1301 (a) establishes dose limits for a member of the public, including
a total effective dose equivalent of 0.1 rem (1 mSv) in a year, and a maximum
dose in any unrestricted areas of 0.002 rem (0.02 mSv) in an hour.
*

10 CFR 20.1301 (b) requires that the licensee comply with the environmental
radiation standards in 40 CFR Part 190.

*

10 CFR 20.1302(b) requires that the licensee show compliance with the limits in
10 CFR 20.1301, by either demonstrating compliance with the dose limit to an
individual by calculation or measurement, or by demonstrating that radioactivity
in gaseous and liquid effluents do not exceed the values in table 2 of Appendix B
to Part 20, and the dose from external sources would not exceed 0.002 rem
(0.02 mSv) in an hour and 0.05 rem (0.5 mSv) in a year.
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10 CFR 72.40(a)(1 3)(i) states that the Commission will issue a license under 10
CFR Part 72 upon a determination that the application for a license meets the
standards and requirements of the Act and the regulations of the Commission,
and upon finding that, among other things, the activities authorized by the
license can be conducted without endangering the health and safety of the
public.
The SAR included a summary of radiological impact of normal operations. Under all normal
and off-normal conditions of transfer, handling, and storage, the welded canisters will remain
sealed and no radioactive material will be released from inside the canister. Additionally, the
practices and procedures that have been proposed to limit and control contamination at the
Facility will assure that radiological impacts are minimized and that ALARA principles are
maintained. No release of radioactive material to the environment is expected during normal
Facility operations and no liquid or gaseous effluents are anticipated from the Facility. The
radiological impacts to the environment from the normal operations at the Facility will be
minimal. The staff has determined that the radiological impact of the Facility under normal
operations has been adequately and appropriately described, and that the radiological impacts
from releases will be minimal and will not endanger the health and safety of the public. Based
on these considerations, the staff has determined that the requirements of 10 CFR 20.1101
have been met with respect to potential releases of radioactive materials under normal
operations, and that 10 CFR 72.40(a)(13)(i), 20.1301 and 20.1302 have been met with respect
to doses to members of the public from potential releases of radioactive materials under normal
operations. The dose to members of the public is evaluated in Chapters 7, 9, and 11 of this
SER.
14.2

Evaluation Findings

The staff has reviewed Sections 6.1 through 6.5 of the SAR and has determined that the waste
confinement and management of the proposed Facility:

"*

meet the requirements of 10 CFR 20.2001, 20.2003, 72.104(b), 72.104(c),
72.122(b)(4), 72.122(h)(3), 72.126(c)(1), and 72.126(d) with respect to the
potential release of effluents to the environment;

"*

meet the radioactive waste management and minimization requirements of 10
CFR 72.128(a)(5) and 72.128(b);

"*

meet the dose limits for members of the public of 10 CFR 20.1101, 20.1301,
20.1302, and 72.104(a) with respect to radioactive materials released as
effluents; and

"*

will not endanger health and safety of the public as required by 10 CFR 72.40,
with respect to radioactive materials released as effluents.
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15

ACCIDENT ANALYSIS

15.1

Conduct of Review

The staff evaluated the applicant's accident analysis by reviewing Chapter 8, Accident Analysis,
of the SAR, documents cited in the SAR, and other relevant publicly available information,
including web sites on the internet.
Section 8.4, Basis for Selection of Off-Normal and Accident Conditions, of the SAR describes
the basis for selecting off-normal and accident events to ensure all relevant potential scenarios
have been considered. The selection of these off-normal and accident event scenarios is
based on ANSI/ANS 57.9, (American National Standards Institute/American Nuclear Society,
1992), NUREG-1567 (Nuclear Regulatory Commission, 2000a), and the HI-STORM 100 FSAR
(Holtec International, 2000). Design Events II of ANSI/ANS 57.9, as applicable to the Facility,
were considered for off-normal conditions and are described in SAR Section 8.1, Off-Normal
Operations. Applicable Design Events III and IVof ANSI/ANS 57.9'are described as accident
events in SAR Section 8.2, Accidents.
The dry cask storage system to be used at the Facility is the HI-STORM 100 Cask System,
which has been reviewed by the NRC and approved for general use under Certificate of
Compliance No. 1014 (Nuclear Regulatory Commission, 2000b). As discussed in Chapters 4
and 5 of this SER, the design basis loads considered in the HI-STORM FSAR bound the
loading conditions at the PFS Facility site except for the seismic load. Thus, where applicable,
the staff relied on the review carried out during the certification process of the cask system, as
documented in the NRC's HI-STORM 100 SER (Nuclear Regulatory Commission, 2000c).
The staff reviewed the accident analysis to determine whether the following regulatory
requirements have beerinmet:
10 CFR 72.90 requires that: (a) site characteristics that may directly. affect the
safety or environmental impact of the ISFSI be investigated and assessed; (b)
proposed sites for the ISFSI be examined with re'pect to the frequency and
severity of external natural and man-induced events that could affect the safe
operation of the ISFSI; (c) design basis external events be determined for each
combination of proposed site and proposed ISFSI design; (d) the proposed sites
with design basis external events for which adequate protection cannot be
provided through ISFSI design be deemed'unsuitable for the location of the
ISFSI; (e) pursuant'to Subpart A of Part 51 of Title 10 for each proposed site for
an ISFSI, the potential for radiological and other environmental impacts on the
region be evaluated with due consideration of the characteristics of the
population, including its distribution, and of the regional environs, including its
historical and aesthetic values; and (f) the facility to be sited so as to avoid to the
extent possible the long-term and short-term adverse impacts associated with
the occupancy and modification of floodplains.
10 CFR 72.92 requires that: (a) natural phenomena that may exist or that can
occur in the region of a proposed site be identified and assessed according to
their potential effects on the 'safe operation of the ISFSI, and that the important
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natural phenomena that affect the ISFSI design be identified; (b) records of the
occurrence and severity of those important natural phenomena be collected for
the region and evaluated for reliability, accuracy, and completeness, and the
applicant shall retain these records until the license is issued; and (c) appropriate
methods be adopted for evaluating the design basis external natural events
based on the characteristics of the region and the current state of knowledge
about such events.
10 CFR 72.94 requires that (a) the region be examined for both past and present
man-made facilities and activities that might endanger the proposed ISFSI, and
the important potential man-induced events that affect the ISFSI design must be
identified; (b) information concerning the potential occurrence and severity of
such events be collected and evaluated for reliability, accuracy, and
completeness; and (c) appropriate methods be adopted for evaluating the design
basis external man-induced events, based on the current state of knowledge
about such events.

March 2002
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10 CFR 72.98(a) requires that the regional extent of external phenomena,
man-made or natural, that are used as a basis for the design of the ISFSI be
identified.

0

10 CFR 72.98(c) requires that those regions identified pursuant to paragraphs 10
CFR 72.98(a) and (b) be investigated as appropriate with respect to: (1) the
present and future character and the distribution of population, (2) consideration
of present and projected future uses of land and water within the region, and (3)
any special characteristics that may influence the potential consequences of a
release of radioactive material during the operational lifetime of the ISFSI.

*

10 CFR 72.102(f)(1) requires that the design earthquake for use in the design of
structures be determined as follows: (1) for sites that have been evaluated under
the criteria of Appendix A of 10 CFR Part 100, the design earthquake must be
equivalent to the safe shutdown earthquake for a nuclear power plant; and (2)
Regardless of the results of the investigations anywhere in the continental U.S.,
the design earthquake must have a value for the horizontal ground motion of no
less than 0.10 g with the appropriate response spectrum.

*

10 CFR 72.106(b) requires that any individual located on or beyond the nearest
boundary of the controlled area not receive from any design basis accident the
more limiting of a total effective dose equivalent of 0.05 Sv (5 rem), or the sum of
the deep-dose equivalent and the committed dose equivalent to any individual
organ or tissue (other than the lens of the eye) of 0.5 Sv (50 rem). The lens of
the eye dose equivalent shall not exceed 0.15 Sv (15 rem) and the shallow dose
equivalent to skin or to any extremity shall not exceed 0.5 Sv (50 rem). The
minimum distance from the spent fuel or high-level radioactive waste handling
and storage facilities to the nearest boundary of the controlled area must be at
least 100 meters.

0

10 CFR 72.122(b) requires: (1) structures, systems, and components important
to safety be designed to accommodate the effects of, and to be compatible with,
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site characteristics and environmental conditions associated with normal
operation, maintenance, and testing of the ISFSI and to withstand postulated
accidents; and (2) structures, systems, and components important to safety be
designed to withstand the effects of natural phenomena such as earthquakes,
tornadoes, lighting, hurricanes, floods, tsunami, and seiches, without impairing
their capability to perform safety functions, and the design bases for these
structures, systems, and components must reflect: (i) appropriate consideration
of the most severe of the natural phenomena reported for the site and
surrounding area, with appropriate margins to take into account the limitations of
the-data and the period of time in which the data have accumulated, and (ii)
appropriate combinations of the effects of normal and accident conditions and
the effects of natural phenomena. The ISFSI should also be designed to prevent
massive collapse of building structures or the dropping of heavy objects as a
result of building structural failure on the spent fuel or high-level radioactive
waste or on to structures, systems, and components important to safety.
10 CFR 72.122(c) requires that structures, systems, and components important
to safety be designed and located so that they can continue to perform their
safety functions effectively under credible fire and explosion exposure conditions.
Noncombustible and heat-resistant materials must be used wherever practical
throughout the ISFSI, particularly in locations vital to the control of radioactive
materials and to the maintenance of safety control functions. Explosion and fire
detection, alarm, and suppression systems shall be designed and provided with
sufficient capacity and capability to minimize the adverse effects of fires and
explosions on structures, systems, and components important to safety. The
design of the ISFSI must include provisions to protect against adverse effects
that might result from either the operation or the failure of the fire suppression
system.
*

10 CFR 72.122(h)(1) requires that the spent fuel cladding be protected during
storage against degradation that leads to gross ruptures or the fuel be otherwise
confined such that degradation of the fuel during storage will not pose
operational safety problems with respect to its removal from storage.

a

10 CFR 72.122(h)(4) requires that storage confinement systems have the
capability for continuous monitoring in a manner such that the license will be able
to determine when corrective action needs to be taken to maintain safe storage
conditions.
10 CFR 72.122(h)(5) requires that the waste be packaged in a manner that
allows handling and retrievability without the release of radioactive materials to
the environment or radiation exposures in excess of NRC regulatory limits in 10
CFR Part 20. The package must be designed to confine the high-level
radioactive waste for the duration of the license.

*
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10 CFR 72.122(i) requires that instrumentation and control systems be provided
in accordance with cask design requirements to monitor systems that are
important to safety over anticipated ranges for normal and off-normal operations.
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*

10 CFR 72.122(l) requires that storage systems must be designed to allow

ready-retrieval of spent fuel or high-level radioactive waste for further processing
or disposal.
*

10 CFR 72.124(a) requires spent fuel handling, packaging, transfer, and storage
systems be designed to be maintained subcritical and to ensure that, before a
nuclear criticality accident is possible, at least two unlikely, independent, and
concurrent or sequential changes have occurred in the conditions essential to
nuclear criticality safety. The design of handling, packaging, transfer, and
storage systems must include margins of safety for the nuclear criticality
parameters that are commensurate with the uncertainties in the data and
methods used in calculations and demonstrate safety for the handling,
packaging, transfer and storage conditions and in the nature of the immediate
environment under accident conditions.

0

10 CFR 72.128(a)(2) requires that spent fuel storage be designed with suitable
shielding for radioactive protection under normal and accident conditions to
ensure adequate safety.

The PFS Facility must be sited, designed, constructed, and operated such that public health
and safety is adequately protected during all credible off-normal and accident events.
15.1.1

Off-Normal Events

The off-normal events are described in Section 8.1, Off-Normal Operations, of the SAR. This
section of the SER discusses results from the review of potential off-normal conditions which
are cask drop, partial vent blockage, and operational events. The cask system to be used at
the Facility is the HI-STORM 100 Cask System. Where applicable, the staff relied on the
analyses in the HI-STORM 100 FSAR and the staff's related evaluation as documented in the
HI-STORM 100 SER.
15.1.1.1

Cask Drop Less Than Design Allowable Height

At the Facility, a loaded HI-STORM 100 storage cask will not be lifted over 9 inches. The
HI-STORM 100 storage cask was analyzed for vertical drops from heights of 6.5 and 10 inches
onto the storage pads (Holtec International, 2001 a) for site specific conditions. Based on a
linear interpolation between the 6.5 inches and 10 inches drop conditions; a 9 inch drop will
result in an deceleration (42.6g) that is less than the design basis (45g) deceleration.
Therefore, the conclusions drawn in the HI-STORM 100 FSAR are still applicable. The analysis
(Holtec International, 2001 a) demonstrated that a vertical drop from 9 inches would not impair
the cask's ability to maintain subcriticality, confinement, and sufficient shielding of the stored
fuel. As discussed in Chapter 5 of this SER, drop of a HI-TRAC transfer cask and MPC will not
occur due to the design of the lifting devices used in the Canister Transfer Building.
15.1.1.2

Partial Vent Blockage

The HI-STORM 100 storage cask was analyzed for a scenario in which 50 percent of the
storage cask's air inlet vents were blocked, in accordance with NUREG-1567 (Nuclear
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Regulatory Commission, 2000a). The analysis demonstrated that partial vent blockage would
not impair the cask's ability to maintain subcriticality, confinement and sufficient shielding of the
stored fuel. The analysis and the staff's evaluation are respectively provided in the HI-STORM
100 FSAR and the NRC's related SER.
15.1.1.3

Operational Events

Failure of Instrumentation
The staff reviewed the information presented in SAR Section 5.1.6.4, Instrumentation; Section
5.4.1, Instrumentation and Control Systems; and Section 7.3.5, Area Radiation and Airborne
Radioactivity Monitoring Instrumentation. This off-normal event involves analysis of impact
from failure of instruments and control systems. A failure of instrumentation event is postulated
to occur when an instrument either is not operational or yields a false reading. The majority of
the instrumentation is for temperature monitoring of the storage casks. These casks are
designed to operate with convective cooling without significant human involvement. Therefore,
an instrument failure'does not directly cause an accident but may contribute to or delay
detection of another event (e.g., 100 percent blockage of air inlet vents). Furthermore, the
Technical Specifications require that the operability of the decay heat removal system be
verified every 24 hours.

t.~.•

The canisters containing the spent nuclear fuel will be sealed by welding. Therefore, area
radiation and airborne radioactivity monitors are not needed at the cask storage area. The
applicant will operate the Facility under a Radiation Protection Program as required in Technical
Specification 5.5.3 to assure that radiation fields are continually monitored. External direct
radiation dose rates will be monitored along the restricted area and owner-controlled area
fences with TLDs. Sixteen TLDs will be located along the perimeter of each fence. The TLDs
will be used to record dose rates at these locations and provide documentation that radiation
levels at these boundaries are within regulatory limits. TLDs will also be placed on the outside
of several Facility buildings and other strategic locations inside the Canister Transfer Building
and the Security and Health Physics Building to monitor dose rates. The TLDs are retrieved
and processed quarterly. Local radiation monitors with audible alarms will be installed inside
the Canister Transfer Building to warn personnel about high radiation levels during canister
transfer operations. Continuous air monitors will measure the airborne radioactivity
concentrations.
Based on the foregoing information, the staff finds that failure of instrumentation will not impair
the ability of the structures, systems, and components to maintain subcriticality, confinement
and sufficient shielding of the stored fuel.
Vehicular Impact
The staff reviewed the information presented in SAR Chapter 3, Principal Design Criteria;
Chapter 4, Facility Design; and Section 8.2.6, Hypothetical Storage Cask Drop/Tip-Over.
Vehicular impact is postulated to occur either in the Canister Transfer Building or in the storage
area as a result of an interaction between a transportation cask, a storage cask, the transfer
facility, a storage pad, or an onsite vehicle and a site locomotive, a site tractor, a trailer, a cask
transporter, or a vehicle used by site personnel. Equipment failure, operator error, or a natural
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event (e.g., tornado) may lead to this off-normal event. Occurrence of this event is easily
identifiable from visual evidence, such as dents or scratches on casks, onsite vehicles, and
other Facility structures, systems, and components.
Heavy haul vehicles enter and exit only through the cask load/unload bay of the Canister
Transfer Building. Site cask transporters enter a transfer cell only when canister transfer
operation is not taking place. The Canister Transfer Building is designed to withstand a tornado
missile equivalent to the impact of an automobile weighing 1,800 kg traveling at a speed of 134
ft/s (91 mph) (SAR Table 3.6-1). Onsite vehicles will generally be traveling at a much lower
speed, on the order of 15 mph. Therefore, vehicular impact to the Canister Transfer Building is
bounded by the tornado missile analysis. Additionally, PFS has committed to install a vehicle
barrier around the propane storage tanks.
Potential vehicular impacts in the storage area are limited to site cask transporters, site tractors,
and vehicles used by site personnel. As discussed in the HI-STORM FSAR, the storage cask is
designed to withstand the impact of an 1,800 kg (an automobile), tornado-generated missile
with a velocity of 185 ft/s (126 mph). As previously stated, onsite vehicles will generally be
traveling at a much lower speed. Therefore, vehicular impact to the storage cask is bounded by
the tornado missile analysis. This tornado missile analysis for the storage cask and the staff's.
evaluation are respectively provided in the HI-STORM 100 FSAR and the NRC's related SER.
This analysis demonstrated that the HI-STORM 100 cask can withstand a tornado missile
impact without penetration, permanent deformation, or tipover.
Based on the foregoing information, the staff finds that potential vehicular impact will not impair
the ability of the structures, systems, and components to maintain subcriticality, confinement
and sufficient shielding of the stored fuel.
Operator Load Handling Event
The staff reviewed information presented in Section 8.1.4 of the SAR, Operator Error. An
operator load handling error is postulated to occur when a loaded canister impacts against the
inside of a shipping, transfer, or storage cask. A handling error is postulated to occur in four
ways: (i) while lifting the canister out of the shipping cask for lowering into the transfer cask, an
operator error may cause the canister to impact the top of the transfer cask; (ii)while placing
the canister into the storage cask, an operator error with the crane or canister downloader may
cause a lateral impact against the inside of the storage cask; (iii) while placing the storage cask
onto the storage pad, an operator error may cause a lateral impact against the inside of the
storage cask; and (iv) while lowering the canister into the storage cask, an operator error due to
a misaligned transfer cask may cause impact on the storage cask edge. Handling events
would be detected by operators and personnel either through inspection or audibly. Corrective
actions would be taken as necessary, as discussed in Section 8.1.4.4 of the SAR.
The applicant analyzed the effects and consequences of these handling events and
demonstrated that the cask components would not exceed their allowable loads or stresses
during these events. The canister and its internals would maintain their structural integrity and
continue to perform their safety functions.
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Based on the foregoing information, the staff finds that handling errors will not impair the ability
of the structures, systems, and components to maintain subcriticality, confinement and
sufficient shielding of the stored fuel.
Loss of External Electric Power
The staff reviewed the information presented in Section 8.1.1, Loss of External Electric Power,
of the SAR. This off-normal event involves a total loss of external alternating current electric
power. Loss of external power to the Facility may occur due to a natural phenomenon (e.g.,
lightning, extreme wind, icy conditions) or as a result of unknown factors affecting the offsite
electric grid supplying power to the Facility. A loss of power event in the Canister Transfer
Building will be detected by Facility workers through loss of building lighting and functions of the
powered equipment. In the storage area, this event will be detected by the start up of the
security diesel generator.
Important to safety features of the Facility required to perform their intended functions during a
loss of external electric power event include both the cask system and the transfer facility lifting
devices. All the safety design features of the cask systems, including shielding, confinement,
thermal, and criticality control, are designed to operate passively and without electric power.
As discussed in Section 8.1.1.3 of the SAR, a loss of electrical power event could occur during
a canister transfer operation. Three lifting devices to be used in the PFS Facility Canister
Transfer Building include a 200-ton overhead bridge crane, a 150-ton semi-gantry crane, and a
canister downloader. All three lifting devices meet the criteria for single-failure-proof lifting
devices. The overhead bridge and the semi-gantry cranes are designed in accordance with
ASME NOG-1 (American Society of Mechanical Engineers, 1989) to hold the lifted load with
brakes automatically actuated if a loss of electric power occurs. Similarly, the canister
downloader is also designed to fail-as-is in the event of a power loss and is equipped with two
redundant sets of anti-drop cam locks. ASME NOG-1 provides the requirements of electrical
overhead and gantry cranes with top running bridge and trolley and components of cranes used
at nuclear facilities. A loss of electrical power event will delay the canister transfer operation;
however, it will not affect the integrity of the canister.
As discussed in Section 8.1.1.3 of the SAR, radiation protection personnel will take necessary
measures following a loss of electric power to the Facility, to maintain adequate distance and
additional shielding between themselves and the transfer casks to maintain exposures to
personnel ALARA until the electric power is restored. Utility repair personnel would be informed
and would restore services by conventional means. In case of an interrupted canister transfer
operation due to a loss of electrical power event, the operators will take necessary measures to
assure adequate distance and/or additional shielding between themselves and the transfer
casks to minimize doses until the power is restored to resume the transfer operation.
The staff reviewed the information on potential effects of loss of external electric power on the
structures, systems, and components important to safety. Based on the information provided,
there is reasonable assurance that no important to safety functions of the Facility will be
compromised by this event. The cranes and canister downloader in the Canister Transfer
Building are single-failure-proof lifting devices and will be able to hold the load in case of a
power interruption. Moreover, additional shielding will be placed between the transfer casks
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and the operators until the power is restored to resume the transfer operation. Loss of power
will not have any safety significant impact on the Canister Transfer Building. The storage cask
system is passive and does not need electric power to perform its safety functions. The staff
finds that loss of external power will not impair the ability of the structures, systems, and
components to maintain subcriticality, confinement and sufficient shielding of the stored fuel.
15.1.2

Accidents

The SAR includes a discussion of potential accidents resulting from both external natural and
man-induced events at the Facility. Natural phenomena events are discussed in Chapter 2,
Site Characteristics, of the SAR. The staff evaluation is discussed in Chapter 2 of this SER.
The accident analysis review focused on the effects of the natural phenomena and man
induced events on structures, systems, and components important to safety. Analytical
techniques, uncertainties, and assumptions were examined. Each event was examined to
ensure that it includes: (i) a discussion of the cause of the event, (ii)the means of detection of
the event, (iii) an analysis of the consequences and the protection provided by devices or
systems designed to limit the extent of the consequences, and (4) any actions required of the
operator.
The Facility will use the HI-STORM 100 Cask System. Where applicable, the staff relied on the
analyses in the HI-STORM 100 FSAR and the staff's related evaluation as documented in the
HI-STORM 100 SER.
15.1.2.1

Cask Tipover

The staff reviewed the information presented in Section 8.2.6 of the SAR, Hypothetical Storage
Cask Drop/Tipover. This accident event involves a hypothetical tipover of a storage cask while
on the storage pad or while being transported from the Canister Transfer Building to the
storage pad by a cask transporter.
As discussed in Section 8.2.6 of the SAR, the HI-STORM 100 storage cask will not tipover on
the storage pad as a result of a credible natural phenomenon, including a design basis seismic
event, tornado wind, and impact by a tornado-generated missile. However, to demonstrate the
defense-in-depth features of the HI-STORM 100 storage cask design, a non-mechanistic,
hypothetical tipover scenario was analyzed (Holtec International, 2001 a) for site-specific
conditions. The staff reviewed applicant's method of analysis, inputs, assumptions, and
conclusions, and agrees with the applicant that the deformations of the storage cask as a result
of a tipover event would not impose unacceptable loads on the MPC.
Tipover of the storage cask while on the transporter (due to overturning of a cask transporter) is
prevented by the design of the transporter. Cask transporters are considered to be
commercially available equipment and are not part of the cask system or ISFSI design. The
Technical Specifications require the licensee to use cask transporters that are designed to
preclude tipover during a design basis earthquake or if impacted by a design basis tornado
missile.
Based on the design of the cask system, the site characteristics, the equipment to be used at
the proposed Facility, and the analysis presented in the PFS Facility SAR, the staff agrees that
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the cask will not tipover. Nevertheless, a hypothetical, non-mechanistic tipover would not impair
the cask's ability to maintain subcriticality, confinement and sufficient shielding of the stored
fuel.
15.1.2.2

I
I

Cask Drop

The staff reviewed the information presented in Section 8.2.6 of the SAR, Hypothetical Storage
Cask Drop/Tip Over. This accident event involves dropping a loaded transfer cask, storage
cask, or canister in the Canister Transfer Building, cask storage area, or path from the transfer
facility to the storage area.

I
I
I

The storage casks are moved from the Canister Transfer Building to the storage pad using the
cask transporter. The Technical Specifications in the PFS Facility SAR require that the
transporter be designed to mechanically limit the storage cask vertical lifting height to 9 inches.
As discussed in Section 4.7.5.5 of the SAR (Holtec International, 2001a), the vertical lift height
for the cask transporters to move the casks to the storage pads is 4 inches. As discussed in
Section 15.1.1.1 of this SER, the applicant has demonstrated with site specific drop and tipover
analyses (Holtec International, 2001 a) that a vertical drop from 9 inches would not impair the
cask's ability to maintain subcriticality, confinement and sufficient shielding of the stored fuel.
As discussed in Chapter 5 of this SER, drop of a HI-TRAC transfer cask and MPC will not occur
due to the design of the lifting devices proposed to be used in the Canister Transfer Building.

I

Based on the above discussion, the staff finds that a cask drop from the maximum allowable
height of 9 inches would not impair the cask's ability to maintain subcriticality, confinement'and
sufficient shielding of the stored fuel.
15.1.2.3

Flood

The staff reviewed the information presented in Section 8.2.3 of the SAR, Flood. The applicant
performed a PMF analysis for the proposed site based on state-of-the-art procedures and
practices outlined by the U.S. Army Corps of Engineers (1997) to show the cask storage area is
flood dry. The PMF analysis is derived from the PMP, or rainfall, that may occur in each of two
identified drainage basins (Basin A and Basin B). The PMF analysis comprised delineation of
the tributary drainage basins, determination of the appropriate rainfall depths, simulation of the
storm and routing of the runoff hydrographs, determination of the flood water surfaceelevations
near and through the PFS Facility site, and evaluation of how the proposed structures affect
site safety. Based on this analysis, the proposed location of the Facility was determined to be a
flood dry site (i.e., the cask storage pads are positioned above the adjacent flood plain),
although the site would be temporarily isolated.during a major flood event.
The SAR analysis indicates that the PMF peak discharge water surface elevation for Basin A at
the upstream face of the roadway embankment is 4,506.5 ft above mean sea level. The earth
berm with top elevation of 4,507.5 ft above mean sea level contains the flood flow. The PMF
flood water surface elevation will overtop the low point of the access road embankment
(elevation 4,502 ft) by approximately 4.5 ft. The cask storage pad area is located downstream
from the embankment at an elevation of 4,462 ft above mean sea level and where the flood
water surface elevation will be approximately 4.5 ft lower than the pad elevation. The PMF
water surface elevation adjacent to the northeast corner of the Facility for Basin A is
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I
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approximately 4,456.8 ft above mean sea level. This is approximately 5 ft below the cask
storage area. Therefore, the SAR shows the cask storage area is approximately 5 ft above the
PMF water surface elevation for Basin A and will be flood dry.
The SAR analysis indicates that the PMF for Basin B will overtop the railroad embankment
(elevation 4,475 ft above mean sea level) by approximately 3.2 ft at an elevation of 4,478.2 ft
above mean sea level. The berm constructed immediately upstream of the Facility will have a
top elevation of 4,480 ft above mean sea level and will extend above the PMF water surface
elevation approximately 1.8 ft (freeboard). Flood waters do not impact the south face of the
berm. The PMF water surface elevation at the northeast corner of the site is at an elevation of
4,458 ft above mean sea level. The cask storage pad elevation is 4,462 ft above mean sea
level, indicating the pad is approximately 4 ft above the PMF water surface elevation for Basin
B. Therefore, the SAR shows the cask storage area is approximately 4 ft above the PMF water
surface elevation for Basin B and will be flood dry.
Failure of the railroad embankment will result in the flood waters concentrating through a
breach and then resuming their northerly flow in the floodway. The water surface elevation over
the embankment will be lowered as the cross-sectional area of the flood flow increases. The
flood flow water surface elevation will be a minimum of 4 ft below the cask storage area and the
cask storage area will remain flood dry. Although a railroad embankment failure would isolate
the site until the embankment is repaired, such failure has no flood impact on the cask storage
area.
Failure of the Facility upstream berm is highly unlikely because flood water will not contact the
upstream face of the embankment. The only point of flood water contact with the Facility berm
is at the interface of the railroad embankment and the west component of the Facility berm.
Should the berm fail, the flood water surface elevation could potentially rise approximately 3 ft.
However, there will be a minimum 1 ft differential between the water surface elevation and the
cask pad top elevation, thereby keeping the casks dry. Therefore, failure of the Facility berm
has no flood impact on the cask storage area.
Therefore, the SAR shows that a potential failure of any embankment or combination of
embankments resulting from the PMF for Basins A and B does not impact the safety of the
cask storage area because it will be flood dry in all scenarios. As a result, these embankments
are not important to safety.
The staff reviewed the applicant's information and analysis in connection with a potential flood
at the PFS Facility site. The staff found it acceptable because:

"* Adequate information has been presented regarding the PMF potential.
"* Surface water flooding that may directly affect safety has been sufficiently
investigated and assessed.

"* Potential flooding from the drainage basins will not submerge the cask storage
area.
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Failure of the Facility upstream berm is highly unlikely because flood water will
not contact the upstream face of the embankment and any hypothetical failure
would not result in flooding of the cask storage area.

The structures, systems, and components important to safety are located above the maximum
flood plain and, therefore, available water is insufficient to cause a tipover or overturning, a
canister breach, or total submersion of the casks. Based on the information provided, the staff
concludes that flooding will not impair the ability of the structures, systems, and components to
maintain subcriticality, confinement and sufficient shielding of the stored fuel.
15.1.2.4

Fire and Explosion

Fire
The staff has reviewed the information presented in Section 8.2.5, Fire, of the SAR. Additional
information presented in SAR Section 2.3.1.3.6, Thunderstorm and Lightning; Section 4.3.8,
Fire Protection System; Section 3.3.6, Fire and Explosion Protection; and Section 7.3.1,
Installation Design Features, was also used in this review.
A credible fire accident affecting structures, systems, and components important to safety at
the Facility is possible during canister handling at the Canister Transfer Building or cask
transportation. A credible fire at the Facility may be initiated by the ignition of diesel fuel from
the storage tank, vehicle diesel fuel, or electrical insulation/equipment. Fires from other site
specific sources, such as other materials onsite, grass-fueled wildfires, and accidents on nearby
highways or industrial complexes have also been considered. Information regarding the fire
design features, fire detection systems, and fire-suppression systems has been evaluated in
Chapter 6 of the SER.
No combustible or explosive materials will be stored on or near the storage pads. The
restricted area will be completely covered with compacted gravel. The area between the outer
edge of the restricted area and outer edge of the perimeter road will also be covered with
crushed rock.
Fires within the restricted area may be due to various factors including (SAR Section 8.2.5.1):

"o diesel fuel in cask transporters moving storage'casks from the Canister Transfer
Building to the storage pads,

"* diesel fuel in cask transporters spilled inside the canister transfer cells,
"• diesel fuel and tires in heavy-haul trucks transporting shipping casks to the cask
load/unload bay of the Canister Transfer Building,

"* diesel fuel in tanks of locomotives transporting shipping casks to and from the
Facility,

"• the diesel generator fuel tank inside the Security and Health Physics Building,
and
March 2002

15-11

t.J,,iI,•.lt.CL~

t,

,V L I

0

the diesel fuel storage tank.

The applicant has conducted an analysis of potential fires at the Facility and determined which
fires are bounding. The staff has reviewed the applicant's analysis and determined that it is
acceptable.
PotentialFires at the Storage Pad
One potential fire at the Facility storage pads involves a diesel-fueled cask transporter with a
50-gallon fuel tank. The tank may rupture, resulting in all 50 gallons of diesel fuel being spilled.
The spilled diesel fuel may be ignited, although that is unlikely due to the high flash point of
diesel fuel. During storage operations, the only combustible material installed at the storage
pads will be the insulation of wiring of temperature monitoring gauges. The amount of
insulating material is insufficient to be a major source of fire.
The HI-STORM 100 storage cask has been analyzed for a design basis fire caused by 50
gallons of spilled diesel fuel. This analysis and the staff's evaluation are respectively provided
in the HI-STORM 100 FSAR and the NRC's related SER. In this analysis, a pool of diesel fuel
is assumed to encircle the storage casks and extend 1 m beyond the cask surface. A fuel
consumption rate of 0.15 in./min was assumed in analyzing the fire scenario, which translates
to approximately 14 gallons/min. Based on this fuel consumption rate, the 50 gallons of diesel
fuel from a cask transporter will be consumed in approximately 3.6 min. The analysis showed
that all component temperatures remained below their short-term limits except for the outer
one-inch of the concrete in the storage cask, which is acceptable since it does not impair the
concrete's shielding function.
Another potential fire at the Facility storage pads involves a locomotive fuel spill. Section
8.2.5.2, Accident Analysis, discusses the effects of a potential rupture of the diesel fuel tanks of
the locomotives and associated fire. A postulated worst case fire involves spill of all diesel fuel
from two coupled main line locomotives assumed to be positioned at the north rail line nearest
to the cask storage area. Distance of the center of the north rail line is 110 ft from the nearest
storage pad. PFS has assumed model SD-40-2, Type C-C locomotives in the calculation.
These locomotives, manufactured by General Motors Electro-Motive Division, have a rating of
3,000 continuous horsepowers (hp). The length of each locomotive is 68 ft 10 in. The
locomotives will be operated at slow speeds (approximately 5 to 10 mph) associated with
switching and siding operations. Each locomotive carries 3,200 gallons of diesel fuel in two long
tanks, located underneath.
The applicant assumed that both fuel tanks of each locomotive ruptured and spilled a total of
6,400 gallons of diesel fuel under the fuel tanks. The applicant then calculated the heat flux
assuming that the pooled diesel fuel ignites and burns. The applicant applied different pool
diameters of 50, 75, and 100 ft under each set of fuel tanks of the locomotives (one pool from
each locomotive). Although there will be some overlap at 75 and 100 ft diameter pool sizes, the
analysis evaluated the heat flux from each pool separately and summed them at the nearest
row of storage casks to calculate the total heat flux from both pool fires (SAR Section 8.2.5.2).
The integrated radiant heat fluxes from different pool sizes were compared to the fire design
and analysis of the HI-STORM 100 storage cask. Based on this analysis, PFS concluded that a
fire from 6,400 gallons of diesel fuel spilled from the locomotives is bounded by the design
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basis fire analysis of HI-STORM 100 cask system. Because the Canister Transfer Building is
further away from the north rail line, it will be able to withstand this hypothetical fire occurring
near the storage pads.
The land contour of the Facility site will have a downward slope from the rail lines to the cask
storage area. As discussed in Section 8.2.5.2 of the SAR, the licensee will construct an
intervening drainage swale that is parallel to the rail siding on its north side. The swale will be
designed to retain a hypothetical 6,400-gallon spill from ruptured locomotive fuel tanks and
divert the spill from the storage area. The design will account for the unlikely event of a
hypothetical tipover (derailment) of the locomotive and complete rupture of all fuel tanks. The
nearest edge of the swale will be constructed approximately 10 ft from the rail siding and the
other side will be more than 60 ft away from the storage pad. The capacity of the swale will be
sufficient to contain a total loss of diesel fuel coincident with a 100-year design rainfall.
Based on the presented information, the staff concluded that a potential locomotive fuel spill
near the storage pad area and a subsequent potential fire will not pose a hazard to the Facility
such that structures, systems, and components important to safety will fail to perform and
release radioactivity.
PotentialFires at the CanisterTransferBuilding
At the Canister Transfer Building, the diesel fuel tanks of the cask transporters and heavy-haul
vehicle tractors are potential sources of fire in the transfer cell and cask load/unload bay,
respectively. Locomotives pushing loaded rail cars into the Canister Transfer Building are
another source of fuel spills and fires. The heavy-haul vehicles will enter and exit the cask
load/unload bay at the south end of the Canister Transfer Building. The heavy-haul vehicle
tractors are equipped with 300-gallon diesel fuel tanks.'
PFS has assumed use of locomotive model MP-15AC manufactured by General Motors
Electro-Motive Division. The basic model of this locomotive has 1,500 hp and carries 1,100
gallons of diesel fuel. PFS proposes to use 150 ton flat rail cars with depressed centers to
transport shipping casks by rail. This car has a coupled length of 105 ft. PFS also proposes to
use a spacer car, positioned between the shipping cask car and the locomotive, to move the
shipping cask in and out of the Canister Transfer Building. The spacer car is approximately 66
ft long. Consequently, the locomotive will be approximately 188 ft away from the car carrying
the shipping cask. The rail cars will enter the Canister Transfer Building through the west
doorway of the cask load/unload bay. Because the distance of this doorway from the position
where the shipping casks would be hoisted is 102.5 ft, the locomotive pushing the shipping
cask car would be approximately 16 ft outside.the Canister Transfer Building. By administrative
procedures of the Facility, train locomotives will be required to stay out of the Canister Transfer
Building. Additionally, PFS will install wheel stops onto the rails in the cask load/unload bay
east of the bay centerline to physically prevent the locomotive from entering the Canister
Transfer Building. Based upon the design, the fuel tank of the locomotive will be an additional
20 ft from the Canister Transfer Building.
PFS (SAR Section 4.3.8.1) has classified the Canister Transfer Building as a Type II Fire Rated
construction following the UBC (International Conference of Building Officials, 1997) anda
construction Type II structure in accordance with NFPA 220 (National Fire Protection
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Association, 1999a). Because nuclear materials will be handled in the Canister Transfer
Building, the fire protection systems will be designed in accordance with NFPA 801 (National
Fire Protection Association, 1998a). The Canister Transfer Building is designed to limit the
potential effects from a diesel fuel fire by providing curbs and sloped floors to contain spilled
diesel fuel away from the structures, systems, and components important to safety. The
Canister Transfer Building and its surroundings are designed so that any fuel spilled outside the
building will not flow into the building.
A foam-water sprinkler system will be installed in the cask load/unload bay in accordance with
NFPA 16 (National Fire Protection Association, 1999b). Additionally, the floor of the bay area
will be sloped toward one of two sumps located between each bay. One sump will be located at
the center of each zone. The sumps will be 9 ft long and 4 ft wide with a floor sloping
downward at a rate of 0.25 in./ft for 60 ft to a deep end. NFPA 16 requires that the design
discharge of water from the sprinkler system should be no less than 0.16 gallons/min/sq ft.
NFPA 801 requires that the drainage system of the building should have adequate size for the
suppression system operating for a period of 30 minutes. PFS has calculated the depth of
each sump to be 5.6 ft, which will be adequate to accommodate 300 gallons of diesel fuel spill
and 30 minutes of discharge of the sprinkler system at the discharge rate allowed. The
threshold between the crane bay and load/unload bay will be 1 in. in height to retain any spilled
diesel fuel. The rise of the threshold will be gradual to avoid personnel tripping hazard.
The walls of the transfer cells will be 2-hr fire rated, and the sliding doors facing the cask
transporter bay area will be 2-hr fire rated to prevent any fire in the transporter bay from
affecting an exposed canister during the transfer operation as shown in Figure 4.3-1 of the
SAR. The interior walls of the transfer cells are 30 ft high and are made of 1 ft thick concrete.
This 1 ft thick concrete provides at least 4-hr fire resistance, based on Table 7-B of the UBC
(International Conference of Building Officials, 1997). No sprinklers will be located near the
transfer cells to avoid the possibility of spraying a canister and dislodging any contamination
(SAR Section 8.2.5.2). The transfer cells will primarily contain the storage, transfer, and
shipping casks. The only ignition source in the transfer cells will be the cask transporters used
to remove a storage cask for placement on the storage pad. This situation will only occur when
the canister is safely contained in the shipping cask or the concrete storage cask. Additionally,
the floor of the transfer cells will be sloped away from the cells to ensure that a diesel fuel spill
in the transporter bay does not flow into the cells. Moreover, 100-ft long hoses will be installed
adjacent to the crane bay and the cask transporter bay exit locations to provide equivalent fire
protection in accordance with NFPA 801. These fire hoses will ensure that all areas within the
transfer cells are accessible by a water stream in case of a fire.
The transfer cells and crane bay will not store any combustible liquid. One postulated fire
scenario in the Canister Transfer Building involves 50 gallons of diesel fuel spilled from the fuel
tank of the cask transporter in one of the three canister transfer cells. By PFS Facility
administrative procedures, the shield doors on either side of a transfer cell will remain closed
when a canister transfer operation is in progress, and the cask transporter is thereby prevented
from entering the cell. Additionally, the design of the Canister Transfer Building prevents any
diesel fuel spilled outside to enter the transfer cells. A cask transporter with a 50-gallon diesel
fuel tank can enter the cell only when the canister is inside the shipping cask with its lid bolted
in place or when the canister is inside the storage cask with its lid bolted in place. As discussed
previously, a fire invblving 50 gallons of diesel fuel will burn for 3.6 min. Analysis presented in
the HI-STORM 100 FSAR shows that the storage casks can withstand this type of fire without
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compromising its safety functions. This short duration fire would also be bounded by a 1,475
OF, 30 min fire, which shipping casks approved under 10 CFR Part 71 are required to withstand.
Because the cask transporter, the only significant source of ignition in a transfer cell, cannot
enter the transfer cell while the canister transfer operation is in progress, a fire when the
canister is in a transfer cask is precluded.
A fire in the cask load/unload bay involving 300 gallons of diesel fuel in heavy-haul trucks
transporting shipping casks has been postulated. The cask load/unload bay is approximately
200 ft long and 50 ft wide. A 300-gallon diesel fuel spill will result in a pool 36 ft long and 6 ft
wide with a depth of 2.23 in. At a burning rate of 0.15 in./min, the fuel in this pool will be
burned in approximately 15 min. The deep ends of each sump will be located approximately 60
ft away from the center of the load/unload bay, where a shipping cask would be placed for
preparation of transferring into a canister transfer cell. The temperature of the fire near the
shipping cask would be substantially lower than a 1,475 OF, 30 min fire. Additionally, the cranes
will be in the high bay area whereas the sumps are located in the low bay areas. Consequently,
a fire in the sumps will not affect any structures, systems, and components so as to cause a
radioactive release.
A fire in the low bay areas would produce upper hot layer temperatures. The cranes would be
exposed to these high temperatures. Therefore, PFS evaluated the effects of a postulated fire
on the cask involving-the heavy-haul trailer. To determine a bounding fire scenario for the
Canister Transfer Building, PFS has evaluated four credible fire scenarios:

"* a diesel fuel spill fire of 300 gallons being consumed in 30 min, assuming a leak

rate of the tanks of the heavy-haul trailers equal to 10 gallons/min, which results
in a fire of duration 30 min;

"* a diesel fuel spill of 300 gallons spread over an area of 200 sq ft (2.4 in. fuel
*

depth) consumed in 16 min;
a double axle of tires of the heavy-haul trailers (a total of 16 tires) assumed to
burn for 30 min; and

*

a combined 200 sq ft diesel fuel spill of 300 gallons and a tire fire lasting 30 min.

Details of the analyses are given in Stone & Webster Engineering Corporation (2000a,b).
In scenarios involving a 200 sq ft diesel fuel pool fire, it has been assumed that the sumps at
each end of the cask load/unload bay do not exist and 300 gallons of diesel fuel forms a pool,
centered at the trailer's fuel tanks, that extends to the nearest set of tires of the trailer. These
scenarios were evaluated using the software FPEtool to determine the fire plume temperatures
in the low bay area (30-ft high ceiling), hot layer temperatures in the high bay area (90-ft high
ceiling), and release rate of heat from each fire. An area of the load/unload bay equal to 10,200
sq ft and height of the ceiling equal to 30 ft were used in plume calculations. Concrete walls
and ceiling heat loss area of the high bay area, equal to 80,545 sq ft, were used in calculating
the temperatures of hot layers. A vent to the low bay area, having height equal to 30 ft and
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width equal to 20 ft, was assumed because the hot layer calculations require a vent. These
analyses do not consider the automatic fire-suppression system to be installed in the Canister
Transfer Building and any manual actions to extinguish the fire. The results are given in
Table 15-1.
Table 15-1. Results from analysis of different fire scenarios (SAR Section 8.2.5.2)

Fie
cearoat
Fire Scenario

Plume Temperature
Low Bay
at

Hot Layer
Temperature at

Heat Release Rate

High Bay
(-F)

(kW)

(i) Diesel fuel pool,
consumed in 30 min

834

324

21,100

(ii) Diesel fuel pool,
consumed in 16 min

1200

408

38,000

(iii) Tire fire, duration
30 min

503

214

9,000

(iv) Combined 16 min
diesel fuel pool and
30 min tire fire

1372

459

4 7 ,0 0 0 / 9 ,0 0 0 t

t47,000 kW heat release rate (combined diesel pool and tire fire) lasts for first 16 min and 9,000 kW heat release
rate from tire fire continues for an additional 14 min.

Results given in Table 15-1 show that the bounding fire is a 300-gallon diesel fuel spill, which
burns in 16 min, combined with a 30 min tire fire.
A substantial ignition source is necessary to create a self-sustaining fire of the tires of the
heavy-haul vehicles. The analysis presented by PFS (Stone & Webster Engineering
Corporation, 2000b) considered fire involving a set of tires on the vehicle. Because the floor is
sloping toward the sump and the sump is sloping away from the shipping cask, it was
considered a non-credible event for a fire involving 300 gallons of diesel fuel spilled from the
vehicle tank to spread more than 60 ft to affect the shipping cask. It is also extremely unlikely
for the tires on the adjacent axle, separated by 12 ft, to catch fire as the peak radiant heat flux
to the adjacent axle was calculated to be 8.0 kW/m 2 . A significantly larger heat flux (more than
two and a half times) is necessary to ignite vulcanized rubber.
As a worst case scenario, PFS assumed tires on the double axle closest to the shipping cask
(total of 16 tires) would burn. The calculated peak radiant heat flux at the middle of the flame
was 10.7 kW/m 2 . However, shipping casks approved under 10 CFR Part 71 must be designed
to withstand a fire burning at 1,475 OF for 30 min, yielding a radiant heat flux of 68 kW/m 2.
Therefore, there is reasonable assurance that a fire involving tires of the heavy-haul vehicles
would not affect the safety functions of a shipping cask.
Canister transfer operations may take place in the transfer cells while a heavy-haul vehicle is in
the cask load/unload bay. The reinforced concrete barrier walls, 30 ft in height, of the transfer
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cells protect the equipment within the cells from radiant heat caused by a fire in the cask
load/unload bay. Additionally, the smoke layer temperatures over the transfer cells from the
bounding fire will not create a significant hazard to the equipment within the transfer cells due to
the 90 ft high ceiling in the high bay area and the large heat loss surface area of the reinforced
concrete walls and ceiling. The highest calculated average'upper layer-temperature was 459
*F for the bounding fire scenario, with somewhat higher temperatures near the ceiling and
lower temperatures near the bottom of the upper layer. These temperatures would not affect
the structural integrity of the canisters or the transfer casks based on the design and fire
analysis presented in the HI-STORM 100 FSAR. Moreover, the upper layer temperature from
the bounding fire scenario is low and will not affect the Canister Transfer Building structure.
Upper layer temperatures were half of those needed to cause flashover of the contents of the
Canister Transfer Building. Flashover occurs when the upper layer temperature is high enough
to cause most of the combustibles within the fire area to auto-ignite. Although components
associated with the electric power supplies and motors for the crane and -canister downloader
may fail at these temperatures, the cranes and the canister downloader are designed to safely
maintain their loads in case of loss of electric power.
The Canister Transfer Building is constructed of reinforced concrete, which meets the non
combustible criteria and can withstand the effect of large fires for long periods of time. This
plume temperature analysis showed that the concrete structure of the Canister Transfer
Building can withstand the postulated fires without collapse. Because the plume temperatures
obtained at the low bay ceiling in these fire scenarios are below the exposure conditions of an
ASTM E-1 19 fire resistance test (American Society for Testing and Materials, 1998), there is
reasonable assurance that the postulated fires will not pose any hazard to the structural
integrity of the Canister Transfer Building.
The size of the Facility is also beneficial, in that the heat from a fire would dissipate in the high
bay, allowing more time before the building becomes untenable for workers to egress and
emergency response personnel to suppress the fire. The segregation of the transfer cells with
concrete walls is beneficial because it shields the transfer operation from a fire in the
load/unload bay. The cask transporter will also be segregated from the transfer cells'during
transfer operations with a 2-hr fire rated barrier.
The applicant's analysis was conservative since it did not take into effect the benefits of the
smoke removal system, load/unload bay drainage,'foam-water deluge, and manual efforts to
mitigate the fire before these high temperatures are reached. Fire detection, alarm, and
suppression systems will be designed according to applicable NFPA Standards and provided
with sufficient capacity and capability to minimize the adverse effects of fires on -structures,
systems, and components important to safety.. As discussed above, a foam-water deluge
system will be used in the load/unload bay. The foam-water deluge provides superior
suppression of Class B fires (applicable here), around the heavy haul vehicle. Fire hoses and
portable extinguishers will be provided for quick deployment. Hydrants will be located near the
buildings to support manual fire suppression using the fire trucks. Two fire pumps, one electric
and one diesel, and two water tanks are provided for redundancy. A fire brigade is provided
during hours of operation, when fires having the potential for radiological release could occur.
Additional details are given in Chapter 6 of this SER.
The SAR also describes the smoke detection, fire alarms, and a smoke removal system for the
Canister Transfer Building. Photo-sensitive smoke detectors will be provided for early warning
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to the building occupants. The fire alarm annunciates within the building and at a central alarm
panel in the Security and Health Physics Building for continuous 24 hour a day monitoring.
Smoke removal is provided by the building's exhaust ventilation fans and should reduce the
smoke level and upper layer temperature of the transfer bay during a fire. These systems
provide adequate mitigation of the Canister Transfer Building fire risk to reduce the impact on
structures, systems, and components important to safety. Detailed discussion of the fire
detection, alarm, and suppression systems is given in Chapter 6 of this SER.
Potential Fires at the Canister Transfer Building - Structural Steel Roof
The structural steel roof will be fireproofed to provide the required 2-hour fire resistance rating
(Parkyn, 2001). The bounding fire for the building structural consideration as discussed in PFS
Facility SAR Section 8.2.5 is the 300 gallon diesel fuel fire combined with a 30-minute tire fire.
Therefore, the 2-hour fire resistance rating is adequate to ensure that the fire scenarios
discussed in PFS Facility SAR section 8.2.5 will not result in a structural failure. The 2-hr fire
rating is based on the construction classification Type Il-FR per the UBC, and Type 11-222 per
NFPA 220. The building construction meets the requirements of NFPA, Section 3-5.
Therefore, there is reasonable assurance that the postulated fires will not pose any hazard to
the structural integrity of the structural steel of the Canister Transfer Building.
Potentialfor Wildfires
Based on information from the National Oceanic and Atmospheric Administration, PFS has
estimated that approximately 20 severe thunderstorms took place in Tooele County from 1975
through 1995, with two reported instances of lightning strikes causing injuries (SAR Section
2.3.1.3.6). PFS has also provided information on potential wildfires that may affect the Facility
(SAR Section 8.2.5.1), based on Britton (Parkyn, 1999). This document analyzed the possibility
and characteristics of a wildfire reaching the PFS Facility site boundary. According to Britton,
the valley does not have continuous fuels due to the dry climate and the presence of alkaline
and salty soils. Cheatgrass is the dominant fuel for wildfires in Skull Valley. Although
cheatgrass does not have a significant influence on frequency of occurrence of wildfires, fires
can spread easily in cheatgrass compared to a typical bunch grass site if cheatgrass is
available in sufficient quantity.
During the last 18 years, 71.6 percent of the 109 fires of record in the area were less than 100
acres in size. This indicates marginal fuel continuity for large fire development and the intensity
of the initial firefighting efforts by-the Bureau of Land Management and other agencies (Parkyn,
1999). PFS has concluded the following:
"* The average number of fires in Skull Valley is approximately six per year over a
large area.
"* The probability of a worst case fire encountering the perimeter of the Facility is
well below 1 percent in a given year.
"* Planning (fuel modification and fuel breaks) and current fire fighting methods
(aerial slurry drops) will significantly reduce the probability of a fire reaching the
PFS Facility site.
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The fuel load in Skull Valley is approximately 5,000 lb/acre.

