
9.2 MAINTENANCE PROGRAM

An ongoing maintenance program shall be defined and incorporated into the HI-STORM 100 System
Operations Manual, which shall be prepared and issued prior to the delivery and first use of the
system to each user. This document shall delineate the detailed inspections, testing, and parts
replacement necessary to ensure continued structural, thermal, and confinement performance;
radiological safety, and proper handling of the system in accordance with 1 OCFR72 regulations, the
conditions in the Certificate of Compliance, and the design requirements and criteria contained in
this FSAR.

The HI-STORM 100 System is totally passive by design. There are no active components or
monitoring systems required to assure the performance of its safety functions. As a result, only
minimal maintenance will be required over its lifetime, and this maintenance would primarily result
from weathering effects in storage. Typical of such maintenance would be the reapplication of
corrosion inhibiting materials on accessible external surfaces. Visual inspection of the vent screens is
required to ensure the air inlets and outlets are free from obstruction (or alternatively, temperature
monitoring may be utilized). Such maintenance requires methods and procedures no more
demanding than those currently in use at power plants.

Maintenance activities shall be performed under the licensee's NRC-approved quality assurance
program. Maintenance activities shall be administratively controlled and the results documented. The
maintenance program schedule for the HI-STORM 100 System is provided in Table 9.2.1.

9.2.1 Structural and Pressure Parts

Prior to each fuel loading, a visual examination in accordance with a written procedure shall be
required of the HI-TRAC lifting trunnions and pocket trunnion recesses. The examination shall
inspect for indications of overstress such as cracking, deformation, or wear marks. Repairs or
replacement in accordance with written and approved procedures shall be required if unacceptable
conditions are identified.

Testing to verify continuing compliance of the transfer cask trunnions shall be performed in
accordance with ANSI N 14.6-1993.

As described in FSAR Chapters 7 and 11, there are no credible normal, off-normal, or accident
events which can cause the structural failure of the MPC. Therefore, periodic structural or pressure
tests on the MPCs following the initial acceptance tests are not required as part of the storage
maintenance program.

9.2.2 Leakage Tests

There are no seals or gaskets used on the fully-welded MPC confinement system. As described in
Chapters 7 and 11, there are no credible normal, off-normal, or accident events which can cause the
failure of the MPC confinement boundary welds. Therefore, leakage tests are not required as part of
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the storage maintenance program.

9.2.3 Subsystem Maintenance

The HI-STORM 100 System does not include any subsystems, which provide auxiliary cooling.
Normal maintenance and calibration testing will be required on the vacuum drying, helium backfill,
and leakage testing systems. Rigging, remote welders, cranes, and lifting beams shall also be
inspected prior to each loading campaign to ensure proper maintenance and continued performance is
achieved. Auxiliary shielding provided during on-site transfer operations with the HI-STORM 100
require no maintenance. If the cask user chooses to use an air temperature monitoring system in lieu
of visual inspection of the air inlet and outlet vents, the thermocouples and associated temperature
monitoring instrumentation shall be maintained and calibrated in accordance with the user's QA
program commensurate with the equipment's safety classification and designated QA category. See
also FSAR Section 9.2.6.

9.2.4 Pressure Relief Valves

The pressure relief valves used on the water jackets for the HI-TRAC transfer cask shall be
calibrated on an annual basis (or prior to the next HI-TRAC use if the period the HI-TRAC is out of
use exceeds one year) to ensure pressure relief settings are 60 +2/-0 psig and 65 +2/-0 psig, or
replaced with factory-set relief valves.

9.2.5 Shielding

The gamma and neutron shielding materials in the HI-STORM overpack, HI-TRAC, and MPC
degrade negligibly over time or as a result of usage.

Radiation monitoring of the ISFSI by the licensee in accordance with I OCFR72.104(c) provides
ongoing evidence and confirmation of shielding integrity and performance. If increased radiation
doses are indicated by the facility monitoring program, additional surveys of overpacks shall be
performed to determine the cause of the increased dose rates.

The water level in the HI-TRAC water jacket shall be verified during each loading campaign in
accordance with the licensee's approved operations procedures.

The neutron absorber panels installed in the MPC baskets are not expected to degrade under normal
long-term storage conditions. The use of Boral in similar nuclear applications is discussed in Chapter
1, and the long-term performance in a dry, inert gas atmosphere is evaluated in Chapter 3. A similar
discussion is provided for METAMIC® neutron absorber material. Therefore, no periodic
verification testing of neutron poison material is required on the HI-STORM 100 System.
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9.2.6 Thermal

In order to assure that the HI-STORM 100 System continues to provide effective thermal
performance during storage operations, surveillance of the air vents (or alternatively, by temperature
monitoring) shall be performed in accordance with written procedures.

For those licensees choosing to implement temperature monitoring as the means to verify overpack
heat transfer system operability, a maintenance and calibration program shall be established in
accordance with the plant-specific Quality Assurance Program, the equipment's quality category, and
manufacturer's recommendations.
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Table 9.2.1

HI-STORM SYSTEM MAINTENANCE PROGRAM SCHEDULE

Task Frequency

Overpack cavity visual Prior to fuel loading
inspection

Overpack bolt visual inspection Prior to installation during each use

Overpack external surface Annually, during storage operation
(accessible) visual examination

Overpack vent screen visual Monthly
inspection for damage, holes, etc.

HI-STORM 100 Shielding In accordance with Technical Specifications after initial
Effectiveness Test fuel loading

HI-TRAC cavity visual Prior to each handling campaign
inspection

HI-TRAC lifting trunnion and Prior to each handling campaign
pocket trunnion recess visual
inspection

Testing to verify continuing In accordance with ANSI N14.6-1993
compliance of HI-TRAC Lifting
Trunnions

HI-TRAC pressure relief valve Annuallyt
calibration

HI-TRAC internal and external Annuallyt
visual inspection for compliance
to design drawings

HI-TRAC water jacket water During each handling campaign in accordance with
level visual examination licensee approved operations procedures

Overpack visual inspection of Annually
identification markings

Overpack Air Temperature Per licensee's QA program and manufacturer's
Monitoring System recommendations

t Or prior to next HI-TRAC use if the period the HI-TRAC is out of use exceeds one year.
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9.3 REGULATORY COMPLIANCE

Chapter 9 of this FSAR has been prepared to summarize the commitments of Holtec International to
design, construct, and test the HI-STORM 100 System in accordance with the Codes and Standards
identified in Chapter 2. Completion of the defined acceptance test program for each HI-STORM 100
System will provide assurance that the SSCs important to safety will perform their design function.
The performance of the maintenance program by the licensee for each loaded HI-STORM 100
System will provide assurance for the continued safe long-term storage of the stored SNF.

The described acceptance criteria and maintenance programs can be summarized in the following
evaluation statements:

1. Section 9.1 of this FSAR describes Holtec International's proposed program for pre-
operational testing and initial operations of the HI-STORM 100 System. Section 9.2
describes the proposed HI-STORM 100 maintenance program.

2. Structures, systems, and components (SSCs) of the HI-STORM 100 System designated as
important to safety will be designed, fabricated, erected, assembled, inspected, tested, and
maintained to quality standards commensurate with the importance to safety of the function
they are intended to perform. Tables 2.2.6 and 8.1.6 of this FSAR identify the safety
importance and quality classifications of SSCs of the HI-STORM 100 System and its
ancillary equipment, respectively. Tables 2.2.6 and 2.2.7 present the applicable standards for
their design, fabrication, and inspection of the HI-STORM 100 System components.

3. Holtec International will examine and test the HI-STORM 100 System to ensure that it does
not exhibit any defects that could significantly reduce its confinement effectiveness. Section
9.1 of this FSAR describes the MPC confinement boundary assembly, inspection, and
testing.

4. Holtec International will mark the cask with a data plate indicating its model number, unique
identification number, and empty weight.

5. It can be concluded that the acceptance tests and maintenance program for the HI-STORM
100 System are in compliance with 1 OCFR72 [9.0.1 ], and that the applicable acceptance
criteria have been satisfied. The acceptance tests and maintenance program will provide
reasonable assurance that the HI-STORM 100 System will allow safe storage of spent fuel
throughout its certified term. This can be concluded based on a review that considers the
regulation itself, appropriate regulatory guides, applicable codes and standards, and accepted
practices.
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SUPPLEMENT 9.1

ACCEPTANCE CRITERIA AND MAINTENANCE PROGRAM
FOR THE HI-STORM 100U SYSTEM

9.1.0 INTRODUCTION

This supplement addresses fabrication, inspection, test, and maintenance program for the HI-
STORM 1OOU VVM. The HI-STORM IOOU System does not require any changes to the
acceptance criteria or maintenance requirements for the MPC or the HI-TRAC transfer cask.
Therefore, the material on the fabrication, maintenance, testing, and inspection of all components
contained in the main body of this chapter remains unchanged and applicable.

The VVM consists of a shop-fabricated CEC (Cavity Enclosure Container) installed below grade
and a removable Closure Lid. The CEC is a welded shell-type structure made of low carbon steel
plate and bar (or forging) stock. Likewise, the Closure Lid is made of welded and formed steel
plates. However, unlike the CEC, the Closure Lid also contains shielding concrete.

By virtue of its underground configuration, the CEC is interfaced by the subgrade along its
lateral surface by the top surface pad near its flanged upper region and by the support foundation
along its bottom surface. The requirements on these interfacing bodies to the extent they are
needed to enable the CEC to render its intended function are provided in Supplement 2.1. All
requirements pertaining to the manufacturing, inspection, testing, and maintenance of the VVM
SSCs are presented in this supplement to comply with the provisions of 1 OCFR71.24(p).

9.1.1 ACCEPTANCE CRITERIA

The design, fabrication, inspection, and testing of the VVM is performed in accordance with the
applicable codes and standards specified in Supplement 2.1 and on the drawing. Acceptance
criteria described in FSAR Section 9.1 for the overpack are also implemented for the HI-
STORM 100U VVM, as applicable, and as further particularized below.

9.1.1.1 Manufacturing of VVM Components

The manufacturing of VVM components shall be carried out in accordance with the CoC
holder's NRC-approved QA program. All elements of the manufacturing cycle will be
established to accord with the Important-to-Safety (ITS) designation of the specific part and the
applicable provisions of the referenced codes and standards. The acceptance criteria for the
manufactured components apply to each step of the manufacturing evolution, namely (a) supplier
selection, (b) preparation of material procurement specifications, (c) preparation of the shop
traveler and fabrication procedures, (d) fabrication activities such as forming, bending, plasma
cutting, and welding, (e) in-process inspections, (f) final inspection, (g) packaging for shipment,
and (h) assembling of the documentation package to serve as the archival evidence of adherence
to the quality requirements.
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9.1.1.2 Site Construction

Like the aboveground HI-STORM overpacks, the site construction activities on the VVM and its
interfacing SSCs (namely, the foundation, the subgrade, and the top surface pad) shall be carried
out to demonstrate compliance with the technical criteria set forth in this FSAR. The specific
requirements, to ensure that the required critical characteristics* of the VVM and the interfacing
SSCs are realized, are summarized below.

a. All site construction processes shall be procedurized, reviewed, and approved in
accordance with the CoC holder's NRC-approved QA program.

b. Although the ITS designations apply to VVM components only, all interfacing
SSCs (except for concrete encasement and cathodic protection system) shall also
be designated as ITS Category C to ensure that the construction materials and
processes will be subject to the necessary quality assurance regimen.

c. Compliance with the requirements in this FSAR shall be demonstrated by
appropriate testing and the results documented for archival reference. For
example, the strength properties of the subgrade can be established using the
classical "plate test".

d. The shielding concrete shall comply with the applicable provisions of Appendix
I.D.

e. The insulation installed on the Divider Shell shall be subject to visual examination
to ensure that it is undamaged and properly secured.

f. The coating on the exterior surface of the CEC shall be inspected for absence of
damage before the surface becomes inaccessible.

g. The impressed current cathodic protection system (ICCPS), if used, shall be
installed in accordance with the applicable guidelines referenced in Supplement
3.1, Subsection 3.1.4.

h. The concrete encasement, if used, shall be installed in accordance with the
requirements of Supplement 3.1, Subsection 3.1.4.

i. The dimensional compliance of the CEC, including its verticality, shall be
inspected to establish compliance with the governing construction documents.

* See Glossary for definition.
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j. The installation of the corrosion barriers shall be in accordance with written
procedures.

k. All VVM surfaces that become inaccessible shall be photographed with sufficient
resolution to provide a clear archive of their in-situ state at installation.

The governing processes for manufacturing control shall be prepared to be in complete
compliance with this FSAR. For example, the dimensions of the HI-STORM 1OOU VVM steel
components and the properties of the shielding concrete shall be verified to be in accordance
with FSAR Supplement 2.1, Appendix 1.D (as applicable), and the drawings prior to concrete
placement. The dimensional inspection and density measurements shall be documented.

The governing NDE references provided for the aboveground HI-STORM overpack in Table
9.1.4 also apply to the VVM, as do the requirements on the documentation package contents
specified in paragraph 9.1.1(13).

In order to receive the Certificate-of-Compliance under the CoC holder's QA program, the
manufacturing of the VVM components must meet all of the technical, quality control,
procedural (quality assurance) and administrative requirements set forth in the manufacturing
program.

Similarly, the low carbon steel plates, bars, and forgings, as applicable, used in the construction
of the HI-STORM 1OOU VVM shall be dimensionally inspected to assure compliance with the
requirements on the drawings. Test results shall be documented and become part of the quality
documentation package. Dimensional inspections of the Closure Lid and its weight measurement
after placement in the shielding concrete shall assure that the required amount of shielding
material has been incorporated in the lid.

9.1.1.3 Inspections and Testing

i. Post-Construction Inspection:

Each as-built VVM shall be inspected for final acceptance before it is loaded with fuel. The
following inspections define minimum acceptance requirements:

a. The as-installed Divider Shell shall be inspected to ensure that it sits on the
Bottom Plate and is flanked by lateral and circumferential guides located in the
bottom region of the CEC. The top surface elevation and roundness of the Divider
Shell shall be inspected to ensure it will not hinder installation of the Closure Lid.

b. The Container Flange and Divider Shell gasket/seal bearing surfaces shall be
inspected for their horizontal alignment (within specified tolerance).
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c. The Restraint Ring welded to the underside of the Closure Lid shall be checked
for fitup with the Container Flange.

d. The inlet and outlet air passages in the Closure Lid shall be inspected for absence
of obstruction such as debris and extensive weld spatter.

e. The results of the post-construction inspection shall be incorporated in the VVM's
Documentation Package.

f. The impressed current cathodic protection system (ICCPS), if used, shall be
tested in accordance with the applicable guidelines referenced in Supplement 3.1,
Subsection 3.1.4.

ii. Shielding Integrity and Effectiveness Test

The effectiveness tests performed during fabrication and operation of the HI-TRAC remains the
same as in the aboveground system, as described in 9.1.5.2. The IOOU VVM is unique however
since the gamma and neutron shielding are provided by the concrete and steel components of the
VVM as well by as by the surrounding subgrade and the top surface pad.

As shown in Supplement 5.1, the shielding performance of the HI-STORM IOOU system is
significantly better than its aboveground counterparts. Further, the long-term shielding
effectiveness in the HI-STORM IOOU system is also assured to an extremely high level of
confidence by virtue of its physical configuration, choice of materials, and design embodiment,
as described below:

a. Absence of penetrations in the VVM body: The CEC has no penetrations and thus
has no path that can serve as a conduit for radiation streaming. All penetrations
are in the lid and are configured to maximize scattering of photons and neutrons.

b. Axisymmetric penetrations in the lid: As shown in the drawings, all penetrations
in the lid are axisymmetric. In particular, the air inlet passage is formed by
narrowly separated steel plates that girdle the lid, allowing only infinitesimal
amounts of neutrons and gamma radiation to the outside. Likewise, the outlet air
passage is formed by a set of formed surfaces of revolution that preclude a direct
"line-of-sight" from the fuel to the outside. Because these air passages are formed
by welded steel shapes, they will remain invariant over time, making their
shielding performance reliably constant over years of use.

c. Aging of foundation, subgrade: Even though a very stiff support foundation is
specified, some settlement of the foundation is expected. However, any settlement
of the foundation would have no deleterious effect on the extent of shielding to
the environment.
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Second, while the subgrade is unloaded, except when a transporter is passing over
it, some settlement of the subgrade and the above top surface pad is expected.
Any subgrade settlement, however, will result in a corresponding compaction of
its material, which will improve the subgrade's shielding capability. The
settlement of the subgrade will not result in any new loading on the CEC structure
(which is autonomously supported on the foundation) or the Closure Lid, which is
autonomously supported on the CEC structure. Any visible gap or crevice
between the Container Flange and the surface pad should be filled with grout or
caulking for both aesthetic purposes and enhancement of degradation and
corrosion mitigation.

d. Effect of Corrosion: It can be readily deduced from the VVM's design that the
only surfaces that are not accessible for corrosion monitoring are the bottom face
and outer surface of the CEC. As discussed in Supplement 3.1, corrosion
mitigation measures for these surfaces are prescribed and expected to provide
adequate corrosion mitigation for decades beyond the Design Life of the VVM.
These corrosion mitigation measures, however, are chiefly required to preserve
long-term structural, not shielding, integrity of the CEC because the effect of the
CEC shell or Bottom Plate corrosion on the dose to the environment is ostensibly
miniscule.

Thus, the potential for reduction in the shielding effectiveness of the HI-STORM
100U system due to corrosion is not a concern.

e. Water Intrusion: Because the underground portion of the HI-STORM lOOU VVM
contains a thick steel shell structure without any penetrations, intrusion of ground
water in the MPC storage cavity is not credible. At some sites, ground water may
saturate the surrounding subgrade. A water-saturated subgrade, however, will be
more effective (not less) in radiation attenuation and, therefore, seepage of ground
water around the HI-STORM 100U vertical space will not threaten loss in its
shielding integrity.

f. Materials of Construction: The sole material of construction in the underground
portion of the CEC is carbon steel (the optional concrete encasement is not
credited in the shielding evaluation), which is a proven material of long-term
shielding endurance under fluence levels that are orders of magnitude greater than
those present in the CEC. The Closure Lid is comprised of low carbon steel that
encases plain concrete. Concrete, like steel, is a proven durable material in a
radiation environment that suffers negligible change in its shielding capability
over long periods of use in a radiation environment. Therefore, material
degradation induced reduction in the shielding effectiveness of the VVM is not a
credible concern.
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The long-term shielding effectiveness of the HI-STORM I OOU is assured by virtue of its design
configuration and its constituent materials.

However, to verify the VVM's shielding capability, operational neutron and gamma shielding
effectiveness tests, (i.e. radiation surveys), shall be performed similar to those described in
Subsection 9.1.5.2 for the aboveground systems. The tests will be performed after fuel loading
using written and approved procedures. Calibrated neutron and gamma dose rate meters shall be
used to measure the dose rates at the top of the VVM and at the vents, consistent with the
Radiation Protection Program. The tests are considered acceptable if the dose rates are less than
or equal to the calculated limits. If dose rates are higher than the limits, the required actions
provided in the Radiation Protection Program shall be completed. Dose rate measurements shall
be documented and become a part of the quality documentation package.

iii. Thermal Acceptance Test

The thermal acceptance test is performed as described in Subsection 9.1.6 for the aboveground
systems.