"o With this fuel loading, a flame length reaching a maximum of 28 ft is possible for
very short time periods.
*

A temperature of above 200'F will last 5.4-9 min at the soil surface and less
than 1 min at approximately 10 ft above the soil surface.

"* The temperature may reach approximately 1,466 0 F close to the soil surface,
based on investigations at the Horse Haven study site near Ely, Nevada, which
may be considered as the upper limit for Skull Valley.

"

The rate of spread of wildfire is highly variable and where heavy fuel is available,
the rate of spread of a fire can be as high as 590 ft/min for short runs.

"

The fuel load can be easily reduced by planting a crested wheatgrass barrier
around all areas susceptible to wildfire.

"* With a.100-ft fuel break (a zone containing no significant combustible
vegetation), no heat damage is possible for structures, systems, and
components important to safety at the Facility.
The Facility will be located on an open gravel surface (SAR Section 3.3.6). Figure 1.2-1 of the
SAR gives the layout of the restricted area of the Facility. Concrete storage pads will be
separated from the inner fence of the Facility surrounding the restricted area by a minimum
distance of 150 ft (Cooper, 1999). The restricted area not covered by the storage pads will
have crushed rock 12 in. deep. The outer fence is separated from the inner fence by a distance
of 20 ft. The isolation zone (i.e., the region between the fences) will also be covered 12 in.
deep with crushed rock. The 20-ft wide perimeter road, located at a distance of 10 ft from the
outer fence, will also be covered 12 in. deep with crushed rock. The 10-ft wide zone between
the perimeter road and the outer fence will also have a 12-in. deep crushed rock surface
(Cooper, 1999). This results in a 200-ft gravel barrier between the outer-most concrete storage
pad and the outer edge of the perimeter road. A maintenance program will control any
significant growth of vegetation through the crushed rock. Therefore, the surface of the
restricted area, including the region up to the perimeter road, will be noncombustible (Cooper,
1999).
PFS will plant a 300 ft crested wheatgrass barrier around the restricted area. Based on the
previous informationf, the site has more than 100 ft of fuel break between the outside edge of
the perimeter road and any storage cask or site structure important to safety. Crested
wheatgrass barrier provides another 300 ft of buffer. By comparison, the U.S. Fire
Administration (1993) suggests a 100-ft fuel break for wildfires in pine forests.
A group of four tanks with an individual capacity of 5,000 gallons will store propane for heating
the Canister Transfer Building and the Security and Health Physics Building. These tanks will
be located at least 1,800 ft from the nearest cask storage area and the Canister Transfer
Building. The group of tanks will be separated by missile barrier walls to ensure that more than
one tank will not rupture at any given time. To prevent any damage from wildfires, PFS will
place crushed rock on the ground at least 100 ft radially outward from the tanks. As discussed
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before, a 100 ft fire break provides adequate protection from wildfires. One or two propane
tanks, with a capacity less than 5,000 gallons, will also be located at least 1,800 ft away from
the Canister Transfer Building and the storage pads. These tanks will be used for heating the
Operations and Maintenance Building and the Administration Building.
Fires - Conclusion
The staff has reviewed the information provided by the applicant regarding potential wildfires
and onsite fires at the Facility. The staff found the applicant's analysis acceptable because:

"Adequatedesign details have been provided regarding the fire detection, alarm,

and suppression systems to be installed at the Facility. These systems will be
designed in accordance with acceptable codes and standards. Moreover, these
systems have sufficient capacity and capability to minimize the adverse effects of
a postulated fire on structures, systems, and components important to safety.
The suppression systems and fire fighting brigade are discussed in Section
6.1.5.1 of this SER.

"

Noncombustible and heat-resistant materials will be used to construct important
to safety structures, systems, and components, wherever practical.

"

Through design and administrative procedures, sources of ignition (e.g., spill of
diesel fuel) will be kept out of the canister transfer cells, especially when the
canisters are outside the protection of either a shipping cask or a storage cask.

"

A restricted area with designed fire barriers to prevent wildfires from affecting the
Facility has been adequately described.

"* The storage casks are designed to withstand a fire from 50 gallons of diesel fuel
from the fuel tank of the cask transporters.

"° Hypothetical fires involving the fuel tanks of the two main line locomotives will not
pose any radiological hazards to the storage casks on the storage pads or the
Canister Transfer Building.

"

Switching locomotives will be prevented from entering the Canister Transfer
Building by administrative procedures. Additionally, wheel stops will be installed
to physically prevent a locomotive from entering the Canister Transfer Building.

"

A foam-water sprinkler will be installed at the cask load/unload bay sufficient to
suppress any fire from 300 gallons of diesel fuel spilled from the tanks of heavy
haul trucks.

"* Cask transporters (the only ignition source in the transfer cells), are prevented
from entering the cells when a canister transfer operation is in progress.
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Plume temperature calculated at the low bay ceiling or upper layer temperature

at the high bay area will not affect the structural integrity of the Canister Transfer

Building.
The applicant has assessed the site conditions, such as availability of cheatgrass and ground
topography near the rail lines, that may affect the safety of the Facility. It has also assessed
the frequency and severity of wildfires. Additionally, the applicant has appropriately designed
the systems, structures, and components important to safety and located them within the
Facility so that they can continue to perform their safety functions under credible fire scenarios.
Moreover, the design of the Facility includes barriers (e.g. crested wheat grass, crushed gravel)
to protect against adverse effects that might result from either the operation or the failure of the
fire-suppression system.
Based on the foregoing evaluation, there is reasonable assurance that onsite fires and wildfires
will not create a significant hazard to the Facility. The staff finds that the Facility is Sited,
designed, and operated to minimize the potential for fires and any onsite fires or wildfires would
not impair the ability of the structures, systems and components to maintain subcriticality,
confinement, sufficient shielding, and retrievability of the stored fuel. The applicant's
description of its means and equipment to fight fires onsite provides a defense-in-depth
approach and is adequate to assure the health and safety of its workers, the public, and the
environment.
Onsite Explosion

>

The staff has reviewed the information presented in SAR Section 8.2.4, Explosion, and Section
3.3.6, Fire and Explosion Protection. Areas within the Facility where a-potentially explosive
agent can be found include:
*

the backup power generator diesel fuel tank;

0

the propane gas storage tanks for heating the Canister Transfer Building and the
Security and Health Physics Building; and

*

the propane gas storage tanks for heating the Administration Building and
Operation and Maintenance Building.

Important to safety structures, systems, and components that are required to function after an
explosion event include both the storage casks and the Canister Transfer Building. Regulatory
Guide 1.91 (Nuclear Regulatory Commission, 1978) sets 1 psi as the peak positive incident
overpressure below which no significant damage to the structures would be expected to result
from an explosion. Blast-induced ground motions are bounded by the earthquake criteria, and
blast-generated missiles are bounded by the tornado missile criteria established for the Facility.
For the explosion sources present in the Facility, air overpressure from an explosion presents
the most critical consideration.
A diesel fuel oil storage tank will be located within the restricted area fence-for refueling onsite
vehicles, including the cask transporter. The tank will be placed approximately 200 ft from the
Canister Transfer Building and approximately 700 ft from any storage cask located on a
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concrete pad. The capacity of the diesel storage tank will be approximately 1,000 gallons A
regional bulk fueling service will supply the fuel to the tank. This aboveground tank will have
a
double wall to satisfy the primary and secondary spill containment requirements of NFPA 30
(National Fire Protection Association, 1996b). The tank will be surrounded with dikes to contain
fuel in the event of a leak or spillage. The tank will be designed in accordance with the
requirements of UL-142, Steel Aboveground Tanks for Flammable and Combustible Liquids
(Underwriters Laboratories Inc., 1993) and UL-2085, UL Insulated Aboveground Tanks for
Flammable and Combustible Liquids (Underwriters Laboratories Inc., 1997). Another double
wall subbase diesel tank will be in the Security and Health Physics Building to provide fuel for
the backup diesel generator. The anticipated capacity of the diesel tank in the Security and
Health Physics Building for providing fuel for the backup diesel generator is 350 gallons, which
exceeds the exempt amount of 120 gallons for Class II combustible liquid. Therefore, a water
sprinkler will be installed in the diesel generator room in accordance with NFPA 13 (National
Fire Protection Association, 1999c) (SAR Section 8.2.4.2). The diesel generator room will be
separated from all other adjacent interior spaces by a 1-hr rated fire barrier.
The outdoor diesel storage tank may rupture from a collision or tornado-driven missile impact
resulting in spillage of diesel fuel. However, spilled diesel fuel does not create the potential
for
an explosion because of its low volatility and high flash point.
A group of four centralized tanks, with maximum individual capacities of 5,000 gallons, will store
a maximum of 20,000 gallons of propane for heating the Canister Transfer Building and the
Security and Health Physics Building. The storage tanks will be located outside the restricted
area, at least 1,800 ft south or southwest of the Canister Transfer Building and at least 1,800
ft
from the nearest cask storage pads. The distance between the storage tanks and the
Operations and Maintenance Building will be approximately 1,000 ft. The four propane tanks
will be separated by missile walls designed to ensure that a single tornado missile cannot
rupture more than one tank. One or two small size tanks with capacities less than 5,000
gallons will be located near the Administration Building and the Operations and Maintenance
Building to supply propane for heating these buildings. These tanks also will be at least 1,800
ft
away from the nearest storage pad and the Canister Transfer Building. Consequently, the blast
from a vapor-cloud explosion caused by release of propane from one tank will not develop air
overpressure larger than 1 psi.
The aboveground propane storage tanks will be designed in accordance with the requirements
of NFPA 58 (National Fire Protection Association, 1998b). The propane heating system will
be
installed on the roof of the Canister Transfer Building. Outdoor pipelines supplying propane
will
be below ground and coated or wrapped. An excess flow control feature will be installed at
the
storage tanks that will isolate a distribution line if the flow detector senses an abnormally high
flow rate, indicating a leak of propane. Propane is classified as a flammable and liquefiable
gas. Propane will be stored as a liquefied petroleum gas with the tank pressurized to the vapor
pressure of the propane liquid, whose temperature will be close to the average ambient daily
temperature. Relief valves on the tanks will be set at approximately 275 psig.
The propane from the storage tanks will be distributed to the Canister Transfer Building and
the
Security and Health Physics Building using 2 in. schedule 80 steel pipe. Use of buried and all
welded piping system will minimize the possibility of propane leakage. A compressor, located
near the storage tanks, will provide the motive force necessary to move the propane to these
buildings. Excess flow control features, installed at the storage tanks, will isolate propane
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flowing to the affected distribution line in case of an abnormally large flow rate. An abnormally
large flow rate would be an indication of a large leak or rupture of the pipe. Additionally, a single
excess flow shutoff valve will be located on the 2 in. pipe header downstream of the connection
points of the distribution lines from the four propane storage tanks. This valve will close
automatically if a high flow rate is detected. This system of automatic isolation valves will isolate'
ruptured pipelines. Therefore, the potential for significant leak of propane in the vicinity of the
Canister Transfer Building or Security and Health Physics Building is minimized.
The Canister Transfer Building is designed to withstand a pressure differential of 1.5 psi from a
design basis tornado (SAR Section 3.2.8.1). Moreover, the design of the proposed storage
cask systems shows at least 5 psi pressure differential is needed before any damage takes
place.
Although unlikely, it is hypothesized that the propane tanks will rupture when struck by a
projectile, such as a tornado missile. Because of vehicle barriers, a vehicle is not expected to
collide with the propane storage tanks.
PFS carried out an atmospheric dispersion analysis to determine the maximum downwind
distance from the storage tanks in which the propane concentration in the plume could be
above the lower explosive limit (SAR Section 8.2.4). Additionally, PFS determined the air
overpressure developed by delayed ignition of the resulting propane vapor cloud. PFS
analyzed four possible scenarios:
Scenario 1: A 2-in diameter hole at the top of the tank, allowing only propane
vapor to be released.

K,..

Scenario 2: A 2-in diameter hole at the bottom of the tank, allowing only liquid
propane to be released.

"

Scenario 3: An instantaneous release of 20,000 gallons of propane from one
tank.

"* Scenario 4: An instantaneous release of 5,000 gallons of propane from one
tank.
The objective of this study was to determine whether release and dispersion of the entire
propane from a 20,000-gallon tank and later ignition of the vapor cloud would produce
acceptable air overpressure at the storage casks and the Canister Transfer Building. If the
calculated air overpressure was found to be unacceptable, four smaller storage tanks, each
with a 5,000-gallon capacity, would be used instead of one 20,000-gallon tank, if similar
analysis with a 5,000-gallon storage tank produced acceptable air overpressure at the storage
pads and the Canister Transfer Building.
The tanks would be located at a minimum distance of 1,800 ft from the Canister Transfer
Building and the nearest storage casks. The tank was assumed to be full at a temperature of
20 °C (68 OF) and at a pressure of 8.4 atm in each case. Atmospheric conditions assumed are
night time with very stable condition (Stability Class F), and an ambient temperature of 20 °C.
These characteristics produce worst case conditions for dispersion. A wind speed between 1 to
5 m/s, that produced the largest predicted propane concentration at 549 m (1,800 ft) distance
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from the tanks, was used in the analysis. The wind speed is consistent with site measured
data, reported in Section 2.3.2.1.3, Wind Direction and Speed, of the SAR.
To analyze the first two scenarios, PFS used the TSCREEN model, developed by the
U.S. Environmental Protection Agency, to predict the release rate of two-phase propane from
pressurized tanks with holes. Additionally, the SLAB model (Ermak, 1990) was used to predict
the dispersion of large scale release of two-phase, denser than air plumes resulting from tank
spills.
The distance at which the air overpressure resulted from the vapor-cloud explosion in each
scenario would be equal to one psi was calculated with the methodology of Regulatory Guide
1.91 (Nuclear Regulatory Commission, 1978). An explosive yield factor of 3 percent was
assumed in determining the TNT equivalent weight of propane.
Regulatory Guide 1.91 (Nuclear Regulatory Commission,, 1978) estimates that, in most cases,
less than 1 percent of the calorific energy will be released as blast energy. Additionally,
Industrial Risk Insurers (1992) states that analyses of actual chemical plant vapor-cloud
explosions indicate an explosion yield factor of 1 to 5 percent. Industrial Risk Insurers suggest
a value of 2 percent for the explosion yield factor to be used in maximum and catastrophic loss
estimates. Based on the Society of Fire Protection Engineers' (SFPE) Handbook of Fire
Protection Engineering (Society of Fire Protection Engineers, 1995), the presence of a large
structure within the vapor cloud is a necessary but not sufficient condition for an explosion,
since approximately 22 percent of reported ignitions resulted in deflagration and not an
explosion. The explosion yield factor is approximately 1 percent for releases of 1,000 to 10,000
kg of vapor and is in the range of 1 to 10 percent for larger than 10,000 kg releases (Society of
Fire Protection Engineers, 1995). The Federal Emergency Management Agency (FEMA)
specifies the explosion yield factor for propane to be equal to 3 percent (Federal Emergency
Management Agency, 1989). Based on the FEMA Handbook, a number higher than 3 percent
will correspond to other more explosive substances, such as certain alkenes and fuels
containing oxygen, which are expected to have higher fractions of total energy contributing to
the blast from a vapor-cloud explosion. Based on all the previous information, the staff accepts
3 percent as a reasonable value for the explosion yield factor for propane to calculate the
amount of energy released in a hypothetical onsite propane vapor-cloud explosion following a
release from a storage tank.
In Scenario (1), propane in gaseous phase will initially exit the tank at a pressure of 8.4 atm. As
the pressure drops, liquid propane will transform into vapor until the liquid is cooled to its boiling
point of -42°C. If the tank initially was at 20 0 C, approximately 37 percent of total propane will
vaporize leaving 67 percent in the liquid state. .Results from the TSCREEN analysis show that
propane would be released from the tank at a rate of 3.69 kg/s for about 67 min. A wind
velocity of 3 m/s produced the furthest extension of the vapor-cloud at a lower explosive limit
from the tank. The mass of the cloud was estimated to be 234 kg (515 Ib). It was assumed
that ignition would occur at a point near the center of the plume, which was estimated by taking
one-half the distance from the tank to the edge of the cloud where the concentration was equal
to the lower explosive limit. The 1 psi overpressure would occur from this plume at a distance
of 175 m (580 ft) from the tank based on an analysis using TNT equivalency and methodology
of Regulatory Guide 1.91.
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In Scenario (2), liquid propane will flash to vapor as it exits the tank. TSCREEN results
predicted that it would take 19 min to empty a 20,000-gallon propane tank. The propane
release was modeled as 37 percent vapor and 63 percent droplets. The rate of emission was
calculaied to be 33.2 kg/s. The model predicted that ground level concentration of propane
exceeding lower explosive limit would be up to a distance of 450 m from the tanks. Based on a
worst case wind speed of 3 m/s, the mass of cloud was estimated to be 4,980 kg (10,956 Ib).
An overpressure of 1 psi would occur at a distance of 438 m (1,445 ft) from the tanks.
In Scenario (3), 20,000 gallons of propane is instantaneously released due to rupture of one
storage tank. The liquid propane would flash to vapor and aerosol droplets as it exits the tank.
The release was modeled using the SLAB code at 37 percent vapor and 63 percent aerosol
droplets. The propane vapor-cloud was modeled as being transported in a downwind direction
by the worst case wind speed of 3 m/s. A terrain roughness value of 0.0003 m was used as
characteristics of "level desert" following Ermak (1990). The ignition point was assumed to
coincide with the center of the cloud when the concentration at the center of the cloud had
decreased to just below the upper explosion limit, while the bulk of the cloud was still in the
explosive range. At this point, the center of the cloud was 210 m (690 ft) from the tanks and the
1 psi overpressure contour was located 418 m (1,371 ft) from the cloud center. Hence, the 1 psi
overpressure extended 628 m (2,061 ft) from the tanks.

/

In Scenario (4), 5,000 gallons of propane are released instantaneously from one storage tank.
The release was modeled as 37 percent vapor and 63 percent aerosol droplets of propane at
-42°C. The SLAB model predicted a maximum concentration of propane at the lower explosive
limit at a distance of 400 m from the tank. For this scenario, the cloud again ignited at the point
where the maximum concentration reached the upper explosive limit and all the tank contents
participated in the explosion. The model yielded a 1 psi overpressure at 383 m (1,192 ft) from
the tanks.
The staff determined that it would have been desirable to use the same ignition criterion and
explosion for all four scenarios, i.e., ignition occurs at the point where the cloud center
concentration decreases to just below the upper explosive limit and all the contents of the
released propane (not just the fraction initially vaporized) participates in the explosion.
However, since both criteria gave approximately the same distances to the 1 psi overpressure
contour for Scenarios (3) and (4), it can reasonably be assumed that both criteria would have
given approximately the same 1 psi overpressure distances for Scenarios (1) and (2) as well.
The applicant's assumption that the ambient temperature is 200C was examined by the staff.
SLAB simulations were conducted when the ambient temperature was assumed to be -90C (15
cF), which is a realistic temperature for a winter night at the Facility location. Assuming that the
tanks contained the same mass of propane, the downwind distance to the point where the cloud
center concentration had just decreased to the upper explosive limit for Scenario (4) was found
to be within several meters of the downwind distance for the 20 0 C ambient temperature
distribution. This is a result of the fact that the vaporized propane has a temperature initially of
-42°C, and so both ambient temperatures are well above the propane boiling temperature.
There could, however, be somewhat more mass of propane in the tanks at this ambient
temperature if the tanks were filled when the ambient temperature was below 200C. If so, the
downstream distance to the upper explosive limit would be slightly greater than for the case
examined by PFS. However, the difference is not substantial enough to pose a hazard to the
Facility.
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Based on the results of these four scenarios, only a rupture of a single 20,000-gallon propane
tank would result in a explosive concentration of propane vapor traveling to the Canister
Transfer Building and the nearest storage casks under the worst atmospheric conditions (with a
potential to generate an air overpressure in excess of 1 psi at the Canister Transfer Building or
storage pad area). Consequently, PFS has selected to use four propane storage tanks with
maximum individual capacity of 5,000 gallons instead of the single 20,000-gallon tank. These
tanks would be separated by missile walls to ensure that a single tornado missile cannot
rupture more than one tank. Therefore, the analysis with one 5,000-gallon storage tank would
be bounding.
PFS also carried out an analysis to determine the potential effects of a rupture of the propane
distribution line next to the Canister Transfer Building. A large leak of propane would cause a
low-pressure indication at the heaters resulting in shutting off the fuel supply to the heaters and
isolation of the distribution line at the storage tank. The rupture has been assumed to be large
enough to allow the remaining propane in the pipe downstream of the shutoff valve at the tank
to escape. The propane was assumed to form a vapor cloud next to the Canister Transfer
Building without being dispersed.
The propane distribution line will be approximately 2,200 ft long from the shutoff valve to the 1.5
in. branch lines leading to each of the roof-mounted propane heaters. PFS has estimated the
total branch length to be approximately 100 ft. Assuming that the propane is at the maximum
design pressure of 125 psi for vapor liquified petroleum-gas service, the worst case mass of
propane cloud to escape from the isolated pipe would be 45.5 lb (20.6 kg). The amount of
propane escaped may cause a fire of a few seconds duration, however, the mass of the
propane released from the postulated pipe rupture is insignificant to develop an explosion,
based on the SFPE handbook (National Fire Protection Association, 1995).
The HI-STORM 100 storage cask is designed to withstand an explosion that generates an
external differential pressure of 5 psi. Therefore, the storage cask will not be adversely
affected by potential propane explosions at the site.
The staff reviewed the information provided by the applicant regarding potential hazards from
accidental onsite explosion at the Facility. The staff found the analysis acceptable because:

"* Adequate design details of the propane and diesel storage tanks have been
provided.
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"

Potential air overpressure from ignition of a propane vapor-cloud has been
analyzed using acceptable methodologies. The analysis assumed the worst
case scenario where all 20,000 gallons of propane vapor ignites and a source of
ignition is present nearby.

"

Vapor-cloud dispersion and delayed ignition have been analyzed using
acceptable methodologies.

"

Results of the analyses (with and without atmospheric dispersion) show that four
5,000-gallon propane tanks will be located sufficient distances away from any
structures, systems, and components important to safety so that the hazards
associated with air overpressure are negligible.
15-26

Consolidated SER

*

.

Missile walls will separate four 5,000-gallon propane storage tanks to prevent
simultaneous rupture of more than one tank from a tornado missile.
The amount of propane in the pipeline delivering propane from thetanks to the
Canister Transfer Building is too small to cause an explosion.

The applicant has appropriately designed the structures, systems, and components'important to
safety and located them within the Facility so that they can continue to perform their safety
functions under potential onsite explosion scenarios. Based on the foregoing evaluation, the
staff finds that potential onsite explosions would not impair the ability of the structures, systems,
and components to maintain subcriticality, confinement and sufficient shielding of the store fuel.
15.1.2.5

Lightning

The staff reviewed the information presented in SAR Section 8.2.9, Lightning, Section 3.2.12,
Lightning, and Section 4.7.1.5.1..H, Lightning. Lightning is a large-scale, high-tension natural
electrical discharge in the atmosphere. It is a natural event associated with thunderstorms in
which one or more cloud-to-ground strikes could affect Facility structures, systems, and
components exposed to the environment. A lightning event would be caused by meteorological
conditions at the site. Its frequency is dependent on the time of day, geographic location, and
elevation. Certain areas of the country are also prone to greater occurrences of thunderstorms,
particularly the warmer and more humid locations.
The general effects of a lightning strike depend on the structures affected and the number of
lightning strikes. Specific effects may include a localized temperature increase, a loss of
power, or a short circuit of electrical components. A lightning strike on the Canister Transfer
Building or a storage cask may be detected visually at the location of the site by discoloration,
typically a blackened area at the point of impact. The occurrence of the lightning strike may be
observed by individuals at the time of the event, or it may not be observed until a later time
during routine surveillance inspection.
In SAR Section 8.2.9, lightning is classified as a natural phenomenon Design Event III, which is
defined in ANSI/ANS 57.9-1992 (American National Standards Institute/American Nuclear
Society, 1992). A Design Event III is an infrequent event that could reasonably be expected to
occur during the lifetime of the proposed ISFSI. The staff concurs with the classification of a
lightning event at the Facility as a Design Event Ill. The Facility has a moderate to severe risk
of a lightning strike based on an assessment performed in accordance with NFPA 780 (National
Fire Protection Association, 1997a). Mean annual number of days with thunderstorms for the
site, based on the U.S. Meteorological Service.isoceraunic map in NFPA 780, is between 31
and 40 (SAR page 4.7-8a).
Both the Canister Transfer Building and cask system are important safety features of the PFS
Facility that may be affected by a lightning strike. The Canister Transfer Building
superstructure will be provided with lightning protection in accordance with NFPA 780 (National
Fire Protection Association, 1997a) to protect the important to safety features found inside the
transfer facility from a direct lightning strike'(SAR Section 3.2.12). NFPA 780 provides for the
-protection of people, buildings, special occupancies, structures containing flammable liquids
and gases, and other entities against lightning damage. An air terminal lightning protection
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system will be installed on the Canister Transfer Building to protect it from a lightning strike. Air
terminals will be installed on the ridge and perimeter of the upper roof and along the perimeter
and interior of the lower roof areas. These terminals will be interconnected to a main conductor
cable that will be connected to ground rods around the perimeter of the building. As the
Canister Transfer Building exceeds 75 ft in height, all lightning-protection materials will be
NFPA 780 Class II materials (SAR Section 4.7.1.5.1.H). The perimeter fences will be
connected to the Facility grounding system for safety of personnel in the event of lightning
strikes.
Section 8.2.9 of the SAR states that lightning poles will be installed in the vicinity of the storage
pads. These poles are grounded metal light fixtures and are approximately 120-ft high. NFPA
780 (National Fire Protection Association, 1997b) specifies the zone of protection for a 20-ft
high structure (e.g., a storage cask) as a circular area with a radius of 75 ft around the light
pole. However, the light poles are approximately 500 ft apart. It is possible that lightning may
strike a cask not within the zones of protection offered by two consecutive poles. As discussed
in Section 11.2.12 of the HI-STORM 100 FSAR, any lightning strike on the overpack will
discharge through the steel shell of the overpack to the ground. Such an occurrence will not
have any adverse effect on the overpack. The HI-STORM 100 lightning analysis and the staff's
evaluation are respectively provided in the HI-STORM 100 FSAR and the NRC's related SER.
A lightning strike may initiate an offsite grass fire. As discussed in the evaluation of potential
fires (SER Section 15.1.2.4) the restricted area of the Facility that is not covered by the storage
pads will have crushed rock 12 in. deep. The 20-ft wide perimeter road, located 10 ft from the
outer fence, will also be covered 12 in. deep with crushed rock. A maintenance program will
control any significant growth of vegetation through the crushed rock. Therefore, the surface of
the restricted area, including the region up to the perimeter road, will be noncombustible. Also
a fire break of approximately 300 ft will be provided by the crested wheatgrass barrier.
Additional details of fire hazard evaluation are in Section 15.1.2.4 of this SER. The staff has
concluded there is reasonable assurance that lightning-induced wildfires will not produce a
significant hazard to the Facility.
The staff reviewed the information provided by the applicant with respect to potential hazards
from a lightning strike to the Facility. The staff found it acceptable because:
"* The applicant has adequately described the potential for a lightning hazard to the
Facility.
"* Adequate lightning protection systems will be installed in the Canister Transfer
Building. The protection system will be designed in accordance with appropriate
standard.
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"

The potential hazard of a lightning strike to the storage pad area has been
adequately analyzed. The cask system is designed to perform its safety
functions in event of a lightning strike.

"

Any open space in the restricted area will be covered with crushed rock.
Additionally, there will be an adequate fire barrier to protect structures, systems,
and components important to safety from lightning-induced wildfires.
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The applicant has adequately examined the possible frequency of lightning potential at the
proposed site. The staff finds that the structures, systems, and components important to safety

are designed to accommodate the effects of lightning. The Canister Transfer Building will
continue to function in the event of a lightning strike and is protected from any lightning-induced
wildfires by the~designed fire barriers. The information on potential effects of a lightning strike
at the Facility provides reasonable assurance that lightning would not cause a hazard to the
Facility. Based on the foregoing evaluation, the staff finds that a lightning strike would not
impair the ability of the structures, systems, and components to maintain subcriticality,
confinement, and sufficient shielding of the stored fuel.
15.1.2.6

Earthquake

The staff has reviewed the information presented in the following SAR sections: Section 8.2.1,
Earthquake; Section 2.6, Geology and Seismology; Section 3.2.10, Seismic Design; Section
4.2.3, Cask Storage Pads; Section 4.7.1.4.1, Seismic Support Struts; Section 4.7.1.5.1 .F,
Earthquake; Section 4.7.1.5.3, Structural Analysis; Section 4.7.2, Canister Transfer Cranes;
and Section 4.7.5, Cask Transporter. The staff also reviewed the information in Appendix 2G of
the SAR, which provided an additional seismic evaluation on co-seismic rupturing of the
Stansbury anrd East or East/West faults.

•

A seismic event can occur at any time during any stage of a transfer or storage operation
involving a cask or a canister. At a specific site, earthquake potential is often described by
annual probability of exceeding certain ground motion levels or seismic hazard curves. Section
3.4 of the SAR classifies the structures, systems, and components important to safety into three
categories: A, B, and C, based on the QA procedures. All structures, systems, and
components important to safety should be able to function during a seismic event. These
important to safety features of the Facility include the (i) canister (Category A), (ii) concrete
storage cask (Category B), (iii) transfer cask (Category B), (iv) lifting devices (Category B), (v)
Canister Transfer Building including the reinforced concrete structure, the steel structure
supporting the reinforced concrete roof, and the sliding doors for the transfer cells (Category B),
(vi) canister transfer overhead bridge crane (Category B), (vii) canister transfer semi-gantry
crane (Category B), (viii) seismic struts (Category B), and (ix) cask storage pads (Category C).
The PFS Facility design earthquake was originally described by the site-specific 84t"-percentile
response spectrum curves anchored at a peak horizontal acceleration of 0.67g and a peak
vertical acceleration of 0.69g, based on an earlier DSHA study conducted by Geomatrix
Consultants, Inc. (1997). A subsequent geological survey conducted by Geomatrix
Consultants, Inc. (1999a) has identified additional faults in the vicinity of the site. After taking
into account these newly discovered faults in the DSHA (Geomatrix Consultants, Inc. 1999b),
the 84u' percentile peak horizontal acceleration and peak vertical acceleration values rose to
0.72 and 0.80g, respectively, exceeding the originally proposed design values.- Subsequently,
PFS proposed to use PSHA for design (Parkyn, 1999) and submitted to the NRC a request for
exemption from the seismic design requirement of 10 CFR 72.102(f)(1). Based on the site
specific PSHA conducted by Geomatrix Consultants, Inc. (1999a) and additional evaluation of
the site (Geomatrix Consultants, Inc, 2001 a) identified the 2000-yr return period earthquake
that produces a peak horizontal acceleration of 0.711 g and a peak vertical acceleration of
0.695g at the proposed PFS site. The design of the Facility is based on a design response
spectrum that envelops the 2,000-year return period hazard spectra. Section 2.1.6 of this SER
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provides additional information on the seismic ground motion hazard and the staff's review of
the PFS request for exemption at the Facility.
The Canister Transfer Building protects the canisters from earthquake ground
motions during
transfer from the transportation cask to the storage cask. The previous
building design in SAR
Revision 18 (Private Fuel Storage 2000d) was analyzed for a seismic event
using a lumped
mass model (Stone & Webster Engineering Corporation, 1998a). The
applicant also prepared a
three-dimensional finite element model, using the ANSYS computer code,
to analyze and
design the building in accordance with the ACl codes (Stone & Webster
Engineering
Corporation, 1998b & 1998c). The staff reviewed the applicant's analyses
of seismic loads of
the previous design and concluded that the method of analyses and assumptions
are
reasonable. The applicant has updated the seismic load analysis (Private
Fuel Storage 2001c)
to reflect the physical changes in the building design (SAR Revision 22,
Private Fuel Storage
2001 a), as a result of updated design-basis seismic conditions. The applicant
also plans to
update the detailed design of the building prior to construction.
Based on (1) the detailed
review of the applicant's design criteria and the process for the previous
building design and (2)
the applicant's statement in the SAR (section 4.7.1.5.3) that the changes
to the detailed design
will follow the same design criteria and the process, the staff concludes
that the design of the
Canister Transfer Building for the design-basis earthquake loads is acceptable.
Detailed
analysis has been completed for the upper and lower roof steel (Stone
& Webster Engineering
Corporation, 2001d) and the rolling doors for the transfer cells (Stone &
Webster Engineering
Corporation, 2001 e). These structural steel elements will be designed
in accordance with'
ANSI/AISC N-690. Results of these analyses indicated that the available
design strength
exceeds that required for the factored design loads. Chapter 5 of this
SER provides a detailed
evaluation of the design of the Canister Transfer Building.
The overhead bridge crane, the semi-gantry crane, and the canister
downloader are all single
failure-proof lifting devices, as discussed in Chapter 4 of the SAR.
A 200-ton overhead bridge
crane and a 150-ton semi-gantry crane will be used for loading and unloading
shipping casks
and transferring spent nuclear fuel canisters between the shipping and
storage casks. The
overhead bridge crane lifts the shipping casks from a heavy-haul trailer
or rail car and places it
upright into one of the transfer cells. These cranes utilize a patented hoisting
safety system
called X-SAM. The cranes are designed in accordance with ASME
NOG-1 (American Society
of Mechanical Engineers, 1989) and are single-failure-proof in accordance
with NUREG-0554
(Nuclear Regulatory Commission, 1979). ASME NOG-1 provides the
requirements of electrical
overhead and gantry cranes with top running bridge and trolley and
components of cranes used
at nuclear facilities. NUREG-0554 identifies the design features, fabrication,
installation,
inspection, testing, and operation of the hoisting system and braking systems
for trolley and
bridge of a single-failure-proof overhead crane handling system. The
Facility lifting devices are
designed with single-failure-proof features so that any potential failure of
a single component
will not result in the crane losing capability to stop and hold the load (SAR
Section 4.7.2.5.4).
The cranes are provided with suitable restraints to prevent any uplift during
an earthquake. The
crane design will not allow any part to become detached and fall in a design
earthquake.
Additionally, the cranes will not lower the load in an uncontrolled manner
during or as a result of
a design earthquake. Moreover, design specification of the cranes include
manual release
capability to release the brakes for hoist, emergency, bridge, gantry, and
trolley for controlled
lowering and positioning of the load in case of an emergency (SAR Section
4.7.2.5).
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Additionally, the shipping cask will be secured prior to disconnecting the crane and unbolting
the lid, by attaching seismic support struts between the cask and the transfer cell building
columns (SAR Section 4.7.1.4.1). The seismic support struts are designed to resist the forces
generated by the PFS Facility design basis ground motion and maintain the shipping cask
secured in the upright position. The HI-TRAC transfer cask can remain connected to either the
overhead bridge crane or the semi-gantry crane throughout the transfer operation. Continuous
connection with the crane assures that the transfer cask cannot topple under PFS Facility
design basis ground motion. Seismic support struts will be attached to the transfer cask prior to
disconnecting the crane to assure cask stability under PFS Facility design basis ground motion.
Cask transporters will be used to move the loaded storage cask between the canister building
and the storage pad. The Technical Specifications require that the transporter be designed to
limit the lifting height of a canister to a maximum of 9 inches and to prevent overturning or
tipover under a design basis ground motion.
The cask storage pads have been designed in accordance with ANSI/ANS-57.9-1992
(American National Standards Institute/American Nuclear Society, 1992) and ACI 349-90
(American Concrete Institute, 1989). Each pad is an independent reinforced concrete structure
of dimensions 30 ft wide, 67 ft long, and 3 ft thick. Eight loaded proposed storage casks will be
placed on each pad. The design of the storage pads accounts for the weight of the loaded
storage casks and the design earthquake for the site. The design of the storage pads would
provide an adequate safety factor against bearing failure under static and earthquake loadings.
Additionally, the storage pad is not susceptible to subsurface failures associated with
liquefaction (SAR Section 2.6.4.8). The staff's evaluation of the storage pads is discussed in
Sections 2.1.6.3 and 5.1.3 of this SER.
The generic cask stability analysis, presented in the FSAR for the HI-STORM 100 Cask System
does not bound the PFS Facility site-specific ground motion. Therefore, Holtec International
(2001b) carried out additional analysis to demonstrate that the HI-STORM 100 storage casks
will not tip over in a PFS Facility design basis ground motion, characterized by the response
curves with a zero period acceleration of 0.711 g in both horizontal directions and 0.695g in the
vertical direction. This supplemental analysis has been reviewed in Chapter 5, Installation and
Structural Evaluation, of this SER. This supplemental analysis of the stability of the HI-STORM
100 storage cask considered soil-structure interaction, actual storage pad site, and a variety of
cask placement configurations on the storage pad. Two bounding coefficients of friction for the
cask-pad interface were analyzed: (1) coefficient of friction equal to 0.2 emphasizing sliding and
(2) coefficient of friction equal to 0.8 emphasizing tipover. For the case with coefficient of
friction equal to 0.2, a cask will slide less than 3 in. For the other case, the lateral motion of the
cask top center point from its initial position is less than 4 in. In addition a case was considered
that allowed the storage pad to slide with respect to the soil-cement and soil foundation. The
resulting motion of the casks on the storage pad in this condition were less than the sliding
distances stated above.
The staff has reviewed the information and analyses provided by PFS for potential hazards
from earthquake ground motion at the Facility as discussed in Section 2.1.6.2 of this SER. The
staff found that the PSHA methodology with a 2,000-year return period value used to determine
the design earthquake for accident analyses to be acceptable because:
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There are sufficient regulatory and technical bases to accept the PSHA
methodology for seismic design of the Facility, as detailed in Section 2.1.6,
Geology and Seismology, of this SER and in Stamatakos et al. (1999).
The PFS PSHA is based on adequate characterization of potential seismic
sources, ground motion attenuation, and associated uncertainties; and the PSHA
results are conservative, as detailed in Section 2.1.6, Geology and Seismology,
of this SER and in Stamatakos et al. (1999).

I
I

The design spectra were developed based on the procedures outlined in
Regulatory Guide 1.165 (Nuclear Regulatory Commission, 1997) and sufficiently
incorporated near-source effects, as detailed in Section 2.1.6, Geology and
Seismology, of this SER and in Stamatakos et al. (1999).

I

Co-seismic rupturing of the Stansbury fault with the East or East/West fault
would not significantly affect the 2,000-year return period ground motion level at
the proposed PFS site, as detailed in Section 2.1.6,Geology and Seismology, of
this SER and in Stamatakos et al. (1999).

I
I

The staff also reviewed the information presented by the applicant on stability analyses of
structures, systems, and components important to safety. The staff's evaluation is discussed in
Chapter 5 of this SER. The staff found PFS's stability analyses acceptable because:

I

"* The applicant has demonstrated that the HI-STORM 100 storage casks will not

I

"* Single-failure-proof lifting devices, designed to withstand the site-specific ground

I

tipover or slide while stored on the concrete pads from site-specific ground
motion.

motion without toppling or dropping the load, will be used in the Facility.

"* Seismic support struts, designed to resist the forces generated by site-specific

design basis ground motion, will secure the shipping, storage, and transfer casks
during transfer operations.

PFS has adequately determined design basis earthquake events for the Facility design. The
methods adopted by the PFS for evaluating the design basis ground motion are appropriate as
evaluated in Section 2.1.6 of this SER. Also, as discussed in Section 2.1.6 of this SER, the
regional extent of earthquakes and subsequent ground motion are identified. The applicant
submitted a request for an exemption from the seismic design requirements of
10 CFR 72.102(f)(1) (Parkyn, 1999) and supporting documents (Donnell, 2000). The staff found
the exemption request is acceptable with a 2,000-year return period earthquake. PFS has
conducted accident analyses using 2,000-year return period ground motions and demonstrated
the adequacy of design of structures, systems, and components important to safety.
Based on the foregoing evaluation, the staff finds that a design earthquake event would not
impair the ability of the structures, systems, and components to maintain subcriticality,
confinement, and sufficient shielding of the stored fuel.
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I

I
I

I
I

15.1.2.7

Loss of Shielding

Chapter 8 of the SAR discusses the dose consequences for the identified design basis
accidents and natural phenomena events. The applicant determined that the confinement
system is not adversely affected during a design basis accident. Also, no design basis accident
would significantly degrade the shielding capability of the storage cask or the Canister Transfer
Building. Based on the results of the accident analysis, there is reasonable assurance that the
dose to any individual beyond the owner controlled area will not exceed the limits in 10 CFR
72.106(b) and occupational exposures from accident recovery will not exceed the limits in
10 CFR Part 20.
15.1.2.8

Adiabatic Heatup/Full Blockage of Air Inlets and Outlets

The HI-STORM 100 storage cask was analyzed for 100-percent blockage of the storage cask's
air inlet vents. The analysis and the staff's evaluation are respectively provided in the HI
STORM 100 FSAR and the NRC's related SER. This analysis indicated that the MPC
confinement boundary and fuel cladding temperatures remain below their short-term
temperature limits at 72 hours into the event. Based on this result, the HI-STORM 100
Technical Specifications (Appendix A, Certificate of Compliance 1014) require a 24-hour
periodic surveillance to verify that the overpack inlet and outlet ducts are free of blockage. This
surveillance requirement is also in the PFS Facility Technical Specifications.
Based on these surveillance requirements, the staff finds that 100 percent vent blockage is
unlikely to occur over an extended period of time and, therefore, would not impair the cask's
ability to maintain subcriticality, confinement, and sufficient shielding of the stored fuel.
15.1.2.9

Tornadoes and Missiles Generated by Natural Phenomena

The staff reviewed the information presented in SAR Section 2.3.1.3.3, Tornadoes; Section
3.2.8, Tornado and Wind Loadings; Section 4.7.1.5.1 .E, Tornado Winds and Missiles; and
Section 8.2.2, Extreme Wind. This evaluation assumed that site personnel would not have'any
,prior warning before the Facility structures, systems, and components are impacted by a
potential design basis tornado and a tornado missile.
,The State of Utah experiences on average two tornadoes each year based on National Oceanic
and Atmospheric Administration data for the period 1950-1995
(http://www.ncdc.noaa.gov/ol/climate/severeweather/small/avgt5095.gif). Table 2.3-1 of the
SAR lists four tornadoes during the period 1975-1995 that occurred within a 1 0- latitude
longitude square, approximately 3,641 sq mi, centered at the'proposed site. All four tornadoes
occurred in Tooele County. However, no information is available for one of these tornadoes,
that was reported on September 23, 1992. Based on data for the'other three tornadoes, PFS
estimated the mean number of tornados per year in the square to b6 0.14 with a geometric
mean tornado path area of 0.035 sq mi. The estimated probability of a tornado striking
anywhere in the square that includes the PFS Facility site is 1.37 x 10-6 per year or a
recurrence interval of 728,200 years.
Characteristics of the design basis tornado and tornado missile are given in Section 3.2.8 of the
SAR. The SAR developed the characteristics of the design basis tornado in-accordance with
March 2002

15-33

Consolidated SER

Regulatory Guide 1.76, Design Basis Tornado for Nuclear Power Plants (Nuclear Regulatory
Commission, 1974). The proposed site is located in Region Ill, as defined in Regulatory Guide
1.76. The characteristic of the design basis tornado for Region III is defined as a tornado with a
maximum wind speed of 240 mph, a rotational speed of 190 mph, a translational speed of 50
mph, a radius of maximum rotational speed of 150 ft, and a 1.5-psi pressure drop at a rate of
0.6 psi/s.

I

Three design basis tornado missiles are based on Spectrum I missiles of Section 3.5.1.4,
Missiles Generated by Natural Phenomena, of NUREG-0800 (Nuclear Regulatory Commission,
1981 c). These missiles include an automobile with a weight of 1,800 kg (3,600 Ib) (a massive
kinetic energy missile that will deform on impact), an 8-in. 125-kg armor-piercing artillery shell
(a rigid missile to test penetration resistance), and a 1-in. solid steel sphere (a small rigid
missile of a size sufficient to pass through openings in protective barriers). It is assumed,
based on Section 3.5.1.4 of NUREG-0800, that all three missiles will impact at 35 percent of
the maximum horizontal wind speed of the design basis tornado, that is, at 84 mph. The first
two missiles are assumed to impact at normal incidence. The last missile impinges on the
barrier openings in the most damaging directions. These objects are postulated to be picked
up and transported by the winds of a design basis tornado.

I

Important to safety structures, systems, and components that may be affected by design basis
tornado missiles are (i) canister transfer facility superstructures, (ii)site transporters, and (iii)
storage casks. These structures, systems, and components are required to function during this
design basis event.

I

The HI-STORM 100 storage cask is designed to withstand a 360 mph tornado with a 3.0 psi
pressure drop, and a 1800 kg tornado-generated missile with a velocity of 126 mph. These
parameters bound the PFS Facility design basis tornado. The tornado analysis for the HI
STORM 100 and the staff's evaluation are respectively provided in the HI-STORM 100 FSAR
and the NRC's related SER. This analysis demonstrated that the HI-STORM 100 cask can
withstand a design basis tornado and tornado missile impact without penetration, permanent
deformation, or tipover.

I

The structure of the Canister Transfer Building is expected to function during an extreme wind
event. Tornado wind with associated pressure drop is considered to act simultaneously. The
tornado wind speed converted to wind pressure following ASCE 7-95 (American Society of Civil
Engineers, 1996). This methodology is acceptable to the staff. The structure will be designed
to protect all structures, systems, and components within the building by withstanding the
tornado wind and associated pressure drop by means of its static strength without requiring any
venting (SAR Section 4.7.1.5.1). The Canister Transfer Building walls, superstructure, and
sliding doors for the transfer cells are'designed to structurally withstand both horizontal and
vertical components of the impact of the spectrum of tornado missiles. The transfer facility
superstructure provides tornado missile protection through reinforced concrete walls and roof.
The composite steel and concrete sliding doors for the transfer cells provide tornado missile
protection for this region of the Canister Transfer Building. Components of this building will be
of sufficient strength and size to resist the missile impact without compromising the strength
and stability of the structure and to prevent penetration of the missile and associated spalling of
concrete interior to the point of impact. The layout of the building (SAR Figure 4.7-8) and
specially designed labyrinths will prevent tornado missiles from entering through the doors or
ventilation openings in the walls and roof, and impacting the fuel canisters, single-failure-proof

I
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I
I
I
I

I
I
I

cranes and their supports, and any other structures, systems, and components in the building
(SAR Section 4.7.1.5.1).
Section 4.8.2.6.2 of the SAR includes discussion of the resistance of the cask transporters to,
overturning on impact by a design basis tornado missile. Cask transporters are'commercially
available equipment and are not considered to be part of the cask system or ISFSI design. The
proposed Technical Specifications require the licensee to use cask transporters that are
designed to preclude tipover if impacted by a design basis tornado-driven missile.
The staff reviewed the information provided by the applicant and evaluated the analyses of
potential hazards from design basis tornadoes and tornado missiles at the Facility. The staff
found it acceptable because:
•

The frequency and characteristics of tornadoes and tornado missiles for the
proposed site have been adequately assessed.

•

Acceptable methodologies have been used to characterize the design basis
tornadoes and tornado missiles for the proposed site.

*

Structures, systems, and components important to safety that may be affected
by the design basis tornados and tornado missiles have been identified.

*

The storage cask and Canister Transfer Building are adequately designed to
withstand postulated tornado wind loads and loads imparted by the postulated
tornado missiles.

*

The Technical Specifications require the licensee to use cask transporters that
are designed to preclude tipover if impacted by a design basis tornado-driven
missile.