9.1.1.4 Cask Identification

The MPC and HI-TRAC transfer cask are identified as described in Subsection 9.1.7. See
Subsection 9.1.3 for discussion of identification requirements for the VVM.

9.1.1.5 Storm Water Control Test

The VVM is designed to direct storm water and snow/ice melt-off away from the Closure Lid
where the air passages are located. Any minor amount of moisture that may intrude into the MPC
cavity due to wind-driven rain will evaporate in a short period of time due to the movement of
heated air in the MPC storage cavity. To verify the effectiveness of the storm water drainage
design, a one-time test shall be performed after construction of the first VVM to ensure that the
design is effective in directing storm water away from the VVM to the ISFSI's drainage system.
The VVM shall be subjected to a water spray that simulates exposure to rainfall of at least 2
inches per hour for at least one hour. At the conclusion of the water spray, the depth of the water
(if any) in the bottom of the module cavity shall be measured. Any amount of water
accumulation beyond wetting of the Bottom Plate indicates an inadequacy in rain diversion
features of the VVM and shall be appropriately corrected. It should be noted that, as stated in
Supplement 4.1, any amount of accumulated water in the CEC will not cause any component of
the HI-STORM IOOU System to exceed its regulatory limit as supported by Supplement 4.1. The
only deleterious effect of water is the potential for increased preservative degradation (on the
wetted surface of the Bottom Plate, CEC shell and other interfacing components) from prolonged
exposure.

9.1.1.6 Inspection Criteria
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The inspection and test criteria specified in FSAR Table 9.1.2 shall be implemented for the
VVM to the extent they are applicable. No additional inspections or tests other than those
specified in this supplement are required. Consistent with Table 9.1.4, no non-destructive
examination (NDE) beyond visual examination is required for the VVM steel components.

9.1.2 MAINTENANCE PROGRAM

9.1.2.1 HI-STORM lO0U System

The HI-STORM IOOU System is totally passive by design and requires minimal normal
maintenance to ensure it can perform its design functions. Periodic surveillance (via temperature
monitoring or visual or camera-aided inspection of air passages) is required to ensure that the air
passages in the lid are not blocked. Preventive or remedial painting of the exposed steel surfaces
as part of the user's preventive maintenance program is recommended to mitigate corrosion.
Such preventive maintenance activities are typical in scope and complexity to other standard
maintenance activities at nuclear power plants. Maintenance activities described in FSAR
Section 9.2 and Table 9.2.1 shall be implemented for other HI-STORM IOOU System
components, namely, the MPC and the HI-TRAC transfer cask, without any change.

The maintenance requirements on the VVM also parallel those for the aboveground HI-STORM
overpack, but are slightly different. In the following, the essentials of the maintenance program
for VVM are specified. Because the VVM is a passive structure and is largely protected from the
weather due to its underground configuration, the maintenance requirements on it are rather
minimal. Nevertheless, a carefully articulated preventive maintenance program is essential for a
satisfactory service life.

In-service inspection for long-term interior and below-grade degradation shall be performed on a
site-specific basis in accordance with Holtec prepared long-term maintenance guidelines and the
licensee's preventive maintenance program. At most potential ISFSI sites, visual inspection of
accessible areas of the VVM is expected to be sufficient to evaluate long-term degradation. The
frequency of this visual in-service inspection should be in performed in accordance with Table
9.1.1. Additional in-service inspection activities may include more thorough inspections for
foreign material accumulation, corrosion (CEC wall thinning) and insulation degradation as
warranted by site-specific conditions. One example is ultrasonic inspection of the CEC using a
remotely operated device to check for wall thinning. VVM Closure Lid removal or even MPC
transfer into a HI-TRAC may be necessary for certain inspections. For certain inspections such
as evaluating CEC wall thinning, a sampling of VVMs at a given ISFSI array may be used but
should be commensurate with previous inspection results. The frequencies for the additional in-
service inspection activities will be determined on a site-specific basis and may include
allowance to increase or decrease the frequency commensurate with the results of previous
inspections. In-service inspections for evaluating foreign material accumulation, corrosion (CEC
wall thinning) and/or insulation degradation are not required if it is determined that the
applicable degradation mechanisms do not exist. For defense in depth, VVM ISFSIs not
employing impressed current cathodic protection shall be subject to a mandatory visual and UT
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inspection of at least one representative VVM to check for wall thinning and pitting of the CEC
at an interval not to exceed 20 years. The inspections are performed on the inside surface of the
CEC. The VVM chosen for inspection is not required to be in use or to have previously
contained a loaded MPC. A VVM with a loaded MPC may be inspected using remote devices
with the VVM lid removed. The oldest VVM or VVM considered to be most vulnerable to
corrosion degradation shall be selected for inspection.

As is true for all components certified pursuant to this FSAR, the maintenance activities on the
HI-STORM 100U VVM shall be performed in accordance with a written program that fulfills the
requirements of the CoC holder's 1OCFR72 Subpart G compliant QA program, the owner site's
Safety Plan and corrective action program; and the system's Technical Specification.

Among the QA commitments are performance of maintenance by trained personnel by written
procedures; and, written documentation of the maintenance work performed and of the results
obtained. Table 9.1.1 provides a listing of the minimum maintenance activities on the HI-
STORM 100U VVM.

9.1.2.2 Subsystem Maintenance

No new ancillary equipment or sub-systems requiring periodic maintenance are required for use
of the HI-STORM 100U System.

9.1.2.3 Shielding

As discussed in the foregoing, the radiation shielding capacity of the HI-STORM 1OOU System
is expected to degrade negligibly over time. Therefore, unless the VVM is subjected to an
extreme environmental event that imparts stresses or temperatures beyond the design basis limits
for the system (i.e., prolonged fire or impact from a beyond-the-design basis large energetic
projectile) such that this event could potentially degrade the shielding effectiveness of the VVM,
no shielding effectiveness tests beyond that required by the Radiation Protection Program are
required over the life of the HI-STORM 1 OOU System.

9.1.3 REGULATORY COMPLIANCE

The information presented in this supplement augments the material in the main body of the
chapter to fulfill the regulatory requirements pertaining to the testing and maintenance of the HI-
STORM 100U System, resolution of issues concerning adequacy and reliability, and cask
identification. Section 9.3 of this FSAR provides the necessary information on all HI-STORM
system components except the VVM. This section demonstrates the corresponding compliance
information on the VVM.

a. The program for pre-operational testing and initial operations, as required by
1OCFR72.24(p) for the VVM, is provided in Section 9.1.1 herein.
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b. The maintenance protocol for the VVM, as specified in §72.236(g), is provided in
Section 9.1.2 herein.

c. The quality assurance requirements on the design, fabrication, on-site construction of the
VVM commensurate with its ITS designation are invoked through Chapter 13 of this
FSAR and are summarized in Section 9.1.1 herein, as called for in §72.122(a), §72.122(f),
§72.128(a)(1) and §72.24(c).

d. The provisions of §72.82(c) with respect to acceptance criteria and the appropriate test
program to ensure compliance with the acceptance criterion are fulfilled by Section 9.1.1
herein.

e. The quality requirements with respect to inspection, testing, and documentation, as set
down in §72.212(b)(8), are provided in Section 9.1.1 herein.

f. The VVM, except for its Closure Lid, does not require unique marking other than that
required for fuel ISFSI configuration management because it is not a transportable
structure. The module is essentially an integral portion of the ISFSI, not a separate cask
structure that can be moved by the user. As such, the markings provided on the MPC
alone are sufficient to meet the requirements of 1OCFR72.236(k). Nevertheless, it is
required that each VVM cavity be labeled with an identifier that is unique for the specific
site. Further, because the Closure Lid will be subject to handling, consistent with defense-
in-depth guidelines for handling heavy loads at nuclear plants, its unique identifier and its
bounding weight shall be permanently marked on a readily visible location.
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Table 9.1.1: Maintenance Activities for the HI-STORM 100U VVM*
Activity Frequency Comment

I CEC cavity is visually Prior to MPC installation To ensure that VVM internal
inspected components are properly

aligned, the surface
preservatives on all exposed
surfaces are undamaged, the
insulation on the Divider Shell
is undamaged and the cavity is
free of visible foreign material.

2. Lid Examination Prior to MPC installation Ensure that the preservatives
on the external surfaces are in
good condition and the lid is
free of dents and rust stains.

3. Screen Inspection Prior to installation of the Ensure that the screen is
flanged screen assembly and undamaged.
monthly when in use

4. Interfacing SSCs Annually Ensure that the top surface pad
is free of visible cracks, the
interface between the top
surface pad and the Container
Flange is grouted (or caulked)
if necessary, the ISFSI drain
system is functional, the
ground water system (if used)
is in working order, and that
subgrade settlement counter
measures are implemented.
The cathodic protection system
is routinely verified as operable
in accordance with the Bases in
Chapter 12 for guidance on
acceptance criteria.

5. Shielding Effectiveness As required by the Radiation
Test Protection Program

* This table provides maintenance activities for the "IOOU" VVM that parallel those for HI-STORM
overpacks in Table 9.2.1.
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Table 9.1.1: Maintenance Activities for the HI-STORM 10011 VVM"
Activity Frequency Comment

6. ISFSI Settlement Every five years Confirm that the VVM
settlement is within the range
of the Plant's "best estimate".
Implement countermeasures if
the settlement is determined to
be excessive by the CoC
holder.

7. VVM Air Temperature Per Licensee's QA Program
Monitoring System (if and manufacturer's
used) recommendations

8. VVM In-Service Annually Ensure that the vent screen
Inspection assembly fasteners remain

coated with preservative, the
screen is undamaged, all
visible external surfaces are
corrosion free, and the air
passages are not degraded.

9. Additional VVM In- a) Monthly visual inspection of Inspection activities shall be
Service Inspection for accessible areas. commensurate with site-
Long-Term Interior specific conditions. Under site
and Below-grade b) Frequencies for additional conditions existing at most
Degradation: in-service inspections are ISFSI sites, visual inspection

determined on a site-specific of accessible areas is sufficient
a) Visual inspection of basis. to determine the general
accessible areas for condition of the system.
long-term degradation. c) Visual and UT inspection at

an interval not to exceed 20 See Subsection 9.1.2.1 and
b) Additional in- years Technical Specifications for
service inspection more information.
activities include
inspection for foreign
material accumulation,
corrosion (CEC
thinning) and
insulation degradation

c) Visual and UT
inspection for VVMs
not employing
impressed current
cathodic protection
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SUPPLEMENT 9.111

ACCEPTANCE CRITERIA AND MAINTENANCE PROGRAM FOR THE MPC-68M

9.III.0 INTRODUCTION

The main body of this chapter remains fully applicable for the HI-STORM 100 System using the
MPC-68M model fuel basket (with existing MPC enclosure vessel) except as described below.
Since the MPC-68M fuel basket is made entirely of Metamic-HT, the fabrication and inspection
standards as well as the welding differ from the standard stainless steel baskets in the other MPC
models. The MPC-68M model fuel basket is equipped with full length basket shims made
entirely of aluminum alloy.

9.III.1 ACCEPTANCE CRITERIA

9.MII.1.1 Fabrication and Non-Destructive Examination

The fabrication, inspection and testing on the MPC-68M fuel basket is performed in accordance
with the following fabrication controls and required inspections and the drawing in Section 1.5.

1. Materials of construction specified for the MPC-68M fuel basket (including fuel basket
and fuel basket shims) are identified in the drawing in Section 1.5. Metamic-HT panel
material shall be procured with certification and supporting documentation as required in
this FSAR supplement.

2. Structural/code welds shall be visually examined in accordance with ASME Section III,
Division 1, Subsection NG, Article NG-5360.

3. Non-structural/non-code welds shall be visually examined in accordance with the
drawing in Section 1.5.

4. Weld procedures and welder qualifications shall be in accordance with the drawing in
Section 1.5.

5. Structural/code weld defects shall be removed in accordance with the requirements of the
ASME Code, Section III, Subsection NG, Article NG-4450. Following defect removal,
the area shall be MT or PT examined to the acceptance standards of ASME Subsection
NG, NG-5300. The requirements for repair welds and subsequent re-inspection shall be
the same as those required for the original weld.

6. Non-structural/non-code welds requiring weld repair shall be repaired in accordance with
written and approved procedures developed specifically for welding Metamic-HT or
basket shims as applicable and in accordance with ASME Section IX or AWS
D1.2/D1.2M and examined after repair in the same manner as the original weld.

9.111.1.2 Structural and Pressure Tests

Structural and pressure tests for the HI-STORM 100 System are discussed in the main body of
this chapter.
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9.111.1.3 Material Testing

Qualification tests on Metamic-HT specimens drawn from production runs shall be performed in
compliance with Table 9.III.1 requirements to ensure that the manufactured panels shall render
their intended function. Testing shall be performed using written and approved procedures
consistent with the test methods documented in Holtec's test report [1.III.A.3].

To ensure the above test requirements are met a sampling plan based on the MIL Standard 105E
[9.III.1] is defined and incorporated in the Metamic-HT Manufacturing Manual's Shop
Operating Procedure HTSOP-108. The MIL Standard test protocols are selected to maximize
coupon population. The test plan has the following key attributes:

1. At the start of the Metamic HT production runs at the manufacturing facility, the number of
extrusions subjected to testing is based upon the Tier I sample population per Table 9.III.2
(Three coupons from each extrusion are needed to test the property data in Table 9.111.3).

2. If every one of the seven mechanical strength properties meets its respective MGV value
given in Table 9.111.3, then the subject lot of extrusions is determined to be acceptable.

3. If all tested coupons in five consecutive lots pass (i.e., each of the seven properties in Table
9.III.3 meets its MGV requirement) then the required coupon population can drop down to
the Tier 2 sample population per Table 9.111.2.

4. If all tested coupons in an additional five consecutive lots pass, then the required coupon
population can drop down to the Tier 3 sample population per Table 9.U11.2.

5. If all tested coupons in an additional ten consecutive lots pass, then the required coupon
population can drop down to the Tier 4 sample population per Table 9.111.2.

6. If a coupon fails with respect to any property, then it can be replaced by two coupons from
the slab that produced the failed coupon. If both of the replacement coupons pass all of the
seven MGV properties, then the lot can be accepted. If either of the replacement coupons
fails to meet any of the seven properties, then the entire lot is rejected.

7. The failure of any coupons in a lot requires that subsequent sampling be conducted per the
Tier I sample population per Table 9.111.2. A reduction to Tier 2, Tier 3, and Tier 4 sample
populations in subsequent lots shall be based on the sampling plan described above.

Test results on all materials shall be documented and become part of the final quality

documentation package.

9.111.1.4 Component Tests

Component tests for the HI-STORM 100 System are discussed in the main body of this chapter.
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9.111.1.5 Shielding Integrity

The information in this section is moved to Section 9.I1I.2 below.

9.111.1.5.1 Neutron Absorber Manufacturing Requirements

The information in this section is moved to Section 9.111.2.1 below.

9.111.1.5.2 Neutron Absorber Manufacturing and Tests

The information in this section is moved to Section 9.111.2.2 below.

9.III.2 Shielding Integrity

9.U11.2.1 Neutron Absorber Manufacturing Requirements

Essential characteristics of Metamic-HT are described in Appendix A of Supplement 1.111 of this
FSAR. The manufacturing of Metamic-HT is governed by a set of quality validated shop
procedures contained in a Manufacturing Manual [1.III.A.4].

The key constituents of Metamic-HT, namely aluminum powder and Boron Carbide powder are
procured under their respective purchasing specifications that define the required particle size
distributions and set down the prohibited materials & impurities, as well as tolerable level of
trace amounts of acceptable impurities.

As required by the procedures set down in its manufacturing manual [1.III.A.4], each panel of
Metamic-HT neutron absorber material shall be visually inspected for damage such as scratches,
cracks, burrs, presence of imbedded foreign materials, voids and discontinuities that could
significantly affect its functional effectiveness.

Metamic-HT panels will be manufactured according to a Holtec purchase specification that
incorporates all requirements set forth in this FSAR. The supplier of raw materials must be
qualified under Holtec's quality program (or under Holtec subsidiary Nanotec's quality program)
for important to safety materials and components. The manufacturing of Metamic-HT is subject
to all quality assurance requirements under Holtec International's NRC approved quality
program.

The tests conducted on Metamic-HT to establish the compliance of the manufactured panels with
Holtec's Purchasing Specification are intended to ensure that critical characteristics of the final
product will meet the minimum guaranteed values (MGVs) in Appendix A to Supplement 1.111
of this FSAR. The tests are performed at both the raw material and manufactured panels stages
of production with the former serving as the insurer of the properties in the final product and the
latter serving the confirmatory function. Table 9.I1.1 provides a summary of the required tests,
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their frequency and their intended purpose. The terms "batch" and "lot" referred to in Table
9.III.1 have the following meanings in the context of the manufacturing of Metamic-HT.

* Lot: A lot of B4C or of aluminum powder is the bulk of material provided by the raw
material supplier with a specific property characterization data sheet. A Lot of B4 C or

aluminum powder is typically in excess of 5,000 lbs.

* Batch: A batch of B4C/A! mix is made from a distinct Lot of B4C and a distinct lot of
aluminum powder. Thus, a batch of mix cannot have B4C (or Al) from more than one lot.
All batches of mix derived from the same lot of B4C and the same lot of aluminum are
considered "sister" batches.

" A lot of Metamic-HT: A lot of Metamic-HT panels is the aggregate of all sister batches.

Note
The text in 9.111.2.2, printed in bold below, is incorporated into the HI-STORM 100 CoC by
reference (CoC Appendix B, Section 3.2.9) and may not be deleted or altered in any way
without prior NRC-approval via CoC amendment. The affected verbiage is, therefore, shown
in bold type to distinguish it from other text.

9.111.2.2 Neutron Absorber Manufacturing and Tests

Each plate of neutron absorber shall be visually inspected for damage such as scratches, cracks,
burrs, peeled cladding, foreign material embedded in the surfaces, voids, delamination, and
surface finish, as applicable.

NUREG/CR-5661 identifies the main reason for a penalty in the neutron absorber B-10 density
as the potential of neutron streaming due to non-uniformities in the neutron absorber, and
recommends comprehensive acceptance tests to verify the presence and uniformity of the
neutron absorber for credits more than 75%. Since a 90% credit is taken for Metamic-HT, the
following criteria must be satisfied:

* The boron carbide powder used in the manufacturing of Metamic-HT must have
sufficient fine particle size distribution to preclude neutron streaming.

* The B4 C content shall be 10 wt% (minimum).

" The B4C powder must be uniformly dispersed locally, i.e., must not show any particle
agglomeration. This precludes neutron streaming.

* The B4C powder must be uniformly dispersed macroscopically, i.e., must have a
consistent concentration throughout the entire neutron absorber panel.

To ensure that the above requirements are met the following tests shall be performed (see
Table 9.111.1):
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" All lots of boron carbide powder shall be analyzed to meet particle size
distribution requirements.

" All lots of B4C will be certified as containing Boron with a minimum 18.3% of
isotopic B-10 per the purchase specification.

* Wet chemistry testing of a sample from each mixed batch shall be performed to
verify the correct boron carbide content of 10 wt% is attained. The mixing of the
batch is controlled via approved procedures.

* The thickness of each final panel will be measured in at least six places, with two
at one end, two at the other end and two in the middle, and shown to meet the
minimum basket wall thickness.

The measurements of B 4C content, particle size, thickness, and uniformity of B 4C
distribution (via wet chemistry test) shall be made using written and approved procedures.
If any one of the above criterion is not met, the panel will not be used. If the wet chemistry
results for a mixed batch do not meet the criteria, all panels from the entire mixed batch
will not be used. This ensures the required B 4 C content of the Metamic-HT panels is
achieved.

As additional verification, one coupon from each lot of Metamic-HT (panels) shall be tested
via neutron attenuation testing to verify the expected B 4C content is attained. The neutron
attenuation testing will be performed using a 1 inch diameter thermal neutron beam that is
calibrated using a solid B 4C plate, and the results will be compared to a known standard
whose B4C content has been checked and verified. This test shall be performed to verify
the continued acceptability of the manufacturing process. The B 4C content attained by the
neutron attenuation tests will be compared to the wet chemistry results. If a coupon fails
the neutron attenuation test, all panels from this lot will be rejected.

Each plate of neutron absorber shall be visually inspected for damage such as scratches,
cracks, burrs, peeled cladding, foreign material embedded in the surfaces, voids, and
delaminations. Panels are also visually inspected for contamination on the surface. Panels
not meeting the acceptance criteria will be rejected. Panels are inspected before being
shipped to the cask manufacturing facility and they are subject to an additional receipt
inspection prior to installation.

9.III.3 MAINTENANCE PROGRAM

9.111.3.1 Structural and Pressure Parts

Structural and pressure parts for the HI-STORM 100 System are discussed in the main body of
this chapter.
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9.111.3.2 Leakage Tests

Leakage tests for the HI-STORM 100 System are discussed in the main body of this chapter.

9.111.3.3 Subsystem Maintenance

Subsystem maintenance for the HI-STORM 100 System is discussed in the main body of this
chapter.

9.111.3.4 Pressure Relief Valves

Pressure relief valves for the HI-STORM 100 System are discussed in the main body of this
chapter.

9.111.3.5 Shielding

The Metamic-HT is not expected to degrade under normal long-term storage conditions.
Therefore, no periodic verification testing of neutron poison material is required on the
MPC-68M fuel basket.

9.111.3.6 Thermal

Thermal for the HI-STORM 100 System is discussed in the main body of this chapter.

9.111.3.7 Fuel Basket

No additional tests are required for the MPC-68M fuel basket. Long-term fuel basket integrity is
ensured by fuel basket design and by extensive material testing (including the effects of creep
and irradiation). The minimum guaranteed values (MGVs) provided in Table 1.III.A.1, the
testing requirements in Table 9.III.1 and 9.1II.2 along with the certification requirements in Table
9.Ii.3 ensure that the fuel basket will meet its long-term performance requirements.

9.III.4

[9.111.1]

REFERENCES

"Sampling Procedures and Tables for Inspection by Attributes", Military Standard
MIL-STD- 105E, (10/5/1989).
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Table 9.III.1
Metamic-HT Testing Requirements

Item Tested Property Frequency of Purpose of Acceptance Criterion
Tested For Test Test

To verify
Particle size One sample per material Per Holtec's Purchase

1 4C powder distribution lot supplier's data Specification

(raw material) sheet

(see note 1) To verify
Purity One sample per material ASTM C-750

lot supplier's data
sheet

To verify
Particle Size One sample per material Per Holtec's Purchase
Distribution lot supplier's data Specification

Al powder sheet
(raw material) To verify

Purity One sample per material Must be 99% (min.) purelot supplier's data aluminum

sheet
B4C Content To ensure B4C The B4C content in

B4C/A! Mix (by the wet One sample per content accordance with the
chemistry batch requirements drawing package in Section
method) compliance 1.5
Thickness and
width, To ensure Per Holtec's Purchasing
straightness, Each Panel fabricability of Specification
camber and the basket
bow

Finished Properties listed Per Sampling To ensure
Metamic-HT i e le Plan structural MGV per Table 9.111. 3
panel (see note 2) performance.

B4C content One coupon
bC from each The B4C content in
(byeneuaton Metamic-HT to sure accordance with licensing
attenuation f d criticality safety daigi eto .

tetn)manufactured drawing in Section 1.5testing) lot

Notes:
1. The B4C testing requirements apply if the raw material supplier is not in Holtec's Approved Vendor

List.
2. Sampling Plan (HTSOP-108) is included in the Metamic-HT Manufacturing Manual [ 1.III.A.4].
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Table 9.III.2
Tier System for Coupon Testing

Tier No. Numbert of Extrusions Number of Continuous Lots that
Tested as a Percent of Must Pass to Drop Down to the

Number of Extrusions in the Next Tier
Lot

1 20 5
2 12.5 5
3 5 10
4 1 N/A

t Note: Three coupons from each extrusion are needed to measure the property data in
Table 9.111.3.
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Table 9.III.3
Minimum Guaranteed Values Required for Certification of Production Runs of Metamic-HT

(All testing performed at ambient temperature.)

Property MGV

I Yield Strength, ksi
2 Tensile Strength, ksi
3 Young's Modulus, ksi Table 1 .III.A. 1 for MGV values
4 Elongation, %4 Elogatin, %at ambient temperature
5 Charpy Impact Strength, ft-lb
6 Lateral Expansion, mils
7 Area Reduction, %
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CHAPTER 10: RADIATION PROTECTIONt

This chapter discusses the design considerations and operational features that are incorporated in
the HI-STORM 100 Storage System design to protect plant personnel and the public from
exposure to radioactive contamination and ionizing radiation during canister loading, closure,
transfer, and on-site dry storage. Occupational exposure estimates for typical canister loading,
closure, transfer operations, and ISFSI inspections are provided. An off-site dose assessment for
a typical ISFSI is also discussed. Since the determination of off-site doses is necessarily site-
specific, similar dose assessments are to be prepared by the licensee, as part of implementing the
HI-STORM 100 Storage System in accordance with IOCFR72.212 [ 10.0. 1 ]. The information
provided in this chapter meets all requirements ofNUREG-1536.

10.1 ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE AS-LOW-AS-

REASONABLY-ACHIEVABLE (ALARA)

10.1.1 Policy Considerations

The HI-STORM 100 has been designed in accordance with 1OCFR72 [10.0.1 ] and maintains
radiation exposures ALARA consistent with 1 OCFR20 [10.1.1 ] and the guidance provided in
Regulatory Guides 8.8 [10.1.2] and 8.10 [10.1.3]. Licensees using the HI-STORM 100 System
will utilize and apply their existing site ALARA policies, procedures and practices for ISFSI
activities to ensure that personnel exposure requirements of 1OCFR20 [ 10. 1. 1 ] are met.
Personnel performing ISFSI operations shall be trained on the operation of the HI-STORM 100
System, and be familiarized with the expected dose rates around the MPC, HI-STORM and HI-
TRAC during all phases of loading, storage, and unloading operations. Chapter 12 provides dose
rate limits at the HI-TRAC and HI-STORM surfaces to ensure that the HI-STORM 100 System
is operated within design basis conditions and that ALARA goals will be met. Pre-job ALARA
briefings should be held with workers and radiological protection personnel prior to work on or
around the system. Worker dose rate monitoring, in conjunction with trained personnel and
well-planned activities, will significantly reduce the overall dose received by the workers. When
preparing or making changes to site-specific procedures for ISFSI activities, users shall ensure
that ALARA practices are implemented and the I OCFR20 [10.1.1 ] standards for radiation
protection are met in accordance with the site's written commitments. Users can further reduce
dose rates around the HI-STORM 100 System by preferentially loading longer-cooled and lower-
burnup spent fuel assemblies in the periphery fuel storage cells of the MPC, and loading
assemblies with shorter cooling times and higher bumups in the inner MPC fuel storage cell
locations. Users can also further reduce the dose rates around the HI-TRAC by the use of
temporary shielding. In some cases, users may opt to upgrade their existing crane to take
advantage of the increased shielding capabilities of the 125-Ton HI-TRAC transfer cask (versus

This chapter has been prepared in the format and section organization set forth in Regulatory Guide 3.61.

However, the material content of this chapter also fulfills the requirements of NUREG 1536. Pagination and
numbering of sections, figures, and tables are consistent with the convention set down in Chapter 1, Section 1.0,
herein. Finally, all terms-of-art used in this chapter are consistent with the terminology of the glossary (Table
1.0.1) and component nomenclature of the Bill-of-Materials (Section 1.5).
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the 100-Ton HI-TRAC transfer cask). This decision should be based on a cost-benefit analysis.
Temporary shielding and use of special tools to reduce dose is discussed in Section 10.1.4.

10.1.2 Design Considerations

Consistent with the design criteria defined in Section 2.3.5, the radiological protection criteria
that limit exposure to radioactive effluents and direct radiation from an ISFSI using the HI-
STORM 100 Storage System are as follows:

1. 10CFR72.104 [10.0.1] requires that for normal operation and anticipated occurrences,
the annual dose equivalent to any real individual located beyond the owner-controlled
area boundary must not exceed 25 mrem to the whole body, 75 mrem to the thyroid, and
25 mrem to any other critical organ. This dose would be a result of planned discharges,
direct radiation from the ISFSI, and any other radiation from uranium fuel cycle
operations in the area. The licensee is responsible for demonstrating site-specific
compliance with these requirements.

2. 10CFR72.106 [10.0.1] requires that any individual located on or beyond the nearest
owner-controlled area boundary may not receive from any design basis accident the more
limiting of a total effective dose equivalent of 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 50 rem. The lens dose equivalent shall not exceed 15 rem and
the shallow dose equivalent to skin or to any extremity shall not exceed 50 rem. The
licensee is responsible for demonstrating site-specific compliance with this requirement.

3. 1OCFR20 [10.1.1], Subparts C and D, limit occupational exposure and exposure to
individual members of the public. The licensee is responsible for demonstrating site-
specific compliance with this requirement.

4. Regulatory Position 2 of Regulatory Guide 8.8 [10.1.2] provides guidance regarding
facility and equipment design features. This guidance has been followed in the design of
the HI-STORM 100 Storage System as described below:

Regulatory Position 2a, regarding access control, is met by locating the ISFSI in a
Protected Area in accordance with IOCFR72.212(b)(5)(ii) [ 10.0.1 ]. Depending
on the site-specific ISFSI design, other equivalent measures may be used.
Unauthorized access is prevented once a loaded HI-STORM 100 Storage cask is
placed in an ISFSI. Due to the nature of the system, only limited monitoring is
required, thus reducing occupational exposure and supporting ALARA
considerations. The licensee is responsible for site-specific compliance with these
criteria.

Regulatory Position 2b, regarding radiation shielding, is met by the storage cask
and transfer cask biological shielding that minimizes personnel exposure, as
described in Chapter 5 or later in this chapter. Fundamental design considerations
that most directly influence occupational exposures with dry storage systems in
general and which have been incorporated into the HI-STORM 100 System
design include:
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system designs that reduce or minimize the number of handling and
transfer operations for each spent fuel assembly;

system designs that reduce or minimize the number of handling and
transfer operations for each MPC loading;

system designs that maximize fuel capacity, thereby taking advantage of
the self-shielding characteristics of the fuel and the reduction in the
number of MPCs that must be loaded and handled;

- system designs that minimize planned maintenance requirements;

- system designs that minimize decontamination requirements at ISFSI
decommissioning;

system designs that optimize the placement of shielding with respect to
anticipated worker locations and fuel placement;

- thick walled overpack that provides gamma and neutron shielding;

- thick MPC lid which provides effective shielding for operators during
MPC loading and unloading operations;

- multiple welded barriers to confine radionuclides;

- smooth surfaces to reduce decontamination time;

- minimization of potential crud traps on the handling equipment to reduce
decontamination requirements;

capability of maintaining water in the MPC during welding to reduce dose
rates;

capability of maintaining water in the transfer cask annulus space and
water jacket to reduce dose rates during closure operations;

- MPC penetrations located and configured to reduce streaming paths;

- HI-STORM and HI-TRAC designed to reduce streaming paths;

- MPC vent and drain ports with resealable caps to prevent the release of
radionuclides during loading and unloading operations and facilitate
draining, drying, and backfill operations;

use of a pool lid, annulus seal, and Annulus Overpressure System to
prevent contamination of the MPC shell outer surfaces during in-pool
activities;

temporary and auxiliary shielding to reduce dose rates around the HI-
TRAG; and

low-maintenance design to reduce doses during storage operation.
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Regulatory Position 2c, regarding process instrumentation and controls, is met
since there are no radioactive systems at an ISFSI.

Regulatory Position 2d, regarding control of airborne contaminants, is met since
the HI-STORM 100 Storage System is designed to withstand all design basis
conditions without loss of confinement function, as described in Chapter 7 of this
FSAR, and no gaseous releases are anticipated. No significant surface
contamination is expected since the exterior of the MPC is kept clean by using
clean water in the HI-TRAC transfer cask-MPC annulus and by using an
inflatable annulus seal.

Regulatory Position 2e, regarding crud control, is not applicable to a HI-STORM
100 Storage System ISFSI since there are no radioactive systems at an ISFSI that
could transport crud.

Regulatory Position 2f, regarding decontamination, is met since the exterior of the
loaded transfer cask is decontaminated prior to being removed from the plant's
fuel building. The exterior surface of the HI-TRAC transfer cask is designed for
ease of decontamination. In addition, an inflatable annulus seal is used to prevent
fuel pool water from contacting and contaminating the exterior surface of the
MPC.

Regulatory Position 2g, regarding monitoring of airborne radioactivity, is met
since the MPC provides confinement for all design basis conditions. There is no
need for monitoring since no airborne radioactivity is anticipated to be released
from the casks at an ISFSI.

* Regulatory Position 2h, regarding resin treatment systems, is not applicable to an
ISFSI since there are no treatment systems containing radioactive resins.

* Regulatory Position 2i, regarding other miscellaneous ALARA items, is met since
stainless steel is used in the MPC shell, the primary confinement boundary. This
material is resistant to the damaging effects of radiation and is well proven in the
SNF cask service. Use of this material quantitatively reduces or eliminates the
need to perform maintenance (or replacement) on the primary confinement
system.

10.1.3 Operational Considerations

Operational considerations that most directly influence occupational exposures with dry storage
systems in general and that have been incorporated into the design of the HI-STORM 100
System include:

totally-passive design requiring minimal maintenance and monitoring (other than
security monitoring) during storage;
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* remotely operated welding system, lift yoke, transfer slide or mating device and
moisture removal systems to reduce time operators spend in the vicinity of the
loaded MPC;

* maintaining water in the MPC and the annulus region during MPC closure
activities to reduce dose rates;

0 low fuel assembly lift-over height of the HI-TRAC maximizes water coverage
over assemblies during fuel assembly loading;

* a water-filled neutron shield jacket allows filling after removal of the HI-TRAC
from the spent fuel pool. This maximizes the shielding on the HI-TRAC without
exceeding the crane capacity;

0 descriptive operating procedures that provide guidance to reduce equipment
contamination, obtain survey information, minimize dose and alert workers to
possible changing radiological conditions;

* preparation and inspection of the HI-STORM and HI-TRAC in low-dose areas;

* MPC lid fit tests and inspections prior to actual loading to ensure smooth
operation during loading;

0 gas sampling of the MPC and HI-STAR 100 annulus (receiving from transport) to
assess the condition of the cladding and MPC confinement boundary;

* HI-STORM vent temperature elements (See Chapter 12) allow remote monitoring
of the vent operability surveillance;

* wetting of component surfaces prior to placement in the spent fuel pool to reduce
the need for decontamination;

* decontamination practices which consider the effects of weeping during HI-
TRAC transfer cask heat up and surveying of HI-TRAC prior to removal from the
fuel handling building;

* a sequence of operations based on ALARA considerations; and

* use of mock-ups and dry run training to prepare personnel for actual work
situations.

10.1.4 Auxiliary/Temporary Shielding

To minimize occupational dose during loading and unloading operations, a specially-designed
set of auxiliary shielding is available. The HI-STORM 100 auxiliary shielding consists of the
Automated Welding System Baseplate, the HI-TRAC Temporary Shield Ring, the annulus
shield, HI-STORM vent shield insert, the HI-TRAC transfer step or mating device, and the
shield panel trim plates. Additional supplemental shielding such as lead blankets and bricks or
other such shielding may also be used to help reduce dose rates. Each auxiliary shield is
described in Table 10.1.1, shown on Figure 10.1.1 and the procedures for utilization are provided
in Chapter 8. Other embodiments of the temporary shielding may also be used. Table 10.1.2
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provides the minimum requirements for use of the temporary shielding indicating optional and
required shielding. Users shall evaluate the need for auxiliary and temporary shielding and use
of special tooling to reduce the overall exposure based on an ALARA review of cask loading
operations and the MPC contents.
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Table 10.1.1
HI-STORM 100 AUXILIARY AND TEMPORARY SHIELDS

Temporary Description Utilization

Shield

Automated Thick gamma and neutron shield Used during MPC closure and
Welding circular plate that sits on the MPC lid. unloading operations in the cask
System Plate is set directly on the MPC. preparation area to reduce the dose
Baseplate Threaded lift holes are provided to rates around the MPC lid. The

assist in rigging, design of the closure ring allows the
baseplate shield to remain in place
during the entire closure operation.

HI-TRAC A water-filled tank that is placed atop Used during MPC and HI-TRAC
Temporary of the HI-STAR or HI-TRAC neutron closure operations and MPC
Shield Ring shield. transfers into HI-STAR to reduce

dose rates to the operators around
the top flange of the HI-TRAC.

Annulus A shield that is seated between the Used during MPC closure
Shield MPC shell and the HI-TRAC. operations to reduce streaming from

the annulus.

HI-TRAC A stepped block used to position the Used during HI-TRAC 100 or 125
Transfer Step pool lid and transfer lid at the same bottom lid replacement.

elevation. The transfer step creates a
tight seam between the two lids to
eliminate streaming during bottom lid
replacement.

HI-TRAC Device used to remove HI-TRAC pool Used during MPC transfer to the
Mating Device lid and to provide shielding during HI-STORM when used with

MPC transfer to HI-STORM.. HI-TRAC 100D or 125D

Shield Panel Four steel plates approximately 0.25 Used during MPC transfer to and
Trim Plates inch by 3 inch by 80 inch that are from HI-TRAC to shield the small

placed at the ends of the transfer lid top gap above and below the sliding
and bottom plate and secured by doors on the transfer lid.
clamps or other method deemed
suitable by the user.

HI-STORM Devices shaped to fit into the HI- Used during MPC transfer to and
Vent Shield STORM exit vents, from HI-STORM to eliminate the
Inserts streaming path from the exit vents

during MPC transfer operations.
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Table 10.1.2
HI-STORM 100 AUXILIARY AND TEMPORARY SHIELD REQUIREMENTS

Auxiliary Shielding Required for the Required for the
100-Ton HI-TRAC and 125-ton HI-TRAC and

HI-TRAC 100D HI-TRAC 125D
Temporary Shield Ring Note 1 Note I
Automated Welding System No No
Baseplate Shield
Annulus Shield Note 1 Note 1
Vent Duct Shield Inserts Note 2 Note 2
Transfer Step Yes (Note 3) Yes (Note 3)
Trim Plates No No
Mating Device Yes (Note 4) Yes (Note 4)

Notes:

I1. Users shall determine the need for this temporary shielding based on the specific
operations and the MPC contents.