The information presented in the SAR demonstrates that appropriate methodologies have been
adopted to investigate the potential tornado severity and frequency at the proposed site along
with the associated missile hazards. PFS has identified the severity of hazards associated with
a design basis tornado for the proposed site and incorporated it into the design of the Canister
Transfer Building using appropriate design loads and layout of the building. The design of the
Canister Transfer Building has adequately considered the appropriate design basis tornado
loadings and the associated hazards so that the important to safety structures, systems, and
components in the building will be protected. The information presented is sufficient to
conclude that the design of the Canister Transfer Building is adequate to withstand the design
basis tornado loadings and the associated tornado missiles so that the important to structures,
systems, and components will be protected.
Based on the foregoing evaluation, the staff finds that a tornado or tornado-generated missile
would not impair the ability of the structures, systems, and components to maintain
subcriticality, confinement, and sufficient shielding of the stored fuel.
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15.1.2.10 Accidents at Nearby Sites - Offsite Explosion Hazards
The staff reviewed the information presented in SAR Section 2.2, Nearby Industrial,
Transportation, and Military Facilities. Supplemental information presented by Brunsdon
(1999), Bureau of Indian Affairs (1975), and Davis (1999) was also used in this review. An
explosion is classified as a human-induced Design Event IV following ANSI/ANS 57.9-1992
(American National Standards Institute/American Nuclear Society, 1992). ANSI/ANS
57.9-1992, which gives the design criteria for an ISFSI, defines Design Event IV as "events that
are postulated because their consequences may result in the maximum potential impact on the
immediate environs." This accident event involves an offsite or onsite explosion that may
damage important to safety structures, systems, and components of the Facility, namely the
casks and the transfer facility superstructure. The effects produced by an explosion may be an
incident or reflected overpressure, blast-induced ground motion, or blast-generated missiles.
The onsite explosion hazard has been evaluated in Section 15.1.2.4, Fire and Explosion, of this
SER.
The potential scenarios at the Facility that can result from an offsite explosion include:

"* an accident at the Tekoi Rocket Engine Test Facility,
"* an accidental explosion of a rocket engine on the access road to the Tekoi
Rocket Engine Test Facility or on Skull Valley Road,

"* an accident at the Dugway Proving Ground or the Tooele Army Depot, and
"* a transportation accident involving a trailer or rail car shipping explosives on a
nearby transportation route.
Accidental Explosion at Tekol Rocket Engine Test Facility
Note: The Tekoi Rocket Engine Test Facilitydoes not currently have a lessee and is not
presently in operation. However, the Tekoi facility was in operation when the staff initiatedits
review of the PFS Facility application. Therefore, the potential impact of the operationsat the
Tekoi facility is considered in this SER. The information below is based on the actual usage of
the facility by the last lessee, Alliant Techsystems, Inc.
The Tekoi Rocket Engine Test Facility was leased by Alliant Techsystems Inc. and was located
approximately 2.5 miles south-southeast of the Facility on the Reservation of the Skull Valley
Band of Goshute Indians (SAR Section 8.2.4.1). This test facility was used periodically for
experimenting with high explosives and to test rocket engines mounted on stationary bases in
the static test range. Hickman Knolls, a rock formation with an elevation of approximately 4,800
ft above mean sea level, lies directly between the PFS Facility (approximate elevation 4,465 ft
above mean sea level) and the Tekoi test facility (elevation approximately 4,600 ft above mean
sea level). Hickman Knolls is approximately 200 ft taller than the Tekoi test facility and
approximately 335 ft higher in elevation than the PFS Facility site.
The Tekoi Rocket Engine Test Facility had two operational areas: (i) high hazard explosive test
area and (ii) static test range. The high hazard explosive test area had an explosive limit of 200
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lb of Class 1.1 explosives and was used to test all classes of explosives (SAR Section 8.2.4.1).
Class 1.1 includes bulk explosives and some propellants with mass explosion hazard, based on
the U.S. Department of Defense (DOD) Contractors' Safety Manual for Ammunition and
Explosives (DOD 4145.26-M) (U.S. Department of Defense, 1997). The static test range had
three bays. Bay 3 of the static test range had the highest explosive limit of 1,200,000 lb of
Class 1.1 propellants (SAR Section 8.2.4.1). Additionally, the facility was equipped for testing a
Space Shuttle Rocket Motor (solid rocket boosters), which contains 1,100,000 lb of propellant
(http://www.ksc.nasa.gov/shuttle/technology/sts-newsref/srb.html). Therefore, 1,200,000 lb of
propellant would bound the Space Shuttle rocket motors.
PFS (SAR Section 8.2.4.2) estimates that an air overpressure of 1 psi would be developed at a
distance of 4,782 ft (0.91 mile) from an explosion of 1.2 million pounds of explosive. The
overpressure would be less at greater distances from the Tekoi facility. Alliant Techsystems
Inc., had established a buffer zone of 1.5 miles from the Tekoi Test facility (Brunsdon, 1999).
Regulatory Guide 1.91 (Nuclear Regulatory Commission, 1978) recommends a safe distance R
in ft from an explosion of W lb of TNT at which conservatively selected 1 psi overpressure
would develop. According to Regulatory Guide 1.91, an overpressure level of 1 psi is
conservative for structures, systems, and components of concern. The recommended equation
is:

R > 45 W

(15-1)

Based on this ecquation, 1,200,000 lb of TNT will produce an overpressure of 1 psi at a distance
of 4,782 ft (0.91 mi) and 10,000,000 lb of TNT (maximum quantity of explosive that can be
transported on a river vessel and by any transportation mode) will produce 1 psi overpressure
at a distance of 9,898 ft (1.8 mi).' Further assuming that the propellants will behave like an
explosion of confined vapor clouds, which is not credible, W is increased by 240 percent, in
accordance with Regulatory Guide 1.91. The minimum distance of separation necessary for
this accident scenario, estimated from Eq. (15-1), is 1.2 mi.
Because the restricted area of the PFS Facility is over 12,000 ft (2.3 mi) from the Tekoi test
facility, the estimated air overpressure at the PFS Facility would be less than 1 psi. It is
extremely unlikely that any structures, systems, and components important to safety will sustain
any damage from air overpressure from explosive and rocket engine testing. Table 3.6-1 of the
SAR states that the Canister Transfer Building is designed to withstand an air overpressure of
at least 1 psi. The HI-STORM 100 storage cask is designed to withstand a explosion
overpressure of 5 psi. Moreover, it is expected that the actual overpressure at the PFS Facility
site would be substantially less than that predicted using the previous equation due to the
natural terrain, in that Hickman Knolls will significantly deflect and disperse the air
overpressure.
The previous analysis does not consider any enhancement of air overpressure due to possible
temperature inversion at the proposed site. The PFS Facility site will experience temperature
inversion approximately 50 percent of total hours during winter and fall. Inversion frequency
decreases to approximately 35 to 40 percent during summer and spring (SAR Section
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2.3.1.3.9). If an inversion exists, an increase in noise level by a factor of 2 to 3 is not
uncommon (E.I. du Pont de Nemours & Company, Inc., 1977).
The SAR did not consider any inversion effects to estimate an air overpressure that may be
damaging to any structures, systems, and components important to safety. However, the staff
performed an independent calculation to verify the PFS analysis. Equation (15-1) cannot be
used, however, to predict the air overpressure at a given distance from a given amount of
explosive. To estimate the effect of temperature inversion on possible air overpressure, the
staff used an equation given in E.I. du Pont de Nemours & Company, Inc. (1977):

P = 82

-

(15-2)

tW 3

where P= air overpressure. For an air overpressure of 1 psi, Eq. (15-2) gives
1

R = 39.3 W

3

(15-3)

which is approximately 15 percent less than Eq. (15-1).
Assuming Wequal to 1,200,000 lb and R equal to 12,144 ft (2.3 mi), estimated air overpressure
with a temperature inversion increase factor of 3 is 0.83 psi. The difference between Eq. (15-2)
and Eq. (15-1) has been talken into account by increasing the calculated air overpressure using
Eq. (15-2) by 15 percent. The adjusted estimated air overpressure becomes 0.95 psi. It should
be noted that the estimated air overpressure is conservative. It is unlikely that an explosion with
the maximum amount of propellant will take place when the worst temperature inversion
conditions exist, which will focus the blast energy to the PFS Facility site. Moreover, the
structures, systems, and components important to safety are designed to withstand this
pressure differential. Therefore, there is reasonable assurance that an explosion with the
maximum amount of propellant at the Tekoi Rocket Engine Test Facility under the worst
atmospheric conditions will not pose a hazard to the PFS Facility.
In May 1974, a partially fired rocket motor containing 12,000 lb of propellant exploded in place
while being tested at the Bacchus Works (Davis, 1999; Brunsdon, 1999; Bureau of Indian
Affairs, 1975). The motor did not escape the test pod; however, 90 percent of all test stand
hardware, motor fragments, and facility debrisWere projected up to 6,000 ft from the pad. The
Bureau of Indian Affairs (1975) stated, "a rocket engine is capable of exploding only when an
ignition device is installed." The Trident First Stage rocket contains approximately 44,000 lb of
the same propellant. Assuming no consumption of propellant before explosion, the Bureau of
Indian Affairs (1975) stated, "90 percent of all fragments would fall within 7,400 ft and
96 percent of all fragments would fall within 7,920 ft (1.5 mi)." This calculation was performed
using documentation from "General Safety Engineering Design Criteria, Chemical Rocket
Propellant Hazards, Chemical Propulsion Information Agency (CPIA) Publication No. 194,
October 1971." CPIA Publication No. 194 provides general guidance, safety criteria,
procedures, instructions, precautions, and other related guidelines for minimizing hazards
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associated with the handling, storage, transportation, and use of liquid and solid propellants.
As the PFS Facility is at least 1.9 miles from the Skull Valley Road, there is reasonable
assurance that flying objects from an explosion during transport of a Trident rocket engine
containing 44,000 lb of propellants will not pose a hazard to the PFS Facility.
Another postulated accident scenario is that a rocket motor may potentially escapefrom a test
stand and hit structures, systems, and components important to safety at the PFS Facility. The
Tekoi test facility was designed to prevent rocket motors from escaping the test bay during
testing (Brunsdon, 1999; Davis, 1999; Bureau of Indian Affairs, 1975). The rocket motors were,
restrained to the test stand. The steel restraining members would retain large fragments in an
explosion of the rocket motor (Brunsdon, 1999). The thrust block absorbs the forward thrust of
the rocket motor being tested, and instruments measure the thrust produced by the motor.
Static testing of the rocket motors was generally conducted in a horizontal configuration.
Occasionally, motors were tested vertically with the nozzle upward. Motors tested horizontally
in Bays 2 and 3 had their nozzles pointed in the west and southeast directions, respectively
(Davis, 1999). If a rocket motor comes loose from the thrust block and attachment points, it
would normally strike the test stand structure, causing motor case rupture. This process
renders the motor incapable of flight and reduces the possibility of a motor escaping the stand.
Some test stands incorporated special devices that would rupture the motor in case of a
restraint system failure (Davis, 1999).

L

Safety procedures had been adopted at the Tekoi test facility to minimize the potential for a
motor failure during static testing (Davis, 1999; Brunsdon, 1999; Bureau of Indian Affairs,
1975). Every motor was x-rayed, its manufacturing and inspection records were reviewed, and
any deviation from the motor design specifications was evaluated. Only motors expected to
perform successfully were tested at the Tekoi test facility.
No rocket motor has ever escaped from the test stands at the Tekoi test facility. However, one
rocket motor escaped from the harness at the Bacchus Works facility in Magna, Utah, in the
early 1960s before installation of modern safety features (Brunsdon, 1999; Bureau of Indian
Affairs, 1975). The Bacchus Works facility was used prior to transferring the operations to the
Tekoi test facility in 1975 (Bureau of Indian Affairs, 1975).
In the unlikely event of a motor escaping the test bay, there would be significantly less than a
2.6 percent chance of striking the PFS Facility assuming uniform probability in any direction,
and ignoring distance considerations. Further, Hickman Knolls will reduce the likelihood of an
escaping motor or any flying debris impacting the PFS Facility site because of the higher
elevations of the Hickman Knolls. Moreover, as the rockets were tested in directions away from
the PFS Facility site, it is unlikely that a rocket motor would fly toward the PFS Facility.
Therefore, there is reasonable assurance that an escaping rocket motor from the Tekoi test
facility will not pose any hazard to the PFS Facility site.
Accidental Explosion of a Rocket Engine in Transit
A hypothetical rocket engine explosion may take place on the access road to the Tekoi test
facility or on Skull Valley Road. The access road runs due east from the test facility and
intersects Skull Valley Road. At its closest point, the access road is 2.0 miles (10,560 ft) away
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from the PFS Facility restricted area. Similarly, Skull Valley Road is at least 1.9 miles (10,000
ft) from the PFS Facility site (Brunsdon, 1999; Private Fuel Storage Limited Liability Company,
2000a). Therefore, an accidental explosion of the largest rocket motor tested at the Tekoi test
facility (1,200,000 lb of propellants) on Skull Valley Road or the access road would produce an
air overpressure less than 1 psi. Consequently, there is reasonable assurance that an
accidental explosion of a rocket motor during transit through Skull Valley and the access roads
to the Tekoi test facility will not pose a hazard to the PFS Facility.
Accidental Explosion at Dugway Proving Ground and Tooele Army Depot
The northern perimeter of the Dugway Proving Ground is approximately 9 miles from the PFS
Facility. The Tooele Army Depot is approximately 17-22 miles from the PFS Facility.
Additionally, the Dugway Proving Ground has a mean elevation of 4,350 ft and is surrounded
on three sides by mountain ranges. The Cedar Mountains, with an elevation of at least 5,300 ft
above mean sea level lie between the Dugway Proving Ground and the Facility. The Stansbury
Mountains, with an elevation of approximately 8,000 ft above mean sea level, lie between the
Tooele Army Depot and the Facility. Consequently, the Dugway Proving Ground and the
Tooele Army Depot present no explosion hazard to the Facility due to the large distances from
the proposed site and intervening mountain ranges.
Accidental Explosion at a Nearby Transit Route
The Dugway Proving Ground receives and ships conventional army weapons approximately
95 times in a year (SAR Section 2.2). Some of these shipments could travel on the Skull Valley
Road. This road presents the only potential for an explosion occurring in transportation near
the Facility. This scenario would be in association with transportation of explosives with no
obstacles intervening between the road and the Facility. The Skull Valley Road runs
north-south through the Skull Valley Indian Reservation east of the Facility and provides
entrance to the site access road. The road is 1.9 miles from the Canister Transfer Building and
2.0 miles from the nearest storage pads. As discussed previously, it requires more than
10,000,000 lb of TNT detonating simultaneously to create an air overpressure of 1 psi.
Therefore, transport of conventional army weapons through Skull Valley Road does not pose a
hazard to the Facility.
Summary of Review of Offsite Explosion Hazards
The staff reviewed the information provided by the applicant and evaluated the applicant's
analyses of potential hazards from offsite explosions at the PFS Facility site. The staff found it
acceptable because:

"

The Tekoi Rocket Engine Test Facility is no longer in operation, and in any event
the Tekoi facility was adequately described with adequate information about its
distance from the Facility. Design and safety procedures adopted at the Tekoi
test facility were sufficiently described.

"* Surface topography between the Tekoi test facility and the PFS Facility that
directly affects the air overpressure and potential for debris in case of an
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accidental explosion of a rocket engine being tested were sufficiently
investigated and assessed.
*

Historical data on rocket motor explosion was adequately described, and any
potential impact on the Facility was sufficiently assessed.

*

Potential effects of a rocket explosion or explosion of army weapons while in
transit through Skull Valley were sufficiently described and assessed.

*

Information on natural topography and the distance between the Facility and
Dugway Proving Ground or Tooele Army Depots were adequately described.
Potential effects of accidental explosions at either site were adequately
described and assessed.
Information on potential temperature inversion near the Facility has been
presented in the SAR. While the applicant did not consider it in estimating the
air overpressure from any potential explosion, the staff's independent analysis
using established methodology provides reasonable assurance that, even in the
worst-case scenario, the potential effects will not produce a hazard to the
Facility.

The applicant has examined, collected, and evaluated information of potential offsite explosions
at the Tekoi Rocket Engine Test Facility, Dugway Proving Ground, Tooele Army Depot, and
accidental explosion while transporting conventional army weapons and Trident rockets through
Skull Valley Road. The applicant used acceptable methods to evaluate the potential explosions
at these nearby facilities. Evaluation of the potential effects show that offsite explosions will not
pose a hazard to the Facility.
Based on the foregoing evaluation, the staff finds that potential offsite explosions at nearby
facilities would not impair the ability of the structures, systems, and components to maintain
subcriticality, confinement, and sufficient shielding of the stored fuel.
15.1.2.11 Accidents at Nearby Sites - Aircraft Crash Hazards
The staff has reviewed the information presented in SAR Section 2.2 (Private Fuel Storage
Limited Liability Company, 2001 a) and the report, Aircraft Crash Impact Hazard at the Private
Fuel Storage Facility (Private Fuel Storage Limited Liability Company, 2000b). In addition, the
staff has reviewed information presented by PFS in response to the staff's requests for
additional Information (Private Fuel Storage Limited Liability Company, 2001b, c, d, e). The
staff review also included a crash hazard analysis for the X-33, a suborbital demonstrator
vehicle (Cole, 1999a, b). The purpose of this review is to ensure that the risk to the Facility due
to aircraft hazards has been appropriately estimated and is acceptable.
The staff reviewed the aircraft crash hazard analysis in accordance with NUREG-0800,
Section 3.5.1.6, Aircraft Hazards (Nuclear Regulatory Commission, 1981a). The staff accepts
the methodology in NUREG-0800, as applicable, for reviewing the aircraft crash probability for
the Facility site. Acceptance criterion 11.1 of NUREG-0800, Section 3.5.1.6, Aircraft Hazards
provides three screening criteria that must be satisfied to conclude, by inspection, that the
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aircraft hazards at a nuclear power plant are less than 1 x 10-7 per year for accidents that could
result in radiological consequences greater than 10 CFR Part 100 exposure guidelines. The
staff review indicates that the proposed Facility site does not satisfy screening criterion 11.1 (b)
which states, "The plant is at least 5 statute miles from the edge of military training routes,
including low-level training routes, except for those associated with a usage greater than
1,000 flights per year, or where activities (such as practice bombing) may create an unusual
stress situation." It fails to satisfy this criterion because the number of flights to the Utah Test
and Training Range (UTTR) transiting Skull Valley was 3,871 in FY 1998 and 5,757 in FY 2000.
According to NUREG-0800 review guidance, a detailed review is, therefore, needed to assess
the aircraft crash hazards to the site.
Estimating the total probability of an aircraft crash onto the Facility site requires an evaluation of
crash probabilities from several sources:

"* aircraft taking off and landing at Salt Lake City International Airport
"* aircraft flying high altitude jet route J-56 (commercial airway)
"• aircraft flying low altitude route Victor 257 (commercial airway)
"* aircraft taking off and landing at other municipal airports located close to the site
"* general aviation aircraft flying in the vicinity of the Private Fuel Storage Facility
site

"* aircraft taking off and landing at Michael Army Airfield at Dugway Proving
Ground

"* aircraft flying military airway IR-420
"* military aircraft from Hill Air Force Base flying to and from the UTTR
aircraft transiting Skull Valley en route to the UTTR South area
aircraft conducting training in the restricted air space on the UTTR South
area
aircraft departing the UTTR via the Moser Recovery en route to Hill Air
Force Base

"

military helicopters flying near the Private Fuel Storage Facility site

"

jettisoned ordnance

"* X-33 suborbital demonstrator vehicle
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Aircraft Taking Off and Landing at Salt Lake City International Airport'

I

Salt Lake City International Airport is about 50 statute miles northeast ofthe Private Fuel
Storage Facility site (Cole, 1999a). The North-South alignment of the runways at Salt Lake City
International Airport places the Facility away from the takeoff and landing segments of flights'
departing from and arriving at Salt Lake City International Airport. In 1998, a total of about
365,000 takeoffs and landings took place at Salt Lake City International Airport (Cole, 1999a,b).
The web site of the Federal Aviation Administration (FAA)
(http://www.faa.gov/ats/asc/AirportData/SLCData.html) indicates that the number of
operations (that is, number of take offs and landings) was 385,000 in fiscal year (FY) 1997.
The FAA web site further indicates that the number of operations will increase from 385,000 in
FY 1997 to 552,000 in FY 2021. According to screening criterion 11.1 (a) of Section 3.5.1.6 of
NUREG-0800 (Nuclear Regulatory Commission, 1981 a), an airport located a distance D of
more than 10 mi from a site presents an acceptably low risk if the annual number of operations
at the airport is less than 1,000 x D2 . Prassinos and Kimura (1998) also specify this criterion.
The above current and projected annual number of airport operations for Salt Lake City
International Airport are well below the 1000 x D2 criterion. Hence, the probability of an aircraft
crash on the proposed Private Fuel Storage Facility site due to operations at Salt Lake City
International Airport is significantly smaller than 1 x 10-7 . The number of takeoffs and landings
at Salt Lake City International Airport would have to increase by more than 650 percent to
exceed the NUREG-0800, Section 3.5.1.6 acceptance criterion.
An aircraft may be in the ascending or descending mode well beyond 10 mi from the runway.
However, historical data on crash locations suggest that the crash probability of an aircraft in
this mode decreases to a negligibly small value beyond 10 mi from the end of the runway
(Nuclear Regulatory Commission, 1981a).
The staff reviewed the information and PFS analysis with respect to the potential hazard of
aircraft taking off and landing at Salt Lake City International Airport. The staff found the
hazards acceptable because:
"* Adequate information has been presented to describe the potential hazard.
"* Acceptable methodology has been used to screen the potential hazard.
"* Other acceptable methodology corroborates the conclusions.
"* An appropriate air traffic growth factor suggested by the FAA has been taken
into account to estimate the effects of future traffic growth at Salt Lake City
International Airport.
"• The acceptance criteria of NUREG-0800 Section 3.5.1.6 are met with respect to
current and projected airport operations.
Based on the above information, the staff has concluded that aircraft taking off and landing at
Salt Lake City International Airport would not pose any undue hazard to the Facility.
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Aircraft Flying High Altitude Jet Route J-56

High altitude jet route J-56 passes 11.5 statute miles north of the Private Fuel Storage Facility
site. It has a maximum altitude of 33,000 ft above mean sea level with traffic consisting of
commercial airlines and private business jets. Although J-56 does not have a specified width
assigned to it, it is reasonable to assume a width of 8 nautical miles (9.2 statute miles) given
the practice followed by the pilots (Cole, 1999a). Fewer than 12 aircraft use the J-56 route
each day (Private Fuel Storage Limited Liability Company, 2000b).
The probability of an aircraft flying J-56 crashing onto the Private Fuel Storage Facility site has
been calculated in Private Fuel Storage Limited Liability Company (2000b) following
methodology presented in NUREG-0800, Section 3.5.1.6, Aircraft Hazards (Nuclear Regulatory
Commission, 1981a). The width of the airway plus twice the distance from the airway edge to
the site, W, is 23 statute miles (the site is outside the airway). The effective site crash area has
been calculated as the sum of the effective fly-in area A, including the footprint area and the
shadow area, and effective skid area As. These effective areas were calculated using formulas
given in DOE Standard DOE-STD-3014-96 (U.S. Department of Energy, 1996). The DOE
Standard for estimating the effective target area is within the NRC guidelines given in
NUREG-0800, Section 3.5.1.6, Aircraft Hazards. Using C, the in-flight crash rate, equal to
4 x 10-1' crashes/aircraft/mile, following NUREG-0800 (Nuclear Regulatory Commission,
1981a), the probability of an aircraft flying J-56 crashing onto the Private Fuel Storage Facility
site is about 1.9 x 10-8 per year.
The staff reviewed the information and analysis presented by the applicant with respect to
potential hazards of aircraft flying the jet route J-56. The staff found them acceptable because:
"* Adequate information has been presented to describe the potential hazards.
"* Acceptable methodologies have been used to estimate the potential crash
probability at the Facility.
Based on the presented information, there is reasonable assurance that aircraft flying the
jet route J-56 would not pose a hazard to the Facility.
Aircraft Flying Low Altitude Route Victor 257 (V-257)
A low altitude Victor route 257 (V-257) passes 19.5 statute miles east of the Private Fuel
Storage Facility. It has a minimum en route altitude of 12,300 ft above mean sea level and runs
north-south. V-257 has a width of 13.8 statute miles. Consequently, the Private Fuel Storage
Facility site is 12.6 statute miles from the edge of V-257 airway with W equal to about 39 statute
miles. Fewer than 12 aircraft use V-257 per day. The effective area and in-flight crash rate C
are the same as used in the J-56 route analysis. The probability of an aircraft flying V-257 and
crashing onto the Private Fuel Storage Facility site is estimated to be about 1.2 x 10-8 per year
on the basis of the methodology presented in NUREG-0800 (Nuclear Regulatory Commission,
1981a).

March 2002

15-44

Consolidated SER

The staff reviewed the information and analysis presented by the applicant with respect to
potential hazards of aircraft flying Victor Route V-257. The staff found them acceptable
because:
.

Adequate information has been presented to describe the potential hazards.
*

Acceptable methodologies have been used to estimate the potential crash
probability at the Facility.

Based on the presented information, there is reasonable assurance that aircraft flying Route
V-257 would not pose a hazard to the Facility.
Aircraft Taking off and Landing at Other Municipal Airports Located Close to the Site
There are several smaller municipal airports in the vicinity of the Private Fuel Storage Facility
site; however, all airports are beyond 5 statute miles of the site. Provo Municipal Airport is
located 55 statute miles east-southeast of the Facility. Its main runway also places takeoff and
landing traffic away from the Private Fuel Storage Facility site. General aviation aircraft can
take off and land at Salt Lake City International Airport, Bolinder/Tooele Valley Airport
(27 statute miles northeast of the Facility), Cedar Valley Airport'(40 statute miles east of the
Facility), and Salt Lake City No. 2 Airport (45 statute miles east-northeast of the Facility)
(Cole, 1999a). On the basis of the criteria of Section 3.5.1.6 of NUREG-0800 (Nuclear
Regulatory Commission, 1981 a), the probability of a crash is significantly less than 1 x 10- per
year from aircraft flying into or out of these airports and need not be considered further.
General Aviation Aircraft Flying in the Vicinity of the Private Fuel Storage Facility Site
There are no airports within 15 mi of the PFS site. The nearest airport used by General
Aviation aircraft is the Bolinder/Tooele Valley Airport, 26 statute miles east-northeast of the
proposed site. In order to exceed the screening criterion 11.1 (a) of Section 3.5.16 of
NUREG-0800 (Nuclear Regulatory Commission, 1981 a), Bolinder/Tooele Valley Airport would
have to sustain over 723,610 operations per year. Currently, the airport handles about 57
operations per day (www.airnav.com), or 20,805 operations per year. Hence, the risk to the
proposed PFS Facility from General Aviation activities associated with this airport is less than
1 x 10-7 per year. Similarly, staff review indicates that none of the other airports beyond 10 mi
of the proposed PFS site have annual operations in excess of the NUREG-0800, Section
3.5.1.6 acceptance criterion. On this basis, the General Aviation hazard with respect to the
proposed PFS site is judged to be insignificant.
The applicant has provided information and analyses that give additional support to the above
observations regarding General Aviation hazards to the proposed PFS Facility. The Private
Fuel Storage Facility site is located in the Sevier B Military Operating Area (MOA), which is
adjacent to restricted airspace areas R-6406 and R-6402. Civilian aircraft are prohibited from
flying through these restricted areas. Additionally, General Aviation flights through the MOA will
be limited when it is used by the U.S. Air Force. Therefore, the opportunity for General Aviation
aircraft flying over or near the proposed PFS Facility site is limited. PFS previously used
national statistics for General Aviation. In the revised analysis, PFS instead considered the
observed level of flight activity in the area. It should be noted that this category does not
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include business jets, which fly through federal airways rather than through the Sevier B MOA
and Skull Valley. These flights are accounted for in the data for federal airways.
The expectation of a low General Aviation traffic density in the vicinity of the proposed Facility is
supported further by the personal observations and experience of PFS expert Colonel Ronald
Fly and Lieutenant Colonel Dan Phillips, who have flight experience in the vicinity of the
proposed PFS Facility. They stated that they never had any indication of such aircraft flying in
Skull Valley (Private Fuel Storage Limited Liability Company, 2000b). Additionally, Lieutenant
Colonel Hugh Horstman (ret.), a State of Utah expert, who also has flight experience in the
vicinity of the proposed PSF Facility, estimates the level of General Aviation traffic through Skull
Valley to be "minimal."' Pilots flying General Aviation aircraft tend to transit through Rush
Valley on the eastern side of the Stansbury Mountains (Private Fuel Storage Limited Liability
Company, 2001b). The low altitude sectional aeronautical chart for Skull Valley specifically
directs any General Aviation pilot to contact Clover Control at Hill Air Force Base before
transiting the MOA. Clover Control, which controls flights over the MOAs and restricted
airspaces over the UTTR South area, does not have any record of General Aviation flight
through Skull Valley (Private Fuel Storage Limited Liability Company, 2000b) and such flights
are believed to be very limited in number.
The staff concludes that the annual number of General Aviation aircraft flying in Skull Valley is
quite low when compared to areas that do not have military aviation restrictions.
On the basis of the above considerations regarding the relatively low General Aviation aircraft
traffic in Skull Valley, PFS views the General Aviation hazard to the proposed facility to be
small. Nevertheless, PFS provided an analysis to quantify the risk due to potential General
Aviation accidents in Skull Valley. Specifically, PFS considered the General Aviation accident
rate, the traffic frequency, the airway width in the vicinity of the site, and the crash target area.
In addition, PFS took into account the design features of the facility with respect to tornado
missile protection requirements. As discussed in Section 15.1.2.9, Tornadoes and Missiles
Generated by Natural Phenomena, of this SER, both the HI-STORM 100 storage cask and the
Canister Transfer Building are designed to withstand appropriate design-basis tornado missiles.
The estimated crash rate per flight mile for fixed wing, powered General Aviation aircraft during
the cruise mode of flight (as distinct from landing and taking off, as discussed above) is based
on the information presented in Kimura et al. (1996). Kimura et al. (1996) reported a total of
2,783 crashes during 1986 through 1993 and estimated a crash rate of 1.51 x 10-7 per flight
mile. Out of 2,783 crashes, only 705 or 25.3 percent of crashes resulted in fatalities. PFS
assumes that the pilot flying in a General Aviation aircraft would be a casualty if the crash results
in a significant impact (i.e., a head on impact).. Therefore, PFS considered only those General
Aviation aircraft crashes that resulted in a fatality. On this basis, the General Aviation crash rate
in cruise mode was estimated to be approximately 3.82 x 10-8 per flight mile.
Because accurate information on General Aviation traffic in Skull Valley is not available, PFS
estimated the number of flights required to develop a crash probability of 1 x 10-7, 1 x 10-8, and
1 x 10-9 per year. The staff reviewed the PFS analysis and determined that there is reasonable

1 Horstman deposition (December 11, 2000) at pages 220-22.
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assurance that the probability of a General Aviation aircraft crashing onto the proposed Facility
is equal to or less than 1 x 10-8 per year.
With respect to storage casks, PFS carried out additional analysis to demonstrate that a General
Aviation aircraft crash will not cause any significant penetration of the storage canisters. The
staff has determined that the PFS analysis is conservative.
In addition, PFS considered the hazard associated wtih spent fuel canisters during cansister
transfer operation.- The annual probability that the Canister Transfer Building would be hit by a
General Aviation aircraft during a canister transfer operation is no more than approximately
1 x 10-Q°.
The staff performed an independent assessment of the General Aviation aircraft hazards with
respect to the proposed Facility and found the risk to be within the acceptance criteria of
NUREG-0800, Section 3.5.1.6. In addition, the staff reviewed the data and analyses presented
by PFS with respect to crash potential of General Aviation aircraft onto the proposed Facility.
The staff found them to be acceptable because:
"* Adequate information has been presented to describe the potential hazards.
"* PFS used the methodology of the DOE Standard (U.S. Department of Energy,
1996) to estimate the effective area of the Facility.
"

PFS used crash information from the DOE Aircraft Crash Risk Analysis
Methodology (ACRAM) Study (Kimura et al., 1996).

"" PFS took into account the protection provided by the Facility's tornado missile
design-basis protection in examining the risk of an on-site General Aviation
aircraft crash.
"

The proposed site is located within Sevier B MOA and is only 2 mi from a
restricted airspace. Also, it is located at a distance from major population areas
that have higher densities of General Aviation aircraft operations. Consequently,
the General Aviation aircraft traffic density in the area is expected to be
significantly less than the nationally based average.

"* F-1 6 pilots who regularly flew through the airspace over the proposed site
characterize the number of General Aviation aircraft as infrequent and, at best as
"minimal."
On the basis of the staff's review, as well as the information and analysis presented by the
applicant, there is reasonable assurance that General Aviation aircraft would not-pose a
significant crash hazard to the proposed Facility.
Aircraft Taking Off and Landing at Michael Army Airfield at Dugway Proving Ground
The Facility is located 17.25 statute miles from the Michael Army Airfield runway at Dugway
Proving Ground. The approach toward the Facility is located nearly at right angles from the
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direction of the runway. This orientation puts the Facility in a low risk quadrant, since aircraft
crashes associated with airport landings and takeoffs occur predominantly along or near the
direction of the runway.
As indicated above in the discussion of the Salt Lake City International Airport aircraft crash
probabilities, NUREG-0800, Section 3.5.1.6, Aircraft Hazards (Nuclear Regulatory Commission,
1981 a) specifies that an airport located a distance D of more than 10 mi from a site presents an
acceptably low risk if the annual number of operations at the airport is less than 1,000 x D2 . For
a distance of 17.25 mi, this amounts to 289,000 operations per year for the crash probability to
be larger than 1 x 10-7 per year. The U.S. Army has indicated, however, that only approximately
1,929 flight operations took place at Michael Army Airfield in FY 2001 (Private Fuel Storage
Limited Liability Company, 2001c). Hence, aircraft crash hazards associated with Michael Army
Airfield operations are well within the acceptance criterion.
The staff reviewed the information presented with respect to potential hazards of aircraft landing
and taking off at Michael Army Airfield. The staff found the information acceptable because:

"* Adequate information has been presented to describe the potential hazards.
"

NUREG-0800 (Nuclear Regulatory Commission, 1981 a) methodology and criteria
were used in determining that the aircraft hazards due to Michael Army Airfield
operations could be screened out on the basis of airfield proximity and the
number of operations per year.

"

Information from the DOE Standard DOE-STD-3014-96 (Department of Energy,
1996), and Kimura et al. (1996), was used as additional indication that landing
and taking off from Michael Army Airfield will not pose a hazard to the Facility.
The DOE Standard and Kimura et al. (1996) information for estimating the crash
probabilities of aircraft landing and taking off from an airfield are within the NRC
guidelines given in NUREG-0800, Section 3.5.1.6, Aircraft Hazards.

Based on the information discussed above, there is reasonable assurance that Michael Army
Airfield would not pose an unacceptable hazard to the proposed Facility. The crash probability
from military aircraft using the Michael Army Air Field will be significantly less than 1 x 10- per
year, and its contribution to the cumulative overall crash probability can be neglected.
Aircraft Flying in Military Airway IR-420
Military Airway IR-420 runs northeast to southwest over the Private Fuel Storage Facility site to
Michael Army Airfield on Dugway Proving Ground. It is 11.5 statute miles (10 nautical miles)
wide and terminates at the northern boundary of Sevier B MOA. PFS assumed that all aircraft
traffic, except for F-1 6s, flying to and from Michael Army Airfield in the vicinity of the proposed
Facility site (Private Fuel Storage Limited Liability Company, 2001 c), used IR-420.
Michael Army Airfield has stated that 89 percent of flight operations at the airfield involve aircraft
from Hill Air Force Base (Private Fuel Limited Liability Company, 2001c). The majority of these
operations are F-16 fighters conducting "recurring training" on approaches and landings. In
addition to F-16s, military and civilian cargo aircraft, such as C-5, KC-10, C-141, C-130, C-21,
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C-17, C-12, and Boeing 727, fly to and from Michael Army Airfield (Private Fuel Limited Liability
Company, 2000b, 2001 c).
F-1 6s using Michael Army Airfield often fly directly from the UTTR South area ranges without
using route IR-420. Also, F-16 aircraft flying directly from Hill Air Force Base to Michael Army
Airfield already have been considered in the analysis and estimation of the crash probability for
military aircraft transiting Skull Valley.
Therefore, for estimating the crash hazard to the proposed Facility due toaircraft flying route
IR-420, only transport and large aircraft similar to commercial civilian aircraft need to be
considered. Large multi-engine military cargo aircraft are similar to commercial airliners. PFS
has indicated that crash data for destroyed military cargo aircraft compare "very favorably" to
those for civilian commercial aircraft (Private Fuel Storage Limited Liability Company, 2000b).
PFS analyzed U.S. Air Force accident reports for mishaps involving large militay cargo aircraft
during FY1 989 through FY1 998. PFS concluded that no destroyed aircraft mishaps took place
under circumstances representative of flying in airway IR-420 (Private Fuel Limited Liability
Company, 2000b). For example, some of these mishap circumstances included an air refueling
operation, an on-ground (parked aircraft) destruction by another aircraft, and a foreign site with
lack of radar coverage or flight control services. According to Major General Wayne 0.
Jefferson, USAF (Ret.), a former B-52 wing commander, none of the aircraft was destroyed
under conditions that would be associated with IR-420 flights (Private Fuel Storage Limited
Liability Company, 2000b, Tab Z). Consequently, PFS used the crash rate of 4 x 10-10 per mile
for commercial airliners in flight, as suggested in NUREG-0800, Section 3.5.1.6 (Nuclear
Regulatory Commission, 1981a). The staff considers using the commercial airliner crash rate
for estimating crash probability for large military cargo aircraft to be reasonable.
PFS argued that a Class A or Class B mishap can occur in a large multi-engine aircraft without
resulting in a crash due to redundancies in the aircraft systems. The most notable redundancy
is the extra engine(s) that allow the aircraft to land in the event of a problem with one of the
engines. As the pilot remains in control of the aircraft in such events, the aircraft does not pose
a significant threat to a surface facility. Even in rare circumstances, which the nearest airport is
too far away to attempt a landing, the pilot would have an opportunity to guide the aircraft away
from a facility such as the PFS Facility. Consequently, using Class A and Class B mishap data
would significantly overstate the crash rate for multi-engine military cargo aik'craft. Based on this
assessment, the staff finds PFS use of destroyed aircraft class data for calculating the crash
probability of multi-engine cargo aircraft to be acceptable.
Using DOE Standard DOE-STD-3014-96 (Department of Energy, 1996), PFS estimated the total
effective area of the Facility. Also, based on information from the U.S. Army, PFS estimated
approximately 414 flights per year fly along airway IR-420 to and from Michael Army Airfield
(Private Fuel Storage Limited Liability Company, 2000b). Using the formula specified in
NUREG-0800, Section 3.5.1.6 (Nuclear Regulatory Commission, 1981 a) and on the basis of an
airway width of 11.5 mi, the probability of crash is estimated by PFS to be 3 x 10-9 per year.
As indicated above, the staff finds use of a commercial airliner crash rate to represent the crash
rate of large military cargo aircraft to be reasonable. However, in order to access the
acceptability of this assumption, the staff completed a confirmatory analysis using crash data for
destroyed large military cargo aircraft. There were 6 crashes with destroyed aircraft from FY
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1989 to FY 1998 in 3,525,061 flight hours, or a crash rate of 1.702 x 10-' per hour of flight
(Private Fuel Storage Limited Liability Company, 2000b). Based on the DOE ACRAM Study
(Kimura et al., 1996), PFS stated that large cargo aircraft flew approximately 3.6 x 109 mi in
7.738 x 106 hr in both normal and special in-flight modes from 1967 to 1993. Consequently,
these aircraft flew, on average, 465 mi in every hour of flight in this period. Assuming that the
average speed of these cargo aircraft did not change from FY 1989 to FY 1998, the estimated
crash rate is 3.66 x 10- per flight mile. This is about a factor of ten higher than the crash rate
for commercial aviation. However, this is an exceptionally conservative estimate, since it is
based on crash data corresponding to flight conditions not applicable to IR-420 (Private Fuel
Storage Limited Liability Company, 2000b, Tab Z). Specifically, PFS indicates that all of the
crashes in the reported data involved flight conditions not found on IR-420. Therefore, the
actual specific crash rate is expected to be much less than 3.66 x 10- 9 per flight mile. Given
this, the staff finds that the use of the NUREG-0800 value of 4 x 10-10 crashes per mile is
appropriate. Therefore, the staff accepts PFS onsite crash probability of 3 x 10-9 crashes per
year as a reasonable estimate.
A total of 1,929 flight operations took place at Michael Army Airfield in FY 2000 (Private Fuel
Storage Limited Liability Company, 2001c). It should be noted that a flight by a single aircraft to
Michael Army Airfield may represent more than one flight operation, as the pilot may engage in
repeated approaches and landings as part of flight training. Each of these activities would be
counted as a separate operation (Private Fuel Storage Limited Liability Company, 2001 c).
Assuming 89 percent or 1,717 flight operations were associated with aircraft from Hill Air Force
Base, as reported by Michael Army Airfield, the remaining 212 operations were by aircraft from
other airfields and could have approached Michael Army Airfield from any direction. The
inherent assumption is that each operation at Michael Army Airfield is equivalent to one aircraft
flight in route IR-420, which results in a conservative over-statement of the number of aircraft
using IR-420. As stated before, the majority of the 1,717 flight operations would have been by
F-1 6s from Hill Air Force Base and have been accounted for in estimating the crash probability
for transiting Skull Valley. A small proportion of the 1,717 operations was conducted by non-F
16 aircraft from Hill Air Force Base. PFS concludes that the proportion of flights that do not fly
near the proposed Facility would offset the proportion of non-F-1 6 flights from Hill Air Force
Base. Consequently, the assumption of 212 flights by aircraft other than F-16s originating at Hill
Air Force Base would be reasonable (Private Fuel Storage Limited Liability Company, 2001c).
PFS has used 414 flights through IR-420 in FY 1998 in the crash hazard estimation, which is
conservative (Private Fuel Storage Limited Liability Company, 2001 b).
The staff reviewed the data and analysis presented by PFS with respect to the potential hazards
of large transport aircraft flights in military airway IR-420 to and from Michael Army Airfield. The
staff found them to be acceptable because:
PFS used the NRC methodology to estimate the crash probability onto the
Facility.
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The use of the commercial aircraft crash rate in NUREG-0800 (Nuclear
Regulatory Commission, 1981a) to approximate military cargo aircraft crash rates
along IR-420 is reasonable.

*

PFS analyzed the accident reports of the relevant aircraft from the U.S. Air Force
to justify the crash rate used in the analysis.
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PFS used the methodology of the DOE Standard (U.S. Department of Energy,
1996) to estimate the effective area of the Facility. As discussed in connection
-with the analysis of aircraft flying jet route J-56, the DOE Standard for estimating
the effective target area is within the NRC guidelines given in NUREG-0800,
Section 3.5.1.6, Aircraft Hazards (Nuclear Regulatory Commission, 1981 a).
On the basis of NUREG-0800 (Nuclear Regulatory Commission, 1981a), the DOE Standard
DOE-STD-3014-96 (Department of Energy, 1996), and Kimura etal. (1996), aircraft using
IR-420 for flying to and from Michael Army Airfield will not pose a credible hazard to the Facility.
Military Aircraft From Hill Air Force Base Flying to and from the UTTR
Military training flights are conducted in the UTTR. The training range is divided into a North
area, located north of Interstate 80, and a South area, located west of the Cedar Mountains and
South of Interstate 80. The UTTR North area is over'30 mi north of the Facility. At this distance,
ground strikes from aircraft mishaps in the UTTR North area would not pose a hazard to the
Facility.
Military aircraft flying in or around the UTTR South area comprise three groups:
•

aircraft transiting Skull Valley en route to the UTTR South area,

"* aircraft conducting training in the restricted air space on the UTTR South area,
and
"* aircraft departing the UTTR via the Moser Recovery en route to Hill Air Force
Base.
Information for each of these groups and the estimated probability of aircraft crash onto the
proposed Facility are described below.
Aircraft TransitingSkull Valley En Route to the UTTR South Area
Based on U.S. Air Force data, almost all of the 3,871 military aircraft that transited Skull Valley in
FY 1998 were F-1 6s. (This information was later updated, as discussed below.) The
predominant route of F-16s is through the east side of Skull Valley along the edge of the
Stansbury Mountains, which are approximately 5 statute miles east of the Facility. The Private
Fuel Storage Facility site is located in the Sevier B MOA. At the proposed Facility location, the
Sevier B MOA extends approximately 2 mi to the west of the site and 10 mi to the east. The
Sevier B MOA has a ceiling of 9,500 ft above mean sea level, approximately 5,000 ft above
ground level at the Facility. The U.S. Air Force has indicated that the planes in the UTTR
generally fly at an altitude of 3,000 to 4,000 ft above ground level at speeds of 350 to 400 knots.
According to Private Fuel Storage Limited Liability Company (2000b), pilots only fly in Skull
Valley only under visual meteorological conditions, that is, clear of clouds with at least 5 mi of
visibility (Private Fuel Storage Limited Liability Company, 2000b).
The crash rate for F-1 6s transiting Skull Valley would be representative of aircraft in "normal"
flight phase, defined in DOE Standard DOE-STD-3014-96 (U.S. Department of Energy, 1996)
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since the F-16s do not engage in any special operations involving high-stress maneuvering in
Skull Valley. F-16s transiting through Skull Valley engage in low-stress maneuvers consisting of
clearing turns, G-awareness, and terrain masking (Private Fuel Storage Limited Liability
Company, 2000b). PFS has adequately described the activities involved in these maneuvers to
show that they appropriately belong to "normal" flight phase conditions.
The DOE ACRAM study (Kimura et al., 1996) provides the crash rate for F-16s for 1975 through
1993. PFS used this crash rate for the parameter C (crash rate per mile of flight) in Equation
(15-4) after updating it using recent data from the U.S. Air Force.
The U.S. Air Force maintains mishap rates for each type of aircraft. The mishap rate is defined
as the number of crashes per 100,000 hr of flight. PFS estimated the crash rate on a per mile
basis by dividing the time rate (i.e., crashes per hour) by the average speed of aircraft (i.e., miles
per hour) (Private Fuel Storage Limited Liability Company, 2000b, Tab D). On the basis of the
U.S. Air Force data, PFS modified the normal crash rate developed in the DOE ACRAM study by
updating the data from FY 1975 to FY 1993 with data from FY 1994 to FY 1998. Hence, PFS
used the crash rate based on the last 10 years data (i.e., from FY 1989 to FY 1998). This is
acceptable because, given the trend toward lower crash rate, use of the lifetime (1975 through
1998) average crash rate would be overly conservative. Using the updated F-1 6 accident rate in
normal in-flight mode, PFS estimated the crash probability to be 2.736 x 10-8 per mile.
PFS used the formula given in NUREG-0800, Section 2.5.1.6 Aircraft Hazards (Nuclear
Regulatory Commission, 1981 a) to estimate the crash probability, P, at the Private Fuel Storage
Facility site from F-1 6s transiting through Skull Valley. In order to separate F-1 6 crashes due to
engine failures from those due to other causes, the formula was resolved into two components,
as follows:
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probability of an F-1 6 crashing on the Facility as a result of engine failure or other
malfunctions with the pilot retaining control of the aircraft.
probability of an F-1 6 crashing on the Facility due to engine failure or other
malfunctions with the pilot not retaining control of the aircraft.
number of aircraft flying near the site in a year.
crash rate per mile of flight.
effective area of the Facility.
width of the air space through which the F-1 6s fly.
probability that the crash is of the type such that the pilot retains control of the
aircraft but is unable to guide the aircraft away from the Facility. This is the
product of the probability that the pilot retains control of the aircraft for a time that
is sufficient to guide the aircraft away from the Facility, mAbe-ta.Avo,, and the
probability that such a pilot will still not be able to guide the aircraft away from the
Facility, P,.. In other words, R1 is equal to PAble-to-Avotd X Pj,.
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R2

=

probability that the crash is of the type such that the pilot does not retain control
of the aircraft and is unable to guide the aircraft away from the Facility before
"7
ejecting.

PFS estimated both R, and R2 based on the data and analyses presented in Tab H of Private
Fuel Storage Limited Liability Company (2000b). PFS used accident investigation reports from
the U.S. Air Force in these analyses. For R, and R2, PFS focused on F-1 6 mishaps involving a
destroyed aircraft, since these analyses best estimated the hazards to the Canister Transfer
Building and the spent fuel storage casks. The Canister Transfer Building is made of reinforced
concrete. The spent fuel storage casks have a concrete overpack. Kimura et al. (1996) state
that for facilities with hardened structures, a more appropriate estimate of the crash frequency
may be based on mishaps with destroyed aircraft only (i.e., the mishaps in which it was
uneconomical to repair the aircraft). Additionally, military aircraft such as the F-1 6 normally are
destroyed in a crash landing on terrain other than an airfield runway. In view of the above, the
staff finds the use of the data set consisting of mishaps with destroyed aircraft in the analyses to
be appropriate.
PFS estimated the effective area of the Facility assuming a full load of 4,000 casks. The
effective areas of the Canister Transfer Building and the cask storage area were estimated
separately using the formulas and information given in DOE Standard DOE STD-3014-96 (U.S.
Department of Energy, 1996). As discussed in connection with jet route J-56, the DOE Standard
for estimating the effective target area is consistent with the NRC guidelines given in
NUREG-0800, Section 3.5.1.6, Aircraft Hazards (Nuclear Regulatory Commission, 1981 a). The
staff finds the PFS estimation of the effective area to be acceptable.
.

At the latitude of the Facility, the Sevier B MOA east-west width is about 12 mi. However, the
F-1 6s are required to fly higher than 1,000 ft above ground level and below 9,500 ft mean sea
level in the Sevier B MOA. These limitations, coupled with the presence of the Stansbury
Mountains, make it impractical and unlikely for F-1 6s to fly in a small portion of the easternmost
2 mi of the Sevier B MOA (Private Fuel Storage Limited Liability Company, 2000b, Figure 1).
Therefore, PFS has used 10 mi as the width of the airway for estimating the crash probability.
PFS obtained 126 F-16 aircraft Class A accident investigation reports, conducted under Air
Force Instruction (AFI) 51-503, (Private Fuel Storage Limited Liability Company, 2000b). Of
these, 117 reports involved 121 destroyed aircraft.
PFS analyzed the F-16 accident reports using three different approaches. Specifically, three
subsets of the original data set were developed to estimate the fraction of accidents in which the
pilot would be able to avoid the proposed Priva*te Fuel Storage Facility site. Each data subset
provided a different perspective. The three approaches to analyze the original data set are
described in the following discussion:
(1)
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All accidents caused by events that could have occurred in Skull Valley, irrespective
of the phase of flight (normal in-flight, special in-flight, takeoff, and landing). PFS has
referred to this data subset as Skull Valley Type Events (Private Fuel Storage Limited
Liability Company, 2000b).