2.

3.

4.

Not required for the HI-STORM IOOS Overpack.

Not used with the HI-TRAC 100D or 125D.

Used only with HI-TRAC IOOD or 125D
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Figure 10.1.1; HI-STORM 100 System Auxiliary/Temporary Shielding
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10.2 RADIATION PROTECTION DESIGN FEATURES

The development of the HI-STORM 100 System has focused on design provisions to
address the considerations summarized in Sections 10.1.2 and 10.1.3. The intent has
been to improve on past concrete-based dry storage system designs by developing HI-
STORM 100 as a hybrid of current metal and concrete storage system technologies. The
design is, therefore, an evolution in storage systems, which incorporates preferred
features from concrete storage, canister-based systems while retaining several of the
advantages of metal casks as well. This approach results in a reduction in the need for
maintenance, in overall radiation levels, and in the time spent on maintenance, when
compared with current concrete-based dry storage systems. The following specific
design features ensure a high degree of confinement integrity and radiation protection:

* HI-STORM 100 has been designed to meet storage condition dose rates
required by 1OCFR72 [10.0. 1 ] for three-year cooled fuel;

HI-STORM 100 has been designed to accommodate a maximum number
of PWR or BWR fuel assemblies to minimize the number of cask systems
that must be handled and stored at the storage facility and later transported
off-site;

HI-STORM 100 overpack structure is virtually maintenance free,
especially over the years following its initial loading, because of the outer
metal shell. The metal shell and its protective coating provide a high level
of resistanceto corrosion and other forms of degradation (e.g., erosion);

HI-STORM 100 has been designed for redundant, multi-pass welded
closures on the MPC; consequently, no monitoring of the confinement
boundary is necessary and no gaseous or particulate releases occur for
normal, off-normal or credible accident conditions;

HI-TRAC transfer cask utilizes a mating device or transfer step and other
auxiliary shielding devices which reduce streaming paths and simplify
operations;

" The pool lid maximizes available fuel assembly water coverage in the
spent fuel pool.

" The transfer lid and mating device are designed for quick alignment with
HI-STORM; and

* HI-STORM 100 has been designed to allow close positioning (pitch) on
the ISFSI storage pad, thereby increasing the ISFSI self-shielding by
decreasing the view factors and reducing exposures to on-site and off-site
personnel.
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10.3 ESTIMATED ON-SITE COLLECTIVE DOSE ASSESSMENT

This section provides the estimates of the cumulative exposure to personnel performing loading,
unloading and transfer operations using the HI-STORM system. This section uses the shielding
analysis provided in Chapter 5 and the operations procedures provided in Chapter 8 to develop a
dose assessment. The dose assessment is provided in Tables 10.3.1, 10.3.2, and 10.3.3.

The dose rates from the HI-STORM 100 overpack, MPC lid, HI-TRAC transfer cask, and HI-
STAR 100 overpack are calculated to determine the dose to personnel during the various loading
and unloading operations. The dose rates are also calculated for the various conditions of the
cask that may affect the dose rates to the operators (e.g., MPC water level, HI-TRAC annulus
water level, neutron shield water level, presence of temporary shielding). The dose rates around
the 100-Ton HI-TRAC transfer cask are based on 24 PWR fuel assemblies with a burnup of
60,000 MWD/MTU and cooling of 3 years including BPRAs. The dose rates around the 125-Ton
HI-TRAC transfer cask are based on 24 PWR fuel assemblies with a burnup of 75,000
MWD/MTU and cooling of 5 years including BPRAs. The dose rates around the HI-STORM
100 overpack are based on 24 PWR fuel assemblies with a burnup of 60,000 MWD/MTU and
cooling of 3 years. The selection of these fuel assembly types in all fuel cell locations bound all
possible PWR and BWR loading scenarios for the HI-STORM System from a dose-rate
perspective. The HI-STORM dose rates used in this chapter were calculated for the HI-STORM
100 S Version B. No assessment is made with respect to background radiation since background
radiation can vary significantly by site. In addition, exposures are based on work being
performed with the temporary shielding described in Table 10.1.2.

The choice of burnup and cooling times used in this chapter is extremely conservative. The
bounding burnup and cooling time that resulted in the highest dose rates around the 100-ton,
125-ton HI-TRACs, and HI-STORM 100S Version B were used. In addition, including the
source term from BPRAs increases the level of conservatism. The maximum dose rate due to
BPRAs was used in this analysis. As stated in Chapter 5, using the maximum source for the
BPRAs in conjunction with the bounding bumup and cooling time for fuel assemblies is very
conservative as it is not expected that burnup and cooling times of the BPRAs and fuel
assemblies would be such that they are both at the maximum design basis values. This combined
with the already conservative dose rates for the HI-TRACs and HI-STORMs results in an upper
bound estimate of the occupational exposure. Users' radiation protection programs will assure
appropriate temporary shielding is used based on actual fuel to be loaded and resulting dose rates
in the field.

For each step in Tables 10.3.1 through 10.3.3, the operator work location is identified. These
correspond to the locations identified in Figure 10.3.1. The relative locations refer to all HI-
STORM Overpacks. The dose rate location points around the transfer cask and overpack were
selected to model actual worker locations and cask conditions during the operation. Cask
operators typically work at an arms-reach distance from the cask. To account for this, an 18-inch
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distance was used to estimate the dose rate for the worker. This assessment addresses only the
operators that perform work on or immediately adjacent to the cask.

Justification for the duration of operations along with the corresponding procedure Sections from
Chapter 8 are also provided in the tables. The assumptions used in developing time durations are
based on mockups of the MPC, review of design drawings, walk-downs using other equipment to
represent the HI-TRAC transfer cask and HI-STORM 100 overpack the HI-STAR 100 overpack
and MPC-68 prototype, consultation with UST&D (weld examination) and consultation with
cask operations personnel from Calvert Cliffs Nuclear Power Plant (for items such as lid
installation and decontamination). In addition, for the shielding calculations, only the
Temporary Shield Ring was assumed to be in place for applicable portions of the operations.

Tables 10.3. l a, 10.3.1 b, and 10.3. 1 c provide a summary of the dose assessment for a HI-STORM
100 System loading operation using the 125-ton HI-TRAC, the 100-ton HI-TRAC, and the HI-
TRAC 125D respectively. Tables 10.3.2a, 2b, and 2c provide a summary of the dose assessment
for HI-STORM 100 System unloading operations using the 125-ton HI-TRAC, the 100-ton HI-
TRAC, and HI-TRAC 125D respectively. Tables 10.3.3a, 3b, and 3c provide a summary of the
dose assessment for transferring the MPC to a HI-STAR 100 overpack as described in Section
8.5 of the operating procedures using the 125-ton HI-TRAC, the 100-ton HI-TRAC, and 125-ton
HI-TRAC 125D, respectively. The HI-TRAC 100D was not specifically analyzed since, as
stated in Section 5.4, the dose rates from the HI-TRAC 100 and IOOD are similar at 1 meter from
the overpack. In addition, the results for the HI-TRAC 125 and 125D indicate that there is only a
small difference in the occupational exposure from using a mating device (HI-TRAC 125D)
rather than transfer doors. Therefore, the use of the mating device in the HI-TRAC I OOD does
not result in occupational exposures significantly different than those presented for the 100-ton
HI-TRAC.

10.3.1 Estimated Exposures for Loading and Unloading Operations

The assumptions used to estimate personnel exposures are conservative by design. The main
factors attributed to actual personnel exposures are the age and burnup of the spent fuel
assemblies and good ALARA practices. To estimate the dose received by a single worker, it
should be understood that a canister-based system requires a diverse range of disciplines to
perform all the necessary functions. The high visibility and often critical path nature of fuel
movement activities have prompted utilities to load canister systems in a round-the-clock mode
in most cases. This results-in the exposure being spread out over several shifts of operators and
technicians with no single shift receiving a majority of the exposure.

The total person-rem exposure from operation of the HI-STORM 100 System is proportional to
the number of systems loaded. A typical utility will load approximately four MPCs per reactor
cycle to maintain the current available spent fuel pool capacity. Utilities requiring dry storage of
spent fuel assemblies typically have a large inventory of spent fuel assemblies that date back to
the reactor's first cycle. The older fuel assemblies will have a significantly lower dose rate than
the design basis fuel assemblies due to the extended cooling time (i.e., much greater than the
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values used to compute the dose rates). Users shall assess the cask loading for their particular
fuel types (bumup, cooling time) to satisfy the requirements of IOCFR20 [ 10.1. 1 ].

For licensees using the 100-Ton HI-TRAC transfer cask, design basis dose rates will be higher
(than a corresponding 125-Ton HI-TRAC) due to the decreased mass of shielding. Due to the
higher expected dose rates from the 100-Ton HI-TRAC, users may need to use the auxiliary
shielding (See Table 10.1.2), and should consider preferential loading, and increased precautions
(e.g., additional temporary or auxiliary shielding, remotely operated equipment, additional
contamination prevention measures). Actual use of optional dose reduction measures must be
decided by each user based on the fuel to be loaded.

10.3.2 Estimated Exposures for Surveillance and Maintenance

Table 10.3.4 provides an estimate of the occupational exposure required for security surveillance
and maintenance of an ISFSI. Security surveillance time is based on a daily security patrol
around the perimeter of the ISFSI security fence. Users may opt to utilize electronic temperature
monitoring of the HI-STORM modules or remote viewing methods instead of performing direct
visual observation of the modules. Since security surveillances can be performed from outside
the ISFSI, and since the ISFSI fence is typically positioned such that the area outside the fence is
not a radiation area, a dose rate of 3 mrem/hour is estimated. Although the HI-STORM 100
System requires only minimal maintenance during storage (e.g. touch-up paint), maintenance
will be required around the ISFSI for items such as security equipment maintenance, grass
cutting, snow removal, vent system surveillance, drainage system maintenance, and lighting,
telephone, and intercom repair. Since most of the maintenance is expected to occur outside the
actual cask array, a dose rate of 10 mrem/hour is estimated
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Table 10.3.1a
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75.000 MWD/MTU. 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE

ACIN(MNTS) (IUERAO OPRTOS OERTRANIIDLAT DOSE TO TOA

DURATION LOCATION NUMBER OF AT DS O DOSEACTION LOCEATIOR INDIVIDUAL (PE ASSUMPTIONS(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-

10.3.1) (M!REM/HR) MREM)

Section 8.1.4
LOAD PRE-SELECTED FUEL 1020 1 2 1 17.0 34.0 15 MINUTES PER ASSEMBLY/68 ASSY
ASSEMBLIES INTO MPC ER __________ 1SS4
PERFORM POST-LOADING VISUAL
VERIFICATION OF ASSEMBLY 68 1 2 I 1.1 2.3 1 MINUTES PER ASSY/68 ASSY
IDENTIFICATION

Section 8.1.5
INSTALL MPC LID AND ATTACH LIFT 45 2 2 2.0 1.5 3.0 CONSULTATION WITH CALVERT
YOKE CLIFFS
RAISE HI-TRAC TO SURFACE OF 20 2 2 2.0 0.7 1.3 40 FEET @ 2 FT/INUTE (CRANE
SPENT FUEL POOL SPEED)
SURVEY MPC LID FOR HOT 3 3A I 31.1 1.6 1.6 TELESCOPING DETECTOR USED
PARTICLES
VERIFY MPC LID IS SEATED 0.5 3A 1 31.1 0.3 0.3 VISUAL VERIFICATION FROM 3

METERS
INSTALL LID RETENTION SYSTEM 6 3B 2 46.4 4.6 9.3 24 BOLTS @ 2/PERSON-MINUTE
BOLTS
REMOVE 1I-TRAC FROM SPENT FUEL 8.5 3C I 117.8 16.7 16.7 17 FEET @ 2 FT/MIN (CRANE SPEED)
POOL
DECONTAMINATE HI-TRAC BOTTOM 10 3D 1 142.0 23.7 23.7 LONG HANDLED TOOLS,

PRELIMINARY DECON
TAKE SMEARS OF HI-TRAC 5 5B I 185.3 15.4 15.4 50 SMEARS @ 10 SMEARS/MINUTE
EXTERIOR SURFACES
DISCONNECT ANNULUSOVRESU SYS 0.5 5C 1 82.7 0.7 0.7 QUICK DISCONNECT COUPLINGOVERPRESSURE SYSTEM

SET HI-TRAC IN CASK PREPARATION 10 4A 1 46.4 7.7 7.7 100 FT @ 10 FT/MIN (CRANE SPEED)
AREA
REMOVE NEUTRON SHIELD JACKETFILL PLUG S 4A 1 46.4 1.5 1.5 SINGLE PLUG, NO SPECIAL TOOLSFILL PLUG
INSTALL NEUTRON SHIELD JACKET 25 8. . . IGEPUN PCA OLFILL PLUG I 5B I I8. 6. . INGEPUN PCA OL

DISCONNECT LID RETENTION 6 5A 2 373 24 BOLTS @ 2 BOLT/PERSON
SYSTEM I 5A 2I37.3_3.7 I MINUTES
MEASURE DOSE RATES AT MPC LID 3 5A 1 37.3 1.9 1.9 TELESCOPING DETECTOR USED

See notes at bottom of Table 10.3.4.
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Table 10.3.1a
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE

AT DOSE TO TOA
DURATION LOCATION NUMBER OF AT DOSE ASSTOTON

ACTION (MINUTES)OPERATOR INDIVIDUAL ASSUMPTIONS
OPERATORS LOCATION (MREM) (PERSON-

10.3.1) (MREM/iR) MREM)

DECONTAMINATE AND SURVEY HI- 490 SQ-FT@5 SQ-FT/PRERSON-

TRAC 103 5B 1 185.3 318.1 318.1 MINUTE+50 SMEARS@IO
SMEARS/MINUTE

INSTALL TEMPORARY SHIELD 16 6A 2 18.7 5.0 10.0 8 SEGMENTS @ I SEGMENT/PERSON
MIN

FILL TEMPORARY SHIELD RING 25 6A 1 18.7 7.8 7.8 230 GAL @IOGPM, LONG HANDLED
SPRAY WAND

ATTqACH DRAIN LINE TO HI-TRACDRAIN LINE 0.5 5C 1 82.7 0.7 0.7 QUICK DISCONNECT COUPLING
DRAIN PORT

INSTALL RVOAs 2 6A 1 18.7 0.6 0.6 SINGLE THREADED CONNECTION X 2
RVOAs

ATTACH WATER PUNT TO DRAINAT 2 6A 1 18.7 0.6 0.6 POSITION PUMP SELF PRIMING
PORT

DISCONNECT WATER PUMP 5 6A 1 18.7 1.6 1.6 DRAIN HOSES MOVE PUMP
DECONTAMINATE MPC LID TOP
SURFACE AND SHELL AREA ABOVE 6 6A I 18.7 1.9 1.9 30 SQ-FT @5 SQ-FT/MINUTE+10

INFLATABLE ANNULUS SEAL SMEARS@I0 SMEARS/MINUTE
REMOVE INFLATABLE ANNULUSSEAL 3 6A 1 18.7 0.9 0.9 SEAL PULLS OUT DIRECTLY

SURVEY MPC LID TOP SURFACES
AND ACCESSIBLE AREAS OF TOP I 6A 1 18.7 0.3 0.3 10 SMEARS@10 SMEARS/MINUTE
THREE INCHES OF MPC SHELL
INSTALL ANNULUS SHIELD 2 6A 1 18.7 0.6 0.6 SHIELD PLACED BY HAND

CENTER LID IN MPC SHELL 20 6A 3 18.7 6.2 18.7 CONSULTATION WITH CALVERT
CLIFFS

INSTALL MPC LID SHIMS 12 6A 2 18.7 3.7 7.5 MEASURED DURING WELD MOCKUP
TESTING

POSITION AWS BASEPLATE SHIELD
ON MPC LID 20 7A 2 18.7 6.2 12.5 ALIGN AND REMOVE 4 SHACKLES

INSTALL AUTOMATED WELDING 8 7A 2 18.7 2.5 5.0 ALIGN AND REMOVE 4 SHACKLES/4
SYSTEM ROBOT 8 QUICK CONNECTS@ 1/MIN
PERFORM NDE ON LID WELD 230 7A 1 18.7 71.7 71.7 MEASUREDDURINGWELDMOCKUP

TESTING
ATTACH DRAIN LINE TO VENT PORT I 7A 1 18.7 0.3 0.3 I" THREADED FITTING NO TOOLS
VISUALLY EXAMINE MPC LID-TO-
SHELL WELD FOR LEAKAGE OF 10 7A I 18.7 3.1 3.1 10 MIN TEST DURATION
WATER
DISCONNECT WATER FILL LINE AND
DRAIN LINE 1 _2 7A 1 18.7 0.6 0.6 1_" THREADED FITTING NO TOOLS X 2
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Table 10.3.1a
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATEAT DOSE TO TOA

DURATION LOCATION NUMBER OF AT DS O DOSE
ACTION DURATION LCION OPERAOSOPERATOR INDIVIDUAL DOSE ASSUMPTIONS(MINUTES) (FIGURE OPERATORS LOCATION (MREM) M(REM)

1O.3.i) (MREMIHR)

REPEAT LIQUID PENETRANT 5 MIN TO APPLY, 7 MIN TO WIPE, 5
EXAMINATION ON MPC LID FINAL 45 7A 1 18.7 14.0 14.0 MI A PL(24MhJTOIP,
PASS APPLY DEV, INSP (24 IN/MIN)
ATTACH GAS SUPPLY TO VENT PORT I 7A I 18.7 0.3 0.3 I" THREADED FITTING NO TOOLS
ATTACHDRAINLINETODRAIN I 7A 1 18.7 0.3 0.3 1" THREADED FITTING NO TOOLS
PORT _____

Deletted

Deleted SIMPLE ATTACHMENT NO TOOLS

ATTACH DRAIN LINE TO VENT PORT 1 8A 1 37.9 0.6 0.6 1" THREADED FIT7ING NO TOOLS
ATTACH WATER FILL LINE TO DRAIN 1 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
PORT
DISCONNECT WATER FILL DRAIN 2 8A 1 37.9 1.3 1.3 1 THREADED FITTING NO TOOLS X
LINES FROM MPC 2
AOTACH HELIUM SUPPLY TO VENT I 8A 1 37.9 0.6 0.6 I" THREADED FITTING NO TOOLS
PORT
ATTACH DRAIN LINE TO DRAIN I 8A 1 37.9 0.6 0.6 1 THREADED FITING NO TOOLS
PORT
DISCONNECT GAS SUPPLY LINE I 8A 1 37.9 0.6 0.6 I" THREADED FITTING NO TOOLS
FROM MPC
DISCONNECT DRAIN LINE FROM MPC I 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
ATTACH MOISTURE REMOVAL
SYSTEM TO VENT AND DRAIN PORT 2 8A 1 37.9 1.3 1.3 I" THREADED FITTING NO TOOLS
RVOAs
DISCONNECT MOISTURE REMOVAL 2 8A 1 37.9 1.3 1.3 1" THREADED FITTING NO TOOLS X
SYSTEM FROM MPC 2
CLOSE DRAIN PORT RVOA CAP AND 1.5 8A 1 37.9 0.9 0.9 SINGLE THREADED CONNECTION (1
REMOVE DRAIN PORT RVOA RVOA)
ATTACH HELIUM BACKFILL SYSTEM I 8A 1 37.9 0.6 0.6 1' THREADED FITTING NO TOOLS
TO VENT PORT
DISCONNECT HBS FROM MPC I 8A I 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
CLOSE VENT VENT PRVOA AND 1.5 8A I 37.9 0.9 0.9 SINGLE THREADED CONNECTION (I
DISCONNECT VENT PORT RVOA RVOA)
WIPE INSIDEAREAOF VENTAND 2 8A 1 37.9 1.3 1.3 2 PORTS, I MIN/PORT
DRAIN PORT RECESSES
PLACE COVER PLATE OVER VENT I 8 1 37.9 0.6 0.6 INSTALLED BY HAND NO TOOLS
PORT RECESS (2/MIN)
PERFORM NDE ON VENT AND DRAIN 100 8A I 37.9 63.2 632 MEASURED DURING WELD MOCKUP
COVER PLATE WELD TESTING
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Table 10.3.1a
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATEAT DOSE TO TOA