I
I
I
I

PFS applied the evaluation parameters or the screening criteria to the entire accident
data set of 121 destroyed F-16 aircraft to determine the population of mishaps that

I
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could have occurred in Skull Valley, regardless of the flight phase (i.e.,
takeoff/landing, normal, or special) (Private Fuel Storage Limited Liability Company,
2000b). PFS found that most of the mishaps in the original accident data set did not
occur under Skull Valley type flight conditions. Hence, PFS excluded those events
that could not occur in Skull Valley near the PFS Facility, such as midair collisions or
gravity-induced loss of consciousness. These types of mishaps may occur during the
high-stress, aggressive maneuvering of special operations in restricted air spaces of
the UTTR. As discussed before, F-16s transit Skull Valley en route to the UTTR
South area in normal in-flight mode, without any high-stress, aggressive
maneuvering.

I

PFS included in this data set F-1 6 mishaps that occurred in special operations that
were not directly caused by collisions or high-stress maneuvering. For example,
engine failure, such as turbine blade failure, is essentially a random event.
Therefore, although a given engine failure had occurred in the training ranges, it
could equally likely occur in Skull Valley. PFS also included in this population those
mishaps that occurred during taking off and landing but were not attributable to the
unique circumstances associated with these events.
(2)

All accidents caused by events that could have occurred in Skull Valley during the
normal in-flight phase of operation. PFS has referred to this data subset as ACRAM
flight phase (Private Fuel Storage Limited Liability Company, 2000b).

(3)

All accidents in normal in-flight phase that occurred under flight environments in
which F-1 6s transit the Sevier B MOA near the Facility. PFS has referred to this
subset of data as Sevier B MOA Flight Conditions (Private Fuel Storage Limited

Liability Company, 2000b).

Conditions evaluated in this group that are encountered by all F-16s transiting the
Sevier B MOA near the Facility include altitude (between 1,000 to 5,000 ft above
ground level), speed, weather (typically visual meteorological conditions clear of
clouds with visibility at least 5 mi), time of day, and flight activity.
PFS used a team of experts to evaluate the accident reports. The team was comprised of
Brigadier General James L. Cole, U.S. Air Force (ret.); Major General Wayne 0. Jefferson, U.S.
Air Force (ret.), and Colonel Ronald E. Fly, U.S. Air Force (ret.). The expert panel jointly
identified the evaluation parameters and independently assessed each accident report to
determine:
"* ACRAM Flight Phase: phase of flight in which the aircraft was flying when it was
destroyed (i.e., takeoff and landing, normal in-flight, or special in-flight).
"
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Cause of the Accident: whether the accident was caused by an engine failure due
to a mechanical problem or other damage to the engine. If the accident was due
to an engine failure, it could result in either complete loss of power, loss of
useable power, or loss of control over the engine, as identified in the accident
report.
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Ability to Avoid a Fixed Ground Site: whether the pilot had enough time and would

Shave been able to avoid a fixed site on the ground. This assessment by the
"expertpanel considered the following (Private Fuel Storage Limited Liability

<

Company, 2000b):
nature of the initiating event such as engine or other mechanical failure,
Gravity-induced loss of consciousness, spatial disorientation, etc.;
altitude of the aircraft at which the initiating event occurred;
weather at the time of the initiating event;
speed of the aircraft at the time of initiating event; and

-

S

-

pilot retaining control of the aircraft based on the initiating event.

Based on the results of the evaluation of the three data sets, the panel identified the fraction of
mishaps in which the pilot would have been able to avoid a surface site, such as the proposed
Facility. The details are summarized in Table 15-2.
Information presented in Table 15-2 shows that 58 mishaps out of a total of 121 or 48 percent
were caused by failure of F-1 6 engines' The PFS expert panel determined that all engine
failures, including catastrophic ones, left the pilots with ample time and capability to avoid a fixed
site on the surface such as the PFS Facility.
Table 15-2. Results of analyses to estimate fraction of mishaps in which the pilot would
have been able to avoid the Private Fuel Storage Facility (Private Fuel Storage Limited
Liability Company, 2000b, Tab H).

I
.,

Flight Phase,
Special I Take-off/Landing

_Normal

Total

Accidents

27

62

32

121

Engine Failure

16

26

16

58

Able to Avoid Facility

21

27

21

69

Total Skull Valley Type Events

19

25

17

61

Sevier B MOA Flight Conditions

9

0

0

9

Additionally, there were 11 mishaps, caused by reasons other than engine failure, that would
have allowed the pilot sufficient time and capability to avoid a fixed surface facility.
Consequently, PFS concluded that in 69 out of 121 mishaps, the pilot would have been able to
avoid the Private Fuel Storage Facility site.....
Eight mishaps in normal in-flight phase were assessed by the PFS expert panel as not relevant
to Skull Valley. Hence, only 61 out of the 121 destroyed aircraft mishaps were assessed as
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Skull Valley Type Events by the PFS expert panel (Private Fuel Storage Limited Liability
Company, 2000b). Within these 61 Skull Valley Type Events, PFS estimated the number of
mishaps in which the pilot would have had sufficient time and capability to avoid a surface site
like the Facility. The results are given in Table 15-3.
Table 15-3. Estimation of fraction of mishaps compared to ability to avoid the Private Fuel
Storage Facility using the data set of Skull Valley Type Events (Based on Private Fuel
Storage Limited Liability Company, 2000b, Tab H).
Flight Phase
Special
Take-off/Landing

Normal
Total Skull Valley Type Events
Able to Avoid
Not Able to Avoid

Total

19

25

17

61

17
2

25
0_

17
0

59
2

On the basis of the analysis conducted for the 61 Skull Valley Type Events by its expert panel,
PFS estimated that with the exception of two mishaps (May 25, 1990 and April 4, 1991), the rest
involved situations where the pilots remained in control and had sufficient time to avoid a surface
facility. Specifically, PFS estimated that in 59 mishaps out of 61 Skull Valley Type Events
(i.e., 97 percent) the pilots had sufficient control and time to avoid a fixed surface site.
An additional factor associated with F-1 6 aircraft flying in Skull Valley is that they are in the
normal in-flight phase of operation. By eliminating mishaps occurring in other flight phases, the
number of mishaps relevant to Skull Valley is 19. In 17 of these mishaps, the pilot was able to
exercise avoidance procedures. Hence, on this basis, the probability of avoiding the Facility is
estimated to be 17/19, or 89 percent.
Additionally, the PFS expert panel concluded that only 9 mishaps fell under the strict guidelines
of the Sevier B MOA flight environment that include not only-the normal flight mode but also
specified speed and altitude restrictions (Private Fuel Storage Limited Liability Company, 2000b,
Tab H). Of these, only one mishap involved loss of avoidance ability according to the
assessment of the panel. Hence, in 8 out of 9 mishaps (89 percent), the pilot was able to control
the aircraft.
The staff reviewed the information and analysis regarding the fraction of potential mishaps in
which the pilot would have sufficient control and time to steer an aircraft experiencing trouble
while transiting Skull Valley (Private Fuel Storage Limited Liability Company, 2000b, Tab H). On
the basis of its review, the staff considers that the data subset representing mishaps that took
place in normal in-flight mode or the data subset referred by PFS as the ACRAM Flight Phase is
representative of Skull Valley conditions.
As discussed previously, using three different data subsets PFS has estimated the avoidance
probability. PFS concluded that a pilot having trouble with the aircraft would have sufficient time
to avoid the PFS Facility approximately 90 percent of the time. This value is based on the
mishap histories for the ACRAM Flight Phase and Sevier B MOA Flight Conditions data subsets.
Similarly, PFS estimated that avoidance would be achieved 97 percent of the time if one were to
use the Skull Valley Type Events data subset. Based on the above and since the ACRAM Flight
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Phase data subset produces the lower bound estimate, the staff has used a value of 90 percent
in its review for the avoidance probability.
PFS calculated the probability, P,,t in Eq. (15-4), that a pilot, with time and opportunity to direct a
crashing F-1 6 away from the Facility, would fail to do so. This evaluation is based on standard
procedures followed by F-16 pilots in emergencies at 5,000 ft above ground level or lower,
actions that would be required by the'pilot to avoid the site, the time that a pilot would have to
direct the aircraft away, analysis of accident reports from the U.S. Air Force by the expert panel,
and other factors that may affect a pilot's capability to avoid the site (Private Fuel Storage
Limited Liability Company, 2000b).
PFS has judged that a pilot with sufficient control and time available would be able to avoid
striking the Facility at least 95 percent of the time. This assumption is based on consideration of
factors such as pilot training and procedures, experience, the flight control computer, and the
terrain and visibility characteristics of Skull Valley. Consequently, the probability that the pilot
would not be able to avoid the Facility with sufficient control and time, P,,in Eq. (15-4), is equal
to 0.05. In accordance with the definitions presented in Eq. (15-4), this leads to an estimated
value of 0.045 for R,.
Factor R2 in Equation (15-4) is the probability that the initiating event leading to a crash will force
a pilot to eject immediately from the aircraft. Consequently, a pilot would not have control of the
aircraft and would not be able to guide it away from the Facility. A pilot would retain control of the
aircraft with sufficient time to steer the plane away for 90 percent of F-16 crashes. Therefore, in
only 10 percent of all F-16 crashes would the pilot have to eject immediately. Hence, the factor
R2 is estimated to be 0.1.

I
I
I

Based on the estimated values of N, C, A, W, R,, and R2 , discussed above, with 3,871 aircraft
flights per year, PFS estimated the crash probability of F-1 6s transiting Skull Valley to be 2.05 x
10- 7 per year for the Facility (Private Fuel Storage Limited Liability Company, 2000b).

I

It should be noted that estimation of Ptt has'to be qualitative because of lack of quantitative
information. No information exists on the fraction of F-16 mishaps where a pilot had adequate
control of the aircraft in addition to sufficient time to direct the crashing aircraft away from a fixed
surface Facility, yet failed to avoid the surface structure. It should also be noted that in all these
accidents the pilot had control of the aircraft. Events in which the pilot lost control of the aircraft
due to major damage, such as in a midair collision, are excluded from this discussion. The pilot
in such cases would immediately eject from the aircraft. PFS has conservatively classified those
mishaps in the list of historical accidents as cases where the pilot would not be able to avoid a
surface facility like the proposed Facility.

I
I
I
I
I
I
I

The staff carried out a sensitivity analysis to determine the effect of variation of P,, on the overall
probability of crash using Equation (15-4). The results are given in Table 15-4.

I
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Table 15-4. Sensitivity analysis of Phd on overall crash probability.
PAble-to.AvoId

Phil

R,

R2

P,

0.90

0.01

0.009

0.1

1.3 x 10-8

1.4 x 10-7

0.90

0.05

0.045

0.1.

6.4 x 10-8

1.4 x

10- 7

2.1 X 10-7

0.90

0.10

0.090

0.1

1.3 X 10-7

1.4 x 10-7

2.7 x 10-7

0.90
0.90

0.15
0.20

0.135
0.180

0.1
0.1

1.9 X 10-7
2.5 X 10-7

1.4 x 10- 7
1.4 x

3.3 x 10-7
3.9 x 10 7

P2
I-_II_

P = P, + P 2
(crash/yr)
1.5 x 10

Results presented in Table 15-4 show that a 20 times increase of Phd value
(from 0.01 to 0.20)
increases the overall crash probability by approximately 2.5 times. Consequently,
the overall
probability of crash' of F-1 6s transiting Skull Valley is not highly sensitive
to the particular 'value
of Pht used in the calculation. Results of this analysis illustrate that the
Ph,, value, developed in a
qualitative manner, has negligible influence on the estimated crash probability,
and that use of
0.05 as Phit is acceptable. Therefore, the staff accepted the PFS crash
probability of 2.05 x 10'
per year for F-1 6s using FY 1998 sortie information as reasonable. However,
the staff
conservatively used a Ph,, value of 0.10 in estimating crash probability.
Additional Analysis
PFS has updated some information given in Private Fuel Storage Limited
Liability Company
(2000b) and provided additional information regarding F-16 flights through
Skull Valley in
response to a staff request for additional information (Private Fuel Storage
Limited Liability
Company, 2001 c,d,e). Consequently, the report on aircraft crash hazard
assessment has been
updated (Private Fuel Storage Limited Liability Company, 2001 b). The
staff's review of the
revised analysis is provided below.
It should be noted that the airspace over Skull Valley, as discussed above,
is used for transiting
to the UTTR South area.' However, the narrow width of Skull Valley with
mountain ranges on
either side does not provide adequate airspace for large force maneuvering
with 12 or more
aircraft (Private Fuel Storage' Limited Liability Company, 2001 e). Consequently,
the pilots also
use the Sevier D MOA, which ovelies the Sevier B MOA, to transit Skull
Valley during large force
exercises.
Number of Flights
PFS has provided the F-16 flight information through the Sevier B and
Sevier D MOAs for FY
1998 through FY 2000 (Private Fuel Storage Limited Liability Company,
2001 c), as given in
Table 15-5.
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Table 15-5. Number of F-16 flights through Sevier B and Sevier D MOAs (Based on Private
Fuel Storage Limited Liability Company, 2001b).
Sevier B MOA

Sevier D MOA

Total

FY 1998'

3,871

215

4,086

FY 1999

4,250

'336

4,586

FY 2000

5,757

240

J

5,997

Both Sevier B and Sevier D MOAs are approximately 145 mi long and extend more than 100 mi
south of Skull Valley. The Sevier D MOA overlies the Sevier B MOA. The Sevier D MOA is
normally used to transit Skull Valley during large force exercises. Additionally, some flights in
the Sevier B MOA may have entered using routes other than through Skull Valley. Based on
information from Hill Air Force Base, up to 10 percent of flights in Sevier B MOA do not transit
through Skull Valley. Consequently, considering the traffic through the MOAs as equivalent to
flights through Skull Valley, as assumed by PFS in the-sensitivity analysis (Private Fuel Storage
Limited Liability Company, 2001 b), is conservative.
PFS has stated, based on information from the U.S. Air Force, that the 388t" Fighter Wing at Hill
Air Force Base had 54 F-16 aircraft for FY 1998 through FY 2000 (Private Fuel Storage Limited
Liability Company, 2001b). The 4 1 9t' Fighter Wing stationed at Hill Air Force Base had 15
authorized F-1 6s over the same period. Therefore, a total of 69 F-1 6 aircraft were stationed at
Hill Air Force Base through FY 2000.,
An additional 12 F-16 aircraft were assigned to the 388' Fighter Wing in the third quarter of FY
2001. Consequently, the number of F-16 aircraft stationed at Hill Air Force Base has increased
to 81 in FY 2001, a 17.4 percent increase (Private-Fuel Storage Limited Liability Company,
2001 b). An increase in the number of assigned aircraft to the 3 8 8 'h Fighter Wing will result in an
approximately proportional increase in the number of pilots and maintenance personnel, financial
resources, and flying hours. PFS has stated that an increase in these determining factorsi would
result in a proportional increase in the number of sorties flown by the aircraft stationed at Hill Air
Force Base (Private Fuel Storage Limited Liability Company, 2001e). Therefore, the estimated
annual number of flights through Skull Valley with 81 F-1 6 aircraft would be approximately 17.4
percent greater, or 7041. This increase in the number of F-1 6 aircraft is discussed in this
section.
Crash Rate
The staff reviewed factors that may increase the crash rate C, established by PFS, for F-1 6s
flying in normal and special in-flight modes. As discussed before, PFS'modified the crash rate
of F-16s estimated in the DOE ACRAM study (Kimura et al., 1996) by taking the average of F-16
crashes in 10 years from FY 1989 through FY 1998 (Private Fuel Storage Limited Liability
Company, 2000b). PFS stated that given the trend toward lower rates for F-1 6s and other
military aircraft, the ten-year average would be appropriate. The staff specifically examined two
factors to determine whether they might increase the crash rate of F-1 6 aircraft. The'factors
considered are:
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Bird strike

0

Aircraft aging.

The staff reviewed the information submitted by PFS and also obtained information from- U.S.
Air Force web sites to determine the likelihood of any bird strike in Skull Valley that might
increase the crash rate. The staff also carried out an analysis using information from the U.S.
Air Force to determine whether aging of F-1 6 aircraft is manifested in a higher crash rate at later
stages of the F-16 aircraft life.
The U.S. Air Force has collected information on all reported bird strikes with aircraft in the
database used in the Bird Avoidance Model (www.ahas.com/bam). According to this model, no
bird strikes occurred in Skull Valley from 1985 through June 25, 2000, the period for which the
data are available (Private Fuel Storage Limited Liability Company, 2001e). There is no large
water body near the proposed PFS Facility site to attract a flock of very large birds. Based on
the Utah State Division of Wildlife Resources, American White Pelicans and several other
species of large birds have been observed seasonally in the Timpie Springs Wildlife area,
approximately 25 mi north of the proposed PFS Facility site, at the edge of the Great Salt Lake
(Private Fuel Storage Limited Liability Company, 2001e). Canada Geese are also seen in this
area. The bird strike closest to the proposed PFS Facility site took place on April 7, 1994. A B
52 bomber struck a sharp-shinned hawk at 600 ft above ground level in restricted area R-6406A,
approximately 25 statute miles from the proposed PFS Facility site. The aircraft sustained
negligible damage ($726). The next closest bird strike event took place on March 2, 1988. An
F-1 6 struck a vulture at 800 ft above ground level in the UTTR North area, approximately 37
statute miles from the proposed PFS Facility site. The aircraft did not sustain any damage.
All bird strikes within 50 statute miles of the proposed PFS Facility site that are included in the
Bird Avoidance Model database occurred below 800 ft above ground level. Approximately 70
percent of all bird strikes occur at or below 1,000 ft above ground level (Private Fuel Storage
Limited Liability Company, 2001e). Data from the U.S. Air Force support this conclusion
(http://safety.kirtland.af.mil/AFSC/Bash/stats/web alt ll.html). In contrast, the Sevier B MOA is
at least.1,000 ft above ground level.
F-16s transiting Skull Valley normally fly at 350 to 400 knots. PFS has concluded that the risk of
breaking the aircraft canopy windshield is small (Private Fuel Storage Limited Liability Company,
2001e). The U.S. Air Force database on wildlife strikes of all types of aircraft show that the
windshield was penetrated in only 0.3 percent of the incidents
(http://safety.kirtland.af.mil/AFSC/Bash/stats/webjimpact_stat.html).

I
I

If a bird strike occurs near the Timpie Springs Wildlife area, where large birds may be present,
and forces the pilot to eject immediately, the aircraft would not be able to reach the proposed
site. However, if the aircraft remained flight-worthy, the pilot would recover to a nearby airport.
It is, therefore, reasonable to conclude that F-16s incurring large bird strikes in this area would
not be flying through Skull Valley near the PFS Facility.
The staff at Hill Air Force Base also indicated that the likelihood of a damaging bird strike
occurring in Skull Valley is so low that it is normally not a part of mission planning. The mission
planners would take appropriate measures, such as selection of alternate altitudes, if returning
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sorties report bird strikes. Therefore, it is reasonable to conclude that the possibility of a bird
strike in Skull Valley is remote and will have an insignificant effect on the F-1 6 crash rate.
Analysis of failure of a complex system, such as an F-16, as a function of time is dependent on
several factors. Consideration has been given to the potential for a "bathtub" curve, whereby for
a given aircraft type, crash rates may be greater toward the beginning and end of the operational
life of the aircraft. To determine whether the F-1 6 crash rate has characteristics of a typical
"bathtub" curve requires information on failure modes, special working conditions, true flying
time, repair time, and frequency of periodic maintenance and inspection, among others of each
component of the aircraft that causes a crash. Additionally, approximately 50 percent of all
crashes of F-1 6 aircraft are due to operation-related causes. For example, aircraft crashing due
to a pilot undergoing gravity-induced loss of consciousness (GLOC), mid-air collision, bird strike,
running out of fuel, pilot error, or weather-related causes may not contribute to the crash rate of
a system due to the "bathtub" effect. It is necessary to separate these operation-related
mishaps from the crash database to determine whether the crash rate shows any "bathtub"
behavior.
For a complex system, such as the F-1 6 aircraft, early failures ("infant mortality") tend to be
random because of high quality control requirements (McCormick, 1981). Focus upon the
middle and late periods of F-16 aircraft life is important to determine whether aging related wearout contributes to an increased crash rate. In this regard, periodic maintenance and
replacement of components help to mitigate wear-out effects and prolong the useful life of the
system (McCormick, 1981). Thus, the useful life of the system is prolonged by the maintenance
and replacement of necessary components.
Information necessary for a rigorous analysis of these effects is not readily available. However,
consideration of all data (without going into specific failure modes, actual flying time, or
frequency of maintenance) will lead to a conservative estimate, since causes of mishaps that do
not contribute to "bathtub" effect would also be included in the analysis. The staff has analyzed
the data of engine-related F-16 mishaps from the U.S. Air Force
(http://www-afsc.saia.af.mil/afsc/rdbms/flight/stats/). Additionally, mishap data for F-1 6A, F-1 6B,
F-i 6C, and F-1 6D aircraft have also been analyzed to determine whether there is any potential
"bathtub" effect in these data sets.
A power law failure rate consisting of the superposition of two separate power functions, as
given by Pulcini (2001), was used in this analysis.- The method involves plotting the cumulative
number of events versus cumulative operating time on a log-log graph. A concave shape of the
curve is a necessary condition for exhibiting the "bathtub" behavior (Pulcini, 2001). Applying this
method to Class A crash data for the F-166B, F-16C, and F-16D, the staff found that plots of the
cumulative number of mishaps versus cumulative flying time do not conform to a straight line or
a concave shape. F-16A data for Class A mishaps show a negligible effect (the slope of the line
is 1.03; by comparison, a slope of 1.00 shows no effect). Similarly, analysis of F-1i6A mishaps
with destroyed aircraft does not show a "bathtub" effect (slope is equal to 1.0). Engine-related
mishaps for all F-16 aircraft produce a straight line with a slope less than 1.0. This indicates that
the crash rate is decreasing with time and, therefore, there is no "bathtub" effect present in the
engine-related F-1 6 crash data. This supports a determination that aging has not contributed
significantly to the F-16 crash rate.
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Width of Airway
The width of both the Sevier B and Sevier D MOAs at the latitude of the proposed PFS Facility
is 12 mi (Private Fuel Storage Limited Liability Company, 2000b, 2001e). As indicated
previously, PFS and the staff used 10 mi as the effective flying width for flights in the Sevier B
MOA. This effective width is assumed on the basis of the existing elevation restrictions and the
presence of the Stansbury Mountains. Additionally, the staff has carried out a sensitivity
analysis assuming 8 and 9 mi widths for the Sevier B MOA. A full 12 mi width was assumed in
the analysis for the Sevier D MOA.
The staff reviewed other factors that may reduce the effective width of the Sevier B MOA.
Specifically, information on potential use of the proposed Facility as a steer point for navigation
and'for updating the onboard navigational equipment, in addition to formation flights by F-16s
while transiting Skull Valley, were reviewed for a possible reduction of the navigational width of
the MOA.
F-1 6s are equipped with an Inertial Navigation System (INS) for onboard navigational capability.
Additionally, Tactical Air Navigation (TACAN), which provides distance and bearing from a
ground station at a given time, is used. Also, Block 40 F-1 6 aircraft flown by the 388t" Fighter
Wing (a total of 66 aircraft) are equipped with the Global Positioning System (GPS) (Private Fuel
Storage Limited Liability Company, 2001e). The GPS provides precise aircraft location by using
orbiting global positioning satellites. The F-1 6 aircraft flown by the 388•" Fighter Wing are also
equipped with the Low Altitude Navigation and Targeting Infrared for Night (LANTIRN) system,
which provides pilots the capability to fly at high speed while avoiding detection by using
mountains, valleys, and the cover of darkness. Both the INS and TACAN systems will operate in
case of an engine failure; however, the GPS and LANTIRN systems will not function under these
conditions.
Pilots generally fly toward the selected INS steer points. Therefore, it is reasonable to expect
that some of the pilots would fly toward and perhaps fly over the proposed site if the PFS Facility
is selected as a turning point. However, if the proposed Facility is instead selected as a pilotage
point (that is, a visually identifiable feature used for navigation in VFR flights), direct fly-over of
the proposed Facility will not occur.
Skull Valley is primarily used as a transition corridor to the UTTR South area. During a typical
mission to the UTTR South area,-pilots will use the onboard INS; external navigational aids
(such as TACAN; and, if available; GPS), and visual references to maintain positional and
situational awareness (Private Fuel Storage Limited Liability Company, 2001e). The normal
flight path for transiting Skull Valley uses a south-southwesterly heading while over the western
part of the Great Salt Lake. The pilots enter Skull Valley from the north and follow a southerly
heading toward the narrow neck of the Sevier B MOA airspace east of English Village on
Dugway Proving Ground (Private Fuel Storage Limited Liability Company, 2001e). The Sevier B
MOA is approximately 17 statute miles wide at the northern part of Skull Valley. The MOA
narrows to about 7 statute miles at the southern end (Private Fuel Storage Limited Liability
Company, 2001e). Because the MOA "funnels" the aircraft eastward as they approach the
southern part of Skull Valley, pilots favor the eastern part of the airspace while transiting from
north to south in the valley (Private Fuel Storage Limited Liability Company, 2001 e).
Consequently, the operational utility of the airspace west of Skull Valley Road decreases
significantly toward the southern part of Skull Valley.
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In addition, a pilot using the proposed Facility for updating onboard instruments would still need
to remain cognizant of the restricted airspace to the south and west of the proposed site.
Moreover, another turning point would be necessary approximately 10 mi southeast of the
proposed PFS Facility to stay within the MOA (Private Fuel Storage Limited Liability Company,
2001e). PFS has stated that it is reasonable to assume that, in such cases, pilots would turn
before flying over the proposed Facility (Private Fuel Storage Limited Liability Company, 2001 e).
Additionally, F-1 6s using the Stansbury Mountains for practicing terrain masking maneuvers fly
down the eastern part of the MOA (Private Fuel Storage Limited Liability Company, 2000b). In
view of the above, it is reasonable to assume that most of the aircraft transiting Skull Valley to
the UTTR South area will remain east of the proposed PFS Facility,. Accordingly, analytical use
of a 10-mi width as the effective width of the airway, thereby increasing the number of aircraft
assumed to fly closer to the PFS Facility, is conservative.
Probability of Avoidance
The staff reviewed the following scenarios under which a pilot, having sufficient time and control
of the aircraft, still may not be able to avoid a specific ground facility such as the proposed PFS
Facility:
"* Lack of knowledge of the location of the proposed Facility

KI

"

Weather phenomena, such as cloud cover that reduces ability of the pilot to
visually locate the proposed Facility

"

Level of experience of the pilot.

In addition, the staff also reviewed the effect of using the proposed Facility for pilotage or for
updating navigational equipment on the avoidance probability.
If the proposed Facility is built, its existence and location will be known to military flight planners.
The Area Planning Guide of the U.S. Department of Defense (DOD) provides guidance to the
planners of military training routes. The guide reflects the official policy of the DOD for military
flight organizations to be aware of the location of radioactive waste facilities. The guide is
updated every 56 days. It is expected that the PFS Facility, if licensed, would be listed therein,
so that military flight planners and pilots would be aware of the presence of the Facility in Skull
Valley, Utah.
In addition, the proposed Facility would be the largest man-made structure in Skull Valley. As
discussed previously, some of the pilots may use the Facility as a navigational steer"point or
pilotage point. Alternatively, the pilots may elect to correct the drift error of the INS, the parallax
error of the imaging infrared sensor mounted on the navigational pod of the LANTIRN system, or
manually adjust the focus of the targeting pod of the LANTIRN system using the structures of
the proposed PFS Facility. In view of the above, pilots are expected to be aware of the location
of the proposed Facility. Hence, the applicant's assumption that pilots will be aware of the
Facility and its location is reasonable.
Weather conditions in Skull Valley are similar to those present at Dugway Proving Ground and
Michael Army Airfield (Private Fuel Storage Limited Liability Company, 2001 e). It is expected
that the weather at the UTTR South area, especially the restricted airspaces adjacent to Skull
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Valley, will be similar to that in Skull Valley. However, the UTTR South area encompasses a
large area. Therefore, the weather at the UTTR South area may change with increasing '
distance from Skull Valley, especially for those airspaces farther away from Skull Valley.
Typically, weather in Skull Valley area is well suited for VFR flight conditions. For example,
based on Air Weather Service data (Private Fuel Storage Limited Liability Company, 2001 e), the
Sevier B MOA has no ceiling (i.e., less than approximately 60 percent cloud cover), with 7 or
more miles of visibility 91.5 percent of the time (approximately 334 days a year). Therefore,
pilots can fly through the Sevier B MOA under VFR conditions for approximately 334 days a
year. The Sevier D MOA has at least 7 mi visibility 74 percent of the time (approximately 270
days a year) (Private Fuel Storage Limited Liability Company, 2001 e). Consequently, VFR flight
is possible in the Sevier D MOA about 270 days in a year.
U.S. Air Force pilots are trained to maintain situational and positional awareness at all times. To
fly under VFR flight conditions in Skull Valley, the pilots must have at least 3 mi visibility (Private
Fuel Storage Limited Liability Company, 2001e). The aircraft must have a vertical clearance of
500 ft below and 1,000 ft above the clouds. Additionally, 2,000 ft lateral separation from the
clouds is required.
The presence of a ceiling does not necessarily preclude VFR flying. If cloud layers prevent
flying at specific altitudes, the pilots may fly above or below those cloud layers under VFR
conditions if the VFR weather requirements can be satisfied. Pilots can fly under VFR conditions
above the cloud cover and still maintain positional awareness using the onboard navigational
systems (e.g., INS, TACAN, GPS, if available). F-16s routinely operate under VFR conditions
over cloud covers when required (Private Fuel Storage Limited Liability Company, 2001 e).
Additionally, F-16s are equipped with an onboard Horizontal Situation Indicator (Private Fuel
Storage Limited Liability Company, 2001d). This equipment displays distance and bearing to
selected navigational steer points. A pilot can use this equipment to maintain a precise ground
track of the flight. The onboard radar of an F-16 aircraft can penetrate through the clouds and
can be used for identifying and locating ground features. Consequently, the onboard radar can
be used to improve navigation provided by the INS (Private Fuel Storage Limited Liability
Company, 2001e).
Prominent terrain features, such as the Cedar Mountains, the Stansbury Mountains, Deseret
Peak (11,031 ft above mean sea level or approximately 6,530 ft above ground level), and two
peaks bounding Johnson Pass southeast of the proposed PFS Facility site are particularly useful
in maintaining positional and situational awareness by the pilots (Private Fuel Storage Limited
Liability Company, 2001 e). For example, an F-1 6 pilot, while transiting Skull Valley at the top of
the Sevier B MOA (9,500 ft above mean sea level) above a cloud layer, could locate Deseret
Peak and use it as a visual aid for positional and situational awareness.
Pilots flying at an altitude of 1,000 ft above ground level and a speed of 350 knots (a worst case
scenario) would have approximately 45 seconds (s) to perform "zooming" and commence air
start operations in accordance with established procedures to respond to engine problems.
Higher initial altitudes or faster speeds would provide additional time to carry out the necessary
actions. Pilots would be able to restart the engine or reach the minimum ejection altitude of
2,000 ft within this time (Private Fuel Storage Limited Liability Company, 2000b). A pilot, flying
above a 3,000 ft ceiling with no significant additional clouds and experiencing engine trouble,
would be able to perform the necessary emergency actions to avoid impact on a ground facility.
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Pilots, as a general rule, rely on visual references if the visibility and cloud cover permit and
reinforce them with the onboard systems. Prominent geographic features provide general
positional awareness to the pilots. A pilot can use smaller features for more precise position
determination while cross-checking the aircraft position using onboard navigational systems
(Private Fuel Storage Limited Liability Company, 2001 e). Prominent terrain features would ailso
aid the pilots with situational and positional awareness as it relates to avoiding the proposed
Facility. Reliance on onboard systems increases as darkness or weather begins to limit'visual
contact with outside references.
If the cloud cover in Skull Valley does not permit VFR operations, it can be assumed that the
weather in the UTTR South area, at least in the restricted airspaces nearby, would be similar.
As most of the aggressive maneuvering in combat training, such as that may occur in the UTTR
South area, requires VFR conditions, it is expected that training would be suspended if extensive
vertical and horizontal cloud covers are present in the range (Private Fuel Storage Limited
Liability Company, 2001 e). If weather in some restricted airspaces of the UTTR South area
does permit VFR flight activities, there are five other routes besides Skull Valley to enter the
UTTR South area (Private Fuel Storage Limited Liability Company, 2001c). Thus, flights
transiting Skull Valley are less likely in the absence of VFR conditions.

K__.j

Additionally, pilots have requirements for instrument flying proficiency. Therefore, if the cloud
cover in the range precludes flying under VFR conditions, pilots may proceed to the UTTR South
area flying under Instrument Flight Rules (IFR) conditions to fulfill the proficiency requirements
(Private Fuel Storage Limited Liability Company, 2001e). Moreover,'some restricted airspaces
may still support VFR flights even though the cloud covers in Skull Valley and adjacent ranges
do not allow flying under VFR conditions; in such cases, the pilots may proceed to the UTTR
South area through Skull Valley under IFR flying conditions.
If the weather conditions and cloud cover in Skull Valley preclude VFR flying, the pilot must
request and secure an IFR clearance from the Air Traffic Control (Private Fuel Storage Limited
Liability Company, 2001e). In these cases, the pilots will be under the radar control of the Air
Traffic Control and will receive direction on radar separation from other aircraft.' Hence, the
controllers, who would be aware of the precise location of the proposed Facility, will be able to
guide the pilot in case of emergencies.
In summary, the weather characteristics in Skull Valley are such that a pilot will seldom be
without some visual indication of position relative to the proposed Facility. In those cases in
which cloud cover precludes VFR flight rules, alternative means of maintaining position
awareness are available and the aircraft will be controlled by persons who are aware of the
location of the proposed Facility.
The staff also reviewed information provided by Cole et al. (2000) on the potential effects of pilot
experience on the probability of avoiding a surface facility if the aircraft engine experiences a
problem in flight.
The purpose of the required initial and mission-ready training of a pilot after arriving at an F-1 6
operational wing is to provide a sufficient level of experience to proficiently operate the F-1 6 in
routine and emergency situations. The U.S. Air Force classifies a pilot as "experienced" after
500 hours of flying time in the F-16 (Cole et al., 2000). If the pilot has flown another fighter
aircraft, the pilot may be classified as "experienced" with as few as 100 hr of flying time in an
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F-16. No prescribed performance level or any specific evaluation is associated with a pilot
reclassified as,"experienced" from the "inexperienced" category. The U.S. Air Force generally
tries to keep a-40/60 split between, "inexperienced"/"experienced" pilots in an operational wing
to
ensure adequate intake of new pilots for maintaining a viable fighter pilot force over time (Cole et
al., 2000).

I

As discussed above, PFS analyzed 126 F-16 aircraft accident reports (Private Fuel Storage
Limited Liability Company, 2000b). PFS did not find any indications in these reports that a pilot's
limited experience had resulted in failure to steer the aircraft away from an inhabited area (Cole
et al., 2000). In all cases in which avoidance of inhabited areas was necessary, pilots always
guided the aircraft away from those areas.
PFS has determined that a majority of the mishaps that could take place in Skull Valley would be
due to mechanical engine failure (Private Fuel Storage Limited Liability Company, 2000b). F-1 6
mishaps that could happen in Skull Valley involved pilots with various levels of experience. No
correlation was observed between the pilot's flight experience level and the mishaps. Based on'
the information provided by PFS (Cole et al., 2000), it is reasonable that the estimated 5 percent
of the time that pilots would fail to avoid a surface facility bounds any differences among pilots'
experience levels. As discussed above, the staff conducted a sensitivity analysis with a 10
percent probability that a pilot with adequate control of the aircraft and time available would not
be able to steer away from a specific surface facility. The results did not show any appreciable
difference in the estimated crash probabilities. Therefore, the staff accepts the PFS estimate of,
5 percent probability as a reasonable assumption although, as discussed above, the staff
conservatively assumed 10 percent probability in its estimation.

I
I

I
1

I

I
I

Sevier D MOA Flights
Private Fuel Storage Limited Liability Company (2001b) specifically examined reports of F-16
crashes in normal in-flight mode that took place at altitudes within the Sevier D airspace. The
Sevier D MOA is between 9,500 and 18,000 ft above mean sea level. 'Only four normal in-flight
crashes occurred in this altitude band: (1) April 4, 1991; (2) December 16, 1991; (3) June 7,
1996; and (4) November 21, 1996. All these crashes are included in Skull Valley Type Events
and ACRAM Flight Phase Events in the PFS analysis (Private Fuel Storage Limited Liability
Company, 2000b).
According to PFS, three out of the four crashes were due to engine failures in which the pilots
retained control of the aircraft and would have been able to avoid a surface structure.
Therefore, PFS has concluded that, as a lower bound estimate, in about 75 percent of cases in
the Sevier D MOA conditions, the pilot would be able to avoid a specific structure on the ground,

such as the proposed Facility. Therefore,

PAble-t-Avod would

I
I
I

I
I

be at least 0.75 for aircraft transiting

I

As discussed above, the staff accepted F-1 6 crashes in the ACRAM Flight Phase category as
representative of Skull Valley events. The four crashes referenced above are included in the
ACRAM Flight Phase category, as presented in Private Fuel Storage Limited Liability Company

I

the Sevier D MOA.

(2000b, Tab H). Therefore, the 0.9 value for

PAb/e-to-A,,od

estimated for ACRAM Flight Phase

category crashes includes contributions from these crashes. Consequently, this value would still
be applicable for estimating the potential crash hazard from flights through the Sevier D MOA.
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However, as discussed above, PFS has estimated the lower bound to be 0.75. Therefore, the

staff has used PAb.e-to.Avo,d equal to 0.75 for the sensitivity calculations provided below.

PFS has estimated the crash probability of F-1 6s-transiting Skull Valley using updated
information (Private Fuel Storage Limited Liability Company, 2001 b). The crash probability has
been calculated with N, the average of FY 1999 and FY 2000 flights through the Sevier B MOA
after adjusting for 12 additional F-1 6s, equal to 5,870. On this basis, PFS estimated the annual
crash probability to be equal to 3.11 x 10-7 . Additionally, Private Fuel Storage Limited Liability
Company (2001 b) carried out a sensitivity analysis to estimate the crash hazard using only
FY 2000 flight information after adjusting for 12 additional F-16s, equal to 6,759. This yielded an
estimated crash probability of 3.58 x 10-7 per year.
Confirmatory Calculations
The staff conducted a confirmatory analysis of the potential crash hazard of F-1 6s transiting
Skull Valley-using Eq. (15-4). In this analysis, F-16 flights through both the Sevier B and Sevier
D MOAs in FY 2000 were considered. Furthermore, the increase of the crash hazard due to 12
additional F-1 6s stationed at Hill Air Force Base (an increase of 17.4 percent) also was
estimated. Additionally, 50 percent of the flights were assumed to have negligible crash
potential on the proposed Facility, since the aircraft fly in formation. 2 . A value of 0.10 has been
assumed for P,,, for flights through the Sevier B and Sevier D MOAs, which is conservative
because the results of the sensitivity analysis given in Table 15-4 show that the value of Ph, has
negligible influence on the estimated crash probability, and use of P,, equal to 0.05 is

acceptable. Although, as discussed before, a value of 0.90 for PAb1e-to-AvO should be applicable to
both the Sevier B and Sevier D MOAs, a more conservative value of PAble-to-Avod equal to 0.75 has

been assumed for the Sevier D MOA flights based on Private Fuel Storage Limited Liability
Company (2001b). Consequently, R2 for the Sevier B and Sevier D MOAs would be 0.10 and
0.25, respectively. The results, given in Table 15-6, indicate that the estimated crash probability
due to F-16s transiting the Sevier B and D MOAs is on the order of 10' per year.

2 F-1

6 aircraft transiting through Skull Valley fly in either a two-ship or a four-ship
formation. Based on the information from Hill Air Force Base, a solo flight through Skull Valley
is an exception. It occurs occasionally, for example, when a pilot's departure on a sortie is
delayed. In terms of aircraft flight path distribution, a four-ship formation may be considered as
two formations of two aircraft each - one formation flying a few miles behind the first, with either
a left or a right offset. There is approximately a 9,000 ft lateral separation between the leader
and the wingman in a two-ship formation (Private Fuel Storage Limited Liability Company,
2001e). Consequently, at least one of the aircraft in a two-ship formation will not be in a
position from which it can strike the proposed Facility in the event of a crash,- considering the
distribution of aircraft across the width of the airspace. Additionally, in a four-ship formation
(which is generally two two-ship formations in a staggered pattern), only one aircraft may point
at the proposed Facility (Private Fuel Storage Limited Liability Company, 2001d). Therefore, for
estimating the crash hazard from aircraft transiting Skull Valley, approximately half of the flights
may be counted as having a negligible potential for striking the proposed Facility.
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Table 15-6. Estimated crash probability of F-16s while transiting Sevier B and Sevier D
MOAs.
Sevier B MOA
Number of Flights
Width (mi)

Sevier D MOA
Number of Flights
Width (mi)

Annual Crash
Probability

Number of F-1 6s Stationed at Hill Air Force Base = 69
5757

10

240

12

2.1 x 10-7

5757

9

240

12

2.3 x 10-7

5757

8

240

12

2.6 x 10-7

Number of F-16s Stationed at Hill Air Force Base = 81
6759
6759

6759

j

10

282

12

2.5 x 10-7

9

282

12

2.8 x

8

282

12

3.1 X 10-7

10-7

The staff reviewed the data, information, and analyses presented by PFS with respect to
potential hazards of F-1 6 aircraft flying through Skull Valley to reach the UTTR South area. The
staff found them to be acceptable because:

"* Adequate information has been presented to describe the potential hazards.
"

PFS used the methodology suggested by the DOE Standard to estimate the
effective area of the Facility. As discussed in connection with aircraft flying jet
route J-56, the DOE Standard for estimating the effective target area is consistent
with the NRC guidelines given in NUREG-0800, Section 3.5.1.6, Aircraft Hazards.

"• PFS used the basic NRC methodology to estimate the crash probability onto the
Facility.
PFS used the DOE ACRAM Study (Kimura et al., 1996) crash data for Class A
and Class B mishaps for normal operations and updated the crash rate with
recent (after FY 1993) information on mishaps from the U.S. Air Force. This
crash rate is higher than the crash rate considering only the mishaps with
destroyed aircraft.
PFS used relevant accident reports from the U.S. Air Force to estimate the
fraction of mishaps. PFS used expert judgment appropriately to arrive at the
fraction of mishaps where the pilot would be able to divert the aircraft away from
the Facility.
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"* PFS used appropriate Air Force Manuals to carry out the analysis to conclude that

I

"* The P,, value has been estimated qualitatively. However,'the value used by PFS

I
I

a pilot with control and time available would be able to divert the aircraft in most
circumstances.

for Pht is acceptable, because the overall crash probability is not highly sensitive
to the value selected for Pt,,

*

The probability of an F-1 6 striking large birds while transiting Skull Valley and
initiating a crash is remote, as confirmed by the staff at Hill Air Force Base.
Hill Air Force Base staff has confirmed that the pilots of all military aircraft
transiting Skull Valley are in constant communication with the air traffic controllers
at Clover Control. The air traffic controllers would be able to guide the pilot of an
aircraft experiencing emergencies while transiting Skull Valley.

I
I

The weather in Skull Valley permits VFR flight operations during most of the year.
If the weather in Skull Valley does not permit VFR operations, pilots can fly under
IFR after obtaining permission from the air traffic controllers. Under IFR, pilots
would be under the control of the traffic controllers at Clover Control, so that
positional awareness would be maintained under adverse weather conditions.

"

I
I

The presence of substantial mountain ranges on either side of Skull Valley, as
well as onboard navigational equipment, provide additional means for pilots to
maintain positional awareness when taking measures to avoid striking the
proposed Facility.

"• Data on engine-related mishaps for F-1 6s indicate that the rates have been
decreasing with time.
0

The level of a pilot's experience does not have any significant correlation with the
crash rate of F-16 aircraft.

On the basis of the information, data, and analyses presented, the staff concludes that F-1 6
aircraft transiting Skull Valley on the way to the UTTR South area will not pose a significant risk
to the Facility.

I

I

Aircraft Conducting Training in the Restricted Air Space on the UTTR South Area
iI

The U.S. Air Force uses the UTTR for air-to-ground combat and air-to-air combat training. The
UTTR is divided into the North area and the South area. The air space over the UTTR extends
beyond the land boundaries of the range and is divided into restricted areas and MOAs. MOAs
on the UTTR are located on the edges of the range adjacent to the restricted areas. The air
space over the restricted areas extends from the surface up to 58,000 ft. -Activities within the
restricted airspace are entirely military when the range is open. Civilian aircraft may transit
MOAs only with permission from the military air traffic controllers at Clover Control.
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As indicated previously, the UTTR North area is over 30 mi north of the Private Fuel Storage
Facility site, so that activities in the North area do not pose a hazard to the Facility. The UTTR
South area is comprised of four restricted areas and two MOAs. The restricted areas are R
6402, R-6405, R-6406, and R-6407. The MOAs are subdivided into Sevier A and B areas. The
proposed site for the Facility lies within the Sevier B MOA. Restricted air spaces R-6402 and
R-6406 are also subdivided into R-6402A and B, and R-6406A and B, respectively. Restricted
air spaces closest to the Facility are R-6402B and R-6406B. The Facility is 2 statute miles from
the eastern edge of restricted areas R-6402B and R-6406B. The site is over 18 statute miles
east of the eastern land boundaries of the UTTR South area and 8.5 statute miles northeast of
the northeastern boundary of Dugway Proving Ground.
As discussed previously, the U.S. Air Force carries out air-to-ground attack and air-to-air combat
training in the UTTR South area. Fighter aircraft, attack aircraft, and bombers on the UTTR
South area conduct air-to-ground attack training in the vicinity of targets located at least 20 mi
from the Facility.
According to the U.S. Air Force (1999), a Weapons System Evaluation Program, nicknamed
"Combat Hammer", is held annually at the UTTR to evaluate weapons system performance.
Weapon systems evaluated by type and average number in each year are (U.S. Air Force,
1999):
*
*
*
*
*

GBU-10/12/24/27
GBU-15
AGM-142
AGM-65
AGM-130
AGM-88

4 to 60
6 to 12
2
40 to 60
2 to 6
2 to 21

(inert warhead)
(inert warhead)
(inert and live warhead)
(live warhead)
(inert warhead)
(inert warhead)

AGM-65 (Maverick), is an air-to-surface guided missile with a range up to 14 mi (Donnell,
1999a). Mavericks are fired in directions away from the Private Fuel Storage Facility site with a
solid propellant rocket motor provided with enough fuel to fly 5 mi (Donnell, 1999a). In addition,
7 to 10 cruise missiles (AGM-86, AGM-86C, and AGM-129) are tested annually in the UTTR
(U.S. Air Force, 1999); these cruise missiles are discussed separately in Section 15.1.2.18 of
this SER.
Any weapon systems capable of crossing the range boundaries are fitted with a Flight
Termination System (FTS) installed prior to testing on the UTTR (U.S. Air Force, 1999; Private
Fuel Storage Limited Liability, 2000b). The FTSs are designed to destroy the weapon on
command and terminate the weapon flight path from the Mission Control Room at Hill Air Force
Base in case a weapon anomaly is detected. According to Hill Air Force Base (U.S. Air Force,
1999), "the UTTR has never experienced a FTS failure."
Air-to-ground ordnance delivery is carried out at several target complexes within the UTTR
South area (Private Fuel Storage Limited Liability Company, 2000b, Tabs A and B). The
distance of these target complexes from the Facility vary from about 21 to more than 40 mi.
Run-in headings (i.e., headings used by aircraft to reach a target for weapons delivery) for air-to
ground weapon delivery are established at each of these target complexes on the basis of
individual test requirements and safety reviews (Private Fuel Storage Limited Liability Company,
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2000b, Tab B). The target complexes are more than 21 mi from the proposed PFS Facility site.
None of these run-in headings ever transit over Skull Valley (Private Fuel Storage Limited
Liability Company, 2000b, Tab J). Therefore, aircraft using the run-ins would not pose a ha-zard
to the Facility.
Large multi-engine bomber aircraft may conduct air-to-ground weapons delivery training on the
UTTR South area at altitudes more than 20,000 ft above ground level. These aircraft would not
pose a hazard to the Facility. In the unlikely event of simultaneous failure of all engines or a
catastrophic structural failure, the crew would eject and the aircraft would crash to the ground
close to the point where the emergency developed. Otherwise, attempts would be made to land
at Michael Army Airfield or select a terrain suitable for emergency landing. Because of the nature
of the terrain, the Cedar Mountains area would not be good for an emergency landing or a bail
out. Consequently, air-to-ground training activities carried out at the UTTR South area do not
pose a significant risk to the Facility.

I
I

Cargo aircraft and some combat aircraft practice air refueling training on the far western side of
the UTTR South area (Private Fuel Storage Limited Liability Company, 2000b) at locations more
than 50 mi from the Private Storage Facility site. Aircraft mishaps at such distances would not
pose a hazard to the Facility.

I
I

PFS has estimated the probability of a crash onto the Facility for an aircraft engaged in air-to-air
combat training on the UTTR South area on the basis of the following factors (Private Fuel
Storage Limited Liability Company, 2000b):

I

"• density of air-to-air combat training operations over the UTTR South area sectors

I

closest to the proposed Facility,

"• expected crash rate per hour of fighter aircraft training,
"* areas of the range sectors from which a crash can possibly impact the Private
Fuel Storage Facility site,

"• size of the footprint area in which a crashing aircraft could hit the ground, and
"* effective area of the Private Fuel Storage Facility site.
In its calculation of the potential hazards, PFS assumed the following:

"* Density of training operations out to within 3 mi of the edge of the UTTR South

I

"

Aircraft becoming disabled up to 10 mi from the Facility would fly the distance to
the proposed Facility while out of control and impact the site.

I

"

Aircraft are uniformly distributed from ground to 35,000 ft above ground level
within the cut-out area for each restricted area, defined by an arc with 10 mi
radius and a 3 mi wide buffer zone.

I

area near the proposed Facility is the same as the density in the center of the
range.
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On the basis of the information from the U.S. Air Force, PFS stated the number of sorties flown
by fighter aircraft in the UTTR South area during FY 1998, FY 1999, and FY 2000 (Private Fuel
Storage Limited Liability Company, 2001 c), as shown in Table 15-7.
Table 15-7. Number of sorties on the UTTR South Area for different fighter aircraft (Based
on Private Fuel Storage Limited Liability Company, 2001c)*.
Aircraft

e

Sorties

1998
TypeFY

FY 1999

Percentage

Sorties

of Total

FY 2000

Percentage

Sorties

Percentage

of Total

F-16

5,726

90.0

7,232

F-15

265

4.2

266

F-18

294

4.6

F-117

0

F-14

95.3-

of Total

7,059

94.1

3.5

270

3.6

78

1.0

86

1.1

0.0

2

0.03

6

0.08

0

0.0

4

0.05

48

0.64

Mixed Fighters

75

1.2

8

0.1

31

0.41

Total for UTTR

6,360

South area

100.0

II

7,588

100.0

7,500

100.0
I

* Bombers and cargo aircraft are discussed above and, therefore, are not reflected in this table.