DURATION LOCATION NUMBER OF AT DS O DOSE
ACTION DURATION LCION OPERAOF OPERATOR INDIVIDUAL DOSE ASSUMPTIONS(MINUTES) (FIGURE OPERATORS LOCATION (MREM) MREM)

10.3.1) (MREM/HR)

FLUSH CAVITY WITH HELIUM AND 2 8A 1 37.9 1.3 1.3 4 SET SCREWS @2/ITNUTE
INSTALL SET SCREWS
PLUG WELD OVER SET SCREWS 8 8A 1 37.9 5.1 5.1 FOUR SINGLE SPOT WELDS @1 PER 2

MINTES
INSTALL MSLD OVER VENT PORT 2 8A 1 37.9 1.3 1.3 INSTALLED BY HAND, NO TOOLS
COVER PLATE
INSTALL MSLD OVER DRAIN PORT 2 8A 1 37.9 1.3 1.3 INSTALLED BY HAND, NO TOOLS
COVER PLATE
INSTALL AND ALIGN CLOSURE RING 5 8A 1 37.9 3.2 3.2 INSTALLED BY HAND NO TOOLS
PERFORM NDE ON CLOSURE RING 185 IA I 37.9 116.9 116.9 MEASURED DURING WELD MOCKUP
WELDS 8AII_37.9 116.9_116.9 TESTING
RIG AWS TO CRANE 12 8A I 37.9 7.6 7.6 10MINTODISCONNECTLINES,4

I SHACKLESa2/MIN
Section 8.1.6

REMOVE ANNULUS SHIELD I 8A I 37.9 0.6 0.6 SHIELD PLACED BY HAND
ATTACH DRAIN LINE TO HI-TRAC I 9D 1 354.2 5.9 5.9 I" THREADED FITTING NO TOOLS
POSITION HI-TRAC TOP LID 10 9B 2 37.9 6.3 12.6 VERTICAL FLANGED CONNECTION
TORQUE TOP LID BOLTS 12 9B 1 37.9 7.6 7.6 24 BOLTS AT 2/MIN (INSTALL AND

TORQUE, I PASS)
INSTALL MPC LIFT CLEATS AND MPC 25 9A 2 158.5 66.0 132.1 INSTALL CLEATS AND HYDRO
SLINGS TORQUE 4 BOLTS
REMOVE TEMPORARY SHIELD RING 9B I 37.9 0.6 0.6 8 PLUGS @ 8/MIN
DRAIN PLUGS
REMOVE TEMPORARY SHIELD RING 4 9A 1 158.5 10.6 10.6 REMOVED BY HAND NO TOOLS (8
SEGMENTS SEGS@2fMIN)
ATTACH MPC SLINGS TO LIFT YOKE 4 9A 2 158.5 10.6 21.1 INSTALLED BY HAND NO TOOLS
POSITION HI-TRAC ABOVE 15 9C 1 117.8 29.5 29.5 I00 FT @ 10 FT/MIN (CRANE SPEED)+
TRANSFER STEP 5_MIN TO ALIGN

REMOVE BOTTOM LID BOLTS 6 10A I 354.2 35.4 35.4 36 BOLTS@6 BOLTS/MIN IMPACT
TOOLS USED

INSTALL TRANSFER LID BOLTS 18 IIB I 354.2 106.3 106.3 36 BOLTS @ 2/MIN IMPACT TOOLS
USED I PASS

DISCONNECT MPC SLINGS 4 9A 2 158.5 10.6 21.1 INSTALLED BY HAND NO TOOLS
Section 8.1.7

POSITION HI-TRAC ON TRANSPORT 20 I1A 2 117.8 39.3 78.5 ALIGN TRUNNIONS, DISCONNECT
DEVICE LIFT YOKE
TRANSPORT HI-TRAC TO OUTSIDE 90 12A 3 26.4 39.6 118.8 DRIVER AND 2 SPOTTERS
TRANSFER LOCATION
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Table 10.3.1a
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATEAT DOSE TO TOADURATION LOCATION NUMBER OF AT DS O DOSE

ACTION DI.NTESN LCION OPERAOS OPERATOR INDIVIDUAL DOSE ASSUMPTIONS(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-
10.3.1) (MREM/HR) MREM)

ATTACHOUTSIDELIFTINGDEVICE 2 12A 2 26.4 0.9 1.8 2 LINKS@I/MIN
LIFT LINKS
MATE OVERPACKS 10 13B 2 118.5 19.8 39.5 ALIGNMENT GUIDES USED
ATTACH MPC SLINGS TO MPC LIFT 10 13A 2 158.5 26.4 52.8 2 SLINGS@5MIN/SLING NO TOOLS
CLEATS
REMOVE TRANSFER LID DOORLOVE TRANSFEROLINDOOR 4 13B 2 118.5 7.9 15.8 2 PINS@2MIN/PINLOCKING PINS AND OPEN DOORS

INSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 INSTALLED BY HAND
DISCONNECT SLINGS FROM MPC 10 13A 2 158.5 26.4 52.8 2 SLINGS@5MIN/SLING
LIFTING DEVICE
REMOVE MPC LIFT CLEATS AND PC 10 14A 1 487.4 81.2 81.2 4 BOLTS,NO TORQUING
SLINGS
INSTALL HOLE PLUGS IN EMPTY 2 14A I 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING
MPC BOLT HOLES
REMOVE HI-STORM VENT DUCT 2 15A 1 43.9 1.5 1.5 4 SHACKLES@2/MIN
SHIELD INSERTS
REMOVE ALIGNMENT DEVICE 4 15A 1 43.9 2.9 2.9 REMOVED BY HAND NO TOOLS

PCS@I/MIN)
INSTALL HI-STORM LID AND 25 16A 2 11.7 4.9 9.8 INSTALL LID AND HYDRO TORQUE 4
INSTALL LID STUDS/NUTS BOLTS
INSTALL HI-STORM EXIT VENT 4 16B I 205.5 13.7 13.7 4 PCS @ IIN INSTALL BY HAND NO
GAMMA SHIELD CROSS PLATES TOOLS

INSTALL TEMPERATURE ELEMENTS 20 16B I 205.5 68.5 68.5 4@5MINrTEMPERATURE ELEMENT
INSTALL EXIT VENT SCREENS 20 16B 1 205.5 68.5 68.5 4 SCREENS@5MIN/SCREEN
REMOVE HI-STORM LID LIFTING 2 16A 1 11.7 0.4 0.4 4 SHACKLES@2/MIN
DEVICE
INSTALL HOLE PLUGS IN EMPTY 2 16A I 11.7 0.4 0.4 4 PLUGS AT 2/MIN NO TORQUING
HOLES _____
PERFORM SHIELDINGEFFRVESSIESTING 16 16D 2 122.7 32.7 65.4 16 POINTS@I MINEFFECTIVENESS TESTING

SECURE HI-STORM TO TRANSPORT 10 16A 2 11.7 2.0 3.9 ASSUMES AIR PAD
DEVICE 161709 S SR
TRANSFER HI-STORM TO ITSDESIGNATEDSTORG LOCATI 40 16C 1 69.7 46.5 46.5 200 FEET @ 4FT/MINDESIGNATED STORAGE LOCATION

INSERT HI-STORM LIFTING JACKS 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MIN
REMOVE AIR PAD 5 16D 2 122.7 10.2 20.5 1 PAD MOVED BY HAND
REMOVE HI-STORM LIFTING JACKS 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MIN
INSTALL INLET VENTSNS/COS PLAT 20 16D I 122.7 40.9 40.9 4 SCREENS@5MIN/SCREENSCREENS/CROSS PLATES
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Table 10.3.1a
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATETOTALAT DOSE TO

DURATION LOCATION NUMBER OF AT DS o DOSE
ACTION DURATION LCION NMERAOF OPERATOR INDIVIDUAL ASSUMPTIONS(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-

10.3.1) (MREM/HR)

PERFORM AIR TEMPERATURE RISE 8 16B 1 205.5 27.4 27.4 8 MEASUREMENTS@ 1MIN
TEST

TOTAL 2063.1 PERSON-MREM
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Table 10.3.1b
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
DOSE RATEOPERATOR ATo TOTAL

AT DOSETDURATION LOCATION NUMBER OF AT DSET DOTAL
ACTION MUTESN (FIGR 1 OPERATOR INDIVIDUAL DOSE ASSUMPTIONS

(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-
10.3.1) (MREM/HR) MREM)

Section 8.1.4
LOAD PRE-SELECTED FUEL 1020 1 2 3 51.0 1020 15 MINUTES PER ASSEMBLY/68
ASSEMBLIES INTO MPC ASSY
PERFORM POST-LOADING VISUAL
VERIFICATION OF ASSEMBLY 68 1 2 3 3.4 6.8 1 MINUTES PER ASSY/68 ASSY
IDENTIFICATION

Section &.1.5

INSTALL MPC LID AND ATTACH 45 2 2 3 2.3 45 CONSULTATION WITH CALVERT
LIFT YOKE CLIFFS
RAISE HI-TRAC TO SURFACE OF 20 2 2 3 1.0 2.0 40 FEET @ 2 FT/MINUTE (CRANE
SPENT FUEL POOL SPEED)
SURVEY MPC LID FOR HOT 3 3A I 37.6 1.9 1.9 TELESCOPING DETECTOR USED
PARTICLES
VERIFY MPC LID IS SEATED 0.5 3A 1 37.6 0.3 0.3 VISUAL VERIFICATION FROM 3

METERS
INSTALL LID RETENTION SYSTEM 6 3B 2 90.3 9.0 18.1 24 BOLTS @ 2/PERSON-MINUTE
BOLTS
REMOVE HI-TRAC FROM SPENT 8.5 3C 1 837.0 118.6 118.6 17 FEET @ 2 FT/MIN (CRANE
FUEL POOL SPEED)
DECONTAMINATE HI-TRAC 10 3D I 554.8 92.5 92.5 LONG HANDLED TOOLS,
BOTTOM PRELIMINARY DECON
TAKE SMEARS5OHI-TRAC 5 B 1 1091.9 91.0 91.0 50 SMEARS @ 10 SMEARS/MINUTE
EXTERIOR SURFACES
DISCONNECT ANNULUSOVRESU SYS 0.5 5C 1 282.1 2.4 2.4 QUICK DISCONNECT COUPLINGOVERPRESSURE SYSTEM

SETHI-TRACINCASK 10 4A 1 90.3 15.1 15.1 100 FT @ 10 FT/MIN (CRANE SPEED)
PREPARATION AREA
REMOVE NEUTRON SHIELD 2 4A 1 90.3 3.0 3.0 SINGLE PLUG, NO SPECIAL TOOLS
JACKET FILL PLUG
INSTALL NEUTRON SHIELD 2 5B 1 1091.9 36.4 36.4 SINGLE PLUG, NO SPECIAL TOOLS
JACKET FILL PLUG
DISCONNECT LID RETENTION 6 5A 2 69.8 7.0 14.0 24 BOLTS @ 2 BOLT/PERSON
SYSTEM MINUTES

See notes at bottom of Table 10.3.4.
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Table 10.3.1b
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATEAT DOSE TO TOA

DURATION LOCATION NUMBER OF A OE DOSE
ACTION DURATION LCION NMERAOF OPERATOR INDIVIDUAL DOSE ASSUMPTIONS

(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-
10.3.1) (MREM/HR) MREM)

MEASURE DOSE RATES AT MPC 3 5A 1 69.8 3.5 3.5 TELESCOPING DETECTOR USED
LID

DECONTAMINATE AND SURVEY 490 SQ-FT@5 SQ-FT/PRERSON-

HI-TRAC 103 5B 1 1091.9 1874.4 1874.4 MINUTE+50 SMEARS@10
SMEARS/MINUTE

INSTALL TEMPORARY SHIELD 16 6A 2 34.2 9.1 18.2 8 SEGMENTS @ I
SEGMENT/PERSON MIN

FILL TEMPORARY SHIELD RING 25 6A 1 34.2 14.3 14.3 230 GAL @IOGPM, LONG HANDLED
SPRAY WAND

ATTACH DRAIN LINE TO HI-TRAC 0.5 5C I 282.1 2.4 2.4 QUICK DISCONNECT COUPLING
DRAIN PORT
INSTALL RVOAs 2 6A 1 34.2 1.1 1.1 SINGLE THREADED CONNECTION

X 2 RVOAs
ATTACH WATER PUMP TO DRAIN 2 6A 1 34.2 1.1 1.1 POSITION PUMP SELF PRIMING
PORT
DISCONNECT WATER PUMP 5 6A 1 34.2 2.9 2.9 DRAIN HOSES MOVE PUMP
DECONTAMINATE MPC LID TOP
SURFACE AND SHELL AREA 6A 34.2 3.4 3.4 30 SQ-FT @5 SQ-FT/MINUTE+10
ABOVE INFLATABLE ANNULUS SMEARS@10 SMEARS/MINUTE
SEAL
REMOVE INFLATABLE ANNULUS 3 6A I 34.2 1.7 1.7 SEAL PULLS OUT DIRECTLY
SEAL
SURVEY MPC LID TOP SURFACES
AND ACCESSIBLE AREAS OF TOP I 6A I 34.2 0.6 0.6 10 SMEARS@10 SMEARS/MINUTE
THREE INCHES OF MPC SHELL
INSTALL ANNULUS SHIELD 2 6A 1 34.2 1.1 1.1 SHIELD PLACED BY HAND

CENTER LID IN MPC SHELL 20 6A 3 34.2 11.4 34.2 CONSULTATION WITH CALVERT
CLIFFS

INSTALL MPC LID SHIMS 12 6A 2 34.2 6.8 13.7 MEASURED DURING WELD
MOCKUP TESTING

POSITION AWS BASEPLATE 20 7A 2 34.2 11.4 22.8 ALIGN AND REMOVE 4 SHACKLES
SHIELD ON MPC LID
INSTALL AUTOMATED WELDING ALIGN AND REMOVE 4
SYSTEM ROBOT 8 7A 2 34.2 4.6 9.1 SHACKLES/4 QUICK

CONNECTS(a)I/MIN

PERFORM NDE ON LID WELD 230 7A 1 34.2 131.1 131.1 MEASUREDDURING WELD
I_ _ I _ MOCKUP TESTING
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Table 10.3.1b
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTAL

DURATION LOCATION NUMBER OF AT DOSE TO DOSEACTION (MIUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL (PERSON- ASSUMPTIONS
10.3.1) LOCATION (MREM) MREM)

___________________________ (MREM/HR) ______

ATTACH DRAIN LINE TO VENT I 7A I 34.2 0.6 0.6 1" THREADED FITTING NO TOOLS
PORT
VISUALLY EXAMINE MPC LID-TO-
SHELL WELD FOR LEAKAGE OF I0 7A 1 34.2 5.7 5.7 10 MIN TEST DURATION
WATER
DISCONNECT WATER FILL LINE 2 7A I 34.2 1.1 1.1 1" THREADED FITTING NO TOOLS
AND DRAIN LINE X 2
REPEAT LIQUID PENETRANT
EXAMINATION ON MPC LID FINAL 45 7A 1 34.2 25.7 25.7 5 MIN TO APPLY, 7 MIN TO WIPE, 5PASS APPLY DEV, INSP (24 IN/MIN)PASS

ATTACH GAS SUPPLY TO VENT I 7A 1 34.2 0.6 0.6 1" THREADED FITTING NO TOOLS
PORT
ATTACH DRAIN LINE TO DRAINPTT I 7A I 34.2 0.6 0.6 1 THREADED FITTING NO TOOLSPORT

Deleted
Deleted
ATTACH DRAIN LINE TO VENT I 8A 1 79.5 1.3 1.3 1" THREADED FITTING NO TOOLS
PORT
ATTACH WATER FILL LINE TO I 8A 1 79.5 1.3 1.3 1" THREADED FITTING NO TOOLS
DRAIN PORT
DISCONNECT WATER FILL DRAIN 2 8A 1 79.5 2.7 2.7 I" THREADED FITTING NO TOOLS
LINES FROM MPC X 2
ATTACH HELIUM SUPPLY TO I 8A 1 79.5 1.3 1.3 1 THREADED FITTING NO TOOLS
VENT PORT
ATTACH DRAIN LINE TO DRAIN I 8A I 79.5 1.3 1.3 1" THREADED FITTING NO TOOLS
PORT
DISCONNECT GAS SUPPLY LINE I 8A 1 79.5 1.3 1.3 1" THREADED FITTING NO TOOLS
FROM MPC
DISCONNECT DRAIN LINE FROM I 8A 1 79.5 1.3 1.3 1" THREADED FITTING NO TOOLS
MPC
ATTACH MOISTURE REMOVAL
SYSTEM 0 TO VENT AND DRAIN 2 8A I 79.5 2.7 2.7 1 THREADED FITTING NO TOOLS
PORT RVOAs
DISCONNECT MOISTURE I" THREADED FITTING NO TOOLS
REMOVAL SYSTEM FROM MPC X 2
CLOSE DRAIN PORT RVOA CAP SINGLE THREADED CONNECTION
AND REMOVE DRAIN PORT RVOA (1 RVOA)
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Table 10.3.1b
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE

DURATION LOCATION NUMBER OF AT DOSE TO DOSE
ACTION OPERATOR INDIVIDUAL DOSE ASSUMPTIONS

(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-
10.3.1) (MREM/HR) MREM)

ATTACH HELIUM BACKFILL I 8A I 79.5 1.3 1.3 1" THREADED FITTING NO TOOLS
SYSTEM TO VENT PORT
DISCONNECT HBS FROM MPC I 8A 1 79.5 1.3 1.3 1" THREADED FITTING NO TOOLS
CLOSE VENT PORT RVOA AND SINGLE THREADED CONNECTION
DISCONNECT VENT PORT RVOA (I RVOA)
WIPE INSIDE AREA OF VENT AND 2 8A 1 79.5 2.7 2.7 2 PORTS, I MIN/PORT
DRAIN PORT RECESSES
PLACE COVER PLATE OVER VENT 8A 1 79.5 1.3 13 INSTALLED BY HAND NO TOOLS
PORT RECESS (2/MIN)
PERFORM NDE VENT AND DRAIN 100 8A 1 79.5 132.5 12 MEASURED DURING WELD
COVER PLATE WELD MOCKUP TESTING
FLUSH CAVITY WITH HELIUM AND 2 8A I 79.5 2.7 2.7 4 SET SCREWS @2/MINUTE
INSTALL SET SCREWS