On the basis of the DOE ACRAM Study (Kimura et al., 1996), the single engine F-16 has the
highest crash rate of these aircraft. All other fighter aircraft using the area have lower crash
rates. Therefore, use of single engine F-16 crash rates or, equivalently, assuming all fighter
planes used in the UTTR South area are F-16s, conservatively bounds the fighter aircraft crash
rate. PFS used the single-engine F-1 6 crash rate in estimating the potential hazard to the
Facility.
PFS estimated the annual number of crashes in the UTTR South area a using a modified
version of the formula of Kimura et al. (1998):
H= Cx AC x Aff /Ap x R
where,
H
C
Ac
Ae#

Ap
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effective area of the Facility
footprint area
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=

factor representing potential ability of the pilot to avoid the Facility in the event of
a crash precipitated by an engine failure or some other event that left the pilot in
control of the aircraft.

This methodology for estimating the crash probability of aircraft is consistent with the NRC
guidelines given in NUREG-0800, Section 3.5.1.6, Aircraft Hazards.
According to PFS and information provided by the Vice Commander of the 388w' Fighter Wing at
Hill Air Force Base, about one third of the sorties were air-to-air combat sorties. PFS estimated
that the number of hours spent in air-to-air combat training also was about one-third of the total
number of flight hours. Fighter aircraft spent 7,404 hr on the UTTR South area in FY 1998. In
FY 2000, fighter aircraft spent a total of 9,687 hr on the UTTR South area. Hence, the number
of hours spent in air-to-air combat training is estimated to be 3,229 by an estimated 2,500
sorties engaged in air-to-air combat training in FY 2000 (Private Fuel Storage Limited Liability
Company, 2001 c). In contrast, approximately 2,468 hr were spent in air-to-air combat training in
FY 1998 (Private Fuel Storage Limited Liability Company, 2000b).
PFS Analysis Prior to 2001
PFS calculated the expected distribution of F-1 6 crashes on the basis of the level of activity (i.e.,
number of air operations), in each restricted range area and MOA in the UTTR South area
(Private Fuel Storage Limited Liability Company, 2000b). The U.S. Air Force has information on
the number of air operations in each range area during FY 1998. The U.S. Air Force defines
one air operation as an aircraft flying into or through a range area (includes both Sevier A and
Sevier B MOA). Therefore, a single sortie may represent more than one operation depending on
the number of range areas the aircraft flew through.
PFS assumed that, on the average, the total number of hours spent by fighter aircraft on air-to
air combat training sorties in each area would be proportional to the number of operations
conducted in each area (Private Fuel Storage Limited Liability Company, 2000b). On the basis
of the U.S. Air Force data, a total of 27,229 air operations took place in FY 1998 in restricted
areas R-6402, -R-6405, R-6406, R-6407, and Sevier A and B MOAs. Out of 27,229 operations,
909 and 6,679 operations took place in R-6402 and R-6406, respectively. In other words, a
fraction of 0.0334 of the total 27,229 operations took place in restricted area R-6402 and a
fraction of 0.2453 of the total number occurred in R-6406. Consequently, the estimated annual
number of hours spent by fighter aircraft in restricted areas R-6402 and R-6406 in FY 1998 were
82.4 and 605.4 hr, respectively (Private Fuel'Storage Limited Liability Company, 2000b).
PFS (Private Fuel Storage Limited Liability Company, 2000b) estimated the crash rate of F-1 6s
engaged in air-to-air combat training on the basis of information from the DOE ACRAM Study
(Kimura et al., 1996) and U.S..Air Force (website http://www
afsc.saia.af.mil/AFSC/RDBMS/Flight/Stats/F-1 6mds.html). On the basis of the number of
special in-flight operations and the associated flight hours reported in the DOE ACRAM study,
PFS estimated the crash rate for F-16s in special in-flight mode to be 5.58 x 10-5 per hour. PFS
updated the crash rate derived from the DOE ACRAM study using more recent data. The
updated crash rate per flight hour data results in an estimate for special operations equal to
79/(4,016,311/2) or 3.96 x 10-5 per hour.

March 2002

15-73

Consolidated SER

PFS (Private Fuel Storage Limited Liability Company, 2000b) estimated the expected number of
crashes in each area by multiplying the number of annual air-to-air combat training flight hours
spent in the area by the crash rate per hour for F-1 6s (estimated to be 3.96 x 1 0-/hr).
Therefore, the expected number of crashes in R-6402 and R-6406 were 3.26 x 10-3 and
2.40 x 10-2 per year respectively.

I

The ground areas are 1,295 mi 2 and 1,172 mi 2 for R-6402 and R-6406, respectively. Therefore,
the expected crash density in R-6402 was 2.52 x 10-6 and in R-6406 was 2.05 x 10-5 per
square mile per year (Private Fuel Storage Limited Liability Company, 2000b). The inherent
assumption in estimating this crash density is that the crash rate or the number of crashes per
square mile per year is uniform. This is a conservative assumption since PFS has determined
that military aircraft activity within the' restricted airspaces was concentrated toward the center.
PFS used these crash rates to estimate the crash probability for the Facility for aircraft engaged
in UTTR training (Private Fuel Storage Limited Liability Company, 2000b).
PFS also concluded that air-to-air combat training missions conducted more than 10 mi from the
proposed Facility would not pose a credible crash hazard to the Facility for the following reasons
(Private Fuel Storage Limited Liability Company, 2000b):

"* Disabled F-16s (e.g., engine failure) require about 1.5 minutes to glide 10 mi.
This estimated time provides ample opportunity to direct the aircraft away from
the Facility.

"* Out-of-control aircraft (e.g., aircraft undergoing structural damage or experiencing
a deep stall) would impact the ground within a few miles from the point where
they became uncontrollable.

"* If the pilot loses situational awareness, the aircraft would most likely go out of
control quickly and crash within a short distance.

"

If the pilot suffers GLOC, he or she will remain incapacitated for about 20 to 30 s,
based on centrifuge tests on pilots. The accident report for the February 28,
1994, mishap stated that average time of total GLOC is 24 s (Private Fuel
Storage Limited Liability Company, 2000b, Tab Y). An aircraft traveling at the
speed of sound on a level flight would travel approximately 5 mi in that time.
Accident reports for all six GLOC mishaps (Private Fuel Storage Limited Liability
Company, 2000b, Tab Y) indicate this type of mishap occurs during steep
descents, thereby significantly reducing the horizontal travel distance of a
crashing aircraft.

"• If a mishap is due to collision with the ground during low-level maneuvering, the
aircraft will impact the ground virtually at the point of misjudgement by the pilot.
Additionally, PFS analyzed the reports of accidents on restricted area ranges during combat
training in which the pilot was not able to control the aircraft (Private Fuel Storage Limited
Liability Company, 2000b, Tab Y). PFS indicated that in such accidents the aircraft impacted the
ground well within 10 mi from the point of the initiating event. Moreover, PFS argued that any
crashing aircraft able to reach the proposed site from more than 10 mi away would be under the
control of the pilot (Private Fuel Storage Limited Liability Company, 2000b). In such cases, the
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pilot would guide the aircraft to a controlled bailout area, an open area of the UTTR, or toward
Michael Army Airfield for a forced landing.
Based on the above factors, PFS assumed that in some instances aircraft flying within 10 mi of
the Facility could experience situations in which the aircraft would not be under the control of the
pilot (Private Fuel Storage Limited Liability Company, 2000b). To account for this, a cut-out
area, AC, was defined by a 10 mi radius arc, centered on the Facility and a 3-mi buffer zone on
the edge of the restricted areas (Private Fuel Storage Limited Liability'Company, 2000b, Tab A).
The distance a crashing aircraft is able to glide is dependent on the altitude at which it is flying
when the emergency initiates. For example, at sufficiently low altitudes, a disabled aircraft may
be limited to glide distances much less than 10 mi. To account for altitude dependent glide
distances for aircraft, PFS (Private Fuel Storage Limited Liability Company 2000b) divided the
vertical airspace into four altitude bands. The crash hazard was estimated for each of these
altitude bands separately and then combined to estimate the total crash hazard to the proposed
site. Within each restricted area and altitude band, the annual crash rate density, Ca, was
calculated by multiplying the crash rate C per square mile per year by the fraction of aircraft in
each band (Private Fuel Storage Limited Liability Company, 2000b). PFS assumed that the
aircraft are uniformly distributed over the vertical airspace of 0 to 35,000 ft above ground level,
although they generally spend more time at medium or lower altitudes (Private Fuel Storage
Limited Liability Company, 2000b).
PFS calculated the cut-out area, AC of Eq. (15-5), for each altitude band within restricted areas
R-6402 and R-6406 (Private Fuel Storage Limited Liability Company, 2000b). The results are
shown in Table 15-8. PFS also calculated the footprint area, A,, of Eq. (15-5), which is equal to
the area of a circle around the point at which the initiating event leading to a crash would begin
(Private Fuel Storage Limited Liability Company, 2000b). PFS calculated Apseparately for each
of the altitude bands, as shown in Table 15-8.
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Table 15-8. Estimation of cut-out area, footprint area, and crash rate for each altitude
band (Based on Private Fuel Storage Limited Liability Company, 2000b).

Range
Area

R-6402

R-6406

Altitude Band
(Above
LevAel)
Ground
Level)
Nft)

Arc
Radius
(mi)

Cut-out
Area
A
(mi 2 )

Footprint
AP
Ar
(mi')

(crash/mi2 /yr)

Crash Rate C

Crash Rate for
Altitude Band
Ca
(crash/mi2 /yr)

0 to 3,333

1.58

0.0

7.8

2.52 x 10-6

2.40 x 10'

3,333 to 6,667

4.73

0.0

70.4

2.52 x 10-6

2.40 x 10-7

6,667 to 10,000

7.89

24.5

195.6

2.52 x 10-6

2.40 x 10'

10,000 to 35,000

10.00

53.0

314.2

2.52 x 10-6

1.80 x 106

10-5

1.95 x 10- 6

0 to 3,333

1.58

0.0

7.8

3,333 to 6,667

4.73

0.0

70.4

2.05 x 10-5

1.95 x 10-6

6,667 to 10,000

7.89

4.5

195.6

2.05 x 10-5

1.95 x 10-6

10.00

12.5

314.2

2.05 x 10-5

1.46 x 10-5

10,000 to 35,000

2.05 x

PFS estimated the probability of a crash onto the proposed site by taking into account that
pilots
with control of the aircraft and sufficient time would avoid the Facility. The factor R in Eq.
(15-5)
is quantified based on the data and analysis presented in Tabs H and Y of Private Fuel
Storage
Limited Liability Company (2000b) f6llowing methodology similar to that adopted for analyzing
the potential risk from' F-1 6s transiting Skull Valley. R is again resolved into two parts:
R, and
R2. Values for R1 and R 2 were estimated from analyzing the accident reports (Private Fuel
Storage Limited Liability Company, 2000b, Tab Y).
Based on the data presented in Table 15-2, the PFS expert panel concluded that in 27 out
of 62
(44 percent) mishaps during special operations from FY 1989 to FY 1998 the pilot would
have
sufficient time and control of the aircraft to avoid a fixed surface site, such as the Facility.
Therefore, in 56 percent of the mishaps, the pilot did not have control of the aircraft; R is
equal
2
to 0.56. PFS assumed that a pilot, given control of the crashing aircraft and time to avoid
the
Facility, would actually be able to avoid it in 95 percent of the cases. Only in 5 percent of
the
cases the pilot would not be able to avoid it, that is, Ph is 0.05. This assumption is based
on the
same rationale discussed in connection with the estimation of potential risk from F-1 6s
transiting
Skull Valley and considers factors such as pilot training and procedure, experience, the
flight
computer, and the terrain. Therefore, PFS calculated R is 0.44 x 0.05 or 0.02 and R is
1
(0.56 + 0.02) or 0.58.
Based on the estimated values of the parameters Ca, A,, Ap, and R, PFS estimated the crash
probability onto the Facility from air-to-air combat training operations in each of the restricted
areas R-6402 and R-6406 using Equation (15-5). The effective area of the Facility, as
calculated in connection with F-16s transiting Skull Valley, remains the same. The estimated
crash probabilities for restricted areas R-6402 and R-6406 were 2.6 x 10-8 and 4.8 x 10-8
per
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year, respectively. Therefore, PFS calculated the total crash probability at the Private Storage
Facility site from air-to-air combat training in the UTTR South area is 7.35 x 10-8 per year
(Private Fuel Storage Limited Liability Company, 2000b). This is reflected in the staff's SER of
September 2000.
The analysis of the potential risk of aircraft crash from air-to-air training operations in the UTTR
South area includes some conservative assumptions (Private Fuel Storage Limited Liability
Company, 2000b). PFS used a crash rate for Class A and Class B mishaps during special
operations, rather than for destroyed aircraft. PFS used the DOE ACRAM study crash data for
Class A and Class B mishaps during special operations and updated it with more recent
information (after FY 1993) from the U.S. Air Force.
As discussed above, the probability that a pilot with control of the crashing aircraft and time
would fail to avoid the Facility is based on a qualitative rationale. PFS assumed a probability of
5 percent for such scenarios. The staff carried out a sensitivity analysis with a probability of
10 percent for such scenarios. The resulting estimated crash probability is 7.7 x 10-8 per year
using Eq. (15-5); this is not a significant change in the estimated crash probability. Therefore,
the staff found that use by PFS (Private Fuel Storage Limited Liability Company,-2000b) of a
crash probability of 7.35 x 10-8 per year was acceptable.
PFS (Private Fuel Storage Limited Liability Company,-2000b) also carried out a sensitivity
analysis assuming that disabled aircraft engaged in air-to-air combat training missions would not
fly more than 5 mi. According to PFS, accident data support the expectation that disabled
aircraft would not glide beyond 5 mi from the point where they were disabled. Using the 5 mi.
glide distance, PFS found that the likelihood that a disabled aircraft within the training zone of
the UTTR South area reaching and crashing onto the proposed facility would be negligibly small.
On this basis, PFS concluded that air operations within the UTTR South area would not pose a
credible crash hazard to the proposed Facility.
PFS 2001 Analysis
In a recent revision of the SAR (Private Fuel Storage Limited Liability Company, 2001 b), PFS
stated that the assumption of a 10 mi cut-off radius is overly conservative. Instead, a more
realistic distance of 5 mi was used in the revised analysis. In support of this, PFS notes the
following:
"Basedon an assessment of F-16 crashes in special in-flight operation (Private
Fuel Storage Limited Liability Company, 2000b, Tab Y), most crashes in which
the pilots did not have control of the aircraft would have occurred toward the
center of the restricted ranges. The aircraft in most of such crashes would not
travel more than 5 mi before ground impact.
"

ý
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If pilots were able to maintain control of the aircraft, they would divert the aircraft
away from a large ground facility. A distance of 5 mi would provide sufficient time
for steering away from the proposed Facility. The UTTR provides a relatively safe
area for landing a disabled aircraft. It is reasonable that the pilot of an aircraft
experiencing engine failure or such mishaps in which he/she is able to retain the
control of the aircraft would not glide it across the Cedar Mountains toward Skull
.Valley, outside the restricted airspace boundaries.
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The staff reviewed the revised analysis considering the types of mishaps that can occur in
special in-flight mode, as given in Private Fuel Storage Limited Liability Company (2000b,
Tab Y). As discussed above, the proposed site is 2 mi outside the restricted airspace.
Additionally, PFS has assumed a 3 mi wide interior buffer zone within the edge of the UTTR
South area restricted airspaces near the proposed Facility (Private Fuel Storage Limited Liability
Company, 2000b). In practice, no aggressive training takes place in this buffer zone. For
mishaps involving continued control of the aircraft, the pilots would preferentially avoid an
occupied site. If possible, the pilots would steer the aircraft toward the Michael Army Airfield for
recovery. If the Michael Army Airfield was too far away for possible recovery, the pilots would
guide the aircraft toward a controlled bailout area or an open area of the range before ejecting.
This action would be taken in order to avoid collateral damage (Private Fuel Storage Limited
Liability Company, 2001b). A distance of 5 mi would provide at least 45 s for the pilots to take
necessary actions. Based on Private Fuel Storage Limited Liability Company (2000b), 45 s
would be adequate for the pilot to take actions to avoid the Facility. The staff accepts that a cutoff radius of 5 mi is reasonable as discussed below.
Based on the information provided by Private Fuel Storage Limited Liability Company (2000b,
Tab Y), five types of mishaps are possible in which the pilot would not be able to maintain control
of the aircraft. These mishaps are: (1) Midair Collision, (2) Departed Controlled Flight,
(3) Spatial Disorientation, (4) Collision with Ground, and (5) GLOC. All of these mishaps occur
during aggressive maneuvering in a range. Training requiring such aggressive maneuvering
occurs toward the center of the restricted airspaces of the UTTR South area, well beyond 5 mi of
the proposed Facility (Private Fuel Storage Limited Liability Company, 2000b, Tab Y).
Midair collisions take place during aggressive combat maneuvering training, such as air-to-air
intercept or close-in dogfight. As the likelihood of a collision in such maneuvers is relatively
high, these activities, as a safety precaution, are deliberately carried out near the centers of the
restricted ranges (Private Fuel Storage Limited Liability Company, 2000b, Tab Y). In each
midair collision mishap reviewed by PFS (Private Fuel Storage Limited Liability Company,
2000b, Tab Y), the destroyed aircraft was not able to fly any appreciable distance before
impacting the ground or a body of water.
Loss of aircraft control also can occur during special operations wherein the pilot is being trained
to cope with flight conditions that are near the edge of the aircraft's aerodynamic capabilities.
Accidents occurring during these operations are called Departed Controlled Flights. Typically, in
these types of accidents, the aircraft impacts the ground at a steep angle. Private Fuel Storage
Limited Liability Company (2000b) stated that such operations are normally planned near the
center of the range. Therefore, they do not pose an unacceptable hazard to the proposed
Facility.
One cause of spatial disorientation is poor visibility or cloud cover, when the pilot loses outside
references to the horizon. However, air-to-air combat training in the UTTR South area is
conducted under VFR conditions (Private Fuel Storage Limited Liability Company, 2000b).
Hence, spatial disorientation for combat air operations due to limiting weather conditions is not
likely in the UTTR South area. Another cause of spatial disorientation or loss of situational
awareness can be aggressive maneuvering, when the pilot is focused on another aircraft or a
ground target. Typically, accidents in these cases lead to ground collisions, such that
appreciable glide distances do not occur. All five mishaps in this category took place in air-to-air
engagements or near a ground target (Private Fuel Storage Limited Liability Company, 2000b,
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Tab Y). Moreover, ground attack training is not conducted near the edge of the restricted
airspace of the range. Hence, for air-to-air and air-to-ground combat training operations, spatial
disorientation mishaps in the UTTR South area are not likely to happen near the proposed PFS
Facility site. On this basis, they do not pose a credible hazard to the'proposed Facility.
Another cause of aircraft control loss is GLOC. When unconscious, the pilot ceases to operate
the aircraft controls. Typically, the resulting loss of aircraft control causes the aircraft to return to
1g (Private Fuel Storage Limited Liability Company, 2000b, Tab Y). Centrifuge tests indicate
that the time required for a pilot to regain consciousness and to be cognizant of the situation is
about 20 to 30s (Private Fuel Storage Limited Liability Company, 2000b, Tab Y). Accident
reports for all six GLOC mishaps (Private Fuel Storage Limited Liability Company, 2000b, Tab Y)
indicate this type of mishap occurs during steep descents, thereby significantly reducing the
horizontal travel distance of a crashing aircraft. All six mishaps took place during aggressive
maneuvering in air-to-air combat training (Private Fuel Storage Limited Liability Company,
2000b, Tab Y). This type of training is generally planned near the center of the ranges in the
UTTR South area. Consequently, it is extremely unlikely that an aircraft with the pilot suffering
from GLOC will fly over the restricted airspace boundaries and crash onto the proposed Facility.

K

In summary, based on the information in Tab Y of Private Fuel Storage Limited Liability
Company (2000b), PFS concluded that for air operations in the UTTR South area involving
aggressive or tactical maneuvering, any mishaps leading to loss of aircraft control would occur
toward the center of the restricted ranges. As noted above, in such cases, the aircraft would not
fly a long distance. As the proposed Facility is outside the restricted airspace, far from the
central area of the UTTR South area, PFS concluded that all mishaps during aggressive
maneuvering pose a negligible crash hazard to the proposed Facility (Private Fuel Storage
Limited Liability Company, 2001b). On this basis, PFS assumed the probability of an on-site
crash to be less than 1 x 10-8 per year (Private Fuel Storage Limited Liability Company, 2001 b).

I

I

I

I
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The staff reviewed the data, information, and analyses presented by PFS with respect to
potential hazards of aircraft conducting air-to air combat training operations in the UTTR South
area. The staff found them to be acceptable because:

"

Adequate information has been presented to describe the potential hazards.

,

Based on U.S. Air Force data, no run-in headings for weapons delivery transit
Skull Valley area. Additionally, the target locations for air-to-ground weapons
delivery are more than 20 mi from the Facility.

"* PFS used the DOE ACRAM Study Crash data for Class A and Class B mishaps
for special operations (Kimura et al., 1996) and updai6d the crash rate with recent
information (FY1 994 through FY1 998) on mishaps from the U.S. Air Force.
PFS used accident reports from the U.S. Air Force to estimate the fraction of
mishaps occurring in special in-flight mode. PFS used expert judgment to arrive
at the fraction of mishaps where the pilot would be able to divert the aircraft away
from the Facility.
PFS used appropriate Air Force manuals to carry out the analysis to conclude
that a pilot with control and time available would be able to divert the aircraft in
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most circumstances. The ultimate crash probability is not very sensitive to this
probability value.
PFS analyzed reports for all F-16 crashes during special in-flight mode (i.e.,
aggressive maneuvering in combat training) in restricted ranges. The accident
reports show that in mishaps where the pilots retained control of the aircraft, they
would be able to divert the aircraft away from a specific surface structure.
However, if the pilots did not have control or had to eject immediately, typically the
mishap aircraft crashed not far from the location of the event(s) leading to the
crash.
On the basis of its review of the PFS data, information, and analyses, the staff concludes that air
combat training at the UTTR South area results in an aircraft crash hazard of < 1 x 10-8 per
year, and that such training will not pose a hazard to the Facility.

I

I

Aircraft Departingthe UTTR via the Moser Recovery En Route to Hill Air Force Base
Military aircraft exiting the UTTR North Area generally proceed east and request radar vectors
from Hill Air Force Base Approach Control or use the Causeway 4 Recovery route to return to
Hill Air Force Base (Private Fuel Storage Limited Liability Company, 2000b). Aircraft using the
Causeway 4 Recovery route fly across the Great Salt Lake. The closest distance between these
aircraft and the Private Storage Facility site is at least 57 statute miles (Private Fuel Storage
Limited Liability Company, 2000b). Aircraft returning from the UTTR North area use the •
Stansbury Recovery route only at night or in marginal weather conditions and when Runway 32
at Hill Air Force is active. The distance between the Private Storage Facility site and this
recovery route is 29 mi (Private Fuel Storage Limited Liability Company, 2000b).
Most aircraft returning to Hill Air Force Base from the UTTR South area exit the northern edge of
the range in coordination with Clover Control. They proceed north for radar vectors or fly the
Causeway 4 Recovery route for landing at Hill Air Force Base.
The Moser Recovery route may also be used by aircraft returning to Hill Air Force Base. The
Moser Recovery route passes about 2 to 3 mi north of the proposed site at an altitude of
15,000 ft above mean sea level and is an instrument recovery route (Private Fuel Storage
Limited Liability Company, 2000b, Tab W). This recovery route is used only at night or in
marginal weather conditions at Hill Air Force Base and when Runway 32 at Hill Air Force Base is
active (Private Fuel Storage Limited Liability Company, 2000b).
Pilots train on the UTTR South area mostly during daytime and in good weather conditions
(Private Fuel Storage Limited Liability Company, 2000b). Consequently, the Moser Recovery
route is seldom used. On the basis of information from air traffic controllers, less than 5 percent
of aircraft returning to Hill Air Force Base from the UTTR South area use the Moser Recovery
route (Private Fuel Storage Limited Liability Company, 2000b, 2001b). Therefore, the number of
flights using the Moser Recovery route annually is 0.05 x 5,726, where 5,726 is the number of
flights of F-16s to the UTTR South area in FY 1998. This amounts to 286 aircraft per year.
Based upon Private Fuel Storage Limited Liability Company (2001c), a total of 7232 and 7059
F-16 sorties took place at the UTTR South area in FY 1999 and FY 2000. Consequently, the
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estimated number of F-1 6 flights through the Moser Recovery was 362 and 353 respectively in
FY 1999 and FY 2000.
Night vision goggles have been introduced for use in military aircraft; however, personnel at Hill
Air Force Base stated that the introduction of night vision goggles did not appreciably change the
traffic density through the Moser Recovery. Therefore, this development does not affect the
assumption .made by Private Fuel Storage Limited Liability Company (2000b, 2001b) that
approximately 5 percent of the UTTR South area sorties would return to Hill Air Force Base via
the Moser Recovery route.
Since F-1 6s returning to Hill Air Force Base via the Moser Recovery route do not engage in any
high-stress maneuvers, the aircraft are in normal in-flight mode. The crash rate for F-1 6s in
normal in-flight mode during FY1 989 to FY1 998 has been determined to be 2.736 x 10-8 crashes
per flight mile (Private Fuel Storage Limited Liability Company, 2000b). PFS has assumed that
the width of this airway is 10 nautical miles or 11.5 statute miles (Private Fuel Storage Limited
Liability Company, 2000b).
PFS (Private Fuel Storage Limited Company, 2000b) modified the formula of NUREG-0800,
Section 3.5.1.6, Aircraft Hazards (Nuclear Regulatory Commission, 1981 a) to estimate the
annual probability of crash by incorporating a factor R. The factor R accounts for the relative
likelihood of a pilot of a disabled aircraft not being able to steer the aircraft away from the site
prior to ejection. As discussed above, the factor R is the summation of factors R, and R2 used in
connection with the analysis of potential impact of F-1 6s transiting through Skull Valley
[Eq. (15-4)]. A similar analysis was performed by PFS for F-16 flights along the Moser Recovery
route. On the basis of that analysis, the factor R was estimated to be 0.145.

I
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Using the estimated annual number of aircraft flying along the Moser Recovery route in FY 1998,
the probability of a crash per mile, the Facility effective area, and the air route width, PFS
estimated the annual probability of a crash onto the Private Fuel Storage Facility site to be
1.32 x 108 (Private Fuel Storage Limited Liability Company, 2000b). This is reflected in staff's
SER of September 2000.

1

In its recent analysis, PFS analyzed the effects of increased sorties in the UTTR South area and
12 additional F-16s stationed at Hill Air Force Base in FY 2001 on the potential aircraft crash
hazard (Private Fuel Storage Limited Liability Company, 2001b). PFS used the average of FY
1999 and FY 2000 sorties through Skull Valley (assumed to be same as in Sevier B MOA) in the
calculation. The updated crash hazard to the proposed Facility from flights through the Moser
Recovery route was estimated to be 1.70 x 10-8 per.year. Taking into account 12 additional F-'
16s, PFS estimated the annual crash probability is 2.00 x 10-8. Additionally, PFS estimated the
crash hazard based on FY 2000 data of F-1 6s transiting Skull Valley. PFS concludes that the
estimated annual crash probability increases to 2.30 x 10-.

1

As discussed above, PFS had used the UTTR South area sorties in FY 1998 to estimate the
crash hazard given in Private Fuel Storage Limited Liability Company (2000b). The staff
believes use of the UTTR South area sortie data, instead of Skull Valley flight information (which
PFS used in its more recent analysis), may be more appropriate for estimating the annual crash
probability of F-16s flying through the Moser Recovery route. Therefore, the staff carried out an
independent analysis to estimate the crash hazard onto the proposed Facility from aircraft flying
through the Moser Recovery route using the sorties from the UTTR South area.
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The staff used FY 2000 sortie information (rather than the average of FY 1999 and FY 2000
data) to estimate the probability of crash. (Use of FY 1999 sortie information would lead to an
insignificant change to the estimated probability of a crash compared to FY 2000 data.) On this
basis, the annual probability of a crash onto the proposed PFS Facility site of aircraft using the
Moser Recovery route is estimated to be 1.6 x 10-8. Additionally, adjusting for 12 more F-16
aircraft stationed at Hill Air Force Base, the estimated annual probability changes to
approximately 1.9 x 10-8. These estimated probabilities by PFS include the assumption that a
pilot who retained control of a crashing F-1 6 flying on the Moser Recovery route would be able to
direct the aircraft away from the Facility at least 95 percent of the time.
As discussed in connection with the crash hazard from aircraft transiting Skull Valley, the PI,t
value does not have a significant influence on the estimated crash probability, and use of 0.05
as Ph,t is acceptable. However, as before, the staff has carried out a sensitivity analysis using a
Phd value equal to 0.10. With Ph equal to 0.10, R becomes 0.19. On this basis, the estimated
annual crash probability from aircraft flying through the Moser Recovery route is 2.1 x 10-.
Considering 12 additional F-16s stationed at Hill Air Force Base, the annual probability of crash
is estimated to be 2.5 x 10-8.

I

I

I

The staff reviewed the information presented on the potential hazard to the Facility. The staff
found it acceptable because:

"

Appropriate methodologies have been used to estimate the crash probability of
F-16 flights returning to Hill Air Force Base using the Moser Recovery route.

"

The aircraft flying the Moser Recovery route will be under control of the air traffic
controllers as it is an instrument route.

I

"

Qualitative judgments specific to the Moser Recovery route, in addition to those
given for F-16s transiting through Skull Valley, have been provided to support the
assumption that a pilot of a crashing F-16 would be able to avoid the proposed
site in 95 percent of the cases.

I

On the basis of the information and analysis presented, the staff concludes that aircraft returning
to Hill Air Force Base via the Moser Recovery route will not pose a significant risk to the Facility.

I
I

Military Helicopters Flying Near the Private Fuel Storage Facility Site
Most of the helicopter flights in the UTTR are in the North area. PFS indicated that in FY1 998,
only 91 helicopter flights took place in the UTTR South area. There are no scheduled helicopter
flights transiting Skull Valley (Private Fuel Storage Limited Liability Company, 2000b).
According to DOE Standard DOE-STD-3014-96 (U.S. Department of Energy, 1996), impact
frequencies associated with helicopter flights away from the immediate vicinity of their home
sites are insignificant. The standard assumes that the lateral variation of helicopter crashes on
the average is bounded by 0.25 mi from the centerline of the flight path.
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Because there are no regularly scheduled flights through Skull Valley and the site is 2 mi outside
theUTTR restricted airspace, the staff concludes that the probability of crash of a military
helicopter on the Facility is negligible.
Jettisoned Ordnance from Crashing Military Aircraft
On the basis of the information provided to PFS by the U.S. Air Force, •almost all of the aircraft
that transit through Skull Valley on the way to the UTTR South area are F-1 6s. F-1 6 pilots
experiencing engine trouble may intentionally jettison the onboard ordnance and/or other
external stores, such as external fuel tanks. This is done typically in order to lighten the aircraft
and reduce drag so as to gain altitude (Private Fuel Storage Limited Liability Company, 2000b).
The U.S. Air Force (1999) notes that the ordnance would be in a 'safe' (unarmed) mode while
transiting Skull Valley. The arming sequence for the onboard ordnance starts within the
Department of Defense (DOD) land boundaries (Private Fuel Storage Limited Liability Company,
2000b). F-16s carry several different types of ordnance that include inert and live bombs. Inert
ordnance does not contain any explosive and will not explode. The U.S. Air Force noted that the
possibility of explosion of unarmed live ordnance carried onboard by a crashing aircraft is remote
(Private Fuel Storage Limited Liability Company, 2000b). Therefore, the potential hazard to the
Facility from inert and unarmed live ordnance is generally from the dead weight impact of the
ordnance. Nevertheless, PFS has evaluated the explosion scenario in its analysis. The staff's
evaluation of the analysis is presented below.
PFS has conservatively assumed that F-1 6 flights are uniformly distributed across Skull Valley,
although the predominant flight path is along the eastern edge of the Valley away from the
proposed site. Also, it is likely that a pilot would take steps to avoid striking a populated site with
jettisoned ordnance, but the PFS analysis conservatively assumes no such steps have been
taken by the pilot (Private Fuel Storage Limited Liability Company, 2000b, 2001 b).
PFS calculated the probability, P,, of jettisoned ordnance striking the Facility by using a modified
version of the NUREG-0800 formula (Nuclear Regulatory Commission, 1981a). The individual
probabilities of jettisoned ordnance striking both the Canister Transfer Building and the cask
storage area are summed to calculate the aggregate probability of impacting the Facility. The
aggregate probability Pc is defined as
Po = N x C x e x foxWsVXdsa

NxCxexfxW

/Wxd

(15-6)

where,
N
C
e
f,
W

=
=
=
=
=

number sorties per year
F-1 6 crash rate per mile
fraction of crashes initiated by engine failure
fraction of F-16s carrying jettisonable ordnance
width of Skull Valley
Wsa
= width of cask storage area
dsa = length of cask storage area
WM•
= width of the Canister Transfer Building
d.t
= length of the Canister Transfer Building.

'ý---
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On the basis of the information provided by the U.S. Air Force, PFS estimated that a total of
3,871 F-1 6 flights transited through Skull Valley in FY1 998 (Private Fuel Storage Limited Liability
Company, 2000b). As discussed above, the number of flights through the Sevier B MOA
increased to 5757 in FY 2000. In addition, there were 240 flights through the Sevier D MOA,
which overlies the Sevier B MOA. It should be noted that both the Sevier B and Sevier D MOAs
are approximately 145 mi long and extend more than 100 mi south of Skull Valley, and some
MOA flights do not involve transit through Skull Valley. To be conservative, PFS has included all
flights through the Sevier B MOA in determining the flight frequency for Skull Valley.
Some of the training bombs are not rigged to be jettisoned (Private Fuel Storage Limited Liability
Company, 2000b). Specifically, BDV-33 bombs are not jettisonable. Hence, they cannot hit the
Facility independent of a direct F-16 crash onto the site. Therefore, they were appropriately
omitted in estimating the hazard from jettisonable ordnance carried onboard an F-1 6.
An F-1 6 can carry several different types of armaments. Table 15-10 provides information on
different ordnance typically carried onboard by F-1 6s to the UTTR South area.
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Table 15-9. Ordnance onboard F-16s during sorties by the 388th (and 4 1 9 th)* Fighter Wings
to the UTTR South Area (adopted from Private Fuel Storage Limited Liability Company,
2001 c).
Ordnance

_

Number of Sorties

Number'of Munitions

FY 1998

FY 2000

FY 1998

FY 2000

MK-84 (Live)

111

7(9)

156

14 (18)

MK-84 (Inert)

38

21 (27)

89

43 (55)

MK-82 (Live)

166

56 (72)

544

224 (286)

MK-82 (Inert)

355

44 (56)

1029

182 (233)

AGM-65
Maverick

4

0

4

0

CBU-87 Cluster
Bomb

4

0

16

0

678

128 (164)

1838

463 (592)

678/5726 or
0.118

164/7059 or
0.023

Total
Fraction of
sorties to UTTR
South Area with
ordnance

* Numbers in parentheses reflect combined values for the 388t and

4 19 thFighter

Wings

Based on the information provided to PFS by the U.S. Air Force, ordnance carried by the F-1 6s
in FY 1999 is similar to that in FY 2000. The 3 8 8 ' Fighter Wing flew 151 sorties to the UTTR
South area carrying ordnance in FY 1999, as compared to 678 such sorties in FY 1998 and 128
such sorties in FY 2000.
PFS has indicated that the information on sorties carrying ordnance may not include ordnance
carried by the 419"' Fighter Wing stationed at Hill Air Force Base (Private Fuel Storage Limited
Liability Company, 2001c, Footnote 27). To incorporate the ordnance carried by aircraft of the
419th Fighter Wing to the UTTR South area, PFS has assumed that the 419tth Fighter Wing would
fly sorties with ordnance at the same rate and using the same munitions as the 3 8 8 th Fighter
Wing. The Vice Commander of the 388th Fighter Wing concurred with the PFS that this would
be a reasonable assumption (Private Fuel Storage Limited Liability Company, 2001 c, Footnote
27). Therefore, the ordnance usage has been multiplied by (54 + 15)/54 or 1.278 to incorporate
the proportional increase attributable to the 419t' Fighter Wing, taking into account 54 F-16s and
15 F-16s assigned to the 3 8 8th and 419t' Fighter Wings respectively. The revised numbers (for
both wings) are shown in the parentheses in Table 15-9.
In FY 1998, only 678 F-1 6 sorties out of a total of 5,726 sorties within the UTTR South area
carried jettisonable ordnance (both live and inert). Hence, the fraction of F-1 6 sorties in FY 1998
with jettisonable ordnance onboard, fo, is equal to 678/5726 or 0.118. In FY 2000, a total of
164 sorties to the UTTR South area out of 7059 sorties carried jettisonable ordnance, taking into
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account both the 388' and 419' Fighter Wings. Hence, portion of the sorties that carried
jettisonable ordnance in FY 2000, fo, is equal to 164/7059, or 0.023.
PFS has used a value of 0.90 for e in Eq. (15-6). In other words, PFS has assumed that 90
percent of the mishaps involving F-1 6s transiting Skull Valley will be due to engine failure.
Based on Table 15-2, 16 out of 19 (or a 0.84 fraction of the total) mishaps that reasonably could
take place in Skull Valley during normal operations (i.e., while transiting Skull Valley en route to
the UTTR South area) are due to engine failure. Therefore, an assumption of e equal to 0.9 is
bounding.
PFS estimated the probability of jettisoned ordnance striking the Facility site using 3,871, sorties
through Skull Valley in FY 1998. The estimated annual probability P0 is 9.85 x 10.8 using Eq.
(15-6) (Private Fuel Storage Limited Liability Company, 2000b). In the estimate, the effective
width of Skull Valley is equal to 10 mi (Private Fuel Storage Limited Liability Company, 2000b).
Using the width of the Canister Transfer Building at its widest point would increase P0 by 1 x 10'
per year.

I

1

PFS calculated P, in FY 2000 assuming the number of sorties through Skull Valley, N, to be
equal to 5,870 (Private Fuel Storage Limited Liability Company, 2001b). PFS estimated that
5,870 sorties would fly through Skull Valley by taking the average number of flights through Skull
Valley in FY 1999 (4,250) and FY 2000 (5,757) with an additional increase of 17.4 percent to
account for the increased number of F-1 6s stationed at Hill Air Force Base. PFS also carried out
another analysis using the number of flights through Skull Valley in FY 2000 and accounting for
a 17.4 percent increase (Private Fuel Storage Limited Liability Company, 2001c).

I

The staff carried out an independent estimation of the probability of jettisoned ordnance striking
the Facility. The staff estimated Po including the contribution from the Canister Transfer Building
as well as from the cask storage area. Three separate estimates were made using:
(1) N = 4086, (2) N= 5997, and (3) N= 7040. Case 1 with N equal to 4086 uses the total
number of F-16 sorties through the Sevier B and Sevier D MOAs in FY 1998. In Case 2, the
number of
F-16 sorties through the Sevier B and D MOAs in FY 2000 has been used to
estimate P,. Case 3 uses the number of F-1 6 flights through the Sevier B and Sevier D MOAs in
FY 2000, including the anticipated increase in number of sorties (17.4 percent) in the future from
12 additional F-16s stationed at Hill Air Force Base. The staff's calculations are based on the
cask storage area estimated by PFS. With respect to the Canister Transfer Building, however,
the staff used a length and width at the widest point. In these calculations, while a 10 mi
effective width is reasonable, for conservatism the staff used an effective width of 8 mi for Skull
Valley.

I
I

Information presented in Table 15-9 shows that the number of F-16 sorties through Skull Valley
with jettisonable ordnance has decreased in past several years. Similarly, the number of
munitions carried onboard the aircraft has also decreased in past several years. This is
reflected in the probability values estimated by PFS and the staff.

I

Using Equation (15-6), the staff's analysis resulted in estimated values of P0 for the three cases
as follows:

I

Case 1: P0 = 1.3 x 10' per year
Case 2: P, = 3.7 x 10-8 per year
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Case 3: P0 = 4.4 x 10-8 per year.
As discussed above, Case 1 includes sorties and ordnance information from FY 1998 only.
Although the number of sorties through the Sevier B and Sevier D MOAs is less than that in
FY 2000, the fraction f. of F-1 6s carrying jettisonable ordnance is larger (11.8 percent compared
to 2.3 percent in FY 2000). Consequently, the estimated annual probability is higher. Taking
into consideration more recent data, including 12 additional F-16 aircraft stationed at Hill Air
Force Base (Case 3), the estimated annual probability is 4.4 x 10-8 per year.
Based upon the Joint Munitions Effects Manual Trajectory Model prepared by the Joint Technical
Coordinating Group at Eglin Air Force Base, Florida, PFS also considered the effects of impact
angle on the estimated probability. The analysis showed that the estimated probability would
increase by an insignificant amount.

I
I

The staff reviewed the information provided by the applicant and evaluated the analysis of
potential hazards to the Facility from jettisoned ordnance from crashing aircraft. The staff found
it to be acceptable because:

"* Appropriate methodology, following NUREG-0800, Section 3.5.1.6 (U.S. Nuclear
Regulatory Commission, 1981a), has been used to estimate the crash probability.

I

I
I

"• Activities associated with F-1 6s transiting Skull Valley with different onboard
ordnance have been adequately described.

"

Adequate information has been provided on aircraft sorties with different
-ordnance through Skull Valley.

"

The estimated probability is conservative as a uniform distribution of F-1 6 flights
through Skull Valley was assumed.

"

The estimated probability is conservative since the cask storage area has been
assumed as a single area with uniform distribution of casks. In reality, the cask
storage area is comprised of storage pads with open space in between and
around the casks and pads.

On the basis of this information, there is reasonable assurance that jettisoned ordnance from
F-16s hitting would not pose a significant hazard to the Facility.
Potential Explosion of Jettisoned Ordinance from Nearby Crashes of Military Aircraft
PFS assessed the potential hazards to the Facility from a nearby accidental explosion of
ordnance carried by F-16s while transiting Skull Valley. This situation arises when a crashing
F-16 impacts the ground near the Facility with ordnance aboard and the ordnance explodes, or
an aircraft jettisons the ordnance upon experiencing in-flight problems and the ordnance impacts
the ground near the Facility and explodes.
Aircraft transiting Skull Valley are not allowed to have the armament switches in a release
capable mode. The switches are armed only inside the Department of Defense land boundaries
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within the UTTR (Private Fuel Storage Limited Liability Company, 2000b). Therefore, operations
essential for ordnance release will not be executed while the aircraft are transiting Skull Valley.
The U.S. Air Force (1999) has stated that the Utah Test and Training Range has never
experienced "an unanticipated munitions release outside of designated launch/drop/shoot
boxes." Hence, the likelihood of an inadvertent release of armed ordnance is judged to be
extremely low. Consequently, the principal source of explosion-induced air overpressure is
assumed to be unarmed ordnance that either was jettisoned from an aircraft or was onboard
when the aircraft crashed.
An exploding bomb could potentially pose two problems to the Facility: (1) hazards posed by
bomb casing fragments impinging on storage casks or the Canister Transfer Building, and (2) air
overpressure developed from the explosion. With respect to fragment impacts, PFS notes that
Regulatory Guide 1.91 (U.S. Nuclear Regulatory Commission, 1978), views the effects of air
overpressure to bound the fragmentation effect. Specifically, Regulatory Guide 1.91 indicates
that missile effects associated with explosions need to be considered explicitly only if the
overpressure criteria within the guide are exceeded. Hence, the hazards associated with
exploding bombs can be addressed solely on the basis of overpressure effects as long as these
do not exceed the criteria in Regulatory Guide 1.91.

I
I

I

PFS indicates that exploding ordnance impacting the ground near the Facility (without directly
hitting it) may occur in two distinct modes (Private Fuel Storage Limited Liability Company,
2000b):
"

An aircraft carrying live but unarmed ordnance impacts the ground near the
Facility and the ordnance explodes. The hazard is due to impacts (including
aircraft skidding close to the Facility) and explosions occurring at distances close
enough to the Canister Transfer Building or a storage cask to exceed the designbasis air overpressure.

"* Live ordnance is jettisoned from a crashing aircraft, impacts the ground, and
explodes at a distance close enough to exceed the design-basis air overpressure
for a cask or the Canister Transfer Building.
PFS (Private Fuel Storage Limited Liability Company, 2000b) has estimated the probabilities of
both of these scenarios, Pn,,1 and P,,m2, respectively, using a modified version of the formula in
NUREG-0800, Section 3.5.1.6, Aircraft Hazards (Nuclear Regulatory Commission, 1981 a).
The probability PmI of an F-16 with exploding onboard ordnance crashing sufficiently close to
the Facility so as to exceed the design-basis air overpressure is defined as:
P,,,
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where,
N = number of flights per year
C = crash rate of F-1 6 aircraft per mile
W = width of Skull Valley (i.e., airway)
Anml
= area in which the aircraft could impact and produce air overpressure
exceeding the design-basis air overpressure (but does not include a direct
impact)
f• = fraction of F-1 6s crashing with live ordnance
Pe = probability that an unarmed ordnance onboard a crashing F-1 6 will explode.
The area AnmI is an outer band surrounding the effective area of either the cask storage area or
the Canister Transfer Building. An aircraft crashing anywhere inside this band with onboard
exploding ordnance may cause damage to these structures without the aircraft directly impacting
the structures. As before, PFS made a conservative assumption that the aircraft is approaching
from a direction at which the structures present the largest target for the aircraft to hit. PFS did
not add a band area to account for aircraft impacting just behind the Facility as this area is
accounted for in calculating the shadow area of the Facility (as shown in Figure 4 of Private Fuel
Storage Limited Liability Company, 2000b).
The effective area
2000b)

Anm,

is estimated by PFS as (Private Fuel Storage Limited Liability Company,

Anm1= r, (Lf + Wt +2 S) + Ir r,2

(15-8)

where,
Lf
Wf
re
-S

= length of either the cask storage area or the Canister Transfer Building
= width of either the cask storage area or the Canister Transfer Building
= explosion damage radius
= skid distance.

With respect to the second scenario described above (explosion of jettisoned ordnance), PFS
has calculated the probability mnm2 that live ordnance, jettisoned from a crashing aircraft, impacts
the ground and explodes at a point close enough to the casks and the Canister Transfer Building
to cause damage. The formula is again a modification of the one given in NUREG-0800,
Section 3.5.1.6 Aircraft Hazards (Nuclear Regulatory Commission (1981a):
PIr•2 = N x

(15-9)

C x A,,x/V x f,,o x P,

where,

N = number of F-1 6 flights per year
C = crash rate of F-1 6 per mile of flight
W = width of Skull Valley
Anm2
_=area in which the jettisoned ordnance could impact the ground and
cause damage to structures
fjlo = fraction of aircraft crashing that jettison live ordnance
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P, = probability that an unarmed jettisoned ordnance explodes.
The area A,,,,2 is a band around a structure having a width equal to r, the explosion damage
distance. The area has been illustrated in Figure 5 of Private Fuel Storage Limited Liability
Company (2000b) and is given by
Anm2 = 2 r, (L,+Wt) +

ir r,2

(15-10)

where,
Lf = length of the structure
Wf = width of the structure.
PFS (Private Fuel Storage Limited Liability Company, 2000b) has estimated the bomb explosion
damage radius using U.S. Army Technical Manual TM5-1300 (U.S. Army, 1990). Figure 2-15 of
Technical Manual TM5-1300 provides positive phase shock wave parameters for a
hemispherical TNT explosion on the surface at sea level. The U.S. Air Force has informed PFS
that the explosives in bombs carried by F-1 6s transiting Skull Valley are primarily Tritonal, H-6,
PBX-9407, or Minol-2. The discussion below addresses the appropriate explosive to be used in
these calculations.
Although smaller bombs are used in the UTTR, PFS conservatively assumed that all of the
ordnance to be MK-84 (Private Fuel Storage Limited Liability Company, 2000b, 2001 b).
Furthermore, PFS assumed that all ordnance could be represented by PBX-9407 explosive
(Private Fuel Storage Limited Liability Company, 2000b, 2001 b).
PFS indicated that in FY 1998 approximately 5 percent of F-1 6 sorties through Skull Valley
carried live but unarmed ordnance. Based on the above information, PFS estimated P,,, and
P,,m
2 for the entire Facility (i.e., Canister Transfer Building and the cask storage area) by
summing the probabilities for each area. Hence, for the Facility as a whole, P,,,, = 2.01 x 10-11
and P,, 2 = 2.23 x 10-10 per year, respectively. Therefore, the probability that live ordnance
explodes while either carried onboard a crashing aircraft or jettisoned from a crashing aircraft,
using FY 1998 data, is 2.43 x 10-'0 per year (Private Fuel Storage Limited Liability Company,
2000b).
PFS has obtained additional information from the U.S. Air Force on F-1 6 sorties for the UTTR
South area during FY 2000 that carried onboard live ordnance (Private Fuel Storage Limited
Liability Company, 2001b). This information is given in Table 15-9. Based on this information,
PFS revised the estimated probability of exploding ordnance (either carried onboard a crashing
aircraft or jettisoned from a crashing aircraft) potentially damaging the storage casks or the
Canister Transfer Building (Private Fuel Storage Limited Liability Company, 2001 b), as
discussed below.
PFS indicates that in the event of an aircraft mishap, the likelihood of a pilot failing to jettison live
onboard ordnance is the same as the probability that the pilot would have to eject immediately,
and the same as the probability that a pilot transiting Skull Valley would not be able to divert the
aircraft away from the proposed PFS Facility. As discussed above in connection with F-1 6s
transiting Skull Valley, this probability was estimated by PFS to be about 10 percent.
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Table 15-9 shows that 7 F-16 sorties to the UTTR South area in FY 2000 carried MK-84 bombs.
Additionally, 56 sorties carried MK-82 bombs. As noted above, ordnance carried onboard by
F-1 6 aircraft of the 4191" Fighter Wing may not have been included in these figures. Assuming
that F-16 aircraft of the 419th Fighter Wing, on a per aircraft basis, would fly sorties to the UTTR
South area with ordnance at the same rate and using the same munitions as the 3 8 8 0 Fighter
Wing, the estimated numbers of sorties with MK-84 and MK-82 bombs are 9 and 72,
respectively. The staff has assumed that all F-16 sorties with live ordnance carried only MK-84
bombs; this is a conservative assumption based on the information presented in Table 15-9.
Therefore, an estimated 81 F-1 6 sorties out of 7,059 to the UTTR South area carried live
ordnance in FY 2000.
Assuming a proportional increase in sorties with live ordnance to the UTTR South area due to
the 12 additional F-16 aircraft stationed at Hill Air Force Base, approximately 95 sorties out of an
estimated total of 8,287 would carry live ordnance. As discussed before, the estimated number
of flights through Skull Valley would be 7,040, considering a proportional increase in sorties
because of the 12 additional F-16 aircraft. The staff has assumed flights through the Sevier B
and Sevier D MOAs as equivalent to flights through Skull Valley. Therefore, the estimated
number of sorties through Skull Valley with live ordnance would be 95 x 7040/8287, or 81. In
other words, 81/7040, or, 0.0115 or 1.15 percent of flights through the Sevier B and Sevier D
MOAs would carry some kind of live ordnance. Therefore, f,, (fraction of F-1 6s crashing with live
ordnance), is estimated to be 0.0115 x 0.1 or 0.00115.
Conversely, the fraction of the time that pilots of aircraft transiting Skull Valley would be able to
jettison the ordnance is the same as the fraction that would be able to execute avoidance
procedures with respect to the Facility, i.e., about 90 percent. Therefore, fJ, (fraction of aircraft
crashing that jettison live ordnance) is estimated to be 0.0115 x 0.9 or 0.01.
PFS has submitted documentation from the U.S. Air Force indicating that the potential for an
explosion of unarmed ordnance is remote (Private Fuel Storage Limited Liability Company,
2000b, Tab Q). The U.S. Air Force could identify only two instances before 1990 of jettisoned
live ordnance exploding upon impacting the ground, although the Air Force does not have
records of these two incidents., No similar accidents have taken place since then. Therefore,
the probability, Pe, of unarmed live ordnance either exploding after impacting the ground when
jettisoned or when carried on board a crashing aircraft is remote. PFS has assumed Pe to be
equal to 1 percent (Private Fuel Storage Limited Liability Company, 2000b). As indicated by
PFS, in the professional judgment of General Cole, General Jefferson, and Colonel Fly, the
assumed explosion probability of 1 percent for unarmed jettisoned ordnance is conservative.
PFS calculated the effective area of the Facility using the methodology of DOE-STD-3014-96.
As discussed previously, Pe is equal to 0.01 for both the Canister Transfer Building and the cask
storage area. In its recent analysis, using FY 1998 ordnance and sortie information, PFS set f,6
equal to 0.005 (Private Fuel Storage Limited Liability Company, 2001b). Similarly, PFS set f,,o to
0.045. Using these values PFS estimated Pnml and Pnm2 for both the Canister Transfer Building
and the cask storage area using Equations (15-7) through (15-10):

March 2002

15-91'
I V

V

I

n,,i,$,I
•= .
'.•./I.C2.L
"*.•/
U I .2

'

Cask Storage Area:

Pnm= 7.20 x 10-12 per year
P;m
2 =1.09 X10-10 per year
Canister Transfer Building:
Pnm1= 2.10 x 10-", per year
P11,2 = 1.88 x 10-1 per year.
Combining these results PFS concluded that the aggregate probability of live ordnance
exploding while either carried onboard a crashing aircraft or jettisoned from a crashing aircraft is
about 3.25 x 10-10 per year (Private Fuel Storage Limited Liability Company, 2001b). PFS
concluded that a simultaneous explosion of multiple ordnance would not increase the risk
(Private Fuel Storage Limited Liability Company, 2000b, 2001b) to a significant level.
The staff performed a confirmatory calculation to verify that the explosive selected by PFS is
appropriate to represent the ordnance typically carried by F-16s flying through Skull Valley.
Additionally, the staff's calculation accounted for the projected increase in the number of F-1 6s
stationed at Hill Air Force Base and the simultaneous detonation of multiple ordnance. The staff
also used a conservative air overpressure limit for both the storage casks and the Canister
Transfer Building with Minol-2 as the representative explosive. The staff estimated the
equivalent TNT amount using the methodology given in Technical Manual TM5-1300 (U.S.
Army, 1990). In addition, the staff considered that an F-16 may carry two MK-84 bombs
onboard, and conservatively assumed that all F-1 6 with jettisonable ordnance carried two MK-84
bombs.
As discussed above, the staff has estimated that approximately 81 sorties to the UTTR South
area can be expected to carry some jettisonable live ordnance. Therefore, 1.15 percent
(81/7040) of the sorties through Skull Valley can be expected to carry jettisonable live ordnance.
As previously noted, PFS assumes that the probability of a pilot of a crashing F-1 6 being able to
jettison its ordnance is the same as the probability of the pilot being able to execute avoidance
procedures. This was estimated to be about 0.9. Therefore, f,,\ is estimated to be 0.0115 x 0.1,
or 0.00115, and f,,o is estimated to be 0.0115 x 0.9, or 0.01.
In the staff's calculation, a band area has been included in the estimation of P,m to account for
aircraft impacting just behind a facility. The staff assumed this area to be the same as the area
in front of it. Hence, the total area for eligible strikes is doubled. This is conservative since the
actual area of damaging strikes behind the facility is significantly smaller. On this basis, the
probability Pm,, is 7.0 x 10-11 and 3.6 x 1011 per year for the cask storage area and the Canister
Transfer Building, respectively. Hence, the combined probability Pnml for both structures is
1.1 x 10-10. Similarly, the probability P,, 2 is equal to 4.4 x 10-10 and 1.6 x 10-'0 per year for the
cask storage area and the Canister Transfer Building, respectively. Therefore, the combined
probability P,,, 2 for both structures is 6.0 x 10-11 per year.
The aggregate probability Pnm that live ordnance (either onboard or jettisoned from a crashing
aircraft) would explode and damage a spent fuel storage cask or the Canister Transfer Building
at the Facility is the sum of Pn,,, and Pn, 2 . On the basis of the above, staff estimates that P,,r is
equal to 1.1 x 10-10 + 6.0 x 10-0, or 7.1 x 10-10 per year. This is about a factor of two higher
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than the PFS estimate of 3.25 x 10-10 per year (Private Fuel Storage Limited Liability Company,
2001 b).
These estimated probabilities are conservative, as it is assumed that all F-16 sorties armed with
live ordnance would carry two MK-84 bombs. In reality, only approximately one-third of the
sorties carry MK-84 bombs. Also, as indicated by PFS (2000b), the probability will still be very
small even if Pe is assumed arbitrarily to be 10 percent.
The staff reviewed the information and analysis presented concerning the explosion of jettisoned
ordnance. The staff also carried out a conservative analysis assuming all F-1 6 sorties carry the
bomb with the largest amount of explosive. The staff found the information and analysis
presented by PSF to be acceptable because:

"* The applicant has used an acceptable methodology to analyze the explosion
hazard from jettisoned ordnance.
*

The applicant has provided adequate information about the jettisoned ordnance.

"

A tenfold increase in the probability of explosion of unarmed jettisoned ordnance
(from 1 to 10 percent) would still not present an unacceptable hazard to the
Facility.

"* A confirmatory analysis carried out by the staff assuming all F-1 6 sorties carrying
live ordnance would carry two MK-84 bombs did not show a significant hazard to
the Facility.
On the basis of the information and analysis submitted, and the staff's confirmatory analysis,
there is reasonable assurance that the potential explosion of ordnance jettisoned from crashing
,aircraft would not pose a significant hazard to the Facility.
X-33 Suborbital Demonstrator Vehicle
[Note: Based on the information from the NationalAeronautics and Space Administration
(NASA), further development of the X-33 project has been stopped and the project has been
canceled. Therefore, the X-33 demonstratorvehicles no longer pose a hazardto the proposed
PFS Facility. However, the X-33 vehicle was in the development stage when the staff initiated
the review of the PFS Facilityapplication. Therefore, the potential impact of the X-33 vehicle is
included in this SER.]
No information was presented in the SAR about flights of the X-33 space vehicle to Michael
Army Air Field. Cole (1 999a,b) presented information on schedules for X-33 flights to Dugway
Proving Ground. In addition, websites for the X-33 (http://www.x33.com,
http://www.venturestar.com, http://afftc.edwards.af.miVpdec97/cover/x33_future.htmI, and
http://www.ardmoreite.com/stories/01 2099/tec-x33.shtml) were also searched by the staff for
information about the proposed X-33 test flight program.
The X-33 is a demonstrator vehicle proposed for validating new technologies and reducing the
risk for construction of VentureStar, a reusable launch vehicle. It was being jointly developed by
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the National Aeronautics and Space Administration (NASA) and Lockhleed Martin Skunk Works,
Palmdale, California. As a proof-of-concept vehicle, the unmanned X-33 would be one-half the
size and one-ninth the weight of VentureStar. The X-33 would not reach orbit altitude and would
not carry any payload. The X-33 vehicle would have a dry weight of approximately 75,000 lb and
a gross liftoff weight with fuel of approximately 285,000 lb. The X-33 would take off vertically
like a rocket, eventually reaching an altitude of 60 mi at a speed of Mach 9 to over Mach 13, and
would land horizontally like a plane. As many as 15 test flights of the X-33 were planned to
originate from Edwards Air Force Base, California, beginning in summer 2000, according to the
NASA website. Cole (1999a) reported eight test flights beginning in December 1999. Only the
first five flights would go to Michael Army Air field at Dugway Proving Ground, Utah,
approximately 450 mi from Edwards Air Force Base. A flight to Michael Army Air field would last
14 min at top speeds of between Mach 9 and Mach 11. These five flights were to be completed
in a period of 6 mo (Cole, 1999a).

I
I
I
I
I
I

The planned approach for the X-33 flight test was to enter UTTR airspace R-6402 at 60,000 ft
from the southwest (Cole, 1999a). Once over Michael Army Air Field, the X-33 would initiate a
descent turning north with a turn radius of 4-6 mi. It would continue turning until it is lined up
with Runway 12, which is 13,125 ft long.
Most of the fuel of the X-33 would be expended by the time of landing: Additionally, the X-33
would not fly over Skull Valley. Moreover, the X-33 testing program was to be completed before
the Facility will be ready to accept any storage casks with spent nuclear fuel.
Based on the information presented previously, there is reasonable assurance that test landing
of the X-33 demonstrator vehicle at Michael Army Air Field will not pose any hazard to the
Facility. Consequently, the X-33 demonstrator vehicle may be excluded from the list of potential
sources of aircraft crash hazard to the Facility.

I

I
I

Probability Acceptance Criterion for Aircraft Crash Hazards for Private Fuel Storage
Facility
NUREG-0800, Section 3.5.1.6, Aircraft Hazards (Nuclear Regulatory Commission, 1981 a)
provides the methodology to estimate the probability of crash'of aircraft onto a nuclear power
plant. An operating nuclear power plant requires active systems to control the dynamic nuclear
and thermal processes that occur in the conversion of nuclear reactions into thermal power. In
the event of a mishap, there are large amounts of thermal energy within the reactor core.
Emergency cooling systems are proyided as part of a reactor facility's design to avoid core
damage or meltdown and the release of radioactive material into the environment.
Hazards that have the potential for initiating onsite accidents leading to loss of coolant at a
reactor facility should have a sufficiently low probability of occurrence. NUREG-0800, Section
2.2.3, Evaluation of Potential Accidents (Nuclear regulatory Commission, 1981 b), states a
probability of occurrence of approximately 1 x 10-7 per year as the NRC staff objective, so as to
screen out external events that may impact the nuclear reactor and have consequences on the
safety of the Facility and the potential for significant radiological impacts on public health and
safety. However, data are often not available to permit an accurate estimation of the
probabilities of occurrence of the postulated events. Accordingly, pursuant to NUREG-0800, a
probability of occurrence of potential radiation exposures in excess of the 10 CFR Part 100 dose
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guidelines of approximately 1 x 10-6 per year is acceptable for a nuclear power plant provided,
when combined with qualitative arguments, the realistic probability can be shown to be lower
(Nuclear Regulatory Commission, 1981b). In the Policy Statement on Safety Goals, the
Commission noted, "Consistent with the traditional defense-in-depth approach and the accident
mitigation philosophy requiring performance of containment systems, the overall mean
frequency of a large release of radioactive materials to the environment from a reactor accident
should be less than 1 in 1,000,000 per year of reactor operation (Nuclear Regulatory
Commission, 1986)." This translates to a probability of occurrence of 1 x 10-6 per year. In
addition, the Commission has proposed an annual probability of occurrence of 1 x 106 for
geologic repositories (Nuclear Regulatory Commission, 1999).
Compared to a nuclear reactor facility, an ISFSI is a relatively passive system that does not have
complex control requirements and that has contents with relatively low thermal energy.
Therefore, potential fuel damage and the associated radioactive source terms from a potential
accident are significantly less than those expected from a potential accident at a nuclear reactor
facility. As a result, the estimated consequences from a potential accident at an ISFSI are less
severe than from a potential accident at a nuclear reactor facility. Therefore, the staff concludes
that a probability of 1 x 10-6 crashes per year is an acceptable acceptance criterion for
evaluating aircraft crash hazards at the PFS Facility.
Summary of Review and Discussion
PFS has examined past and present activities in connection with potential hazards from the
crash of both civilian and military aircraft flying in the vicinity of the Facility. The activities
examined include aircraft taking off and landing at Salt Lake City International Airport, aircraft
flying routes J-56 and V-257, general aviation aircraft taking off and landing at nearby municipal
airports, general aviation aircraft flying nearby, large transport aircraft landing and taking off at
Michael Army Airfield, aircraft flying military route IR-420, aircraft transiting through Skull Valley
on the way to the UTTR South area, air-to-ground and air-to-air combat training at the UTTR
South area, aircraft returning to Hill Air Force Base through the Moser Recovery route, military
helicopter flights, and flights of the X-33 demonstrator vehicle. PFS also examined the potential
hazards associated with jettisoned ordnance carried onboard an aircraft about to crash in Skull
Valley. The applicant provided sufficient information and used acceptable methods to evaluate
the potential hazard to Facility from an aircraft crash including jettisoned ordnance from a
crashing aircraft. The staff reviewed the data, information, and analyses presented along with
additional referenced documents, as discussed in preceding sections of this SER. In addition,
the staff performed various sensitivity and confirmatory analyses.
Summarizing the staff's review, the crash probabilities for aircraft and ordnance are given in
Table 15-10. As indicated in the discussion of aircraft hazards within this section, these
probabilities are estimated on the basis of several elements that determine the overall likelihood
that each specific type of aircraft operation may lead to an impact (or overpressurization) at the
proposed Facility. Typically, these include measures that reflect traffic density (e.g., flights per
year), a crash rate (e.g., crashes per mile, crashes per unit area per unit time), effective target
area, as well as specific parameters pertaining to specific aircraft under consideration (e.g.,
avoidance probability for F-1 6s, or the probability of onboard live ordnance being present).
Other factors, such as human errors in aircraft design, fabrication, or maintenance, also
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influence the estimated probabilities, but have not been addressed explicitly since their effects
are inherently taken into account through the use of historically established crash rate data.
The estimated crash probability values determined by the staff are listed in Table 15-10. These
estimated values may be different than those determined by PFS (Private Fuel Storage Limited
Liability Company, 2000b, 2001b) due to sensitivity or confirmatory calculations performed by
the staff. Otherwise, the values determined by PFS have been accepted by the staff as
reasonable.
Based on the information presented in Table 15-10 and the threshold probability criterion of
1 x 10-' crashes per year, the staff concludes that the probability of crash for both civilian and
military aircraft and ordnance at the PFS site is acceptable.
The analyses presented by PFS rely on the assumption that the pilots flying military aircraft are
aware of the Private Fuel Storage Facility site and will attempt to avoid it. A crashing aircraft will
be diverted from the Facility if the pilot is able to control the aircraft and sufficient time is
available. The Area Planning Guide of the DOD provides guidance to the planners of military
training routes, and it is expected that the PFS Facility would be listed therein so that military
flight planners and pilots would be aware of the presence of the Facility in Skull Valley, Utah.
Additionally, as military aircraft approach Skull Valley, pilots tune to a discrete radio frequency
directed by Clover Control for communication with each other and the range controllers (Private
Fuel Storage Limited Liability Company, 2001e). The staff at Hill Air Force Base confirmed that
the pilots are in constant communication with the controllers at Clover Control while flying
through Skull Valley. Also, Clover Control has the means to provide the pilot with location
information, if necessary.
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Table 15-10. Estimated probability of crashes per year at Private Fuel Storage Facility.
Estimated Annual Probability3
(crashes/year)
Source

PFS

I

NRC

0

-0t

Aircraft flying route J-56

1.9 x 10-8

1.9 x 10-81

Aircraft flying route V-257

1.2 x 10-8

1.2 x 10-"1

0

~0

< 1.0 x 10-8

< 1.0 x 10-8t

0

-0t

Aircraft taking off and landing at Salt Lake City
International Airport

Aircraft taking off and landing at municipal airports
General aviation aircraft
Aircraft taking off and landing at Michael Army Airfield
Aircraft flying military route IR-420

3 x 10-9
10 7

-3 x 109
2.5 to 3.1 x 10-7*

Aircraft transiting Skull Valley

3.11 x

Aircraft training at the UTTR South Area

< 1.0 X 10-8

<1.0 x 10

2.0 x 10-8

2.5 x 10-8*

0

-0t

3.2 x 108

4.4 x 10-8

3.25 x 10-1

7.1 x 10-10 t

0

0

< 4.17 x 10-7

3.7 to 4.3 x 10-7

Aircraft returning using Moser Recovery route
Military helicopter
Jettisoned military ordnance - Impact
Jettisoned military ordnance - Nearby Explosion
X-33 demonstrator vehicle
Cumulative Hazard

. using P,, = 10 percent (assumed value in sensitivity analysis given in
Table 15-4)
t assuming all live ordnance are MK 84 2,000 lb bombs
no independent sensitivity or confirmatory analysis performed

The staff reviewed the scenarios presented by PFS in conr)ection with the proposed Facility and
also carried out independent confirmatory analyses in selected cases. The confirmatory
analyses relied on assumptions different from those applied by PFS. For example, the staff
utilized the data for FY 2000, increased by the 12 additional F-1 6 aircraft received in FY 2000.
The staff took into account the use of formation flights (either 2-ship or 4-ship) by the F-16 pilots
while transiting Skull Valley on the way to the UTTR South area (a fact not taken into account by

3 As discussed in Private Fuel Storage Umited Liability Company (2001 e, Footnote 39), a change of design of the
Canister Transfer Building has increased its exterior dimensions by a small amount Consequently, the effective area of the
proposed Facility has increased by approximately 2 percent for general aviation aircraft and approximately by 1 percent for other

aircraft Private Fuel Storage Limited Liability Company (2001e) The resulting increase of crash probability is negligible.
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PFS), which would have the result that about 50 percent of the flights would not be in a position
to pose a credible crash hazard to the proposed Facility. Furthermore, the staff used a higher
(factor of 2) probability that a pilot with sufficient time and control of the aircraft would still not
avoid the proposed Facility. This higher probability value has been used in all cases where the
F-1 6 aircraft fly in the normal in-flight mode in the vicinity of the proposed Facility.
Consequently, the staff's independent analyses tested the robustness of the analyses and
estimates presented by PFS. Based on these confirmatory analyses and the staff's evaluation
of the PFS analyses, it is concluded that the aircraft crash probability estimated by PFS is
acceptable.
Future Developments
PFS estimated the projected growth of civilian flights based on the FAA long-range forecast
(Federal Aviation Administration, 1999). Commercial aircraft operations include air carrier and
commuter/air taxi takeoffs and landings at all United States towered and non-towered airports.
Based on the FAA forecasts, the commercial aircraft operations are projected to increase from
28.6 million in 1998, to 36.6 million in 2010, and to 47.6 million in 2025. Therefore, commercial
aviation operations in the United States are projected to increase by 66 percent by 2025.
PFS used the projected growth of national commercial aviation operations to estimate the
increase in traffic along airways J-56 and V-257. PFS assumed the number of flights on these
airways will increase at the same rate as the total numbers of takeoffs and landings, which is
66 percent by 2025. Therefore, the estimated crash probability increases from 3.1 x 10-8 per
year (1.9 x 10- 8 + 1.2 x 10-8) to 5.1x 10-8 per year for aircraft flying routes J-56 and V-257 by
2025.
The annual number of general aviation operations (takeoffs and landings) at all towered and
non-towered airports in the United States is projected to increase from 87.4 million in 1998 to
92.8 million in 2010 and to 99.2 million in 2025 (Federal Aviation Administration, 1999).
Therefore, the FAA projects an increase of general aviation traffic by 14 percent by 2025.
Applying this growth factor to the estimated crash probability of general aviation aircraft, the
estimated crash probability would be 1.1 x 108 per year by 2025, as compared to < 1.0 x 10-8
shown in Table 15-10.
PFS has discussed the long term trend of military aviation to project the estimated aircraft crash
probability onto the proposed Facility (Private Fuel Storage Limited Liability Company, 2001b).
The U.S. Air Force is replacing older and less capable aircraft with modern, more advanced
aircraft. Since the newer aircraft are typically more costly than the aircraft being replaced,
significant resources are spent on research, improved design, manufacturing, and quality control
so as to make the aircraft safer to operate. Figure 1 of Private Fuel Storage Limited Liability
Company (2000b) illustrates the continued improvement of aircraft performance with time. The
crash rates of newer aircraft are decreasing relative to those of their predecessors.
The FAA predicts that the military air traffic would not increase appreciably, if at all, in the
foreseeable future. Based upon the projection of the FAA (Federal Aviation Administration,
1999), the number of military aircraft handled at the FAA en route traffic control centers would
remain constant at 4.2 million in 1998 through 2025. The U.S. Air Force has experienced an
approximately one-third reduction in personnel, equipment, and funding since the end of the
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Cold War (Private Fuel Storage Limited Liability Company, 2001 b). The number of aircraft in the
inventory of the U.S. Air Force has decreased from 7,640 in FY 1992 to 6,205 in FY 2000, with a
corresponding decrease of flying hours from 2,790,000 to 2,036,000 (Private Fuel Storage
Limited Liability Company, 2001b). Reduced budgets and increased fuel costs have resulted in
constrained flying hours for training. Use of constantly improving flight simulators is enabling the
pilots to advance flying proficiency with reduced actual flying hours. Additionally, the Joint Strike
Aircraft is expected to replace the F-16 aircraft. Based on information from the Joint Strike
Fighter Public Affairs Office, PFS has stated that the U.S. Air Force plans to procure a total of
1,763 Joint Strike Aircraft over the lifetime of the airplane, approximately 78 percent of the 2,230
F-16s that have been ordered (Private Fuel Storage Limited Liability Company, 2001 b).
Although it is difficult to predict the structure of the U.S. Air Force in the future, historic trends
and current acquisition programs indicate a smaller future force structure.
Based on the above discussion, military aircraft crash probabilities are expected to remain at or
below the staff's projected cumulative value of 3.9 x 10- crashes per year for military aircraft in
the future. Therefore, the cumulative hazard to the proposed PFS Facility, taking into account
commercial, general aviation, and military aircraft would increase from 4.3 x 10-' crashes per
year, currently estimated by the staff, to 4.5 x 10` crashes per year in 2025. Consequently, the
above conclusions concerning the aircraft crash hazard for the Facility based on current
information would still be valid for the foreseeable future, assuming the projected air traffic
growth based on the long-term projections, as discussed above, remains valid. It should be
noted that if the flight activities near the Facility change significantly in the future, including the
introduction of new types of aircraft whose crash statistics are not bounded by those of the
aircraft considered herein, the above conclusions could be subject to change.
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Conclusion
Based on the information and analyses provided by PFS and the staff's independent
confirmatory and sensitivity analyses, the staff concludes that the cumulative probability of a
civilian or military aircraft crashing at or affecting the Facility is within the acceptance criterion of
10-6 per year. Therefore, there is reasonable assurance that civilian or military air crash
accidents do not pose a significant hazard to the Facility.
15.1.2.12 Accidents at Nearby Sites - Multiple Launch Rocket System Testing at Dugway
Proving Ground
The staff has reviewed the information presented in Section 2.2.1 of the SAR, Hazards from
Facilities and Ground Transportation Dugway Proving Ground and information submitted by PFS
(Private Fuel Storage Limited Liability Company, 2000c). Supplemental information presented in
Matthews (1999a, b) was also used in this review.
PFS has evaluated the hazard to the Facility posed by the use of the Army's Multiple Launch
Rocket System on Dugway Proving Ground (Private Fuel Storage Limited Liability Company,
2000c). The multiple launch rocket system is an artillery rocket launcher mounted on a tracked
vehicle. The launcher carries a pod of 12 rockets with maximum and minimum ranges of 32 (20
mi) and 5 km (3 mi), respectively. PFS considered two types of rockets, the M26 and the M28.
Based upon the information provided by PFS, only training rockets of type M28 have been fired
at Dugway Proving Ground. M28 rockets have the same flight characteristics as the M26 March 2002
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rockets; however, instead of the warhead, an M28 rocket has a spotting-charge of three smoke
canisters. Based on the Field Manual No. 6-60, which covers both M26 and M28 rockets
(Department of the Army, 1996), the region at risk from all debris including payload, warhead
skin, and rocket motor at longer firing ranges extends about 4 km (2.5 mi) beyond, 2.2 km (1.4
mi) in front, and 3.22 km (2 mi) on either side of the aim point.
Multiple launch rocket system rockets are designed not to deviate significantly from their
intended flight path. The rockets have a target location error of 150 m(0.1 mi) or less
(Department of the Army, 1996). The rockets follow a free-flight trajectory to the target without
any guidance system. Four fins initially stabilize the rocket by maintaining the spin imparted
through spin rails mounted on the inner wall of the rocket launcher.
Field Manual No. 6-60 (Department of the Army, 1996) defines two areas of hazard rear of the
multiple launch rocket system firing point. One area is the Launcher. Danger area immediately
behind the launcher. This area is directly exposed to debris'and blast. It extends 350 m (0.2 mi)
at both sides and 400 m (0.25 mi) to the rear of the firing point. The other area is the Noise
Hazard area extending 500 m (0.3 mi) behind the Launcher Danger area for M28 rockets.
Mission essential personnel require double hearing protection if they are in the Noise Hazard
area.
Based on Field Manual No. 6-60 (Department of the Army, 1996), there are two areas of hazard
in front of the firing point. One area is the region around the aim point which will include all
rocket debris and will also contain the rocket if there is any malfunction of the fuse. The other
area includes the region between the firing point and closest edge of the area around the aim
point that would contain the rocket debris.
PFS has stated that in the last 12 years, multiple launch rocket systems have been tested only
twice on Dugway Proving Ground-first in 1988 and then in 1995. PFS also submitted a map
showing firing points and three impact areas for training on Dugway Proving Ground for multiple
launch rocket systems: the (1) White Sage Impact area, (2) Wig Mountain Impact area, and (3)
Causeway Impact area. This map shows several areas marked 'Target Grids." PFS (Private
Fuel Storage Limited Liability Company, 2000c) has indicated that these are old target areas and
are not impact areas currently in use on Dugway Proving Ground.
During 1988 testing at Dugway Proving Ground, 36 M28 rockets were fired into Causeway
Impact area, approximately 60 km (37.5 mi) southwest of the Facility. Some of these rockets
were fired from the vicinity of the Wig Mountain area approximately 27 km (17 mi) west
southwest of the Facility. The firing direction from Wig Mountain to the Causeway Impact area is
away from PFS toward the southwest. Other rockets were fired from unknown locations on
Dugway Proving Ground into the Causeway Impact area. The maximum range of multiple
launch rocket system is 32 km (20 mi). For the Causeway Impact area to be within range, the
firing locations would be no more than 32 km (20 mi) away from the target area, and therefore,
no closer than 28 km (17.5 mi) to the Facility site. Based on the information in Field Manual No.
6-60 (Department of the Army, 1996), firing of M28 rockets would not pose a hazard to a
location 28 km (17.5 mi) behind the firing point.
An unknown number of multiple launch rocket system M28 rockets were fired in 1995 from the
vicinity of Granite Peak into the Wig Mountain Impact Area. The firing points near Granite Peak
are approximately 50 km (17.5 mi) southwest of the PFS Facility site. The aim points are
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located approximately 33 km (20.6 mi) west-southwest of the site. The Facility is out of range of
the multiple launch rocket systems from the firing points near Granite Peak.
No multiple launch rocket system rockets have been fired into the White Sage Impact area in the
last 20 years. This area is approximately 30 km (18.75 mi) south of the Facility. The firing
direction to this impact area is almost directly away from the PFS Facility site. Based on Field
Manual No. 6-60, the firing of M28 rockets would not pose any hazard to a location more than
700 m (2,300 ft) behind the firing line even if multiple launch rocket system rockets are fired into
the White Sage Impact area in the future.
The safety procedures used by Dugway Proving Ground DPGR 350-2 (Private Fuel Storage
Limited Liability Company, 2000c, Tab B) prescribe that personnel firing artillery be certified for
safety. The procedures also dictate that all artillery projectiles must be aimed to fall within the
established impact areas. Any impact outside an authorized area should immediately be
reported to Range Control who will freeze further firing.-The Officer in Charge must know and
convey to personnel the established limits on azimuth and elevation to keep the weapon within
the designated impact area. The procedures also do not permit the surface danger areas to
cross or intersect the boundaries of Dugway Proving Ground. The Officer in Charge or his
representative must compute the lateral safety limits, the maximum and minimum ranges, and
minimum fuze time using locations of the firing position and target area. This information should
be converted to a "Safety T" diagram for each charge and projectile. The Officer in Charge must
verify the conversion of the calculated safety data into a safety diagram, which is also verified by
a separate command safety certified person. The Chief of Firing Section ensures that proper
data for quadrant and azimuth are applied to the weapon system. Before allowing the unit to
commence firing, Dugway Proving Ground Range Control will verify the left and right lateral
limits and the maximum and minimum ranges. Regardless of the visibility, the impact of all fired
rounds must be observed visually or by radar.
The staff has reviewed the information provided by the applicant with respect to potential
hazards from multiple launch rocket system testing at Dugway Proving Ground to the Facility.
The staff found it acceptable because:
The applicant has adequately described the potential hazard from multiple launch
rocket system testing based on past records of firing at Dugway Proving Ground,
current Dugway Proving Ground procedures, and the U.S. Army manual for
,
multiple launch rocket system operations. *

Dugway Proving Ground safety procedures prescribe that all personnel
connected with firing artillery are certified for safety.
Dugway Proving Ground procedures prohibit the establishment of a surface
danger area that crosses the Dugway Proving Ground boundaries.

ý1
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The Officer in Charge or his representative must compute the safety limits, which
will also be verified by a separate command safety person.

"

The Chief of Firing Section ensures that proper data for quadrant and azimuth are
applied to the weapon system so that all artillery projectiles are aimed to fall within
the established impact area.
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"* Before allowing the unit to commence firing, the Range Control at Dugway
Proving Ground will verify the established impact area.

"* The impact of every fired round must be observed visually or by radar. Any
impact outside an authorized area should be reported immediately to the Range
Control who will freeze further firing.

"

Multiple launch rocket system firing to the Causeway Impact Area will not pose
any hazard to the Facility because the Facility is outside the range of multiple
launch rocket system rockets if they are aimed at the Causeway Impact area.
Moreover, the direction of rocket firing to the Causeway Impact Area from the
firing points is away from the Facility.

"

Multiple launch rocket system firing to the White Sage Impact Area will not pose
any hazard to the Facility because the firing direction would be directly away from
the Facility. Moreover,' based on Field Manual No. 6-60, the Facility is sufficiently
distant from the rear of the firing points to have any potential hazard.

"* Firing of multiple launch rocket system rockets to the Wig Mountain Impact Area
from the firing points near Wig Mountain or the White Sage Training Area will be
in a direction away from the Facility.
°

Rockets fired from the firing points near Granite Mountain into the Wig Mountain
impact area will not reach the Facility because it is beyond the range of these
rockets.

The applicant has examined present and past activities in connection with multiple launch rocket
system testing at Dugway Proving Ground. The applicant also collected and evaluated
information about potential hazards from multiple launch rocket system testing at Dugway
Proving Ground. The applicant used acceptable methods to evaluate the potential hazard to the
Facility from multiple launch rocket system testing at Dugway Proving Ground.
Based on the foregoing information, there is reasonable assurance that multiple launch rocket
testing at the Dugway Proving Ground would not pose a hazard to the Facility.
15.1.2.13 Accidents at Nearby Sites - Chemical Munitions and Agents at Dugway Proving
Ground
The staff reviewed the information presented in Section 2.2.1 of the SAR, Hazards from
Facilities and Ground Transportation Dugway Proving Ground. Supplemental information
presented by Carruth (1999), Larsen (1999), and Gray (1999a, b) was also used in this review.
The purpose of this review is to ensure that the risks to the PFS Facility due to activities at
Dugway Proving Ground involving chemical munitions and agents are sufficiently low. This
review was based on an evaluation of information on the potential hazards, safety procedures
adopted to minimize the hazard potential, and the distance from the PFS Facility site to the
potential site(s) where the hazard may be initiated.
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Since 1969, 50 U.S.C. Section 1512 has prohibited open air testing of chemical munitions (a
chemical munition has a chemical agent filling) and chemical agents. Additionally, the U.S.
Senate ratified the Chemical Weapons Convention on April 24, 1997, which prohibits any testing
of chemical munitions intended to be filled with any chemical agent (Carruth, 1999).
Activities at Dugway Proving Ground include indoor testing of chemical agents, storage of
agents and unexploded chemical munitions recovered from the firing ranges, and disposal of
chemical agents. Tests are conducted using chemical agents in the laboratories of the
Combined Chemical Test Facility and the Material Test Facility at Dugway Proving Ground
(Carruth, 1999). These facilities are more than 17 miles from the PFS Facility site. These tests
are conducted to determine the effectiveness of protective clothing and equipment, sensitivity of
detection equipment, resistance of materials to chemical agents, and effectiveness of equipment
and processes to destroy chemical agents and munitions. These facilities are specially
designed to preclude any release of chemical agents to the atmosphere such as, maintaining the
test areas at negative pressure relative to the outside air to allow fresh air to flow into the test
areas and carbon filters to remove any agent in the exhaust air (Carruth, 1999).
Dugway Proving Ground also stores chemical munitions fired prior to 1969 but remained
unexploded or buried on the firing ranges prior to 1969 and recovered subsequently (Carruth,
1999). The chemical munitions and chemical agents removed from munitions and the chemical
agents used in laboratory testing are stored more than 17 miles from the PFS Facility site.
Quantities of chemical agents stored are generally small. Testing and use of the Munitions
Management Device (a device being developed for neutralizing nonexplosively configured
chemical munitions) is planned, which will require a RCRA permit. After the permit is obtained,
78 L (2.75 ft3) of nerve and blister agents will be stored at the Material Test Facility to be used
f6r testing (Carruth, 1999).
The Army Chemical Safety and Chemical Surety Programs have been developed specifically to
reduce the hazards associated with storage, transportation, and use of chemical agents and
munitions. A leak of agents would be detected by the sampling program at Dugway Proving
Ground. Any released liquid chemical agent would be decontaminated before a large pool could
accumulate (Carruth, 1999).
The DOD Standard, 6055.9-STD (U.S. Department of Defense, 1997), defines a hazard zone
for a chemical munition or agent to be the area within 1-percent lethality distance calculated from
the maximum credible event for the installation. As the chemical munitions are stored in an
approved storage configuration, they are safe from sympathetic detonation. Consequently,
estimation of the 1-percent lethality distance from a single munition is considered appropriate
(Carruth, 1999). The 1-percent lethality zone calculated from the maximum credible event
represents that arc from the GB agent source containing a dose of more than 10.0 mg-min/m 3
(U.S. Department of Defense, 1997). Carruth (1999) states, based on the types of munitions
that might be recovered at Dugway Proving Ground and stored in the designated area, that
detonation of an 8 in. projectile filled with agent GB (a nerve agent, according to DOD
6055.9-STD) would produce the greatest hazard distance equal to 4,895 m or approximately 3
mi. The distance of the PFS Facility site from the chemical munition storage area is
approximately 17 mi. It is expected that the potential hazard to the PFS Facility site from a
worst-case detonation of a chemical munition at Dugway Proving Ground would be reduced
further due to the intervening Cedar Mountains enhancing dilution and absorption of the agent.
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Also, the prevailing wind directions are from north-northwest to south-southeast. Therefore,
prevailing winds will retard transport of the chemical agent to the PFS Facility site.
Chemical munitions on the ranges and agents used in laboratory testing are disposed of at
Dugway Proving Ground in two ways (Carruth, 1999). If the recovered munition is unsafe to
move, it is destroyed with a sufficient amount of explosive so the chemical agent is thermally
destroyed by the heat of explosion released by the detonation. Air samples are taken to
determine if any agent survived the detonation. An emergency permit is necessary from the
Utah Division of Solid and Hazardous Waste for destruction of the chemical munition.
Alternatively, the munition is taken to the designated storage location for storage if the munition
can be moved safely, in accordance with DOD 6055.9-STD. Chemical agents used in testing
are chemically neutralized and the residue is managed as a hazardous waste under the RCRA
permit.
Small quantities of chemical agents may be transported to Dugway Proving Ground along Skull
Valley Road using a common carrier (Carruth, 1999). Packing of these agents is strictly
regulated by the U.S. Department of Transportation (DOT) so that approved containers,
designed to withstand transportation accidents, are used. Hazardous waste managed under the
RCRA permits at Dugway Proving Ground also may be transported through Skull Valley for
permanent disposal or destruction. These chemically neutralized wastes are far less hazardous
than the chemical agents. -Therefore, transport of small quantities of chemical agents to Dugway
Proving Ground or neutralized waste from Dugway Proving Ground would not pose a hazard to
the PFS Facility site.
Quantities of chemical agents to be used for laboratory testing are shipped to Dugway Proving
Ground from Deseret Chemical Depot via Lookout Pass (Carruth, 1999). This route is less
traveled and avoids populated areas. The closest point to the PFS Facility from this route is
approximately 17 mi. In addition to strict safety requirements imposed by the DOT, 50 U.S.C.
Section 1512 requires that the U.S. Secretary of Defense authorize such shipments in the
interest of national security, after advanced notification to the Governor of Utah. A recent
shipment of 78 L (2.75 ft) of three chemical agents from Deseret Chemical Depot to Dugway
Proving Ground was completed under this law. The shipment was made in an escorted truck
The transportation plan of that shipment concluded there was no basis for calculating a release
of chemical agents from the shipping containers due to the extraordinary safety precautions
taken, controls used on the movement, and the packaging used (Carruth, 1999).
In addition, the storage cask systems are designed to be passive so they can maintain their
safety functions without operator assistance. Based on the information available, the staff
concludes that there is reasonable assurance that chemical munitions and agents at Dugway
Proving Ground will not pose a significant hazard to the PFS Facility.
The staff reviewed the information provided by the applicant and evaluated the analysis of
potential hazards to the Facility from chemical munitions and agents at Dugway Proving Ground.
The staff found it acceptable because:
*
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"

Open air testing of chemical munitions and agents is prohibited by 50 U.S.C.
Section 1512.

"

The U.S. Senate ratified the Chemical Weapons Convention prohibiting any
testing of chemical munitions.

"

1-percent lethality distance calculated for the maximum credible event for Dugway
Proving Ground using DOD Standard 6055.9-STD is approximately 3 mi. The
distance of the PFS Facility site from the chemical munitions storage area is
approximately 17 mi.

"

Chemical agents from chemical munitions fired prior to 1969 but remaining
unexploded or buried on the firing range are stored under a RCRA permit issued
by the State of Utah. A munitions management device is being developed for
neutralizing chemical munitions under a RCRA permit.

"* Chemical agents used in testing are neutralized and managed as a hazardous
waste under the RCRA permit.
"* Large quantities of chemical agents for laboratory testing are shipped to Dugway
Proving Ground following strict safety requirements of the DOT. The route taken
is approximately 17 miles from the Facility.
"• Small quantities of chemical agents may be transported to Dugway Proving
Ground using a common carrier under strict safety requirements of the DOT.
"* The storage cask systems are designed to maintain their safety functions
passively without any operator assistance.
The applicant examined present and past activities in connection with chemical munitions and
agents at the nearby Dugway Proving Ground. The applicant also collected and evaluated
information regarding potential hazards of chemical munitions and agents at Dugway Proving
Ground. The applicant used acceptable methods to conclude that chemical munitions and
agents at Dugway Proving Ground would not impair the ability of the structures, systems, and
components to maintain subcriticality, confinement, and sufficient shielding of the stored fuel.
Based on the foregoing information, there is reasonable assurance that chemical munitions and
agents at Dugway Proving Ground would not pose a hazard to the Facility.
15.1.2.14 Accidents at Nearby Sites - Biological Defense Activities at Dugway Proving
Ground
The staff reviewed the information presented in Section 2.2.1 of the SAR, Hazards from
Facilities and Ground Transportation Dugway Proving Ground. Supplemental information
presented in Carruth (1999), Larsen (1999), Matthews (1999a,b,c), and Gray (1999a,b) was
used in this review. The purpose of this review is to ensure that the risks to the PFS Facility due
to biological defense activities at Dugway Proving Ground are sufficiently low. This review was
based on an evaluation of information concerning potential hazard,- safety procedures adopted to
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minimize the hazard potential, and the distance from the PFS Facility site to the potential site(s)
where the hazard may be initiated.
Biological materials are tested, stored, and disposed at Dugway Proving Ground. Tests are
conducted to determine the effectiveness of different protective equipment and detectors against
various biological materials (bacteria, viruses, toxins) (Carruth, 1999). The United States has
ratified the Biological Weapons Convention, which prohibits the development, production,
acquisition, or retention of biological weapons. All biological defense activities are conducted in
the Life Sciences Test Facility, approximately 20 miles from the PFS Facility.
The Life Sciences Test Facility is permitted for Biosafety Level I1l. This is the protection level for
biological materials that may cause serious or potentially lethal disease due to exposure through
inhalation (U.S. Department of Health and Human Services, 1999). Vaccine or treatment exists
for these materials. Design and procedural controls for a Biosafety Level III Facility allow it to be
located in a populated area. The Life Sciences Test Facility is approximately 20 miles from the
PFS Facility site, thus mitigating the potential hazard. The biological test program at Dugway
Proving Ground is under the oversight of the Utah Governor's Technical Review Committee
(Carruth, 1999; Matthews, 1999a).
The containment systems at the Life Sciences Test Facility include maintenance of a negative
air pressure (Carruth, 1999; Matthews, 1999a) and use of high efficiency particulate air filters for
air circulated through the test areas. Air considered likely to contain dangerous biological
materials is also incinerated before it is exhausted to the environment. Guidelines for storing
and handling biological materials in the laboratory are provided in U.S. Army Pamphlet 385-69.
These guidelines are specifically designed to ensure that the biological materials are controlled
and not released to the environment (Carruth, 1999).
Guidance prescribed in U.S. Army Pamphlet 385-69 is followed to destroy biological materials
(Carruth, 1999). These guidelines ensure the safe destruction of biological materials and
prevent any release to the environment. A scenario involving a release from the Life Sciences
Test Facility was evaluated as part of the environmental impact statement of the Facility
(Carruth, 1999). Results of this study show that released biological materials would have almost
no chance of survival in the environment long enough to be carried to the PFS Facility site,
which is almost 20 miles away.
Small quantities of biological materials may be transported to Dugway Proving Ground using a
common carrier through Skull Valley Road. Biological materials are normally shipped in
accordance with the packaging specifications stated in U.S. Army Pamphlet 385-69. The DOT
regulates the shipment of biological materials using a common carrier and approved containers
designed to withstand transportation accidents.
Moreover, the storage cask systems are designed to be passive so they can maintain their
safety functions without operator assistance. Based on the information available', the staff
concludes that there is reasonable assurance that biological munitions and agents at Dugway
Proving Ground will not pose a significant hazard to the PFS Facility.
The staff reviewed the information provided by the applicant and evaluated the analysis of
potential hazards to the Facility from biological defense activities at Dugway Proving Ground.
The staff found it acceptable because:
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*

Activities at Dugway Proving Ground with respect to biological defense activities
have been adequately described.
Biological defense activities are conducted approximately 20 miles from the PFS
Facility site:
Safety guidance provided in U.S. Army Pamphlet 385-69 is followed to destroy
biological materials.

,.

*

The environmental impact statement for the Life Sciences Test Facility showed
almost no chance of survival of the biological materials in the environment long
enough for the materials to be carried to the PFS Facility site almost 20 miles
away.

•

Small quantities of biological materials may be transported to Dugway Proving
Ground through Skull Valley using a common carrier in approved containers with
packaging specifications given in U.S. Army Pamphlet 385-69 under DOT
regulations.

*

The storage cask systems are designed to maintain their safety functions
passively without operator assistance.

The applicant has examined present and past activities in connection with biological munitions
and agents at the nearby Dugway Proving Ground. The applicant also collected and evaluated
information about the potential hazards of biological munitions and agents at Dugway Proving
Ground. The applicant used acceptable methods to conclude that biological munitions and
agents at Dugway Proving Ground would not impair the ability of the structures, systems, and
components to maintain subcriticality, confinement, and sufficient shielding of the stored fuel.
Based on the foregoing information, there is reasonable assurance that the biological defense
activities at Dugway Proving Ground would not pose a hazard to the Facility.
15.1.2.15

Accidents at Nearby Sites - Unexploded Ordnance

The staff reviewed the information presented in Section 2.2.1 of the SAR, Hazards from
Facilities and Ground Transportation Dugway Proving Ground. Supplemental information
presented by Carruth (1999), Larsen (1999), Hawley (1999), and Gray (1 999a,b) was also used
in this review. The purpose of this review is to ensure that the risks to the PFS Facility due to
unexploded ordnance at Dugway Proving Ground are sufficiently low. This review was based on
evaluation of information on the potential hazard, safety procedures adopted to minimize the
hazard potential, and distance of the potential site(s) where the hazard may be initiated from the
PFS Facility site.
Unexploded ordnance is occasionally recovered on the firing ranges of Dugway Proving Ground.
This recovered ordnance includes chemical munitions. In 1979 and 1988, the U.S. Army
reviewed its weapons firing records in each test range and test grid to determine the presence of
any ground contamination, including unexploded ordnance (Carruth,' 1999). A visual survey was
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also conducted in relevant firing ranges. Any discovered unexploded ordnance was destroyed
on location or removed if possible.
Gray (1999b) states that Dugway Proving Ground is still identifying potentially contaminated
sites. In 1998, 17 new potentially contaminated sites were identified. According to Gray
(1999b), one potential GA (nerve agent) round, two HD (blister agent) rounds, and one GB
(nerve agent) round were discovered in preceding two years. This does not include one
biological munition discovered in 1999; Larsen (1999) states that a biological munition containing
biological simulant (nontoxic) had been found at the Carr Facility of Dugway Proving Ground,
more than 17 miles from the PFS Facility.
The quantities of explosive involved with unexploded conventional ordnance at Dugway Proving
Ground are too small to develop an air overpressure of 1 psi at the PFS Facility. The distance
between Dugway Proving Ground and the PFS Facility site is too large for blast fragments to
reach the PFS Facility site. Additionally, the Cedar Mountains will significantly reduce the air
overpressure and the range on any flying fragments.
Based on Regulatory Guide 1.91 (Nuclear Regulatory Commission, 1978), an explosion with
approximately 147,942 lb of TNT explosive is necessary to develop an air overpressure of 1 psi
at a distance of 2,380 ft to the proposed ISFSI. Approximately 10,975 lb of TNT is necessary to
develop 1 psi overpressure at a distance of 1,000 ft and approximately 170 lb of TNT is
necessary for 1 psi overpressure at a distance of 250 ft. As discussed previously, 1 psi is a
conservative estimate for structural damage. The information presented does not indicate that
any surface-based weapon system can deliver any munition containing such a large amount of
high explosive. It is also noted that the natural terrain and prevalent meteorological conditions
will affect the actual air overpressure developed. Even with adverse temperature inversion, the
quantity of explosive necessary to develop 1 psi at a distance of 2,380 ft will be substantially
larger than that associated with unexploded ordnance. Therefore, the staff concludes that
unexploded conventional ordnance will not produce a hazard to structures, systems, and
components important to safety at the PFS Facility.
Figure 1.2-1 of the SAR gives the layout of the restricted area of the Facility. Concrete storage
pads will be separated from the restricted area boundary by a distance of approximately 2,000 ft.
The staff finds it quite unlikely that unexploded ordnance will be discovered near the PFS Facility
site due to the distance to Dugway Proving Ground and the presence of the Cedar Mountains
(elevation of 5,300 ft above mean sea level or higher) between Dugway Proving Ground (mean
elevation of 4,350 ft above mean sea level) and the PFS Facility site (approximate elevation of
4,465 ft above mean sea level). Moreover, any unexploded and as-yet undiscovered munitions
would be found, at least within the restricted area, during construction of the Facility.
According to Carruth (1999), unexploded chemical munitions may be found at the Dugway
Proving Ground at the North Wig Grid Area (more than 15 miles to the PFS Facility site), CBR
Target Area, and Chemical Corps Board Area. The last two sites are several miles southeast of
the, North Wig Grid; consequently, they are further from the PFS Facility site. As noted earlier,
the U.S. Army reviewed its Dugway Proving Ground weapon firing records and visually surveyed
the firing ranges for unexploded ordnance in 1979 and 1988. Any discovered unexploded
ordnance was removed or destroyed on location (Carruth, 1999). Due to its rocky terrain, the
CBR Target Area is unlikely to have any buried ordnance. Due to the similar nature of the
ground at North Wig Grid and Chemical Corps Band Area, these areas are unlikely to have any
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buried ordnance (Carruth, 1999). In any event, these areas are at a sufficient distance from the
Facility to preclude any significant hazard to the Facility.
It is unlikely that chemical ordnance left in the range for more than 30 years will spontaneously
detonate (Carruth, 1999).- However, Gray (1999a,b) states that the U.S. Army Aberdeen Proving
Ground in Maryland has experienced spontaneous detonation of undiscovered
chemicaVbiological munitions. Gray (1999b) also states, "DPG has no record of such
explosions, but it is possible they are occurring in remote areas and are simply not being
detected." This statement suggests either spontaneous detonation of undiscovered
chemical/biological munitions is not happening at Dugway Proving Ground or the effects are too
localized to be detected. Therefore, this information gives reasonable assurance that
spontaneous detonation of chemical and biological agents would not produce a hazard to the
PFS Facility.
Accidental detonation of discovered ordnance is also unlikely as they are destroyed at the
location if too dangerous to handle under an emergency permit issued by the Utah Division of
Solid and Hazardous Waste (Carruth, 1999; Larsen, 1999; Gray, 1999a). Because chemical
munition is classified and regulated as a hazardous waste by the State of Utah, unexploded
ordnance is destroyed using a sufficient amount of explosive [according to Larsen (1999), the
amount of explosive used is five times the chemical agent] so that the chemical agent is
thermally destroyed. Alternatively, if the ordnance is safe to move, it is taken to a storage
location more than 17 miles from the Facility for safe storage under the RCRA permit issued by
the Utah Division of Solid and Hazardous Waste (Carruth, 1999; Larsen, 1999; Gray, 1999a)
and stored in accordance with DOD Standard 6055.9-STD (Carruth, 1999). All chemical
munitions currently stored at the designated location and other recovered chemical munitions
that are safe to move will be disposed using the Munitions Management Device currently being
developed for the Nonstockpile Chemical Material Program (Carruth, 1999). More-over, this
operation will be performed under a RCRA permit to be issued by the Utah Division of Solid and
Hazardous Waste. Additionally, the hazard zone (1-percent lethality region) is approximately
3 miles downwind of the source of detonation of a projectile filled with nerve agent GB (Carruth,
1999). Prevailing wind directions and the intervening Cedar Mountains will also retard the
dispersion of the chemical agents toward the PFS Facility site. Additionally, the storage casks
are designed to be passive so they can maintain their safety functions without operator
assistance.
Containers filled with chemical agents were disposed in the past at Dugway Proving Ground by
burial in the ground (Carruth, 1999). These hazardous materials would not pose a threat to the
PFS Facility because there is no credible scenario for clouds of these compounds to reach the
PFS Facility site after release from the ground.. Moreover, areas contaminated by these
chemical agents are regulated by the RCRA permit. Cleanup of these areas is under direct
oversight by the State of Utah under RCRA requirements (Carruth, 1999; Larsen, 1999; Gray,
1999a).
Carruth (1999) states that no munitions containing biological warfare agents were discovered at
Dugway Proving Ground. However, munitions with the biological simulant Bacillus subtillis had
been found in the Carr Facility (Carruth, 1999; Larsen, 1999), which is more than 17 miles from
the PFS Facility site. Biological simulants are used in testing to simulate the behavior of
biological agents in the environment. These simulants, however, do not have the toxicity or
infectivity of biological agents (Carruth, 1999). Biological agents, except spores, decay rapidly
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outside the controlled environment. Moreover, biological munitions are generally quite small and
contain a limited quantity of the agent (Carruth, 1999). Therefore, because of the long distance
between Dugway Proving Ground and the PFS Facility site, biological munitions, even if they
contain spores, would not create a hazard to the PFS Facility. Moreover, the storage cask
systems are passive, and their radiological safety functions are unaffected by any biological
agent.
The staff reviewed the information provided by the applicant and evaluated the analysis of
potential hazards to the Facility from unexploded ordnance and buried containers filled with
chemical agents at Dugway Proving Ground. The staff found it acceptable because:

"* Activities associated with recovering and destroying unexploded ordnance at the
firing ranges of Dugway Proving Ground have been adequately described.