PLUG WELD OVER ET SCREWS 8 8A I 79.5 10.6 10.6 FOUR SINGLE SPOT WELDS@ I
PER 2 MINTES

INSTALL MSLD OVER VENT PORT 2 8A I INSTALLED BY HAND, NO TOOLS

INSTALL MSLD OVER DRAIN PORT 2 8A I INSTALLED BY HAND, NO TOOLS
COVER PLATE
INSTALL AND ALIGN CLOSURE 5 8A 1 79.5 6.6 6.6 INSTALLED BY HAND NO TOOLS
RING
PERFORM NDE ON CLOSURE RING 185 8A 1 79.5 245.1 245.1 MEASURED DURING WELD
WELDS 185 8Al 79.5 245. I _245.1 MOCKUP TESTING

RIG AWS TO CRANE 12 8A I 79.5 15.9 15.9 10MINTODISCONNECTLINES,4
1_ 1_ 1_ 1_ 1 1 1 SHACKLES E2/MIN

Section 8.1.6
REMOVE ANNULUS SHIELD I 8A 1 79.5 1.3 1.3 SHIELD PLACED BY HAND
ATTACH DRAIN LINE TO HI-TRAC 1 9D 1 2190.1 36.5 36.5 1" THREADED FITTING NO TOOLS
POSITION HI-TRAC TOP LID 10 9B 2 79.5 13.3 26.5 VERTICAL FLANGED CONNECTION
TORQUE TOP LID BOLTS 12 9B 1 79.5 15.9 15.9 24 BOLTS AT 2/MIN (INSTALL AND

TORQUE,1 PASS)

INSTALL MPC LIFT CLEATS AND 25 9A 2 363.8 151.6 303.2 INSTALL CLEATS AND HYDRO
MPC SLINGS I TORQUE 4 BOLTS
REMOVE TEMPORARY SHIELD I 9B 1 79.5 1.3 1.3 8 PLUGS @ 8/MIN
RING DRAIN PLUGS
REMOVE TEMPORARY SHIELD 4 9A 1 363.8 24.3 24.3 REMOVED BY HAND NO TOOLS (8
RING SEGMENTS SEGS@2/MIN)
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Table 10.3.1b
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTAL

DURATION LOCATION NUMBER OF AT DOSE TO DOSE
ACTION (MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL ASSUMPTIONS

10.3.1) LOCATION (MREM) MREM)
10.3.1) (M[REM/HR)

ATTACH MPC SLINGS TO LIFT 4 9A 2 363.8 24.3 48.5 INSTALLED BY HAND NO TOOLS
YOKE
POSITION HI-TRAC ABOVE 15 9C 1 900.9 225.2 225.2 100 FT @ 10 FT/MIN (CRANE
TRANSFER STEP SPEED)+ 5MIN TO ALIGN

REMOVE BOTTOM LID BOLTS 6 I0A 1 2190.1 219.0 219.0 36 BOLTS@6 BOLTS/MIN IMPACT
TOOLS USED

INSTALL TRANSFER LID BOLTS 18 IIB 1 2190.1 657.0 657.0 36 BOLTS@2/MIN IMPACT TOOLS
USED I PASS

DISCONNECT MPC SLINGS 4 9A 2 363.8 24.3 48.5 INSTALLED BY HAND NO TOOLS
Section 8.1.7

POSITION -I-TRAC ON TRANSPORT 20 1 IA 2 900.9 300.3 600.6 ALIGN TRUNNIONS, DISCONNECT
DEVICE LIFT YOKE
TRANSPORT HI-TRAC TO OUTSIDE 90 12A 3 35.2 52.8 158.4 DRIVER AND 2 SPOTTERS
TRANSFER LOCATION
ATTACH OUTSIDE LIFTING DEVICE 2 12A 2 35.2 1.2 2.3 2 LINKS@I/MIN
LIFT LINKS
MATE OVERPACKS 10 13B 2 692.0 115.3 230.7 ALIGNMENT GUIDES USED
ATTACH MPC SLINGS TO MPC LIFT 10 13A 2 363.8 60.6 121.3 2 SLINGS@5MIN/SLING NO TOOLS
CLEATS
REMOVE TRANSFER LID DOORLOCI PINS AND DOOR 4 13B 2 692.0 46.1 92.3 2 PINS@2MIN/PINLOCKING ?INS AND OPEN DOORS

INSTALL TRIM PLATES 4 13B 2 692.0 46.1 92.3 INSTALLED BY HAND
DISCONNECT SLINGS FROM MPC 10 13A 2 363.8 60.6 121.3 2 SLINGS@5MIN/SLING
LIFTING DEVICE
REMOVE MPC LIFT CLEATS AND 10 14A 1 487.4 81.2 81.2 4 BOLTS,NO TORQUING
MPC SLINGS HOLEPLUGS__EMPT
INSTALL HOLE PLUGS IN EMPTY 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING
MPC BOLT HOLES
REMOVE 141-STORM VENT DUCT 2 15A 1 43.9 1.5 1.5 4 SHACKLES@2/MIN
SHIELD INSERTS

REMOVE ALIGNMENT DEVICE 4 15A 1 43.9 2.9 2.9 REMOVED BY HAND NO TOOLS (4
PCS@/MWN)

INSTALL HI-STORM LID AND 25 16A 2 11.7 4.9 9.8 INSTALL LID AND HYDRO TORQUE
INSTALL LID STUDS/NUTS 4 BOLTS
INSTALL HI-STORM EXIT VENT 4 16B 1 205.5 13.7 13.7 4 PCS @ I/MIN INSTALL BY HAND
GAMMA SFIELD CROSS PLATES NO TOOLS
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Table 10.3.1b
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTAL

DURATION LOCATION NUMBER OF AT DOSE TO DOSE
ACTION(MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL ASSUMPTIONS

10.3.) (LOCATION (MREM) MREM)10.3.1) _(MREM/HR)

INSTALL TEMPERATURE 20 16B 1 205.5 68.5 68.5 4@5MIN/TEMPERATURE ELEMENT
ELEMENTS
INSTALL EXIT VENT SCREENS 20 16B 1 205.5 68.5 68.5 4 SCREENS@5MIN/SCREEN
REMOVE HI-STORM LID LIFTING 2 16A 1 11.7 0.4 0.4 4 SHACKLES@2IMIN
DEVICE
INSTALL HOLE PLUGS IN EMPTY 2 16A 1 11.7 0.4 0.4 4 PLUGS AT 2/MIN NO TORQUING
HOLES __________
PERFORM SHIELDINGEFFCIESS ESTING 16 16D 2 122.7 32.7 65.4 16 POINTS@I MINEFFECTIVENESS TESTING

SECURE HI-STORM TO TRANSPORT 10 16A 2 11.7 2.0 3.9 ASSUMES AIR PAD
DEVICE 01_...S SR
TRANSFER HI-STORM TO ITSDESIGNATEDSTORA LOCATI 40 16C 1 69.7 46.5 46.5 200 FEET @ 4FT/MINDESIGNATED STORAGE LOCATION

INSERT HI-STORM LIFTING JACKS 4 16D 1 122.7 8.2 8.2 4 JACKS@ I/MIN
REMOVE AIR PAD 5 16D 2 122.7 10.2 20.5 I PAD MOVED BY HAND
REMOVE H-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MIN
JACKS
INSTALL INLET VENTSNS/COS PLAT 20 16D 1 122.7 40.9 40.9 4 SCREENS@5MIN/SCREENSCREENS/CROSS PLATES

PERFORM AIR TEMPERATURE RISE 8 16B 1 205.5 27.4 27.4 8 MEASUREMENTS@ I/MIN
TEST 6628.4 IERSON-MREM

TOTAL 6628.4 PERSON-MREM
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Table 10.3.1c
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
1OPERATOR DOSERATEATIDOSETO TOTAL DOSE

ACTION DURATION LOCATION NUMBER OF OPERATOR INDIVIDUAL (PERSON- ASSUMPTIONS
A O(MINUTES) (FIGURE OPERATORS LOCATION IN(MREM) (PMREM) A10.3.1) (MREM/HR) (MREM) MREM)

Section 8.1.4

LOAD PRE-SELECTED FUEL 1020 I 2 1.0 17.0 34.0 15 MINUTES PER ASSEMBLY/68 ASSY
ASSEMBLIES INTO MPC

PERFORM POST-LOADING VISUAL
VERIFICATION OF ASSEMBLY 68 I 2 1.0 1.1 2.3 I MINUTES PER ASSY/68 ASSY
IDENTIFICATION _

Section 8.1.5

INSTALL MPC LID AND ATTACH 45 2 2 2.0 1.5 3.0 CONSULTATION WITH CALVERT CLIFFS
LIFT YOKE

RAISEHI-TRACTOSURFACEOF 20 2 2 2.0 0.7 1.3 40 FEET @ 2 FT/MINUTE (CRANE SPEED)
SPENT FUEL POOL

SURVEY MPC LID FOR HOT 3 3A I 31.1 1.6 1.6 TELESCOPING DETECTOR USED
PARTICLES

VERIFY MPC LID IS SEATED 0.5 3A 1 31.1 0.3 0.3 VISUAL VERIFICATION FROM 3 METERS

INSTALL LID RETENTION SYSTEM 6 3B 2 46.4 4.6 9.3 24 BOLTS @ 2/PERSON-MINUTE
BOLTS

REMOVE I-TRAC FROM SPENT 8.5 3C 1 117.8 16.7 16.7 17 FEET @ 2 FT/MIN (CRANE SPEED)
FUEL POOL
DECONTAMINATE HI-TRAC 10 3D 1 142.0 23.7 23.7 LONG HANDLED TOOLS, PRELIMINARY DECON
BOTTOM
TAKE SMEARS OF HI-TRAC 5 5B 1 185.3 15.4 15.4 50 SMEARS @ 10 SMEARS/MINUTE
EXTERIOR SURFACES
DISCONNECT ANNULUSOERESU SYS 0.5 5C 1 82.7 0.7 0.7 QUICK DISCONNECT COUPLINGOVERPRESSURE SYSTEM

SET H1-TRAC IN CASK 10 4A 1 46.4 7.7 7.7 100 FT @ 10 FT/MIN (CRANE SPEED)
PREPARATION AREA
REMOVE NEUTRON SHIELD 2 4A 1 46.4 1.5 1.5 SINGLE PLUG, NO SPECIAL TOOLS
JACKET FILL PLUG
INSTALL NEUTRON SHIELD 2 5B 1 185.3 6.2 6.2 SINGLE PLUG, NO SPECIAL TOOLS
JACKET FILL PLUG
DISCONNECT LID RETENTION 6 5A 2 37.3 3.7 7.5 24 BOLTS @ 2 BOLT/PERSON MINUTES
SYSTEM

t See notes at bottom of Table 10.3.4.
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Table 10.3.1c
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE AT

DURATION LOCATION NUMBER OF OPERATOR
ACTION (MINUTES) (FIGURE OPERATORS LOCATION INDIVIDUAL (PERSON- ASSUMPTIONS

10.3.1) - (MREMHR) (MREM) MREM)

MEASURE DOSE RATES AT MPCLID D 5A 1 37.3 1.9 1.9 TELESCOPING DETECTOR USED

DECONTAMINATE AND SURVEY 103 5B I 185.3 318.1 318.1 490 SQ-FT@5 SQ-FT/PRERSON-MINUTE+50
HI-TRAC SMEARS@10 SMEARS/MINUTE

INSTALL TEMPORARY SHIELD 16 6A 2 18.7 5.0 10.0 8 SEGMENTS @ I SEGMENT/PERSON MIN

FILL TEMPORARY SHIELD RING 25 6A 1 18.7 7.8 7.8 230 GAL @IOGPM, LONG HANDLED SPRAY WAND
ATTACH DRAIN LINE TO HI-TRACARACH DRA 0.5 5C I 82.7 0.7 0.7 QUICK DISCONNECT COUPLING
DRAIN PORT_________________________________

INSTALL RVOAs 2 6A I 18.7 0.6 0.6 SINGLE THREADED CONNECTION X 2 RVOAs
ATTACH WATER PUMP TO DRAIN 2 6A I 18.7 0.6 0.6 POSITION PUMP SELF PRIMING
PORT

DISCONNECT WATER PUMP S 6A 1 18.7 1.6 1.6 DRAIN HOSES MOVE PUMP

DECONTAMINATE MPC LID TOP
SURFACE AND SHELL AREA 6A 18.7 1.9 1.9 30 SQ-FT @5 SQ-FT/MINUTE+10 SMEARS@I0
ABOVE INFLATABLE ANNULUS SMEARS/MINUTE
SEAL

REMOVE INFLATABLE ANNULUS 3 6A I 18.7 0.9 0.9 SEAL PULLS OUT DIRECTLY

SURVEY MPC LID TOP SURFACES
AND ACCESSIBLE AREAS OF TOP I 6A 1 18.7 0.3 0.3 10 SMEARS@I0 SMEARS/MINUTE
THREE INCHES OF MPC SHELL

INSTALL ANNULUS SHIELD 2 6A 1 18.7 0.6 0.6 SHIELD PLACED BY HAND

CENTER LID IN MPC SHELL 20 6A 3 18.7 6.2 18.7 CONSULTATION WITH CALVERT CLIFFS

INSTALL MPC LID SHIMS 12 6A 2 18.7 3.7 7.5 MEASURED DURING WELD MOCKUP TESTING

POSITION AWS BASEPLATE 20 7A 2 18.7 6.2 12.5 ALIGN AND REMOVE 4 SHACKLES
SHIELD ON MPC LID

INSTALL AUTOMATED WELDING 8 7A 2 18.7 2.5 5.0 ALIGN AND REMOVE 4 SHACKLES/4 QUICK
SYSTEM ROBOT CONNECTS@1/MIN

PERFORM NDE OF LID WELD 230 7A 1 18.7 71.7 71.7 MEASURED DURING WELD MOCKUP TESTING

ATTACH DRAIN LINE TO VENTPORT I 7A 1 18.7 0.3 0.3 1" THREADED FITTING NO TOOLS
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Table 10.3.1c
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE AT DOSE TO TOTAL DOSE

ACTION DURATION LOCATION NUMBER OF OPERATOR(MINUTES) (FIGURE OPERATORS LOCATION DIVIDUAL (PERSON- ASSUMPTIONS
10.3.1) (IREM/HR) (MREM) MREM)

VISUALLY EXAMINE MPC LID-TO-
SHELL WELD FOR LEAKAGE OF 10 7A 1 18.7 3.1 3.1 10 MIN TEST DURATION
WATERWATONERCT____ _WATER_____________FI___LL______________NE____
DISCONNECT WATER FILL LINE 2 7A 1 18.7 0.6 0.6 1" THREADED FITTING NO TOOLS X 2
AND DRAIN LINE
REPEAT LIQUID PENETRANT
EXAMINATION ON MPC LID FINAL 45 7A 1 18.7 14.0 14.0 5(MINTOAPPLY,7MINTOWIPE,5APPLYDEV,INSP
PASS (24 IN/MIN)
ATTACH GAS SUPPLY TO V I 7A 1 18.7 0.3 0.3 I" THREADED FITTING NO TOOLS
PORT
ATTACH DRAIN LINETO DRAIN I 7A 1 18.7 0.3 0.3 1" THREADED FITTHNG NO TOOLS
PORT

Deleted

Deleted

ATTACH DRAIN LINE TO VENT I 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
PORT

ATTACH WATER FILL LINE TO I 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
DRAIN PORT

DISCONNECT WATER FILL DRAIN 2 8A I 37.9 1.3 1.3 1" THREADED FITTING NO TOOLS X 2
LINES FROM MPC

ATTACH HELIUM SUPPLY TOVETA POR I 8A I 37.9 0.6 0.6 1" THREADED FITTING NO TOOLSVENT PORT

ATTACH DRAIN LINE TO DRAIN I 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
PORT

DISCONNECT GAS SUPPLY LINE 1 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
FROM MPC
DISCONNECT DRAIN LINE FROM I 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
MPC

A1TACH MOISTURE REMOVAL
SYSTEM TO VENT AND DRAIN 2 8A I 37.9 1.3 1.3 1" THREADED FITTING NO TOOLS
PORT RVOAs
DISCONNECT MOISTUREREMOVAL SYSTE RO 8A I 37.9 1.3 1.3 I" THREADED FITTING NO TOOLS X 2REMOVAL SYSTEM FROM MPCI P
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Table 10.3.1c
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE AT DOSE TO TOTAL DOSE

DURATION LOCATION NUMBER OF OPERATOR
ACTION (MINUTES) (FIGURE OPERATORS LOCATION INDIVIDUAL (PERSON- ASSUMPTIONS

10.3.1) _MREM/HR (MREM) MR.EM)
CLOSE DRAIN PORT RVOA CAP 1.5 8A 1 37.9 0.9 0.9 SINGLE THREADED CONNECTION (1 RVOA)
AND REMOVE DRAIN PORT RVOA

ATTACH HELIUM BACKFILL I 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
SYSTEM TO VENT PORT

DISCONNECT HBS FROM MPC I 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS

CLOSE VENT PORT RVOA A 1.5 8A 1 37.9 0.9 0.9 SINGLE THREADED CONNECTION (I RVOA)
DISCONNECT VENT PORT RVOA

WIPEINSIDEAREAOFVENTAND 2 8A 1 37.9 1.3 1.3 2 PORTS, I MIN/PORT
DRAIN PORT RECESSES

PLACE COVER PLATE OVER VENT I 8A 1 37.9 0.6 0.6 INSTALLED BY HAND NO TOOLS (2/MIN)
PORT RECESS

PERFORM NDE ON VENT AND 100 8A I 37.9 63.2 63.2 MEASURED DURING WELD MOCKUP TESTING
DRAIN COVER PLATE WELD

INSTALL SET SCREWS 2 8A 1 37.9 1.3 1.3 4 SET SCREWS @2/MINUTE

PLUG WELD OVER SET SCREWS 8 8A 1 37.9 5.1 5.1 FOUR SINGLE SPOT WELDS @ 1 PER 2 MINTES

Deleted

Deleted

INSTALL AND ALIGN CLOSURE 5 8A 1 37.9 3.2 3.2 INSTALLED BY HAND NO TOOLS

PERFORM A NDE ON CLOSURE 1B5 8A 1 37.9 116.9 116.9 MEASURED DURING WELD MOCKUP TESTING
RING WELDS

RIG AWS TO CRANE 12 8A 1 37.9 7.6 7.6 10 MIN TO DISCONNECT LINES, 4 SHACKLES@2/MIN

Section 8.1.6

REMOVE ANNULUS SHIELD I 8A 1 37.9 0.6 0.6 SHIELD PLACED BY HAND

ATTACH DRAIN LINE TO HI-TRAC I 9D 1 354.2 5.9 5.9 I1" THREADED FITTING NO TOOLS

POSITION HI-TRAC TOP LID 10 9B 2 37.9 6.3 12.6 VERTICAL FLANGED CONNECTION

TORQUE TOP LID BOLTS 12 9B I 37.9 7.6 7.6 24 BOLTS AT 2/MIN (INSTALL AND TORQUE, I PASS)
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Table 10.3.1c
II-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE AT DOSE TO TOTAL DOSE

DURATION LOCATION NUMBER OF OPERATOR
ACTION (MINUTES) (FIGURE OPERATORS LOCATION INDIVIDUAL (PERSON- ASSUMPTIONS

10.3.1) MREMR) (MREM) MREM)

INSTALL MPC LIFT CLEATS A 25 9A 2 158.5 66.0 132.1 INSTALL CLEATS AND HYDRO TORQUE 4 BOLTS
MPC SLINGS

REMOVE TEMPORARY SHIELD 1 9B I 37.9 0.6 0.6 8 PLUGS @ 8/MIN
RING DRAIN PLUGS

REMOVE TEMPORARY SHIELD 4 9A 1 158.5 10.6 10.6 REMOVED BY HAND NO TOOLS (8 SEGS@2/MIN)
RING SEGMENTS
ATTACHMWCSLINGSTOLIFT 4 9A 2 158.5 10.6 21.1 INSTALLED BY HAND, NO TOOLS
YOKE I I I I

Section 8.1.7

POSITION HI-TRAC ON 20 IIA 2 117.8 39.3 78.5 ALIGN TRUNNIONS, DISCONNECT LIFT YOKE
TRANSPORT DEVICE

TRANSPORT HI-TRAC TO OUTSIDE 90 12A 3 26.4 39.6 118.8 DRIVER AND 2 SPOTTERS
TRANSFER LOCATION

ATTACH OUTSIDE LIFTING 2 12A 2 26.4 0.9 1.8 2 LINKS@I/MIN
DEVICE LIFT LINKS

MATE OVERPACKS 10 13B 2 118.5 19.8 39.5 ALIGNMENT GUIDES USED

ATTACHMPCLIFTSLINGSTO WC 10 13A 2 158.5 26.4 52.8 2 SLINGS@5MIN/SLING NO TOOLS
LIFT CLEATS
REMOVE MATING DEVICE
LOCKING PINS AND OPEN 40 13B 2 118.5 79.0 158.0 2 PINS@2MIN/PIN
DRAWER

INSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 INSTALLED BY HAND

DISCONNECT SLINGS FROM MPC 10 13A 2 158.5 26.4 52.8 2 SLINGS@5MIN/SLING
LIFTING DEVICE

REMOVE MPC LIFT CLEATS AND 10 14A 1 487.4 81.2 81.2 4 BOLTS,NO TORQUING
MPC LIFT SLINGS

INSTALL HOLE PLUGS IN EMPTY 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING
MPC BOLT HOLES

REMOVE HI-STORM VENT DUCT 2 15A 1 43.9 1.5 1.5 4 SHACKLES@2/MIN
SHIELD INSERTS

REMOVE MATING DEVICE 10 15A I 43.9 7.3 7.3 3 BOLTS @ 2 MINUTES PER BOLT

INSTALL HI-STORM LID AND 25 16A 2 11.7 4.9 9.8 INSTALL LID AND HYDRO TORQUE 4 BOLTS
INSTALL LID STUDS/NUTS
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Table 10.3.1c
HI-STORM 100 SYSTEM LOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE AT DOSE TO TOTAL DOSE

DURATION LOCATION NUMBER OF OPERATOR
ACTION (MINUTES) (FIGURE OPERATORS LOCATION INDIVIDUAL (PERSON- ASSUMPTIONS

10.3.1) MREM/JR) (MREM) MREM)
INSTALL HI-STORM EXIT VENTIAMLAHIELDCROSEXITEN4 16B I 205.5 13.7 13.7 4 PCS @ I/MIN INSTALL BY HAND NO TOOLSGAMMA SHIELD CROSS PLATES

INSTALL TEMPERATUREELEMELL 20 16B 1 205.5 68.5 68.5 4@5MIN/TEMPERATURE ELEMENTELEMENTS

INSTALL EXIT VENT SCREENS 20 16B 1 205.5 68.5 68.5 4 SCREENS@5MIN/SCREEN

REMOVE HI-STORM LID LIFTING 2 16A 1 11.7 0.4 0.4 4 SHACKLES@2/MIN
DEVICE
INSTALL HOLE PLUGS IN EMPTY 2 16A 1 11.7 0.4 0.4 4 PLUGS AT 2/MIN NO TORQUING
HOLES
PERFORM SHIELDINGEFFCTIEN TING 16 16D 2 122.7 32.7 65.4 16 POINTS@I MINEFFECTIVENESS TESTING

SECURE HI-STORM TO 10 16A 2 11.7 2.0 3.9 ASSUMES AIR PAD
TRANSPORT DEVICE
TRANSFER HI-STORM TO ITSDESIGNATEDSTORG LOCATI 40 16C 1 69.7 46.5 46.5 200 FEET @ 4FT/MINDESIGNATED STORAGE LOCATION

INSERT HI-STORM LIFTING JACKS 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MIN

REMOVE AIR PAD 5 16D 2 122.7 10.2 20.5 1PAD MOVED BY HAND

REMOVE HI-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MIN
JACKS
INSTALL INLET VENTSNS/COS PLAT 20 16D 1 122.7 40.9 40.9 4 SCREENS@5MIN/SCREENSCREENS/CROSS PLATES

PERFORM AIR TEMPERATURE 8 16B I 205.5 27.4 27.4 8 MEASUREMENTS@I/MIN
RISE TEST

TOTAL 2017.4 PERSON-MREM
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Table 10.3.2a
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTAL

DURATION LOCATION NUMBER OF AT DOSE TO DOSEACTION OPERATOR INDIVIDUAL DOSEPTON(MINUTES) (FIGURE OPERATORS LOCATION IN(MREM) (PERSON- ASSUMPTIONS

10.3.1) (MREM/HCR) TION MREM)

Section 8.3.2 (Step Sequence Varies By Site and Mode of Transport)
REMOVE INLET VENT SCREENS 20 16D 1 122.7 40.9 40.9 4 SCREENS5MIN/SCREEN
INSERT HI-STORM LIFTING JACKS 4 16D 1 122.7 8.2 8.2 4JACKS@l/MIN
INSERT AIR PAD 5 16D 2 122.7 10.2 20.5 I PAD MOVED BY HAND
REMOVE HI-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MIN
JACKS 4D1..2 AK /
TRANSFER I-STORM TO MPC 40 16C 1 69.7 46.5 46.5 200 FEET @ 4FT/MIN
TRANSFER LOCATION
REMOVE HI-STORMLID 10 16A 1 11.7 2.0 2.0 4 BOLTS NO TORQUE
STUDS/NUTS
REMOVE HI-STORM LID LIFTING
HOLE PLUGS AND INSTALL LID 2 16A 1 11.7 0.4 0.4 4 PLUGS AT 2/MIN NO TORQUING
LIFTING SLING
REMOVE GAMMA SHIELD CROSS 4 16B 1 205.5 13.7 13.7 4 PLATES@I/MIN

PLATES 46l5173_L SM
REMOVE TEMPERATURE 8 16B 1 205.5 27.4 27.4 4 TEMP. ELEMENTS @ 2MIN/TEMP.

ELEMENTS 8 _16B 1_055274_74 ELEMENT NO TORQUE
REMOVE HI-STORM LID 2 16A 1 11.7 0.4 0.4 4 SHACKLES(@2/MIN
INSTALL HI-STORM VENT DUCT 2 15A 1 43.9 1.5 1.5 4 SHACKLES@2/MIN

SHIELD INSERTS
REMOVED BY HAND NO TOOLS (4

INSTALL ALIGNMENT DEVICE 4 15A 1 43.9 2.9 2.9 REMO HO
PCS@aI/MIN)

REMOVE MPC LIFT CLEAT HOLE 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING
PLUGS
INSTALL MPC LIFT CLEATS AND 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING

MPC SLINGS
ALIGN HI-TRAC OVER HI-STORM 10 13B 2 118.5 19.8 39.5 ALIGNMENT GUIDES USED

AND MATE OVERPACKS
PULL MPC SLINGS THROUGH TOP 10 13A 2 158.5 26.4 52.8 2 SLINGS@5MIN/SLING

LID HOLE
INSTALLED BY HAND NO

INSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 FAST ENERS
FASTENERS

See notes at bottom of Table 10.3.4.
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Table 10.3.2a
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATEAT DOSE TO TOA

ACTION DURATION LOCATION NUMBER OF OPERATOR INDIVIDUAL DOSE(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON- ASSUMPTIONS

10.3.1) (MREM/HR) MREM)

ATTACH MPC SLING TO LIFTING 10 13A 1 158.5 26.4 26.4 2 SLINGS@5MIN/SLING NO
DEVICE BOLTING
CLOSE HI-TRAC DOORS ANDINSTALL DOOR L NG 4 13B 2 118.5 7.9 15.8 2 PINS@2MIN/PININSTALL DOOR LOCKING PINS
DISCONNECT SLINGS FROM MPCLIFCLEATS 10 13A 2 158.5 26.4 52.8 2 SLINGS@5MIN/SLINGLIFT CLEATS

DOWNEND HI-TRAC ON 20 12A 2 26.4 8.8 17.6 ALIGN TRUNNIONS, DISCONNECT
TRANSPORT FRAME 20_2A2_6. 8.8__7.6 LIFT YOKE
TRANSPORT HI-TRAC TO FUEL 90 12A I 26.4 39.6 39.6 DRIVER RECEIVES MOST DOSE
BUILDING

ALIGN TRUNN IONS, DISCONNECT
UPEND HI-TRAC 20 12A 2 26.4 8.8 17.6 LIFT YOKE

LIFT YOKE

Section 8.3.3
MOVE HI-TRAC TO TRANSFER 20 IIA 2 117.8 39.3 78.5 ALIGN TRUNNIONS, DISCONNECT

SLIDE 20_I _ A LIFT YOKE
ATTACH MPC SLINGS 4 9A 2 158.5 10.6 21.1 INSTALLED BY HAND NO TOOLS

REMOVE TRANSFER LID BOLTS 6 1 1B 1 354.2 35.4 35.4 36 BOLTS@6 BOLTS/MIN IMPACT
TOOLS USED

INSTALL POOL LID BOLTS 18 10A 1 354.2 106.3 106.3 36 BOLTS @ 2/MIN IMPACT TOOLS
USED I PASS

DISCONNECT MPC SLINGS AND 10 9A I 158.5 26.4 26.4 4 BOLTS,NO TORQUING
LIFT CLEATS
PLACE HI-TRAC IN PREPARATION 15 9C 1 117.8 29.5 29.5 100 FT @ 10 FT/MIN (CRANE

AREA 15 9C SPEED)+ 5MIN TO ALIGN
24 BOLTS AT 4/MIN (NO TORQUE

REMOVE TOP LID BOLTS 6 9B I 37.9 3.8 3.8 IMPAT TOOLS)
IMPACT TOOLS)

REMOVE HI-TRAC TOP LID 2 6A 1 18.7 0.6 0.6 4 SHACKLES(2/MIN
ATTACH WATER FILL LINE TO HI- 0.5 9D 1 354.2 3.0 3.0 QUICK DISCONNECT NO TOOLS

TRAC DRAIN PORT
INSTALL BOLT PLUGS OR

WATERPROOF TAPE FROM HI- 9 8A 1 37.9 5.7 5.7 18 HOLES@2/MIN
TRAC TOP BOLT HOLES
CORE DRILL CLOSURE RING AND 20 MINUTES TO INSTALL/ALIGN

VENT AND DRAIN PORT COVER 40 7A 2 18.7 12.5 24.9 +10 MN/COVER
PLATES Il I MII/_OVER
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Table 10.3.2a
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE

DURATION LOCATION NUMBER OF AT DOSE TO DOSEACTION OPERATOR INDIVIDUAL DOSEPTON(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON- ASSUMPTIONS

10.3.1) (MREMIHR) MREM)

REMOVE CLOSURE RING SECTION
AND VENT AND DRAIN PORT I 8A I 37.9 0.6 0.6 2 COVERS@2/MIN NO TOOLS
COVER PLATES

SINGLE THREADED CONNECTION
ATTACH RVOAS 2 8A I 37.9 1.3 1.3 S G TVDAI

(I RVOA)

ATTACH A SAMPLE BOTTLE TO 0.5 8A 1 37.9 0.3 0.3 1" THREADED FITTING NO TOOLS
VENT PORT RVOA
GATHER A GAS SAMPLE FROM 0.5 8A 1 37.9 0.3 0.3 SMALL BALL VALVE

MPC
CLOSE VENT PORT CAP ANDDCLOSNN T SAMPL B I 8A 1 37.9 0.6 0.6 1 THREADED FITTING NO TOOLSDISCONNECT SAMPLE BOTTLE

ATTACH RE-FLOOD SYSTEM TO I" THREADED FITTING NO TOOLS
RVOAs 2 8A 1.3 1.3 X 2
DISCONNECT RE-FLOOD LINES TO I 8A 1 37.9 0.6 0.6 I" THREADED FITTING NO TOOLS

VENT AND DRAIN PORT RVOAs
VACUUM TOP SURFACES OF MPC 10 6A 1 18.7 3.1 3.1 SHOP VACUUM WITH WAND +

AND HI-TRAC HAND WIPE
REMOVE ANNULUS SHIELD I 8A 1 37.9 0.6 0.6 SHIELD PLACED BY HAND
MANUALLY INSTALL 10 6A 2 18.7 3.1 6.2 CONSULTATION WITH CALVERT

INFLATABLE SEAL CLIFFS
OPEN NEUTRON SHELD JACKET 2 5C 1 82.7 2.8 2.8 SINGLE THREADED CONNECTION
DRAIN VALVE
CLOSE NEUTRON SHIELD JACKET 2 5C 1 82.7 2.8 2.8 SINGLE THREADED CONNECTION
DRAIN VALVE
REMOVE MPC LID LIFTINU HOLE 2 5A 1 37.3 1.2 1.2 4 PLUGS AT 2/MIN NO TORQUING

PLUGS
ATTACH LID RETENTION SYSTEM 12 5A 1 37.3 7.5 7.5 24 BOLTS ( 2 MINUTES/BOLT
ATTACH ANNULUSOVERPHESSURSS 0.5 5C 1 82.7 0.7 0.7 QUICK DISCONNECT NO TOOLSOVERPRESSURE SYSTEM

POSITION HI-TRAC OVER CASK 10 5C 1 82.7 13.8 13.8 100 FT @ 10 FT/MIN (CRANE SPEED)
LOADING AREA
LOWER HI-TRAC INTO SPENT 8.5 3C 1 117.8 16.7 16.7 17 FEET @ 2 FT/MIN (CRANE

FUEL POOL _ SPEED)
REMOVE LID RETENTION BOLTS 12 3B I 46.4 9.3 9.3 24 BOLTS (a 2/MINUTE

PLACE HI-TRAC ON FLOOR 20 2 2 2.0 0.7 1.3 40 FEET @2 FT/MINUTE (CRANE
SPEED)
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Table 10.3.2a
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTALOEATO NIIDUAL DOEASUOIN

DURATION LOCATION NUMBER OF AT DOSE TO DOSEACTION (IUE) (IUE OEARSOPERATOR INDIVIDUAL (PRO-ASSUMPTIONS

10.3.1) 1OATO ((M) _____ MREM)(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-
10.3.1) (MIREM/HR)ME)

I I CONSULTATION WITH CAL VERT
REMOVE MPC LID 20 2 2 2.0 0.7 1.3 CLFFS

I CLIFFS

Section 8.3.4
REMOVE SPENT FUEL 15 MINUTES PER ASSEMBLY/68

ASSEMBLIES FROM MPC ASSY
TOTAL 924.4 PERSON-MREM
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Table 10.3.2b
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATETOTAL

DURATION LOCATION NUMBER OF AT DOSE TO DOSE
AMN(MINUTES) (FIGURE OPERATORS LOCEATIORNDIIDA (PERSON- ASSUMPTIONSACTION jOPERATOR INDIVIDUAL DOSEPTON

10.3.1) OPERATOS LOCATION (MREM) MREM)10.3.1)(MIREM /HR)

Section 8.3.2 (Step Sequence Varies By Site and Mode of Transport
REMOVE INLET VENT SCREENS 20 16D 1 122.7 40.9 40.9 4 SCREENS@5MIN/SCREEN

INSERT HI-STORM LIFTING JACKS 4 16D 1 122.7 8.2 8.2 4 JACKS(1/MIN
INSERT AIR PAD 5 16D 2 122.7 10.2 20.5 1 PAD MOVED BY HAND

REMOVE HI-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS@IIMfN
JACKS 4 111..8 4ASM

TRANSFER HI-STORM TO MPC 40 16C 1 69.7 46.5 46.5 200 FEET @ 4FT/MIN
TRANSFER LOCATION
REMOVE HI-STORM LID 10 16A 1 11.7 2.0 2.0 4 BOLTS NO TORQUE
STUDS/NUTS
REMOVE HI-STORM LID LIFTING
HOLE PLUGS AND INSTALL LID 2 16A 1 11.7 0.4 0.4 4 PLUGS AT 2/MIN NO TORQUING
LIFTING SLING
REMOVE GAMMA SHIELD CROSS 4 16B I 205.5 13.7 13.7 4 PLATES@I/MIN

PLATES
REMOVE TEMPERATURE 8 16B 1 205.5 27.4 27.4 4 TEMP. ELEMENTS @ 2MIN/TEMP.