"* Quantities of explosive in unexploded conventional ordnance at Dugway Proving

Ground are too small to create any air overpressure or blast fragment hazards to
the Facility.

"* Any potential unexploded ordnance within the restricted area of the Facility will be
discovered during the construction.

Potential unexploded chemical munitions may be found more than 15 miles from
the proposed site. The 1-percent lethality distance calculated for the maximum
credible event for Dugway Proving Ground using DOD Standard 6055.9-STD is
approximately 3 mi.
•

Discovered ordnance is destroyed, if it is too dangerous to handle, under an
emergency permit issued by the Utah Division of Solid and Hazardous Waste.

"* Discovered ordnance that is safe to move is stored under a RCRA permit issued
by the Utah Division of Solid and Hazardous Waste.

"* Areas contaminated by chemical agents buried in the past are not a hazard and
cleanup of these areas are regulated by the RCRA permit.

"* No munitions containing biological warfare agents were discovered at Dugway
Proving Ground.

"* Biological munitions are generally quite small and contain a limited amount of
agents.

"• The storage cask systems are designed to maintain their safety functions
passively without operator assistance.
The applicant has examined present and past activities in connection with unexploded ordnance
at Dugway Proving Ground and collected and evaluated information on potential hazards of
unexploded ordnance at Dugway Proving Ground. The applicant used acceptable methods to
conclude that unexploded ordnance containing conventional explosives, biological and chemical
munitions, and agents at Dugway Proving Ground do not pose a hazard to the Facility.
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Based on the foregoing information, there is reasonable assurance that unexploded ordnance at
the Dugway Proving Ground would not pose a hazard to the PFS Facility.
15.1.2.16 Accidents at Nearby Sites - Hung Ordnance
The staff has reviewed the information presented in Section 2.2.3 of the SAR, The Use of
Ordnance on the Utah Test and Training Range (UTTR), and Section X.A., Hung Ordnance
(Private Fuel Storage Limited Liability Company, 2000b). Supplemental information presented in
response to Round 2 RAI 8-2 (Parkyn, 1998) was also used in this review. The purpose of this
review of potential consequences from hung ordnance in practice bombing runs by military
aircraft on the PFS Facility is to ensure that the risks due to these scenarios are sufficiently low.
This review was based on an evaluation of information concerning potential hazards, safety
procedures adopted to minimize the hazard potential, and distance of the potential site(s) from
the PFS Facility site where the hazard may be initiated.
Hung ordnance is the term for bombs in an aircraft that fail to release. Parkyn (1998) states that
the most common cause of hung ordnance is a malfunctioning cart which separates the bomb
from its mount. Ordnance can also get stuck in the mount. Additionally, electrical
malfunctioning of the wiring circuits of the armament can cause failure to release the ordnance.
Ordnance also will not release if the safing pins are not removed on the ground prior to takeoff
for bombing.
Michael Army Air Field is the designated primary recovery base in case of a hung ordnance,
although Hill Air Force Base is also available for use by Hill Air Force Base aircraft with secure or
unexpended ordnance. Based on the information provided by the U.S. Army Dugway Proving
SGround (Brunson, 1999), only five hung ordnance events took place in 1998 resulting in aircraft
diversion and recovery into Michael Army Air Field. The same number of cases also occurred in
1997. Most aircraft carry training ordnance, such as Bomb Dummy Units (BDUs) or inert filled or
empty Mk82 500 lb bombs. Approximately 15 percent of the 13,367 South and North UTTR
sorties flown in FY 1998 carried live ordnance. Therefore, approximately 2,000 of these sorties
carried live ordnance in 1998. Because only five hung ordnance events took place in 1998, the
probability of hung ordnance is approximately 2.5 x 10-3/sortie.
The fact that an ordnance fails to release does not mean that there will be an inadvertent release
leading to an explosion. The UTTR has not experienced any unanticipated release of ordnance
outside the designated launch/drop/shoot boxes (U.S. Air Force, 1999). These boxes are within
the UTTR. According to the U.S. Air Force (1999), "All weapons tested on the UTTR go through
a comprehensive safety review and risk analysis. Footprints are established using guidelines in
AFI 13-212, Volumes I-Ill or as provided by the customer., The 388 RANS establish
Shootcones/Release boxes and all aircraft must adhere to safety parameters established.
Currently all non-FTS equipped weapon Shootcones/Release boxes are within restricted
airspace over DOD owned lands." Additionally, aircraft flying over Skull Valley are not allowed to
have their armament switches in a release capable mode. All armament switches are in safe
mode until inside DOD land boundaries (U.S. Air Force, 1999; Private Fuel Storage Limited
Liability Company, 2000b). Consequently, hung ordnance will not occur because no attempts to
release the ordnance will be made while the aircraft is over Skull Valley. Moreover, each
weapon tested on the UTTR has a run-in heading established during the safety review process.
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No run-in heading is currently over Skull Valley area (Private Fuel Storage Limited Liability
Company, 2000b; U.S. Air Force, 1999).
In the event of a hung ordnance, the pilot either can jettison the rack and munitions on the
range, if possible, or recover to Michael Army Air Field. The pilot informs Clover Control Air
Traffic Control Facility and requests clearance to Michael Army Air Field for recovery and landing
with a hung ordnance. The pilot flying the aircraft with a hung ordnance remains in Visual
Meteorological Conditions by avoiding clouds. Clover Control provides assistance as required
and ensures that Michael Army Air Field is prepared to receive the aircraft with firefighting and
medical personnel standing by. The pilot maneuvers the aircraft to the northwest of Michael
Army Air Field to avoid any rapid or steep turns and abrupt climbs or descents, test facilities, or
any populated areas. The pilot lands the aircraft on Runway 12 at a shallow rate of descent.
Therefore, aircraft with hung ordnance do not fly over Skull Valley. Dugway Proving Ground
explosive ordnance disposal personnel inspect and safe the bombs (Parkyn, 1998). Hung
ordnance events are handled in accordance with aircraft technical orders and applicable AFI.
Test procedures are provided in the 388 RANS supplement to AFI 13-212 (U.S. Air Force,
1999).
The staff has reviewed the information provided by PFS and evaluated the analysis of potential
hazards to the Facility from hung ordnance in practice bombing runs by military aircraft. The
staff found it acceptable because:

"* The applicant has adequately described the potential for occurrence of a hung
ordnance and procedures adopted for recovery to Michael Army Air Field.
Information from the U.S. Air Force has been used in the discussion.

"* The UTTR has not experienced any unanticipated release of ordnance outside
the designated launch/drop/shoot boxes.

"* Aircraft with hung ordnance do not fly over Skull Valley.
"* Clover Control provides assistance as required to land the aircraft safely with help
from fire fighting and ordnance disposal personnel at Michael Army Air Field.

a

Aircraft overflying Skull Valley are not allowed to have their armament switches in
a release capable mode.

The applicant has examined present and past activities in connection with hung ordnance and
collected and evaluated information concerning potential hazards of hung ordnance. The
applicant used acceptable methods to conclude that hung bombs do not pose a significant
hazard to the Facility.
Based on the foregoing information, there is reasonable assurance that hung ordnance from
nearby facilities do not pose a hazard to the PFS Facility.
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15.1.2.17 Accidents at Nearby Sites - Conventional Munition Testing
S-The
staff has reviewed the information presented in Section 2.2.1 of the SAR, Hazards from
Facilities and Ground Transportation Dugway Proving Ground. Supplemental information
presented in Matthews (1999a, b) and Carruth (1999) was also used in this review.
Testing of conventional weapons and smoke munitions takes place at Dugway Proving Ground
by army units for military training including the Utah National Guard. The PFS Facility site is
located approximately 9 miles from the northern boundary of Dugway Proving Ground. Carruth
(1999) stated that weapons tested at Dugway Proving Ground include 60 and 81 mm mortars,
105 and 155 mm and 8 in howitzers, and guns and rocket systems for helicopters. Dugway
Proving Ground may also conduct obscurant munitions testing to measure the effectiveness of
dispersal from the munitions and conventional munitions as part of acceptance testing. These
tests are conducted on ranges south of Ditto Technical Center (Carruth, 1999). The amount of
explosives in these weapons is small compared to more than a million pounds of propellants
tested at Tekoi Rocket Engine Test Facility. Consequently, air overpressure generated by these
weapon systems would be significantly smaller than 1 psi and, as a result, would not be a
hazard to the PFS Facility. Testing of Multiple Launch Rocket System at Dugway Proving
Ground has been reviewed separately, in Section 15.1.2.12 of this SER.
Carruth (1999) states that the majority of the munitions testing takes place-on the southern part
of Dugway Proving Ground with the gun oriented in the south and southwest directions and,
consequently, away from the PFS Facility site. Additional test firing is conducted near Wig
Mountain on the northernpart of Dugway Proving Ground; guns are targeted in the northwest
direction and, as a result, away from the PFS Facility site. Matthews (1 999a) also corroborates
the firing directions. The distance of the PFS Facility site from Wig Mountain impact areas
closest to the PFS Facility site is about 15 miles.
The nominal maximum range for the 155 mm howitzer is approximately 11 miles and for the 8-in.
howitzer the nominal maximum range is approximately 9 mi. The nominal ranges for the 60-and
81-mm mortars are comparatively less (Carruth, 1999). It is expected that 105-mm howitzers
will have a range similar to the 155-mm and 8-in. howitzers. The range of the Hellfire missile is
3-4 miles (Matthews, 1999a). Even assuming the direction of gun firing in munition tests is
toward the PFS Facility site (with the Cedar Mountains in between), the distance to the PFS
Facility site is farther than the nominal maximum ranges of these weapons.
Firing of weapons at Dugway Proving Ground is governed by a rigorous set of safety regulations
(Carruth, 1999). These regulations prescribe policy and procedures to be followed for safe
operation of training ranges. These regulations also prescribe controls to be employed
regarding approval of the directions at which weapons are fired and define procedural checks
ensuring that range safety controls are met. Firing is conducted only after approval is obtained
from the Dugway Proving Ground Range Control Office. This approval is given' only for an
approved weapon system under prescribed controls on designated and surveyed firing ranges to
ensure that munitions fired will not fall outside of their designated impact areas. The Range
Control Office of Dugway Proving Ground monitors all range firings to ensure safety of the
operations (Carruth, 1999). These safety procedures administered by'the Range Control Office
provide additional assurance that the structures, systems, and components at the PFS Facility
will not be subjected to any undue hazard from weapons testing at Dugway Proving Ground.
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The staff has reviewed the information provided by PFS and evaluated the potential hazards to
the Facility from conventional munition testing at Dugway Proving Ground. The staff found the
information acceptable because:
"* The applicant has adequately described the potential hazards from conventional
munition testing at Dugway Proving Ground.
"* Directions of munition firing at Dugway Proving ground are away from the PFS
Facility site.
*

Firing of weapons at Dugway Proving ground is governed by a rigorous set of
safety regulations.

*

Firing is conducted only after an approval is obtained from the Range Control
Office at Dugway Proving Ground for an approved weapon system under
prescribed controls on designated and surveyed firing ranges.

*

The distance to the PFS Facility site is farther than the nominal maximum ranges
of these weapons.

PFS has examined present and past activities in connection with conventional munition testing at
Dugway Proving Ground. PFS also collected and evaluated information about potential hazards
of conventional munition testing at Dugway Proving Ground. Acceptable methods have been
used to evaluate the potential effects of conventional munition testing at Dugway Proving
Ground on the Facility.
Based on the foregoing information concerning the potential hazards from conventional munition
testing at the Dugway Proving Ground, there is reasonable assurance that conventional munition
testing would not pose a hazard to the Facility.
15.1.2.18 Accidents at Nearby Sites - Cruise Missile Testing at the UTTR
The staff has reviewed the information presented in Section 2.2.3 of the SAR, The Use of
Ordnance on the UTTR. Information presented in Cole (1999a,b), U.S. Air Force (1999),
Wagner and Girman (2000), Private Fuel Storage Limited Liability Company (2000b), and
Girman and Wagner (2001) was also used in this review. The staff also contacted U.S. Air Force
personnel at Hill Air Force Base.
The purpose of this review is to determine whether the hazards to the Facility from cruise missile
testing at the UTTR are adequately determined and acceptable. This review is based on an
evaluation of information concerning potential hazards, safety procedures adopted to minimize
the hazard potential, and distance from the Private Fuel Storage Facility site to the potential
areas where a cruise missile hazard may exist.
The applicant has submitted information regarding planning of the flight trajectory of a cruise
missile test on the UTTR, establishment of flight avoidance areas, safety planning and review of
the test, additional safety procedures conducted prior to and during the test, and the Flight
Termination System (FTS) installed on all cruise missiles.
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According to the U.S. Air Force (1999), Wagner and Girman (2000), and Girman and Wagner
(2001), the cruise missiles currently tested at the UTTR include (1) AGM-86B Air Launched
Cruise Missiles (ALCM), (2) AGM-86C Conventional Air Launched Cruise Missiles (CALCM), and
(3) AGM-129 Advanced Cruise Missiles (ACM). Both the AGM-86B and AGM-129 missiles use
inert warheads. About three to four cruise missiles of each type are tested in a year. The AGM86C missile is tested once or twice per year with a live warhead (U.S. Air Force,1 999).
Tomahawk (BGM-109) cruise missiles were last tested at the UTTR in 1998 (Wagner and
Girman, 2000). All of these missiles (AGM-86, AGM-1 29, and BGM-1 09) are subsonic and
autonomous cruise missiles. They can fly preprogrammed flights along designated -routes.
Approximately six cruise missile tests are planned annually at the UTTR.

I
I
I

I
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I

According to U.S. Air Force information (1999), an ALCM (AGM-86B) is an autonomous guided
weapon system. It flies to a target following complex routes using a terrain contour-matching
guidance system. Flight profiles vary but they may utilize all restricted areas and Military
Operating Areas (MOA) in the South range, subject to restrictions. Missile profiles that transit
from the UTTR South Area to the North Area MOAs (Lucin) exist, but are rarely flown. Flight
times vary depending on profile, but generally last 3 to 3.5 hours (U.S. Air Force, 1999).
The conventional air launched cruise missile (CALCM) (AGM-86C) is a variant of the AGM-86
equipped with a live conventional warhead. It can fly complex routes to a target through the use
of an onboard Global Positioning System in conjunction with its Internal Navigation System..
Flight profiles allow it to fly only in restricted airspace and only over DOD withdrawn lands. Its
flight time is approximately 1.5 hours (U.S. Air Force, 1999).
The improved version of the ALCM is the advanced cruise missile (AGM-129). AGM-129
missiles have a greater range and accuracy than AGM-86 missiles. Flight profiles vary but may
utilize all restricted areas and MOAs in the South range, subject to restrictions. Missile profiles
that transit from the South range to the North range MOA's (Lucin) exist, but are rarely flown.
Flight times vary depending on the profile, but generally last 4 to 5 hours (U.S. Air Force, 1999).

I
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The Tomahawk cruise missile can fly autonomously at subsonic speed along a preprogrammed
route for the entire mission. It was developed in the 1970s to be launched from surface ships or
submarines against land targets. It can fly preplanned mission profiles to the target through the
use of a very accurate inertial measuring unit and a global positioning system in conjunction with
the digital maps stored on board.

I
I
I
I

The UTTR restricted airspace has an area of 8,125 square nautical miles.: Additionally, another
8,875 square nautical miles belong to various Military Operating Areas adjacent to the UTTR.
However, only 2,700 square nautical miles of the UTTR airspace lies above the Department of
Defense land (Figure attached with Private Fuel Storage Limited Liability Company, 2001 c). The
remaining 14,300 square nautical miles of air space is situated over lands belonging to the
Bureau of Land Management, the State of Utah, and some privately owned lands (Girman and
Wagner, 2001). The air traffic at the UTTR is maintained by Clover Control (299t" Range
Control Squadron).

I

Typically, cruise missiles are launched over Department of Defense (DOD) land west of Granite
Mountain with adherence to the following limitations. The launches are confined to the northern
and western parts of the UTTR. The launch sites are at least 30 statute miles away from the
proposed PFS Facility site. The missiles are released from north-to-south or east-to-west

I
I

March 2002

15-115

Consolidated SER

I
I

I

directions. Therefore, the missiles are directed away from the proposed PFS Facility site
(Wagner and Girman, 2000). The missiles are launched at altitudes between 15,000 and 20,000
ft above ground level, and descend to the planned altitudes after release. The nominal enroute
altitudes depend on the mission profile and are usually between 10,000 to 500 ft above ground
level.

I

There are four cruise missile target areas in the UTTR. The TS-1 target (Parkersville target
complex about 5 mi northwest of Wig Mountain) is approximately 18 mi from the proposed PFS
Facility site (Private Fuel Storage Limited Liability Company, 2000b, Tabs A and B; Girman and
Wagner, 2001) and is located beneath the restricted airspace R-6402A. Target TS-2, located
beneath R-6406A restricted airspace, is approximately 21 statute miles west of the proposed
facility. Both the TS-3 and TS-4 targets are located beneath the restricted airspace of R-6407.
These targets are approximately 42 and 44 statute miles west of the proposed facility (Private
Fuel Storage Limited Liability Company, 2000b, Tabs A and B; Girman and Wagner, 2001).
Cruise missiles with inert warheads launched over Department of Defense land west of Granite
Mountain may impact at the Sand Island target complex (TS-4 target) (Enges-Maas,1999a).
The planning for a cruise missile test involves several organizations and requires a number of
steps to ensure proper execution with maximum safety. The steps include mission planning
(specifying test objectives, missile flight route selection with associated restrictions), target
selection, missile and launch platform configuration specifications, mission firing plan (go/no-go
decision criteria, mission recovery or termination requirements, contingency plans for anomalous
events), and test system readiness assessment (Wagner and Girman, 2000). The 3 8 8 ' Range
Squadron testing procedures for cruise missiles, developed by Air Force Flight Test Center,
require operational hazard analyses and formal safety reviews of all test programs as well as
safety reviews of a particular test mission. Safety review includes an operational hazard
analysis comprising 31 steps to minimize risk. Steps that influence the safety of the proposed
Facility from a cruise missile crash include:

"* routes planned to avoid property and personnel,
"* remote command and control capabilities to steer a missile,
"* minimum weather characteristics to ensure chase aircraft can follow a missile,
"* Airborne Range Instrumentation Aircraft to gather and relay telemetry data of vital
missile parameters to the Mission Control Center,

"• Mission Control Center real time picture for timely safety decisions,
"* remote control system and FTS parameters and plans to keep the missile in safe
areas,

"* separate components for FTS and missile normal control,
"• Airborne Range Instrumentation Aircraft relay of telemetry data to inform test
conductors if the missile is receiving the FTS signal,
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Airborne Range Instrumentation Aircraft monitoring FTS signal to warn Mission
Control Center of hazards,

" "what-if" procedures to decide on steps to follow under special circumstances,
and

"* multiple tracking capabilities monitoring the-flight path at all time.
The 4 9 " Test Squadron specifies additional safety criteria. In addition, the 49th Test Squadron
maintains comprehensive lessons learned documentation from previous tests which is used in
subsequent test planning. Additionally, contingencies for unusual events such as loss of
Airborne Range Instrumentation Aircraft radio and chase aircraft radio relay; Remote Control
and Command; and visual contact with the missile by the chase aircraft pilots, chase aircraft,
Airborne Range Instrumentation Aircraft, and tanker(s) are reviewed before each test (Wagner
and Girman, 2000).
The UTTR uses optical tracking, radar tracking, radio and telemetry relay, and ground stations
that can transmit either remote control or flight termination instructions to a cruise missile.
Transmitters located on the range will relay commands from the Mission Control Center. The
Mission Control Center is located at Hill Air Force Base. The control center continuously
receives signals from the missile in flight. Additionally, the Advanced Range Instrumentation
Aircraft monitors the cruise missile test and relays telemetry data to the Mission Control Center.
Four to eight F-1 6/F-14 chase aircraft (a minimum of three is required for conducting a cruise
missile test) accompany the missile throughout its flight path to enhance safety. These aircraft
remain behind the missile to monitor its performance until the missile impacts the ground. If the
chase aircraft pilots detect any malfunction of the missile, the Advanced Range Instrumentation
Aircraft can be alerted so that the missile can be flown manually, or its flight can be remotely
terminated. These aircraft are fitted with Remote Command and Control pods for manually
flying the missile, if required. Two aircraft always track the missile while other aircraft refuel from
a tanker. Hence, there are substantial provisions for monitoring and controlling cruise missiles
to maintain a low probability of an uncontrolled crash.
The Air Force uses avoidance as one of the primary safety measures to protect facilities.
Specifically, according to Air Force regulations, pilots are required to avoid occupied sites and
no-fly areas by a minimum of one nautical mile. However, a safety buffer of 2 nautical miles has
been established by the 4 9 th Test Squadron (the organization responsible for conducting
operational tests of the cruise missiles at the UTTR) and by the 388", Range Squadron of 388t
Wing of Air Combat Command (the organization responsible for the UTTR) to avoid known
occupied sites and no-fly areas so as to minimize risks. Test personnel and chase pilots are
informed of the known avoidance areas.
At present, there are 17 inhabited locations in Skull Valley. The 49' Test Squadron does not
plan the flight path of a missile test within 10 nautical miles of the proposed PFS Facility due to
flight restrictions in Skull Valley and Dugway Proving Ground, the missiles' turn radii, and the
locations of the targets at the UTTR (Wagner and Girman, 2000). The test squadron has
elected to avoid the entire Skull Valley, the northern part of Sevier B MOA, and restricted areas
R-6406B, and R-6402B for cruise missile testing (Girman and Wagner, 2001).
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The flight trajectory of a cruise missile test is selected under the restriction of the range
avoidance rule of 2 nautical miles and no-fly regions. An extensive test planning process,
involving all test participants, is used to prepare for a missile test. The trajectory of the missile
is verified by the test members and is programmed to remain within the restricted air spaces and
military operating areas.
All cruise missiles are fitted with an FTS that is installed prior to testing on the UTTR (U.S. Air
Force, 1999) since the missiles have the capability to cross the UTTR range boundaries or
endanger range assets, inhabited sites, and sensitive areas. The FTS is required by the U.S. Air
Force to be designed, tested, documented, and certified under Range Commanders' Council
Standard 319-92 or the latest revision and Flight Termination Commonality Standard Document
319-99 (Private Fuel Storage Limited Liability Company, 2000b, Tab B; Wagner and Girman,
2000). Compliance with these standards ensures that the FTS will be compatible with the range
systems and procedures. FTSs are certified by the Air Force for the duration of a program in the
UTTR. Recertification is necessary if any modifications are made to approved systems,
components, or test procedures. An FTS is approved only after acceptance of the FTS report
and successful demonstration of the complete system (Private Fuel Storage Limited Liability
Company, 2000b, Tab B).

I
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The current standard defines a reliability requirement for the FTS of 99.9 percent at a confidence
level of 95 percent. According to the Range Safety Officer, it is not possible to guarantee that
the missile being tested would meet the existing range reliability criteria. However, the U.S. Air
Force reviews the missile reliability specifications during the safety review process. If the
specifications do not meet the current range reliability criteria, compensating measures are
implemented to achieve a comparable level of safety.

I

The approved FTS installed on each cruise missile can (1) alter or terminate its flight almost
instantly on command from the Airborne Range Instrumentation Aircraft or the Range Safety
Officer at the Mission Control Center, and (2) terminate its flight automatically after failing to
receive a designated signal from the Airborne Range Instrumentation Aircraft or ground stations
for a preset time period (generally within 60 seconds). The Airborne Range Instrumentation
Aircraft and support aircraft can also override the missile's programmed flight path and redirect
it, if necessary, using the FTS to avoid weather or any other hazards. The missile also transmits
confirmation signals in addition to the critical operating parameters to the Mission Control Center
throughout the flight so that the Mission Control Center can monitor the missile and flight status.
Prior to launching a cruise missile from a bomber, the Mission Control Center verifies that the
FTS as well as the flight control systems and the missile's remote control systems are working
properly (U.S. Air Force, 1998; Cole, 1999a; Wagner and Girman, 2000).

I

A missile is considered to have experienced an uncontrolled crash only if the crash occurred
before reaching the programmed target (Enges-Maas, 1999a). On the basis of information from
the Range Safety Officer, approximately 150 cruise missile tests have been conducted in the
UTTR. Approximately 21 missiles (including some unmanned aerial vehicles) have been lost in
mishaps in the State of Utah since 1983, with two of the mishaps involving the activation of the
FTS (Cole 1999a, Banas 1999). Wagner and Girman (2000) and Girman and Wagner (2001)
stated that 12 documented cruise missiles have crashed at the UTTR in the last 10 years out of
approximately 80 tests.,
There are two basic modes of malfunction of a test missile: (1) navigation system failure and
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(2) vehicle system failure. When required, a missile test is aborted either by diverting the missile'
path to an alternate path or by terminating the missile flight. Generally, the FTS would be
activated only if the test data telemetry was downgraded or if a safety-related situation
developed. All missile crashes in the UTTR listed by Banas (1999) are characterized as having
met the range avoidance criterion. There was no case in which the FTS failed when it was
needed to be activated. According to the U.S. Air Force (1999), the UTTR has never
experienced an FTS failure. The staff examined the reported or estimated crash locations of
cruise missiles and unmanned aerial vehicles in the UTTR. These locations were distributed in a
pattern having a general north-south orientation trend, which correlates with the general flight
path used in the missile tests (U.S. Air Force, 1999). Moreover, the crash locations cluster near
Granite Mountain and Wig Mountain, the intended target sites for the missile tests.
FTS activation and missile diversion are effective only if there is sufficient time available. During
low altitude test flights, it may not always be possible to activate the FTS in time to divert a
malfunctioning missile away from a non-mission facility. Therefore, the flight trajectory is
planned in such a way that a missile crash footprint, including debris, would avoid any non
mission facilities. The data show that the missiles generally crashed within half-mile or less of
the intended flight trajectory. However, one case may have occurred in which the missile
crashed more than one-half mile from the flight path (Lightfoot, 2000).
Cole (1999b) provided an excerpt from Accident Investigation Board Report, U.S. Air Force
AGM-129, ACM, Serial Number 90-0061 (Department of the Air.Force, 1998), about the crash
of an AGM-129 ACM on December 10, 1997, near Dugway, Utah. The missile crashed after the
completion of Nuclear WSEP test 98-02. The missile hit the ground at the site of a consortium
of universities' cosmic ray observatory. Two trailers used for supporting telescope operations
were damaged. According to the findings of the report, test planners were unaware of the
astrophysical observation trailers on the Cedar Mountains. Therefore, the principal factor
responsible for damage occurring to these trailers in this mishap was that the test planners were
not informed of the presence of the observatory. The cosmic ray observatory is a non-mission
facility located close to the target complex. The mission planners would have programmed the
flight path of the missile differently had they been aware of the existence and location of the
observatory (Department of the Air Force, 1998).
Another cruise missile crashed in June 1999 in the southern part of the Sevier B MOA on
Bureau of Land Management property (Enges-Maas, 1999a). This cruise missile crashed in the
Lake Sevier area, approximately 90 mi from the proposed Facility. Although the missile crashed
outside DOD land boundaries, it remained within the UTTR air space. Accordingly, this crash
does not reflect a cruise missile hazard to the proposed PFS Facility.
As discussed in Private Fuel Storage Limited Liability Company (2000b, Section XIII), the DOD
maintains an Area Planning Guide. The guide is updated every 56 days. It is expected that the
PFS Facility would be listed in the Area Planning Guide. Therefore, the mission planners would
be aware of the existence and location of the Facility while planning for a flight path of a new
cruise missile test. As the Facility will be a non-mission Facility for cruise missile tests, existing
test planning procedures would direct the test planners to program the flight trajectories in such
a way that the missile crash footprint including debris would avoid the Facility.
An uncontrolled crash of a cruise missile onto the Facility is possible only if there is a series of
multiple failures of redundant safety features. Specifically, this would require simultaneous
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failures (e.g., operational or procedural error, component failure) associated with test planning
and operations, Range Control Officer and Mission Control personnel, personnel at Airborne
Range Instrumentation Aircraft, chase pilots, and the remote control and FTS. The probability of
failure or malfunction of each of these elements of the overall system for missile safety and
control is small. Therefore, the combined probability of a missile crash onto the Private Fuel
Storage Facility site due to the failure of a series of safety features is judged to be extremely
low.
Moreover, as discussed above, avoidance of a non-target facility is one of the primary safety
measures used by the U.S. Air Force. The Air Force does not plan any cruise missile flight path
to be closer than 10 nautical miles of the proposed PFS Facility. Also, as discussed earlier, the
provision of the FTS provides an additional reliable means of termination of the missile flight
before it can reach the proposed facility. Further, a qualitative assessment of the cruise missile
hazard to the Facility can be made on the basis of historical data by considering the distribution
of uncontrolled crash locations. The reported strike locations show an approximate orientation in
a north-south direction, approximately the general flight path followed by these missiles. These
locations are also generally clustered near the target locations. Hence, the distribution of
reported crashes supports the expectation that probability of a crash onto the Facility site is
negligibly low.

I
I

The staff reviewed the information with respect to potential hazards of cruise missile testing at
the UTTR. The staff found the information acceptable because:
"° Verifiable information from the U.S. Air Force was used to determine the number
of cruise missile tests carried out annually, targets used in these tests, and the
location of previous crashes.
"

"

The U.S. Air Force uses avoidance as one of the primary safety measures to
protect facilities. It establishes a 2-mi wide avoidance area from all non-mission
facilities and no fly areas. The U.S. Air Force does not plan the flight path of a
missile test within 10 nautical miles of the proposed PFS Facility and, in addition,
avoids the entire Skull Valley. Test personnel and chase pilots are informed of
the known avoidance areas.
The U.S. Air Force uses operational hazard analyses and formal safety reviews
for all cruise missile tests. Additionally, a comprehensive list of lessons learned is
maintained.

"* The UTTR, using optical tracking, radar tracking, radio and telemetry relays, and
ground stations, monitors missile flights throughout a missile test and provides
remote control or flight termination instructions to a cruise missile.

I

I

I
I

"* Redundant and independent missile control is provided through Mission Control
and Airborne Range Instrumentation Aircraft.
"
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All cruise missiles are equipped with an FTS, which will terminate the missile if it
does not receive a radio signal. The FTS also can destroy and terminate the
cruise missile flight on command from the Mission Control Room in case a
weapon anomaly is detected. Based on the available information on FTS
performance, the FTS would be able to terminate the missile flight significantly
before it could reach the proposed facility, if required.
Almost all, if not all, previous crashes are within one half-mile from the planned
flight path.
If there is a non-mission facility in the path of a non-functioning missile, the
missile will be diverted or terminated to avoid a strike.
It is expected that cruise missile test planners will be aware of the existence and
location of the Facility, if constructed, through the flight avoidance instructions in
the Department of Defense Area Planning Guide.
Based on the foregoing information, there is reasonable assurance that a cruise missile test at
the UTTR will not pose a hazard to the Facility, because (1) the selected impact areas are at
substantial distances from the proposed Facility site, (2) several low probability events need to
take place before a cruise missile would hit a non-mission target within the UTTR, (3) run-ins for
the weapons delivery do not cross Skull Valley, (4) a thorough safety review process is
conducted prior to testing, (5) telemetry and chase planes are used to ascertain the flight of the
cruise missile, (6) no-fly areas are established during the test, (7) an approved FTS system on
all weapons is used, (8) historical data indicate a clustering of the missile strikes in areas in
close proximity to intended targets, and (9) the frequency of cruise missile testing is relatively
low.
15.1.2.19 Accidents Associated with Pool Facilities
The PFS Facility will use dry storage technology and there will be no pool at the Facility.
Therefore, accidents associated with pool facilities is not applicable.
15.1.2.20 Building Structural Failure and Collapse onto Structures, Systems, and
Components
Chapter 4 of the SAR evaluates the Canister Transfer Building for response to the design criteria
identified in Chapter 3, Design Criteria, of the SAR. The Canister Transfer Building is designed
to survive these events. Therefore, a accident.involving structural failure of the building is not
applicable.
15.1.2.21

Hypothetical Failure of the Confinement Boundary

The HI-STORM 100 MPC is a seal welded pressure vessel, designed, fabricated, and tested in
accordance with the ASME Code. The MPCs have redundant welds to ensure that radioactive
fuel is confined. The PFS Facility SAR and HI-STORM 100 FSAR have demonstrated that the
MPC would maintain its integrity and the fuel would be adequately protected under site-specific
and generic design basis normal, off-normal, and accident conditions. As discussed in Chapter
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9 of this SER, the dose (at the owner controlled area boundary) calculated from a hypothetical
failure of the confinement boundary is below the dose limits specified in 10 CFR 72.106(b).
15.2

Evaluation Findings

The applicant has provided acceptable analyses of the design and performance of structures,
systems, and components important to safety under credible off-normal events and accident
scenarios. The off-normal events analyzed by PFS included a cask drop from less than the
design allowable height, partial vent blockage, and operational events. The accident events
analyzed by PFS included cask tipover, cask drop, flood, fire and explosion, lightning,
earthquake, loss of shielding, adiabatic heatup of the cask, tornadoes and missiles generated by
natural phenomena, accidents at nearby sites, building structural failure and collapse onto
structures, systems, and components, and a hypothetical failure of the confinement boundary.
Hazards from nearby sites that were considered include offsite explosions, aircraft crashes, and
other potential hazards from nearby military facilities.
The applicant's analyses of off-normal and accident events demonstrate that the PFS Facility will
be sited, designed, constructed, and operated such that during all credible off-normal and
accident events, public health and safety will be adequately protected. Based on the applicant's
analyses and the staff's foregoing evaluation, the staff finds that the PFS Facility will maintain
subcriticality, maintain confinement and provide sufficient shielding for all credible off-normal
events and accident scenarios.
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16

EMERGENCY PLAN

16.1

Conduct of Review

This chapter of the SER evaluates the Emergency Plan submitted by PFS in support of the
application to construct and operate the Facility at the Reservation of the Skull Valley Band of
Goshute Indians. This safety evaluation is based on Revision 10 to the PFS Facility Emergency
Plan.
Section 72.32(a), Emergency Plan, of 10 CFR Part 72 provides the regulatory requirements for
ISFSI emergency plans. Section 72.40(a)(1 1) requires that for the issuance of a license, the
applicant's emergency plan must comply with 10 CFR 72.32. NUREG-1567, Standard Review
Plan for Spent Fuel Dry Storage Facilities (March 2000), as revised by Interim Staff Guidance
16 (June 2000), provides guidance for staff reviewers.
16.1.1

Facility Description

10 CFR 72.32(a)(1) requires a brief description of the licensee's Facility and area near the site.
The Emergency Plan describes the Facility and site and provides detailed maps of the site,
including the cask storage area and important supporting structures. Detailed maps and
descriptions of the area adjacent to the site and the area near the site are provided. The
Emergency Plan, therefore, meets the requirements of 10 CFR 72.32(a)(1).
16.1.2

Types of Accidents

10 CFR 72.32(a)(2) requires the identification of each type of radioactive materials accident.
The Emergency Plan describes types of accidents that could result in the release of radioactive
material, the processes and physical locations where they could occur, and how they could
occur. The possible onsite and offsite consequences of potential accidents are discussed. The
Emergency Plan describes the potential accidents involving radioactive materials that could
occur at the Facility. The Emergency Plan, therefore, meets requirements of 10 CFR
72.32(a)(2).
16.1.3 , Classification of Accidents
10 CFR 72.32(a)(3) requires a classification system for classifying accidents as "alerts." As
stated above, the applicant identified a list of potential radiological accidents. Additionally,
NUREG-1567 provides guidance on the types of events that the Emergency Plan may consider.
The Emergency Plan provides a classification'system, based on emergency action levels, that
classifies the accidents identified by the applicant in accordance with the guidance of NUREG
1567. The Emergency Plan provides emergency action levels that specifically characterize the
occurrence of accidents that warrant the declaration of an alert. The Emergency Plan,
therefore, meets the requirements of 10 CFR 72.32(a)(3).
16.1.4

Detection of Accidents

10 CFR 72.32(a)(4) requires that the means for detecting accident conditions be described.
The Emergency Plan provides a complete description of the means for detecting accident
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conditions that is applicable to each of the potential accidents that were identified through
compliance with 10 CFR 72.32(a)(2). The Emergency Plan, therefore, meets the requirements
of 10 CFR 72.32.(a)(4). The staff notes that the installation or deployment of instrumentation
and equipment, the training of staff in its use, and the training of staff in the reporting of
emergency conditions will be inspected prior to operation.
16.1.5

Mitigation of Consequences

10 CFR 72.32(a)(5) requires that the Emergency Plan briefly describe the means and
equipment provided to mitigate the consequences of the accidents identified in the Emergency
Plan. The mitigation of consequences must also be described in terms of protection of workers
and a description of the program to maintain equipment must be provided. NUREG-1567
provides guidance on limiting actions performed by installed systems and trained site
personnel, appropriate protective measures for site personnel, and necessary types of
protective facilities and equipment.
The Emergency Plan describes the equipment to be installed and design features that mitigate
emergency events. The Emergency Plan describes actions to be taken by trained site
personnel to mitigate emergency events. The Emergency Plan describes actions, including
radiological protective actions, to be taken to protect onsite personnel. The Emergency Plan
describes arrangements made for first aid, medical, and hospital services. The Emergency
Plan describes response equipment, facilities, and communications equipment that will be
available to support mitigation efforts. The types of equipment and the locations of the
equipment are described. Provisions to inventory and test equipment are described.
The Emergency Plan, therefore, meets the requirements of 10 CFR 72.32(a)(5). The staff
notes that the installation of equipment, procedures for the use of equipment, procedures for
personnel mitigative actions, and the training of personnel will be inspected prior to operation.
16.1.6

Assessment of Releases

10 CFR 72.32(a)(6) requires that the Emergency Plan contain a brief description of the
methods and equipment that will be used to assess releases of radioactive material. The
Emergency Plan describes radiological sampling and monitoring methods that will be used to
assess the extent of radioactive releases. The Emergency Plan describes the instrumentation
and equipment that will be used by trained personnel to assess the extent of radioactive
releases. The Emergency Plan identifies the personnel who will be trained and qualified in the
methods and the use of instrumentation and equipment for the assessment of radioactive
releases. The Emergency Plan, therefore, meets the requirements of 10 CFR 72.32(a)(6).
16.1.7

Responsibilities

10 CFR 72.32(a)(7) requires that the Emergency Plan provide a brief description of the
responsibilities of personnel should an accident occur, including identification of personnel
responsible to promptly notify offsite response personnel and the NRC. Personnel responsible
for developing, maintaining, and updating the Emergency Plan are also to be identified.
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The Emergency Plan describes the normal site organization and identifies personnel
responsible for maintaining and updating the Emergency Plan, implementing procedures, and
Emergency Plan related records. The Emergency Plan identifies the personnel who are
responsible for ensuring that offsite notifications are performed promptly. The Emergency Plan
describes the emergency response organization and the responsibilities and authority of key
positions within it. Personnel with the responsibility to declare emergencies during normal and
off normal hours are identified. The Emergency Plan identifies the communications chain for
notifying and mobilizing emergency response personnel during normal and non-working hours.
The Emergency Plan describes methods for activation of the staff necessary for Emergency
Plan implementation. The personnel responsible for overall direction of emergency response
and notification of State and local agencies, as well as NRC, are identified for normal and off
normal hours.
The Emergency Plan, therefore, meets the requirements of 10 CFR 72.32(a)(7).
16.1.8

Notification of Coordination

10 CFR 72.32(a)(8) requires that the Emergency Plan contain a commitment to and a brief
description of the means to promptly notify offsite response organizations; that a control point
be established; that notification and coordination be planned; that unavailability of some
personnel, parts of the facility and some equipment will not prevent notification and
coordination. The licensee must also commit to notify the NRC immediately after notification of
the appropriate offsite response organizations and not later than one hour after the licensee
declares an emergency.
The Emergency Plan contains a commitment to promptly notify offsite response organizations.
The Emergency Plan describes the means to notify offsite response organizations, the means
to request offsite assistance, including medical assistance, and the identification of the
personnel responsible to perform the notifications. The organization described in the
Emergency Plan is responsible to activate the emergency response organization and perform
notifications in a timely manner under accident conditions, during normal and off normal hours.
Diverse methods of notification are described. Facilities with notification equipment are
described as spatially separated. These features allow notification and activation to be
performed even if some personnel, equipment, and/or parts of the facility are unavailable. The
Emergency Plan contains a commitment to notify NRC after completion of local notifications,
but not later than one hour after the alert has been declared. The Emergency Plan, therefore,
meets the requirements of 10 CFR 72.32(a)(8).
16.1.9

Information to be Communicated

10 CFR 72.32(a)(9) requires that the Emergency Plan provide a brief description of the types of
information on facility status, radioactive releases and recommended protective actions, if
necessary, to be given to offsite response organizations and the NRC. NUREG-1567 provides
further guidance on the types of information that should be communicated.
The Emergency Plan provides a description of the minimum information which will be
communicated to offsite response organizations and the NRC in the event of an emergency,
which is in compliance with the information required by 10 CFR 72.32(a)(9). This information is
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consistent with NUREG-1567 guidance. The responsible offsite agencies are listed in the
Emergency Plan. The Emergency Plan, therefore, meets the requirements of 10 CFR
72.32(a)(9).
16.1.10 Training
10 CFR 72.32(a)(10) requires that the Emergency Plan describe, briefly, the training the
licensee will provide to workers on how to respond to an emergency and any special
instructions and orientation tours that will be offered to fire, police, medical, and other
emergency personnel.
The Emergency Plan describes the program to train Facility personnel on how to respond to an
emergency. With respect to fires, the applicant has also committed to meet applicable NFPA
standards. The Emergency Plan describes the training program that will be offered to offsite
support agency personnel who may be called upon to provide support to the Facility. The
Emergency Plan, therefore, meets the requirements of 10 CFR 72.32(a)(10). The staff notes
that prior to operation, site inspection will verify that appropriate personnel have attended
training and that the content of training is in accordance with the commitments of the
Emergency Plan.
16.1.11 Safe Condition
10 CFR 72.32(a)(1 1) requires that the Emergency Plan provide a brief description of means for
restoring the Facility to safe operation after an accident. NUREG-1567 provides guidance
suggesting that this description include a commitment to ensure all equipment important to
safety has been restored to a state of readiness.
The Emergency Plan contains a description of the means for restoring the Facility to safe
operation after an accident and a commitment to develop written recovery procedures for such
actions. The Emergency Plan contains criteria for the return to operations and a commitment to
ensure that equipment important to safety has been checked and restored to normal operation
before the Facility is returned to operation. The Emergency Plan, therefore, meets the
requirements of 10 CFR 72.32(a)(11).
16.1.12 Exercises
10 CFR 72.32(a)(12) requires that the Emergency Plan provide a description of the program for
conduct of exercises, drills and communications tests.
The Emergency Plan describes the drill and exercise program. The program includes: biennial
exercises, annual radiological drills, annual medical drills, and annual fire drills. With respect to
fires, the applicant has also committed to meet applicable NFPA standards. The Emergency
Plan states that offsite response organizations will be invited to participate in the biennial
exercise. The Emergency Plan commits to check communications equipment semiannually,
including the check and update of all necessary phone numbers. The Emergency Plan
describes the evaluation of drills and correction of identified deficiencies and the confidentiality
of exercise scenarios. The Emergency Plan identifies the Emergency Preparedness
Coordinator as responsible to determine and implement corrective actions in response to
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identified deficiencies. The Emergency Plan, therefore, meets the requirements of 10 CFR
72.32(a)(12). The staff notes that prior to operation, site inspection will verify that drills have
been conducted in accordance with the Emergency Plan, and the licensee will demonstrate that
PFS personnel can implement the Emergency Plan.
16.1.13 Hazardous Chemicals
10 CFR 72.32(a)(1 3) requires that the Emergency Plan certify that the licensee has met its
responsibilities under the Emergency Planning and Community Right-to-Know Act of 1986, Title
Ill, Pub. L. 99-499.
The Emergency Plan states that there will be no hazardous substances onsite in excess of the
threshold planning quantities stipulated by the Emergency Planning and Community Right-to
Know Act of 1986, Title Ill, Pub. L. 99-499. Therefore, planning for hazardous chemicals is not
required to be addressed in the Emergency Plan because this Act does not apply. The
Emergency Plan states that the requirements of the Act have been met. The Emergency Plan,
therefore, meets the requirements of 10 CFR 72.32(a)(13).
16.1.14 Comments on the Emergency Plan
10 CFR 72.32(a)(14) requires that the licensee allow offsite response organizations expected
to respond in case of an accident 60 days to comment on the initial submission of the
Emergency Plan before submitting it to the NRC and provide any comments received to the
NRC.
The Emergency Plan contains a copy of a letter, from the Tooele County Department of
Emergency Management (1997), documenting that the Emergency Plan has been reviewed by
the applicable offsite response organization. The Emergency Plan contains the applicant's
response to said comments. The Emergency Plan commits to providing Emergency Plan
revisions to the offsite response organization. The Emergency Plan, therefore, meets the
requirements of 10 CFR 72.32(a)(1 4).
16.1.15 Offsite Assistance
10 CFR 72.32(a)(15) requires that the Emergency Plan briefly describe arrangements for
requesting and effectively using offsite assistance.
The Emergency Plan describes the means for requesting assistance from offsite response
organizations when necessary. The Emergency Plan identifies offsite response organizations
expected to provide support. The Emergency Plan states that assistance agreements will be
documented in letters of agreement that will be reviewed annually and renewed every five
years. The Emergency Plan describes the training that will be offered to offsite response
organizations. The Emergency Plan, therefore, meets the requirements of 10 CFR
72.32(a)(15).
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16.2

Evaluation Findings

10 CFR 72.40(a)(1 1) requires that the applicant's Emergency Plan comply with 10 CFR 72.32.
The Emergency Plan submitted in support of the application to license the Facility meets the
requirements of 10 CFR 72.32(a). Based on the applicant's submittal of its Emergency Plan,
the content of the application meets the requirements of 10 CFR 72.24(k). The staff has
concluded that the Private Fuel Storage Facility Emergency Plan, Revision 10, meets applicable
regulations and guidance and is adequate.
16.3

References

Private Fuel Storage Limited Liability Company. 2000. Emergency Plan for the Private Fuel
Storage Facility, Revision 10. Docket Number 72-22. La Crosse, WI: Private Fuel
Storage Limited Liability Company.
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17

FINANCIAL QUALIFICATIONS AND DECOMMISSIONING FUNDING ASSURANCE

17.1

Conduct of Review

17.1.1

Background

The adequacy of PFS's financial qualifications was discussed in the staff's SER concerning
site-related aspects of the PFS application (Nuclear Regulatory Commission, 2000). That
discussion is restated below, as modified in light of subsequent developments in the
adjudicatory proceeding concerning the PFS license application.
Private Fuel Storage L.L.C. is a United States limited liability company owned by eight member
companies (members or owners), which is organized under the laws of the State of Delaware
and headquartered in La Crosse, Wisconsin. PFS is registered and authorized to transact
business in the State of Utah, where it plans to construct, operate, and decommission an ISFSI
to store'spent fuel from U.S. nuclear power plants, including fuel from its members. The eight
current members are: Consolidated Edison Company; Genoa Fuel Tech, Inc., an affiliate of
Dairyland Power Cooperative; GPU Nuclear Corporation; Florida Power and Light Company;
Indiana Michigan Power Company; Northern States Power Company; Southern California
Edison Company; and Southern Nuclear Operating Company, Inc. This list is subject to change
in view of the ongoing trends involving industry integration and acquisitions.

\k..

In various proprietary documents sent to the NRC supplementing the PFS License Application
prior to issuance of the staff's SER concerning site-related aspects of the PFS application '
(Nuclear Regulatory' Commission, 2000), PFS provided details pertaining to the legal, financial,
and organizational relationships among its members, as well as financial estimates of various
components of expected costs by year. These documents include the PFS Amended and
Restated Limited Liability Company Agreement (PFS Agreement) and the 1997 PFS Business
Plan; in addition, PFS provided a 1998 Business Plan and more recent construction cost
estimates, which contained additional details concerning its expected costs. These documents
and cost estimates Were also evaluated by the staff during the adjudicatory proceeding on the
PFS license application.
The Facility is designed for a maximum capacity of 40,000 MTU, which will require about 4,000
storage casks and about 500 pads, each pad being capable of supporting eight casks. Each
cask will house one sealed metal canister containing multiple spent fuel assemblies. The
Facility is designed to store spent fuel for up to 40 years, by which time it is anticipated that the
spent fuel will have been transferred offsite so that the Facility can be decommissioned. The
initial license request is for a term of 20 years, with plans to renew the license for another 20
years.
With respect to the NRC's financial qualifications requirements, under 10 CFR 72.22(e), an
applicant for an ISFSI license must submit sufficient information to demonstrate its financial
qualifications to carry out the activities for which the license is sought, in accordance with
10 CFR Part 72 regulations. The information must show "that the applicant either possesses
the necessary funds, or that the applicant has reasonable assurance of obtaining the necessary
funds, or that by a combination of the two, the applicant will have the necessary funds available
to cover the following:
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(1)

estimated construction costs;

(2)

estimated operating costs over the planned life of the ISFSI; and

(3)

estimated decommissioning costs, and the necessary financial arrangements to
provide reasonable assurance prior to licensing that decommissioning will be
carried out after the removal of spent fuel and/or high level radioactive waste
from storage."

Regarding decommissioning and decommissioning funding assurance, under 10 CFR 72.30(a),
an applicant must provide a proposed decommissioning plan that describes its proposed
practices and procedures for decontamination and decommissioning of the site. Further, under
10 CFR 72.30(b), an applicant must submit a "decommissioning funding plan containing
information on how reasonable assurance will be provided that funds will be available to
decommission the ISFSI." Furthermore, this information "must include a cost estimate for
decommissioning and a description of the method of assuring funds for decommissioning from
[10 CFR 72.30(c)] including means of adjusting cost estimates and associated funding levels
periodically over the life of the ISFSI."
In applying the financial assurance recquirements in 10 CFR Part 72 to the PFS Facility, the staff
took into consideration the Commission's ruling in Louisiana Energy Services, L.P. (Claiborne
Enrichment Center), CLI-97-15, 46 NRC 294 (1997), which pertains to an application by
Louisiana Energy Services (LES) to construct and operate a uranium enrichment facility
pursuant to 10 CFR Part 70. Among other things, the ruling held that "the NRC is not required
as a matter of law to apply the strict financial qualification provisions of Part 50 to all Part 70
license applications." Id., 46 NRC at 298. Rather, "Part 70 calls for a case-by-case inquiry into
whether the applicant 'appears to be financially qualified' to take safety measures necessary to
assure that activities under the license will not create undue risk to public health and safety."
Id. at 299. The Commission further observed that the shorter, more flexible language in Part 70
allows "a less rigid, more individualized approach" to determine whether an applicant has
demonstrated its financial qualifications, and stated that if the Commission "had intended the
Part 50 standards and criteria to apply to all Part 70 applicants .. , the regulations would have
either restated the Part 50 criteria or incorporated them by reference." Id. at 300. In sum, the
Commission concluded that "the general language of Part 70 leaves the Commission free to
review the reasonableness of an applicant's financial plan in light of all relevant circumstances,"
which might or might not lead to application of any or all of the criteria stated in Part 50. Id.
at 302.
In considering the "relevant circumstances" present in the LES application, the Commission
observed that LES lacked contractual commitments by its partners to fund any portion of the
project, and also lacked agreements by lending institutions to fund any portion of the project.
Nonetheless, the Commission took notice of commitments made by LES in the proceeding not
to proceed with the project until certain funding commitments were in hand. Specifically, the
Commission found that LES made a financial commitment of not constructing the proposed
project in the absence of sufficient advance funding commitments (30% equity and 70% debt)
to cover the project's cost, and sufficient advance purchase contracts for the plant's output to
cover the construction and operating costs incurred during the term of the contract, including a
return on investment. Id. at 304-05. The Commission relied on these commitments in
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developing and imposing two financial assurance conditions in its Order approving the LES
application.
The PFS application for an ISFSI under Part 72 has some significant similarities to the LES
Part 70 application, such as the fact that it is for a new, joint venture-type entity, made up of
significant, financially secure corporations; it requests approval of a non-Part 50 facility
application that has less health and safety risks than is associated with the operation of nuclear
reactors; the application is not strictly subject to the Part 50 financial assurance requirements;
and the applicant has made financial commitments that it will not proceed with construction of
the Facility in the absence of sufficient advance funding commitments. In its SER concerning
site-related aspects of the PFS application (Nuclear Regulatory Commission, 2000), the staff
considered such similarities in its review of the PFS application and in recommending certain
financial assurance license conditions that the staff believed should be part of any
determination to approve it. The staff noted that while Part 72 contains language that differs
from Part 70, it is also less prescriptive than Part 50. Compare 10 CFR 72.22(e) with 10 CFR
50.33(f). Accordingly, as in the LES decision, the staff did not find it necessary or appropriate
to rely on Part 50 standards and criteria for its review of the PFS application.
17.1.2

Financial Assurance for Construction Funding

PFS estimated costs of about $10 million for design and licensing and about $92 million for
Facility construction; these cost estimates were updated in the evidentiary hearings held on the
PFS license application. Key construction phase components include: site preparation; access
road construction; building and storage pad construction; procurement of canister transfer and
transport equipment; and transportation corridor (rail line) construction from the main rail line to
the Facility site. PFS provided cost estimates of key components of each of the major phases
of construction, which the staff has reviewed and found to be adequate. These estimates are
not shown in this SER, however, since they are proprietary.
Construction is to be funded through several mechanisms, with a total of $6 million expected
from equity contributions from PFS members pursuant to Subscription Agreements and the
remainder from revenue commitments from Service Agreements with member and nonmember
Customers. If the combination of equity and revenue are insufficient to complete construction,
PFS plans to finance the remainder through committed sources of debt financing. The License
Application states that no construction will proceed unless and until Service Agreements for a
significant commitment of fuel storage have been signed.
PFS plans to execute the Service Agreements referred to above with member and nonmember
Customers after the granting of a license by the NRC and will not have these agreements in
place before a license is issued. In addition, PFS has not presented assurance that each
member will provide its share of the planned $6 million aggregate equity contribution or that, if a
member fails to provide its share, other members will make up the deficiency.
On the other hand, PFS has supplied information in proprietary documents to the NRC that
demonstrate to the staff's satisfaction that PFS has reasonable assurance that it will have
adequate funding as required in 10 CFR 72.22(e) before commencing theconstruction or
operation of the Facility. This information, coupled with the financial information that has been
provided in non-proprietary documents, the nature of the Facility, and the nature and size of the
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project's members, provide reasonable assurance of PFS's financial qualifications to construct
and operate the Facility without undue risk to public health and safety. The specified initial
capacity figure is a proprietary number, which is specified in the PFS's September 15, 1998,
and December 3, 1999, submittals (Parkyn, 1998; Gaukler, 1999), and, therefore, is not stated
herein. The staff considers this initial capacity figure to be acceptable. Accordingly, in its SER
of December 1999 (revised and reissued January 2000), the staff recommended that PFS be
required to meet the following financial assurance conditions before constructing or operating
the Facility and that these conditions should be part of any order approving the PFS application,
in order to demonstrate compliance with 10 CFR 72.22(e):

"*

Construction of the Facility shall not commence before funding (equity, revenue,
and debt) is fully committed that is adequate to construct a Facility with the initial
capacity as specified by PFS to the NRC. Construction of any additional
capacity beyond this initial capacity amount shall commence only after funding is
fully committed that is adequate to construct such additional capacity.

"*

PFS shall not proceed with the Facility's operation unless it has in place long
term Service Agreements with prices sufficient to cover the operating,
maintenance, and decommissioning costs of the Facility for the entire term of the
Service Agreements.

As discussed in Section 17.1.6 of this SER, the language of these proposed license conditions
has now been modified as a result of developments in the adjudicatory proceeding concerning
the PFS license application. The acceptability of PFS's approach in satisfying the financial
qualifications requirements set forth in 10 CFR Part 72, and the scope of the license conditions
to be imposed in this regard, are discussed in Section 17.1.6 of this SER.
17.1.3

Financial Assurance for Operating Costs

PFS plans to fund Facility operations through agreements with Customers obligated under the
Service Agreements to pay PFS an annual fee sufficient to fund operational expenses that are
not funded by the capital contributions of PFS members. The PFS 1997 Business Plan states
this annual fee and shows the forecast of annual and total operating costs and revenues based
on a "reference case" scenario extending over a 40-year period from 2002-2042. The Business
Plan forecasts positive cumulative cash flows and a positive return on equity over the 40-year
period. PFS provided updated estimates of its expected operating costs in the evidentiary
proceeding concerning its license application. Specific financial forecasts and other data from
the Business Plan and the evidentiary proceeding cannot be cited herein because of their
proprietary nature.
The PFS forecast that its own members will store fuel at a significant level over the life of the
Facility, approximating the reference case level of usage, provides a considerable degree of
assurance that a base level of revenue to meet operating and maintenance (O&M) costs is
likely to be available from the members themselves. Collectively, these members have
substantial assets and financial resources so that, in the aggregate, they could provide
adequate funding for a project of the size and scope proposed by PFS. The License
Application states that the Service Agreements will provide assurance for the continued
payment of O&M costs by requiring Customers to meet creditworthiness requirements and, if
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necessary, provide additional financial assurances (such as irrevocable letters of credit or a
third-party guarantee).
In sum, the staff finds that the foregoing factors cited in Section 17.1.3, in combination with the
license conditions recited in Section 17.2, provide reasonable assurance that PFS will have
adequate funding to operate the Facility.
17.1.4 , Financial Assurance for Decommissioning Funding
As noted earlier, decommissioning funding assurance requires a decommissioning cost
estimate and a funding plan providing reasonable assurance that adequate funding will be
available for decommissioning costs, pursuant to 10 CFR 72.30(b). Furthermore, the
Commission's regulations require that financial assurance for decommissioning must be
provided by one or more of the following methods, pursuant to 10 CFR 72.30(c):
"*

Prepayment prior to the start of operations in the form of a trust, escrow account,
government fund, certificate of deposit, or deposit of'government securities.

"*

A surety method, insurance, or other guarantee method. These methods
guarantee that decommissioning costs will be paid. For example, a surety
method may be in the form of a surety bond, letter of credit, or line of credit.

"*

An external sinking fund in which deposits are made at least annually, coupled
with a surety method or insurance, the value of which may decrease by the
amount being accumulated in the sinking fund.

PFS states on page 1-1 of Appendix B of the License Application that before the end of Facility
life, the sealed canisters containing spent fuel will be transferred from their storage casks into
shipping casks and then transported offsite. Since these canisters will be designed to meet
DOE guidance for multipurpose canisters for spent fuel storage, transport, and disposal, the
fuel assemblies will remain sealed in the canisters such that decontamination of the canisters
will not be required. After shipment of the canisters offsite, the Facility will be decommissioned
by identification and removal of any residual materials above NRC limits. The site will be
released for unrestricted use followed by termination of the NRC license.
PFS states on page 1-7 of the License Application that, while its intention is to maintain the
Facility free of radiological contamination at all times, the decommissioning cost estimate
conservatively assumes that certain areas and components will require decontamination. The
method of funding the Facility decommissioning activities will consist of two components:
storage cask decommissioning and decommissioning of the remainder of the Facility.
The estimated decommissioning cost for each storage cask is $17,000 (1997 dollars), which will
be prepaid into an externalized escrow account under the Service Agreement with each
Customer prior to shipment of each spent fuel canister to the Facility. PFS plans to place the
full amount estimated for decommissioning the casks in a segregated escrow account for this
purpose. The staff notes that PES's proposal to secure payment prior to shipment of the cask
to the Facility constitutes a departure from the language in 10 CFR 72.30(c)(1), which indicates
that if an applicant selects prepayment as the method of decommissioning funding, payment
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should be made "prior to the start of operation." Notwithstanding this difference, however, the
PFS proposal assures that (a) reasonable assurance of adequate funding to decommission
the
Facility will be provided prior to the commencement of operations (see the following
paragraph),
as required in 10 CFR 72.30(c); and (b) funding to decommission the casks will be
provided
prior to construction of each cask (i.e., prior to commencement of any operations involving
that
cask), thus assuring that each cask that is constructed will be decommissioned.
Accordingly,
PFS's decommissioning funding plan provides reasonable assurance that decontamination
and
decommissioning at the end of Facility operations will provide adequate protection
of the public
health and safety and satisfies 10 CFR 72.30(c). Although funding for decommissioning
the
casks will be provided prior to cask construction rather than prior to the commencement
of
Facility operations, since the decommissioning funding plan provides reasonable assurance
of
adequate funding, an exemption from strict compliance with the language in 72.30(c)(1)
would
be issued as part of the license, if necessary, to authorize implementation of the PFS
plan.
PFS estimates the cost of decommissioning the remainder of the Facility and site to
be $1.631
million (1997 dollars), which is to be funded through a letter of credit coupled with
an external
sinking fund, pursuant to 10 CFR 72.30(c)(3). Customers will be required under the
Service
Agreements to pay the cost of decontaminating any portion of the Facility for which
they may be
responsible for contaminating. As the actual cost of decontamination and decommissioning
is
paid into the external sinking fund, PFS plans for the letter of credit to be reduced
by an
equivalent amount, pursuant to 10 CFR 72.30(c)(3). The per-canister fee and amounts
of the
escrow account, external sinking fund, and letter of credit are to be reviewed and adjusted
annually to account for inflation and any changes in the scope of decommissioning.
PFS estimates the specific cost of components of decommissioning the remainder
of the
Facility and site as follows (these are non-proprietary figures cited in Appendix B of
the LA):
Site Characterization Survey

$250,000

Decommissioning Four Transfer Casks

$200,000

Decommissioning Eight Shipping Casks

$400,000

Decontaminating Canister Transfer Building

$230,000

Storage Pad Decontamination

$241,000

Final Release Survey

$260,000

Independent Verification Survey

$ 50,000

Total

$1,631,000

The staff finds these.estimates of decommissioning costs to be reasonable. Further,
the staff
finds this surety method of a letter of credit coupled with an external sinking fund,
and per-cask
prepayment, as proposed by PFS to be acceptable for meeting the requirements
of 10 CFR
72.30(c).
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17.1.5

PFS Liability Insurance

PFS has committed to pursue and to maintain nuclear liability insurance in the maximum
commercially available amount of $200 million. The NRC does not have specific insurance and
indemnity requirements for Part 72 facilities. PFS's commitment to provide nuclear liability
insurance, in addition to the funding required by NRC regulations, is acceptable to the staff.
17.1.6

Additional Financial Assurance Commitments

As stated above in SER Section 17.1.2, PFS made certain commitments which were
incorporated into license conditions in the staff's SER concerning site-related aspects of the
PFS application (Nuclear Regulatory Commission, 2000). The acceptability of PFS's approach
in satisfying the financial qualifications requirements set forth in 10 CFR Part 72 was the
subject of a contention (Contention Utah E/ Confederated Tribes F) filed by intervenors in the
adjudicatory proceeding related to PFS's license application.

K

I

On March 10, 2000, the Atomic Safety and Licensing Board (ASLB) in that proceeding issued a
decision concerning the applicant's financial qualifications. Specifically, the ASLB granted
PFS's motion for partial summary disposition of a substantial portion of the intervenors'
contention challenging its financial qualifications, based in large part on the ASLB's review of
the applicant's financial commitments and the Commission's LES decision. Specifically, the
ASLB found that PFS's financial commitments, in conjunction with the two license conditions
proposed by the staff in its SER concerning site related aspects of the PFS Facility (LC 17-1
and 17-2), can provide an acceptable basis for finding reasonable assurance that PFS is
financially qualified to conduct the activities authorized under 10 CFR Part 72. Private Fuel
Storage, L.L.C. (Independent Spent Fuel Storage Installation), LBP-00-06, 51 NRC 101 (March
10, 2000). In addition, the ASLB referred its ruling to the Commission, for review of its
application and interpretation of the reasonable assurance standard in 10 CFR Part 72 in light
of the Commission's LES decision. Id. at 136.
On August 1, 2000, the Commission issued its decision on review of the ASLB's decision in
LBP-00-06. Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Installation),
CLI-00-13, 52 NRC
(August 1, 2000). Therein, the Commission affirmed the ASLB's and
staff's view that license conditions incorporating an applicant's financial commitments can be an
acceptable method for providing reasonable assurance of financial qualifications under 10 CFR
Part 72. Id., slip opinion at 6-7, 10. The Commission ruled, however, that certain additional
commitments made by PFS, beyond the commitments reflected in two license conditions
proposed by the staff, which were relied upon by the ASLB in LBP-00-06, should be
incorporated in the PFS license. Id. at 10-11. -Further, the Commission modified the language
of LC-1 7-2, Id. at 11; and it directed the ASLB to require PFS to submit a sample customer
service agreement, that meets all of the financial assurance license conditions, to the parties
and the ASLB for review. Id. at 15.,
-

In CLI-00-13, Id. at 16 and n.2, the Commission observed that the ASLB had relied upon the
following commitments by PFS, which it determined should be incorporated into license
conditions:
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not to commence construction before funding, in the amount to be determined at
hearing, is adequately committed;

0

not to commence operations before service agreements for the life of the
license, with prices adequate to fund operations, maintenance, and
decommissioning, in the amount to be determined at hearing, are in place;

*

to include provisions in service agreements requiring customers to retain title to
the spent fuel stored and allocating liability among PFS and the customers;
to include provisions in the Service Agreements requiring customers to provide
periodically credit information, and, where necessary, additional financial
assurances such as guarantees, prepayment, or payment bond;

"*

to include in the customer service agreements a provision requiring PFS not to
terminate its license prior to furnishing the spent fuel storage services covered
by the service agreement;

"*

to obtain insurance for offsite liability in the amount of $200 million (the maximum
amount commercially available); and

"*

to obtain insurance covering onsite liability in an amount to be determined at
hearing.

In accordance with the Commission's decision in CLI-00-13, the staff has incorporated these
commitments into License Condition LC-17-3, set forth below.
Evidentiary hearings on the PFS license application were held in June 2000, which included
consideration of the remaining portions of Contention Utah E/Confederated Tribes F (Financial
Assurance), concerning the adequacy of the applicant's construction and operating cost
estimates, and its plans to obtain onsite property insurance. The Licensing Board's decision is
expected to address the applicant's cost estimates, for use in connection with the license
conditions set forth in Section 17.2 of this SER.
17.2

Evaluation Findings

PFS has identified anticipated sources of equity capital and revenue to fund construction of the
Facility, with much of the total revenue being required from Customers as prepayments before
they actually ship spent fuel to the Facility. To.fund ongoing operations, Customers will pay
some additional prepaid fees, plus a relatively small annual storage fee in comparison to their
prepaid fees., Also, the estimated $17,000 cost for decommissioning each Customer storage
cask is to be prepaid by Customers in accordance with terms of the Service Agreement. The
estimated $1.631 million cost of decommissioning the remainder of the Facility and the site is a
small fraction of the construction cost and is guaranteed by a surety method acceptable to the
NRC. The license conditions set forth below, incorporating PFS's financial commitments, as set
forth in CLI-00-13, provide additional assurance of the applicant's financial qualifications under
10 CFR Part 72.
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Accordingly, the staff believes that PFS has provided reasonable assurance of its financial
qualifications to construct, operate, and decommission the Facility as proposed, subject to the
conditions stated herein, in accordance with the requirements of 10 CFR Part 72.
License Conditions
LC17-1

Construction of the Facility shall not commence before funding (equity, revenue, and
debt) is fully committed, that is adequate to construct a facility with the initial capacity
as specified by PFS to the NRC., Construction of any additional capacity beyond this
initial capacity amount shall commence only after funding is fully committed that is
-'adequate to construct such additional capacity.

LC17-2 PFS shall not proceed with the Facility's operation unless it has in place Service
Agreements covering the entire term of the license, with prices sufficient to cover the
operating, maintenance, and decommissioning costs of the Facility for the entire term
of the license.
LC-17-3 PFS shall:
(1)

not commence construction before funding, in the amount to be determined at
hearing, is adequately committed (see LC-17-1);

(2)

not commence operations before service agreements for the life of the license,
with prices adequate to fund operations, maintenance, and decommissioning, in
the amount to be determined at hearing, are in place (see LC-17-2);

(3)

include provisions in its service agreements requiring customers to retain title to
the spent fuel stored, and allocating legal and financial liability among PFS'and
the customers;

(4)

include provisions in the Service Agreements requiring customers to provide
periodically credit information, and, where necessary, additional financial
assurances such as guarantees, prepayment, or payment bond;

(5)

include in the customer service agreements a provision requiring PFS not to
terminate its license prior to furnishing the spent fuel storage services covered
by the service agreement;

(6)

obtain insurance for offsite liability in the amount of $200 million (the maximum
amount commercially available); and

(7)

obtain insurance covering onsite liability in an amount to be determined at
hearing.
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18

PHYSICAL PROTECTION PLAN

18.1

Conduct of Review

This chapter of the SER provides a Safeguards Evaluation Report that addresses the Physical
Protection Plan (Plan) submitted by PFS in support of the application to license the Private Fuel
Storage Facility. The Plan was submitted to NRC for review. Formal requests for additional
information were sent to the applicant, and the applicant's responses to these requests were
adequate. This safeguards evaluation is based on Revision 2 to the-PFS Physical Protection
Plan.
PFS's Physical Protection Plan was reviewed for conformance with the following regulations:
10 CFR 72.180 requires that the licensee establish, maintain, and follow a
detailed plan for physical protection as described in 10 CFR 73.51.
•

10 CFR 73.51 specifies the requirements for the physical protection of spent
nuclear fuel and high-level radioactive waste.

The Standard Review Plan for Physical Protection Plans for the Independent Storage of Spent
Fuel and High-Level Radioactive Waste, NUREG-1 619, July 1998, provided guidance for the
staff reviewers.
18.1.1

Facility Description

The PFS Plan provides an adequate description of the Facility and site. It includes site maps
showing the cask storage area, important supporting structures, and the boundaries of the
protected area as well as descriptions of the area adjacent to the site.
18.1.2

General Performance Objectives

The general objective of the physical protection system is to provide high assurance that
activities involving spent nuclear fuels do not constitute an unreasonable risk to public health
and safety.
To achieve this objective, the physical protection system must provide for the following
performance capabilities in accordance with 10 CFR 73.51 (b):
"•

store spent nuclear fuel and high level radioactive waste only within a protected
area;

"*

grant access to the protected area only to individuals who are authorized to enter
the protected area;

"

detect and assess unauthorized penetration of, or activities within the protected
area;
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"

provide timely communication to a designated response force whenever
necessary; and

"

manage the physical protection organization in a manner that maintains its
effectiveness.

In addition, 10 CFR 73.51 (b)(3) requires that the physical protection system be designed to
protect against loss of control of the facility that could be sufficient to cause a radiation
exposure exceeding the dose specified in 10 CFR 72.106(b) from any design basis accident.
The applicant has reaffirmed the general design objective of the implemented physical
protection system to protect the storage of spent fuel and to protect the Facility from loss of
control by providing a physical protection plan with commitments that meet the requirements of
10 CFR 72.180 and 73.51.
18.1.3

Physical Barrier Systems

As required by 10 CFR 73.51(d)(1), the applicant must store spent fuel only within a protected
area so that access to this material requires passage through or penetration of two physical
barriers, one barrier at the perimeter of the protected area and one barrier offering substantial
penetration resistance.
The applicant has provided for spent fuel to be stored within a protected area such that access
to stored spent fuel requires passage through or penetration of at least two security barriers.
The first barrier is the protected area barrier which is comprised of double fences, meeting the
definition of physical barrier in 10 CFR 73.2. The protected area barrier includes twenty-foot
isolation zones between the outer and inner fences as well as on either side of the protected
area barrier system. The inner isolation zone is free from clutter and is provided with an
intrusion detection system prior to penetration of the inner fence of the protected area barrier
system. The second barrier is the storage cask, which is constructed of high density concrete
and structural steel liners. This barrier offers substantial penetration resistance.
The commitments in the Plan for physical barriers meet the requirements of 10 CFR
73.51 (d)(1). Once installed, these barriers will be included in the pre-operational inspection.
18.1.4

Illumination

As required by 10 CFR 73.51 (d)(2), illumination must be sufficient to permit adequate
assessment of unauthorized penetrations of or-activities within the protected area.
The applicant has provided for sufficient illumination to allow surveillance and adequate
assessment within the protected area.
The commitments in the Plan for illumination meet the requirements of 10 CFR 73.51 (d)(2).
Illumination will be included in pre-operational performance inspections to assure the
illumination levels are sufficient.
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18.1.5

Surveillance

As required by 10 CFR 73.51 (d)(3), the perimeter of the protected area must be subject to
continual surveillance and be protected by an active intrusion alarm system, capable of
detecting penetrations through the isolation zone, that is monitored in a continually-staffed
primary alarm station and in one additional continually-staffed location. The primary alarm
station must be located within the protected area and have bullet-resisting walls, doors, ceiling
and floor; and the interior of the station must not be visible from outside the protected area. A
timely means for assessment of alarms must also be provided. Regarding alarm monitoring,
the redundant location need only provide a summary indication that an alarm has been
generated.
The applicant has committed to have the capability to detect unauthorized penetrations through
the isolation zones at the perimeter of the protected area. The intrusion detection system
covers all of the inner areas of the protected area. The intrusion detection system is
comparable to those systems described in Regulatory Guide 5.44, "Perimeter Intrusion
Detection Systems." The applicant commits to meeting Regulatory Guide 5.44. The intrusion
detection system is tamper-indicating and has line supervision.
The applicant has provided a primary alarm station (PAS) located in the Security and Health
Physical Building Access Control Facility. This PAS is a hardened facility that is within the
protected area. It is protected by the protected area intrusion detection system, access control,
and barriers which meet acceptable standards ( UL 752, Standard for Bullet-Resisting
Equipment). All access control and intrusion alarms are monitored from this facility. A
summary indication of alarms also annunciates in the alternate alarm station (AAS) which is
located in the Administration Building.
The commitments in the Plan for alarm surveillance and annunciation meet the requirements of
10 CFR 73.51(d)(3). Once installed, these surveillance systems including the alarm stations will
be included in the pre-operational inspection.
18.1.6

Security Patrols

As required by 10 CFR 73.51 (d)(4), the protected area must be monitored by daily random
patrols.
The applicant has provided for security force personnel who are on duty at all times. Normal
duties include the operation of the PAS, the AAS, and control of personnel entry, including
searches of persons who enter the protected area. Security force personnel conduct daily
random patrols to monitor the protected area boundaries for the presence of unauthorized
persons or activities and for physical protection system or barrier degradation.
The commitments in the Plan for patrols meet the requirements of 10 CFR 73.51 (d)(4).
18.1.7

Security Organization

As required by 10 CFR 73.51 (d)(5), a security organization with written procedures must be
established. The security organization must include sufficient personnel per shift to provide for
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monitoring of detection systems and the conduct of surveillance, assessment, access control,

and communications to assure adequate response. Members of the security organization must
be trained, equipped, qualified, and re-qualified to perform assigned job duties in accordance
with Appendix B to Part 73, Sections I.A.1 .a. and b., I.B.1 .a., and the applicable portions of
Section I1.
The applicant has established a security organization that includes trained individuals,
oversight, and written procedures in which to carry out security duties. This organization
provides for a security force captain, sergeants, and officers.- Each shift has sufficient armed
individuals to meet regulatory requirements. The applicant has chosen to provide trained
armed individuals (guards), instead of watchmen, in order to augment the ability of the guard to
control the site pending the arrival of the offsite response force. Shift manning levels may be
increased dependent upon planned daily activities. In addition, the applicant will provide guard
training and qualification sufficient to meet the requirements of Section III of Appendix B to 10
CFR Part 73.
18.1.7.1

Qualifications for Employment in Security

The applicant has committed to perform screening for individuals, including security personnel,
granted unescorted access to the protected area where spent fuel is stored prior to the granting
of such access. Security force personnel shall meet the requirements of 10 CFR Part 73,
Appendix B, General Criteria for Security Personnel, Sections I. A. 1. a., Educational
Development; I. A. 1. b., Felony Convictions; I. B. 1. a., Physical Weaknesses or Abnormalities;
and the applicable portions of Section II, Training and Qualifications. The screening includes a
5-year local criminal history check of counties the individual has resided in within the 5-year
period prior to assignment as a security force member. Psychological evaluation, Federal
Bureau of Investigations criminal history records, drug and alcohol testing and a continual
behavioral observation program is included in the PFS established access authorization
program.
18.1.7.2 Security Force Training
The applicant submitted an ISFSI Security Training and Qualification Plan as an attachment to
its Physical Protection Plan. The Plan documents that the applicable criteria of Appendix B to
Part 73 will be met.
The applicant has committed to training and qualifying all non-supervisory security personnel to
all non-supervisory duty functions including PAS and AAS operator, physical searches,
personnel identification, and logging functions as well as response functions. The shift
sergeant will also be trained and qualified to perform all of the non-supervisory functions. All
shift security personnel are to be trained in searching for firearms, explosive materials, and
incendiary devices.
The ISFSI Security Training and Qualification Plan is included as part of the "Private Fuel
Storage Independent Spent Fuel Storage Installation Security Plan" and includes firearms
training which meets the requirement of Appendix B to 10 CFR Part 73, Section III.
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18.1.7.3 Security Organization - Staff Evaluation Finding
Based on the discussions above, the staff finds that the commitments in the Plan for the
security organization meet the requirements of 10 CFR 73.51 (d)(5). Once implemented, the
security organization and training will be included in the pre-operational inspection.
18.1:.6

Response Liaison

As required by 10 CFR 73.51(d)(6), documented liaison with a designated offsite response
force or local law enforcement agency (LLEA) must be established to permit timely response to
unauthorized penetration or activities.
The applicant has included a Site Safeguards Contingency Plan as an attachment to its
Physical Protection Plan. The Contingency Plan includes documented liaison with the Tooele
County Sheriff as the LLEA. Timely response is provided through the use of an augmented
armed onsite response force combined with the offsite LLEA response.
The commitments in the Plan for offsite response meet the requirements of 10 CFR
73.51 (d)(6).
18.1.9

Identification and Controlled Lock Systems

As required by 10 CFR 73.51 (d)(7), a personnel identification system and a controlled lock
system must be established and maintained to limit access to authorized individuals.
The applicant has included in its Physical Protection Plan an identification system which will be
used at the Facility. The system provides unique identification of individuals granted
unescorted access to the protected area. In addition, the identification system identifies
individuals requiring escort while within the protected area.
The licensee has implemented a key and lock control system that will limit access to, and
within, the protected area to authorized individuals.
The commitments in the Plan for identification and controlled lock systems meet the
requirements of 10 CFR 73.51(d)(7). Once implemented, the identification and controlled lock
system will be included in the pre-operational inspection.
18.1.10

Communications Capability

As required by 10 CFR 73.51 (d)(8), redundant communications capability must be provided
between onsite security force members and designated response force or LLEA.
The applicant in its Physical Protection Plan commits to each security individual being equipped
with a two-way radio capable of maintaining continuous communications with the security posts.
The Primary Alarm Station has both a base radio system and a commercial telephone to
maintain contact with the LLEA. Onsite communication is backed up by an uninterruptible
power supply (UPS). Therefore, redundant communications are available between the onsite
security force and the offsite response force.
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The commitments in the Plan for communications capability meet the requirements of 10 CFR
73.51 (d)(8). Once implemented, the communication capability will be included in the pre
operational inspection.
18.1.11

Access Controls at the Protected Area

As required by 10 CFR 73.51 (d)(9), all individuals, vehicles, and hand-carried packages
entering the protected area must be checked for proper authorization and visually searched for
explosives before entry.
18.1.11.1 Access to Protected Areas
The Physical Protection Plan describes procedures for determining an individual's need for
access to the protected area. Access to protected areas is limited to individuals authorized to
have escorted or unescorted access in order to perform job duties. Procedures are also
described for dealing with required access of emergency response personnel vehicles.
18.1.11.2 Access Controls at the Protected Area
The applicant has provided procedures for granting access of individuals and packages into the
protected area. Only those vehicles listed on the Designated Vehicles List are allowed into the
protected area. Authorization is checked and individuals, packages, and vehicles are searched
for firearms, incendiary devices, and explosives. The search is conducted visually and by
physical search (pat down) or with the use of a portable explosive detector.
18.1.11.3 Escorts and Escorted Individuals
The applicant's Physical Protection Plan identifies the individuals designated to be granted
unescorted access into the protected area and describes the requirements and procedures for
escorting individuals who need escorted access.
18.1.11.4 Access Controls at the Protected Area - Staff Evaluation Finding
Based on the discussions above, the staff finds that the commitments in the Plan for access
control commitments meet the requirements of 10 CFR 73.51 (d)(9). Once implemented, the
access control measures will be included in the pre-operational inspection.
18.1.12

Procedures

As required by 10 CFR 73.51 (d)(10), written response procedures must be established and
maintained for addressing unauthorized activities within the protected area including Category
5, "Procedures," of Appendix C to Part 73. The applicant shall retain a copy of response
procedures as a record for 3 years or until termination of the license for which the procedures
were developed. Copies of superseded material must be retained for 3 years after each
change or until termination of the license.
The applicant's response procedures for dealing with detection of unauthorized presence or
activities within the protected area are described in its Physical Protection Plan. These
March 2002

18-6

Consolidated SER

procedures detail the actions to be taken and decisions to be made by each member-or unit of
the response organization.
The commitments in the Plan to provide procedures meet the requirements of 10 CFR
73.51(d)(10). Once implemented, the security procedures will be included in the pre
operational inspection.
18.1.13

Equipment Operability

As required by 10 CFR 73.51 (d)(1 1), all detection systems and supporting subsystems
must be
tamper-indicating with line supervision. These systems, as well as surveillance/assessment
and illumination systems, must be maintained in operable condition. Timely compensatory
measures must be taken after discovery of an inoperable condition, to assure that the
effectiveness of the security system is not reduced.
The applicant has committed to perform testing of all security related equipment to applicable
manufacturer's specifications. The applicant has committed to check the security systems
and
support equipment for operability weekly and each time the equipment is used. The applicant
has committed to a repair and preventive maintenance program, as well as interim
compensatory measures until the system is restored to normal capability. The applicant
commits to following Regulatory Guide 5.44, "Perimeter Intrusion Alarm Systems," operability
tests.
The commitments in the Plan for equipment operability meet the requirements of 10 CFR
73.51 (d)(1 1). Once implemented, the measures to assure equipment operability will be
included in the pre-operational inspection.
18.1.14

Audits

As required by 10 CFR 73.51 (d)(12), the Physical Protection Program must be reviewed
once
every 24 months by individuals independent of both Physical Protection Program management
and personnel who have direct responsibility for implementation of the Physical Protection
Program. The Physical Protection Program review must include an evaluation of the
effectiveness of the physical protection system and a verification of the liaison established
with
the designated response force or LLEA.
The applicant has committed to conduct security audits at least every 24 months by individuals
independent of both security program management and of personnel directly responsible
for
implementation of the security program. The audits include evaluation of the effectivene`ss
of
the physical protection system and verification of the liaison established with the LLEA.
The
reports are maintained in a form sufficient for auditing, 'available for inspection, for a period
of 3
years.
The commitments in the Plan for the audit program meet the requirements of 10 CFR
73.51 (d)(1 2).
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18.1.15

Documentation

As required by 10 CFR 73.51 (d)(13), documentation must be retained as a record for 3 years
after the record is made or until termination of the license. Duplicate records to those required
under 10 CFR 72.180 and 10 CFR 73.71 need not be retained under the requirements of this
section.
The applicant's Contingency Plan describes response record data and commits to maintaining
those records for a period of 3 years. These records include:

"

screening records until the affected individual terminates employment;

"

training and qualification records required by Appendix B, Section II. B;

"

current written procedures that require access control personnel to identify
authorized versus unauthorized entry for the period the applicant stores spent
fuel;

"

the record of escorted individuals for a period of 3 years from the date of the
record;

"

written procedures for key and lock control for the period the applicant stores
spent fuel;

"•

audit reports and resolutions; and

"•

a record of assessment and response to alarms.

The commitments in the Plan for record keeping meet the requirements of 10 CFR
73.51 (d)(13).
18.2

Evaluation Findings

As required by 10 CFR 72.180, the Physical Protection Plan describes how the applicant will
meet the requirements of 10 CFR 73.51. The staff has concluded that the Private Fuel Storage
Facility Physical Protection Plan, Revision 2; Safeguards Contingency Plan, Revision 1; and the
Security Training and Qualification Plan, Revision 1 are adequate and meet the requirements of
10 CFR 72.180 and 10 CFR 73.51. Therefore, the requirements of 10 CFR 72.180 have been
satisfied. Further, when fully implemented the.applicant's physical protection program satisfies
the provisions of 10 CFR 72.40(a)(14) by providing for the common defense and security and
the protection of the health and safety of the public.
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License Conditions
LC18-1

The licensee shall follow the Physical Protection Plan entitled, "Private Fuel Storage,
L.L.C. Independent Spent Fuel Storage Installation Security Plan," dated June 8,
1999, as it may be further amended under the provisions of 10 CFR 72.44(e) and
72.84(d).

LC18-2

The licensee shall follow the Safeguards Contingency Plan entitled, "Private Fuel
Storage, L.L.C. Independent Spent Fuel Storage Installation Safeguards
Contingency Plan," dated June 8, 1999, as it may be further amended under the
provisions of 10 CFR 72.44(e) and 72.84(d).

LC18-3

The licensee shall follow the Guard Training and Qualification Plan entitled "Private
Fuel Storage, L.L.C. Independent Spent Fuel Storage Installation Security Training
and Qualification Plan," dated June 8, 1999, as it may be further amended under the
provisions of 10 CFR 72.44(e) and 72.84(d).

18.3

References

Private Fuel Storage Limited Liability Company. Private Fuel Storage, L.L.C. Independent
Spent Fuel Storage Installation Security Plan, Revision 2. Docket Number 72-22.
June 8, 1999.
Private Fuel Storage Limited Liability Company. Private Fuel Storage, L.L.C. Independent
Spent Fuel Storage InstallationSafeguards Contingency Plan, Revision 1. Docket
Number 72-22. June 8, 1999.
Private Fuel Storage Limited Liability Company. Private Fuel Storage, L.L.C. Independent
Spent Fuel Storage Installation Security Trainingand QualificationPlan, Revision 1.
Docket Number 72-22. June 8, 1999.
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19

TECHNICAL SPECIFICATIONS

"19.1

Conduct of Review

The Technical Specifications define the conditions that are deemed necessary and sufficient for
safe ISFSI use. The objective of the review of the Technical Specifications is to ensure that
they are complete, appropriately defined and justified, and supported by the technical
disciplines reviewed in the SER.
Requirements for Technical Specifications and for the details that must be included in the
Technical Specifications are as follows:
* 10 CFR 72.26 requires that each application include proposed Technical
Specifications in accordance with 10 CFR 72.44 and a summary statement of the
bases and justifications for these Technical Specifications.

10 CFR 72.44(c) requires licenses issued under 10 CFR Part 72 to include
Technical Specifications, and those Technical Specifications must include
requirements in the following categories: (1) functional and operating limits and
monitoring instruments and limiting control settings, (2) limiting conditions, (3)
surveillance requirements, (4) design features, and (5) administrative controls.
19.1.1
K•.'

Functional and Operating Limits

Functional and operating limits are those limits on fuel handling and storage conditions
necessary to protect the integrity of the stored fuel, to protect employees against occupational
exposure, and to guard against the uncontrolled release of radioactive materials. The
functional and operating limits that will be included in the PFS Facility Technical Specifications
are listed in Table 19-1. The table lists the section of this SER which addresses each functional
and operating limit.
Table 19-1: Functional and Operating Limits
Technical

Specification Item

Functional and Operating Limit

Associated SER

Section

2.1.1

Fuel Stored at the ISFSI

4.1.1

2.2.1

Violation of Technical Specification 2.1.1

NA

Based on an extensive review of the application, the staff concludes that the functional and
operating limits listed in Table 19-1 are those placed on fuel to be stored at the PFS Facility and
are necessary to protect the integrity of the stored fuel, to protect employees against
occupational exposure, and to guard against the uncontrolled release of radioactive materials.
The staff concludes, therefore, that the PFS Facility Technical Specifications are in compliance
with 10 CFR 72.44(c)(1)(i).
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19.1.2

Limiting Conditions/Surveillance Requirements

Limiting Conditions for Operation (LCO) are the lowest functional capability or performance
levels of equipment required for safe operation. Surveillance Requirements (SRs) provide for
inspection and test activities to ensure that the necessary integrity of required systems is
maintained, confirmation that operation of the ISFSI is within the required functional and
operating limits, and confirmation that the limiting conditions required for safe storage are met.
The LCOs and SRs that will be included in the PFS Facility Technical Specifications are listed in
Table 19-2. The table also lists the section of the SER that addresses each LCO and SR.
Table 19-2: Limiting Conditions for Operation/Surveillance Requirements
Technical
Specification
Item

Limiting Condition
for Operation

Associated
Surveillance
Requirement

LCO 3.1.1

Storage Cask Heat Removal
System

SR 3.1.1

LCO 3.1.2

Canister and Transfer Cask
Removable Surface Contamination

SR 3.1.2

Storage Cask Average Surface
Dose Rates

SR 3.1.3

LCO 3.1.3

Associated
SER Section
6.1.1, 15.1.2.8
HI-STORM 100
SER Section 10.1

7.1.2.1

The staff confirmed that the LCOs listed in Table 19-2 specify the lowest functional capability
for that equipment required for safe operation. In addition, the staff confirmed that the SRs
listed in Table 19-2 provide for necessary inspection and testing, confirm operation within
appropriate functional and operating limits, and confirm that LCOs for safe storage are met.
The staff concludes that the PFS Facility Technical Specifications are in compliance with 10
CFR 72.44(c)(2) and (c)(3).
19.1.3

Design Features

The Design Features portion of the Technical Specifications includes items that could have a
significant effect on safety if altered or modified, such as materials of construction or geometric
arrangements. The Design Features that will be included in the PFS Facility Technical
Specifications are listed in Table 19-3. The table also lists the section of this SER that address
each Design Feature.
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Table 19-3: Design Features

Technical
Specification
Item

Design Feature

Associated SER Section

4.1

Site Location

2.1.1-.1

4.2.1

Storage System

1.1.3

4.2.2

Storage Capacity

1:1.2, 4.1.1

4.2.3

Storage Cask Spacing

5.1.3

4.2.4

Site Temperature Limits

HI-STORM 100 SER Section 3.3.2

4.2.5

Cask Transporter

5.1.5.1

Storage Pads

5.1.3, 2.1.6.4

4.3.1

Transfer Cask and Canister Lifting Devices

5.1.4

4.3.2

Canister Transfer Building Requirements

4.1.3, 5.1.3, 5.1.4

4.2.6

-

The staff confirmed that the Design Features listed in Table 19-3 are those, which if altered,
could have a significant effect on safety. The staff concludes that the PFS Facility Technical
Specifications are in compliance with 10 CFR 72.44(c)(4).
19.1.4

Administrative Controls

The Administrative Controls portion of the Technical Specifications includes controls on the
organization and management, record keeping, review and audit, and reporting processes
necessary to assure that the operations involved in storage of spent fuel at the ISFSI are
performed in a safe manner. The Administrative Controls included in the PFS Facility Technical
Specification are listed in Table 19-4. The table also lists the section of this SER which
documents the acceptability for each Design Feature Technical Specification.
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Table 19-4: Administrative Controls
Technical
Specification
Item

Administrative Control

Associated SER Section

5.1

Responsibility

10.1.1

5.2

Organization

10.1.1

5.3

PFS Facility Staff Qualifications

10.1.4

5.4

Procedures

10.1.3

5.5.1

Technical Specifications and Bases
Control Program

N/A

5.5.2

Radioactive Effluent Control Program

Chapter 14

5.5.3

Radiation Protection Program

Chapter 11

5.5.4

Onsite Cask Transport Evaluation
Program

Chapter 4, Chapter 5

5.5.5

Pre-operational Testing

10.1.2

The staff confirmed that the Administrative Controls listed in Table 19-4 are those necessary to
assure that the operations involved in storage of spent fuel at the ISFSI are performed in a safe
manner. The staff concludes that the PFS Facility Technical Specifications are in compliance
with 10 CFR 72.44(c)(5) and (d).
19.1.5

License Conditions

Section 72.44 requires that each license issued under Part 72 includes license conditions which
pertain to design, construction, and operation, or which the Commission may include as it
deems appropriate. In addition, 10 CFR 72.44 specifies certain license conditions which apply
to each license issued under Part 72 whether or not they are explicitly stated in the license.
Those conditions are specified in 10 CFR 72.44(b)(1) through (b)(6) and are binding on the
PFS Facility license but are not explicitly restated in the PFS Facility license.
Table 19-5 lists the license conditions that the staff identified during its review of the PFS
Facility License Application and associated documents. These license conditions are discussed
in their associated SER chapter.
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Table 19-5: License Conditions
License Condition Description

Associated SER Chapter

Sampling of Shipping Cask Internal

Chapter 3

Startup Plan

Chapter 10

Financial Assurance

Chapter 17

Safeguards and Physical Protection

Chapter 18

19.2

Evaluation Findings

The staff concludes that the conditions for the PFS Facility identify necessary Technical
Specifications to satisfy the requirements of 10 CFR 72.44(c) and (d). The proposed Technical
Specifications provide reasonable assurance that the ISFSI will allow safe storage of spent fuel.
This finding is based on the regulation itself, appropriate regulatory guides, applicable codes
and standards, and accepted practices.
19.3
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CONCLUSIONS

The staff has reviewed the design, testing, operations, maintenance and other'safety-related

activities and features for the Private Fuel Storage Facility, as described in the following
documents submitted by the applicant:
"*

the License Application, which contains general and financial information, the
applicant's technical qualifications, technical specifications, and a preliminary
decommissioning plan;

"•

the Safety Analysis Report for the Private Fuel Storage Facility;

"*

the Emergency Plan for the Private Fuel Storage Facility; and
i

"*

the Security Plan for the Private Fuel Storage Facility, which includes the
safeguards contingency plan.

Based on the information provided in the above documents, the conditions specified in the
proposed Technical Specifications and the license conditions identified in this SER, and the use
of the HI-STORM 100 Cask System as described in the HI-STORM 100 Cask System Final
Safety Analysis Report and Certificate of Compliance No. 1014, Amendment 0, the staff
concludes that the Private Fuel Storage Facility meets the requirements of 10 CFR Part 72.
Pursuant to 10 CFR 72.40(a), the staff has made the following findings:
0

10 CFR 72.40(a)(1) - Based on the evaluation throughout this SER, the staff
finds that the applicant's proposed ISFSI design complies with Subpart F of 10
CFR Part 72.

0

10 CFR 72.40(a)(2) - Based on the evaluation in Chapters 2, 4, 5, and 15 of this
SER, the staff finds that the proposed site complies with the criteria in Subpart E
of 10 CFR Part 72.
10 CFR 72.40(a)(3) - This condition does not apply because the proposed ISFSI
is not located on the site of a nuclear power plant or other licensed activity or
facility.

*

10 CFR 72.40(a)(4) - Based on the evaluation in Chapter 10 of this SER, the
staff has made the finding that applicant is qualified by reason of training and
experience to conduct the operation covered by the regulations in this part.

0

10 CFR 72.40(a)(5) - Based on the evaluation in Chapter 3 of this SER, the staff
finds that the applicant's description of its proposed operating procedures to
protect health and to minimize danger to life or property are adequate.

0

10 CFR 72.40(a)(6) - Based on the evaluation in Chapter 17 of this SER, the
staff finds that the applicant for the ISFSI is financially qualified to engage in the
proposed activities in accordance with the regulations in this part.
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*

10 CFR 72.40(a)(7) - Based on the evaluation in Chapter 12 of this SER, the
staff finds that the applicant's quality assurance plan complies with Subpart G of
10 CFR Part 72.

*

10 CFR 72.40(a)(8) - Based on the evaluation in Chapter 18 of this SER, the
staff finds that the applicant's physical protection provisions comply with Subpart
H of 10 CFR Part 72.

*

10 CFR 72.40(a)(9) - Based on the evaluation in Chapter 10 of this SER, the
staff finds that the applicant's personnel training program complies with Subpart I
of 10 CFR Part 72.

*

10 CFR 72.40(a)(10) - Based on the evaluation in Chapter 13 of this SER, the
staff finds that the applicant's preliminary decommissioning plan, pursuant to
10 CFR 72.30, provides reasonable assurance that decontamination and
decommissioning of the ISFSI at the end of its useful life will provide adequate
protection to the health and safety of the public.

a

10 CFR 72.40(a)(1 1) - Based on the evaluation in Chapter 16 of this SER, the
staff finds that the applicant's emergency plan complies with 10 CFR 72.32.

*

10 CFR 72.40(a)(12) - This regulatory requirement is outside the scope of this
SER. The applicable review fees, which have been assessed in accordance with
10 CFR Part 170, must be paid before a license is issued.

0

10 CFR 72.40(a)(13) - Based on the evaluation throughout this SER, the staff
finds that there is reasonable assurance that: (i) The activities authorized by the
license can be conducted without endangering the health and safety of the public
and (ii) these activities will be conducted in compliance with the applicable,
regulations of Chapter 10 of the Code of Federal Regulations.

*

10 CFR 72.40(a)(14) - Based on the evaluation in Chapter 18 of this SER, the
staff finds that the issuance of a license for the Private Fuel Storage Facility will
not be inimical to the common defense and security.
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