ELEMENTS 8 16B ELEMENT NO TORQUE
REMOVE HI-STORM LID 2 16A 1 11.7 0.4 0.4 4 SHACKLES@21MIN

INSTALL HI-STORM VENT DUCT 2 15A 1 43.9 1.5 1.5 4 SHACKLES@2/MIN
SHIELD INSERTS_
INSTALL ALIGNMENT DEVICE 4 15A 1 43.9 2.9 2.9 REMOVED BY HAND NO TOOLS (4

PCS(1/MIN)
REMOVE MPC LIFT CLEAT HOLE 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING

PLUGS MPCLIFTCLEATSAND
INSTALL MPC LIFT CLEATS AND 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING

MPC SLINGS
ALIGN HI-TRAC OVER HI-STORM 10 13B 2 692.0 115.3 230.7 ALIGNMENT GUIDES USED

AND MATE OVERPACKS
PULL MPC SLINGS THROUGH TOP 10 13A 2 363.8 60.6 121.3 2 SLINGS@5MIN/SLING

LID HOLE
INSTALLED BY HAND NO

INSTALL TRIM PLATES 4 13B 2 692.0 46.1 92.3 FAST ENERS
FASTENERS

See notes at bottom of Table 10.3.4.
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Table 10.3.2b
IFHI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE

DURATION LOCATION NUMBER OF AT DOSE TO DOSEACTION OPERATOR INDIVIDUAL DOSEPTON(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON- ASSUMPTIONS

10.3.1) (MREM/LIR) MREM)

ATTACH MPC SLING TO LIFTING 10 13A I 363.8 60.6 60.6 2 SLINGS@5MIN/SLFNG NO
DEVICE , BOLTING
CLOSE HI-lTRAC DOORS ANDINSTALL DOOR L NG 4 13B 2 692.0 46.1 92.3 2 PINS@2MIN/PININSTALL DOOR LOCKING PINS
DISCONNECT SLINGS FROM MPCLIFCLEATS 10 13A 2 363.8 60.6 121.3 2 SLINGS@5MIN/SLINGLIFT CLEATS

DOWNEND HI-TRAC ON 20 12A 2 35.2 11.7 23.5 ALIGN TRUNNIONS, DISCONNECT
TRANSPORT FRAME LIFT YOKE
TRANSPORT I-I-TRAC TO FUEL 90 12A 1 35.2 52.8 52.8 DRIVER RECEIVES MOST DOSE

BUILDING I____
ALIGN TRUNNIONS, DISCONNECT

UPEND HI-TRAC 20 12A 2 35.2 11.7 23.5 LIFT YOKE
ILIFT YOKE

Section 8.3.3
MOVE HI-TRAC TO TRANSFER 20 1IA 2 900.9 300.3 6006 ALIGN TRUNNIONS, DISCONNECT

SLIDE 20_11A LIFT YOKE
ATTACH MPC SLINGS 4 9A 2 363.8 24.3 48.5 INSTALLED BY HAND NO TOOLS
REMOVE TRANSFER LID BOLTS 6 11B 1 2190.1 219.0 219.0 36 BOLTS@6 BOLTS/MIN IMPACT

TOOLS USED

INSTALL POOL LID BOLTS 18 10A 1 2190.1 657.0 657.0 36 BOLTS @ 2/MIN IMPACT TOOLS
USED I PASS

DISCONNECT MPC SLINGS AND 10 9A 1 363.8 60.6 60.6 4 BOLTS,NO TORQUING
LIFT CLEATS
PLACE HI-TRAC IN PREPARATION I5 9C 1 900.9 225.2 225.2 100 FT @ 10 FT/MIN (CRANE

AREA SPEED)+ 5MIN TO ALIGN
24 BOLTS AT 4/MIN (NO TORQUE

REMOVE TOP LID BOLTS 6 9B 1 79.5 8.0 8.0 IMPAT TOOLS)
IMPACT TOOLS)

REMOVE HI-TRAC TOP LID 2 6A 1 34.2 1.1 1.1 4 SHACKLES(a,)2/MIN
ATTACH WATER FILL LINE TO HI- 0.5 9D I 2190.1 18.3 18.3 QUICK DISCONNECT NO TOOLS

TRAC DRAIN PORT
INSTALL BOLT PLUGS OR

WATERPROOF TAPE FROM 1-11- 9 8A I 79.5 11.9 11.9 18 HOLES@2/MIN
TRAC TOP BOLT HOLES
CORE DRILL CLOSURE RING AND 20 MINUTES TO INSTALL/ALIGN

VENT AND DRAIN PORT COVER 40 7A 2 34.2 22.8 45.6 +10 MIN/COVER
PLATES I I0 MIN/OR II
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Table 10.3.2b
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTALAT DOSE TO

DURATION LOCATION NUMBER OF AT DO AL DOSE
(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON- ASSUMPTIONS

10.3.1) (MREM/HR) MREM)

REMOVE CLOSURE RING SECTION
AND VENT AND DRAIN PORT I 8A 1 79.5 1.3 1.3 2 COVERS@2/MIN NO TOOLS
COVER PLATES

SINGLE THREADED CONNECTION
ATTACH RVOAS 2 8A 1 79.5 2.7 2.7 SG R EDAT

(1 RVOA)

ATTACH A SAMPLE BOTTLE TO 0.5 8A 1 79.5 0.7 0.7 1" THREADED FITTING NO TOOLS
VENT PORT RVOA
GATHER A GAS SAMPLE FROM 0.5 8A 1 79.5 0.7 0.7 SMALL BALL VALVE

MPC
CLOSE VENT PORT CAP ANDDCLOSNN T SAMPL BT I 8A 1 79.5 1.3 1.3 1" THREADED FITTING NO TOOLSDISCONNECT SAMPLE BOTTLE

ATTACH RE-FLOOD SYSTEM TO I" THREADED FITTING NO TOOLSROs2 BA 1 79.5 2.7 2.7 X2RVOAs X 2

DISCONNECT RE-FLOOD LINES TO I 8A 1 79.5 1.3 1.3 1" THREADED FITTING NO TOOLS
VENT AND DRAIN PORT RVOAs
VACUUM TOP SURFACES OF MPC 10 6A 1 34.2 57 SHOP VACUUM WITH WAND +

AND HI-TRAC HAND WIPE
REMOVE ANNULUS SHIELD I 8A 1 79.5 1.3 1.3 SHIELD PLACED BY HAND
MANUALLY INSTALL CONSULTATION WITH CALVERT

INFLATABLE SEAL CLIFFS
OPEN NEUTRON SHIELD JACKET 2 5C I 282.1 9.4 9.4 SINGLE THREADED CONNECTION

DRAIN VALVE
CLOSE NEUTRON SHIELDJACKET 2 5C I 282.1 9.4 9.4 SINGLE THREADED CONNECTION

DRAIN VALVE
REMOVE MPC LID LIFTING HOLE 2 5A 1 69.8 2.3 2.3 4 PLUGS AT 2/MIN NO TORQUING

PLUGS _____ __________ _____________

ATTACH LID RETENTION SYSTEM 12 5A 1 69.8 14.0 14.0 24 BOLTS ( 2 MINUTES/BOLT
ATTACH ANNULUSVETAC R SYS 0.5 5C 1 282.1 2.4 2.4 QUICK DISCONNECT NO TOOLSOVERPRESSURE SYSTEM

POSITION HI-TRAC OVER CASK 10 5C 1 282.1 47.0 47.0 100 FT @ 10 FT/MIN (CRANE SPEED)
LOADING AREA
LOWER HI-TRAC INTO SPENT 8.5 3C 1 837.0 118.6 118.6 17 FEET @ 2 FT/MIN (CRANE

FUEL POOL SPEED)
REMOVE LID RETENTION BOLTS 12 3B 1 90.3 18.1 18.1 24 BOLTS @ 2/MINUTE

PLACE HI-TRAC ON FLOOR 20 2 2 3 1.0 2.0 40 FEET @2 FT/MIN1TE (CRANE
SPEED)
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Table 10.3.2b
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 100-TON HI-TRAC TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATEIAT DOSE TO TOADURATION LOCATION NUMBER OF AT DS O DOSEACTION OPERATOR INDIVIDUAL ASSUMPTIONS(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-

10.3.1) (MREMLTR) MREM)
I t CONSULTATION WITH CALVERT

REMOVE MPC LID 20 2 2 3 1.0 2.0 CLTFFS
I CLIFFS

Section 8.3.4
REMOVE SPENT FUEL 1 1 2 3 1 15 MINUTES PER ASSEMBLY/68

ASSEMBLIES FROM MPC ASSY
TOTAL 3275.0 PERSON-MREM
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Table 10.3.2c
rI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTAL

ACTION DURATION LOCATION NUMBER OF AT DOSE TO DOSE ASSUMPTIONS(MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL (

10.3.1) LOCATION (MRM (PERSON0..1)_ _(MREM/HR)Section 8.3.2 (Step Sequence Varies By Site and Mode of Transport)

REMOVE INLET VENT SCREENS 20 16D I 122.7 40.9 40.9 4 SCREENS@5MIN/SCREEN

INSERT HI-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS@1/MIN
JACKS

INSERT AIR PAD 5 16D 2 122.7 10.2 20.5 1 PAD MOVED BY HAND

REMOVE HI-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MIN
JACKS

TRANSFER HI-STORM TO MPC 40 16C 1 69.7 46.5 46.5 200 FEET @ 4FT/MIN
TRANSFER LOCATION

REMOVEHI-STORMLID 10 16A 1 11.7 2.0 2.0 4 BOLTS NO TORQUE
STUDS/NUTS
REMOVE HI-STORM LID LIFTING
HOLE PLUGS AND INSTALL LID 2 16A 1 11.7 0.4 0.4 4 PLUGS AT 2/MIN NO TORQUING
LIFTING SLING
REMOVEGAMMA SHIELD 4 16B 1 205.5 13.7 13.7 4 PLATES@I/MIN

CROSS PLATES
REMOVE TEMPERATURE 8 16B 1 205.5 27.4 27.4 4 TEMP. ELEMENTS @ 2MIN/TEMP. ELEMENT NO

ELEMENTS TORQUE

REMOVE HI-STORM LID 2 16A 1 11.7 0.4 0.4 4 SHACKLES@2/MIN

INSTALL HI-STORM VENT DUCT 2 15A 1 43.9 1.5 1.5 4 SHACKLES@2/M1N
SHIELD INSERTS
INSTALL MATING DEVICE 10 15A 1 43.9 7.3 7.3 3 BOLTS AT 2 MINUTES PER BOLT

WITH POOL LID

REMOVE MPC LIFT CLEAT HOLE 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING

INSTALL MPC LIFT CLEATS 2 14A I 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING
AND MPC SLINGS

ALIGN HI-TRAC OVER HI- 10 13B 118.5 19.8 39.5 ALIGNMENT GUIDES USED
STORM AND MATE OVERPACKS 1 I 2 1 9

See notes at bottom of Table 10.3.4.
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Table 10.3.2c
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASKESTIMATED OPERATIONAL EXPOSURESt (75.000 MWDIMTU. 5-YEAR COOLED PWR FUIEL1

OPRTOEAT EDOSE RATE
AT DOSE TO TOTAL

DURATION LOCATION NUMBER OF AT DS O DOSE
ACTION DUIATEON LCI ON ERAOF OPERATOR INDIVIDUAL DOSE ASSUMPTIONS

(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-
10.3.1) (MREM/HR) MREM)

PULL MPC SLINGS THROUGH 10 13A 2 158.5 26.4 52.8 2 SLINGS@5MIN/SLING
TOP LID HOLE

INSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 INSTALLED BY HAND NO FASTENERS

ATTACH MPC SLING TO 10 13A 1 158.5 26.4 26.4 2 SLINGS@5MIN/SLING NO BOLTING
LIFTING DEVICE
CLOSE MATING DEVICE
DRAWER AND BOLT-UP POOL 36 13B 2 118.5 71.1 142.2 2 PINS@2MIN/PIN, 16 BOLTS @ 2MIN/BOLT
LID
DISCONNECT SLINGS FROM 10 13A 2 158.5 26.4 52.8 2 SLINGS@5MIN/SLING

MPC LIFT CLEATS
DOWNEND HI-TRAC ON 20 12A 2 26.4 8.8 17.6 ALIGN TRUNNIONS, DISCONNECT LIFT YOKE

TRANSPORT FRAME
TRANSPORT HI-TRAC TO FUEL 90 12A 1 26.4 39.6 39.6 DRIVER RECEIVES MOST DOSE
BUILDING

UPEND HI-TRAC 20 12A 2 26.4 8.8 17.6 ALIGN TRUNNIONS, DISCONNECT LIFT YOKE

Section 8.3.3

PLACE HI-TRAC IN 15 9C O 117.8 29.5 29.5 100 FT @ 10 FT/MIN (CRANE SPEED)+ 5MIN TO
PREPARATION AREA ALIGN
REMOVE TOP LID BOLTS 6 9B 1 37.9 3.8 3.8 24 BOLTS AT 4/MIN (NO TORQUE IMPACT TOOLS)

REMOVE HI-TRAC TOP LID 2 6A 1 18.7 0.6 0.6 4 SHACKLES@2/MIN

ATTACH WATER FILL LINE TO 0.5 9D 1 354.2 3.0 3.0 QUICK DISCONNECT NO TOOLS
HI-TRAC DRAIN PORT

INSTALL BOLT PLUGS OR
WATERPROOF TAPE FROM HI- 9 8A 1 37.9 5.7 5.7 18 HOLES@2/MIN
TRAC TOP BOLT HOLES
CORE DRILL CLOSURE RING

AND VENT AND DRAIN PORT 40 7A 2 18.7 12.5 24.9 20 MINUTES TO INSTALL/ALIGN +10 MIN/COVER
COVER PLATES
REMOVE CLOSURE RING

SECTION AND VENT AND DRAIN I 8A 1 37.9 0.6 0.6 2 COVERS@2/MIN NO TOOLS
PORT COVER PLATES

ATTACH RVOAS 2 8A 1 37.9 1.3 1.3 SINGLE THREADED CONNECTION (I RVOA)
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Table 10.3.2c
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURES' (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTAL

DURATION LOCATION NUMBER OF AT DOSE TO DOSE
ACTION OPERATORS OPERATOR INDIVIDUAL ASSUMPTIONS

(MINUTES) (FIGURE LOCATION (MREM) (PERSON-
10.3.1) (MREM/HR) MREM)

ATTACH A SAMPLE B01TLE TO 0.5 8A 1 37.9 0.3 0.3 1" THREADED FITTING NO TOOLS
VENT PORT RVOA

GATHER A GAS SAMPLE FROM 0.5 8A 1 37.9 0.3 0.3 SMALL BALL VALVE
MPC
CLOSE VENT PORT CAP ANDDCLOSNN T SAMPL BT I 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLSDISCONNECT SAMPLE BOTTLE

ATTACH RE-FLOOD SYSTEM TO 2 8A 1 37.9 1.3 1.3 " THREADED FITTING NO TOOLS X 2
RVOAs
DISCONNECT RE-FLOOD LINES

TO VENT AND DRAIN PORT I 8A 1 37.9 0.6 0.6 1" THREADED FITTING NO TOOLS
RVOAs
VACUUM TOP SURFACES OF 10 6A 1 18.7 3.1 3.1 SHOP VACUUM WITH WAND + HAND WIPE

MPC AND HI-TRAC

REMOVE ANNULUS SHIELD 1 8A 1 37.9 0.6 0.6 SHIELD PLACED BY HAND

MANUALLY INSTALL 10 6A 2 18.7 3.1 6.2 CONSULTATION WITH CALVERT CLIFFS
INFLATABLE SEAL
OPEN NEUTRON SHIELD 2 5C 1 82.7 2.8 2.8 SINGLE THREADED CONNECTION

JACKET DRAIN VALVE
CLOSE NEUTRON SHIELD 2 5C 1 82.7 2.8 2.8 SINGLE THREADED CONNECTION

JACKET DRAIN VALVE
REMOVE NWC LID LIFTING 2 5A 1 37.3 1.2 1.2 4 PLUGS AT 2/MIN NO TORQUING

HOLE PLUGS
ATTACH LID RETENTION 12 5A 1 37.3 7.5 7.5 24 BOLTS @ 2 MINUTES/BOLT

SYSTEM
ATTACH ANNULUS 0.5 5C 1 82.7 0.7 0.7 QUICK DISCONNECT NO TOOLS

OVERPRESSURE SYSTEM
POSITION HI-TRAC OVER CASK 10 5C 1 82.7 13.8 13.8 100 FT @ 10 FT/MIN (CRANE SPEED)

LOADING AREA
LOWERHI-TRACINTOSPENT 8.5 3C I 117.8 16.7 16.7 17 FEET @ 2 FT/MIN (CRANE SPEED)

FUEL POOL
REMOVE LID RETENTION 12 3B 1 46.4 9.3 9.3 24 BOLTS @ 2/MINUTE

BOLTS

PLACE HI-TRAC ON FLOOR 20 2 2 2.0 0.7 1.3 40 FEET @ 2 FT/MINUTE (CRANE SPEED)

REMOVE MPC LID 20 2 2 2.0 0.7 1.3 CONSULTATION WITH CALVERT CLIFFS
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Table 10.3.2c
HI-STORM 100 SYSTEM UNLOADING OPERATIONS USING THE 125-TON HI-TRAC 125D TRANSFER CASK

ESTIMATED OPERATIONAL EXPOSURESý (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)
OPERATOR DOSE RATE TOTAL

DURATION LOCATION NUMBER OF DOSE
ACTION(MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL ASSUMPTIONS

10.3.1) LOCATION (MREM) MREM)10.3.1) (MIREM/HR)

Section &3.4
REMOVE SPENT FUEL u EAEMBLES FROM 1020 1 2 1.0 17.0 34.0 15 MINUTES PER ASSEMBLY/68 ASSYASSEMBLIES FROM MPCPERI

TOTAL 1787.5 PERSON-NIREM
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Table 10.3.3a
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)

OPERATOR TADOSE RATE L
DURATION LOCATION NUMBER OF AT DOSE TO DOSEACTION IOPERATOR IINDIVIDUAL DOSEPTON(MINUTES) (FIGURE OPERATORS LOCATION IN(MREM) (PERSON- ASSUMPTIONS

10.3.1) LOCAN(MREM/HR) MREM)

Section 8.5.2
MEASURE I--STAR DOSE RATES 16 17A 2 14.1 3.8 7.5 16 POINTS@I POINT/MIN
REMOVE PERSONNEL BARRIER 10 17C 2 21.5 3.6 7.2 ATTACH SLING REMOVE 8 LOCKS
PERFORM RIEMOVABLECONTAMOVEYS I 17C I 21.5 0.4 0.4 10 SMEARS@I 0 SMEARS/MINUTECONTAMINATION SURVEYS

ATTACH FRAME REMOVE 22
REMOVE IMPACT LIMITERS 16 17A 2 14.1 3.8 7.5 BOTSACT TOOLS

BOLTS IMPACT TOOLS
ATTACH 2-LEGGED SLING

REMOVE TIE-DOWN 6 17A 2 14.1 1.4 2.8 2EO E4BOLTS
REMOVE 4 BOLTS

PERFORM A VISUAL INSPECTIONPFORPA 10 17B 1 9.0 1.5 1.5 CHECKSHEET USEDOF OVERPACK

REMOVE REMOVABLE SHEAR 4 17A 1 14.1 0.9 0.9 4 BOLTS EACH @2/MIN X 2
RING SEGMENTS SEGMENTS
UPEND HI-STAR OVERPACK 20 17B 2 9.0 3.0 6.0 DISCONNECT LIFT YOKE
INSTALL TEMPORARY SHIELD 16 18A 1 7.1 1.9 1.9 8 SEGMENTS @ 2 MIN/SEGMENT

RING SEGMENTS
FILL TEMPORARY SHIELD RING 25 18A 1 7.1 3.0 3.0 230 GAL @IOGPM, LONG HANDLED

SEGMENTS SPRAYER
REMOVE OVERPACK VENT PORT 2 18A 1 7.1 0.2 0.2 4 BOLTS @2/MIN

COVER PLATE
ATTACH BACKFILL TOOL 2 18A 1 7.1 0.2 0.2 4 BOLTS @(2/MIN
OPEN/CLOSE VENT PORT PLUG 0.5 18A 1 7.1 0.1 0.1 SINGLE TURN BY HAND NO TOOLS
REMOVE CLOSURE PLATE BOLTS 39 18A 2 7.1 4.6 9.2 52 BOLTS@(4/M1N X 3 PASSES
REMOVE OVERPACK CLOSURE 2 18A 1 7.1 0.2 0.2 4 SHACKLES@2/MIN

PLATE
INSTALL HI-STAR SEAL SURFACE 2 19B 1 7.1 0.2 0.2 PLACED BY HAND NO TOOLS

PROTECTOR
INSTALL TRANSFER COLLAR ON ALIGN AND POSITION REMOVE 4H-TR10 19B 2 7.1 1.2 2.4 SAKEHI-STAR 

SHACKLES -
REMOVE MPC LIFT CLEAT HOLE 2 19A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING

PLUGS

t See notes at bottom of Table 10.3.4.
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Table 10.3.3a
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURES' (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATE
DURATION LOCATION NUMBER OF AT DOSE To DOSEACTION OPERATOR INDIVIDUAL DOSEPTON(MINUTES) (FIGURE OPERATORS LOCATION (MREM) M(PERSON- ASSE)PTIONS

10.3.1) (LMEM/HIR) MREM)

INSTALL MPC LIFT CLEATS AND 25 19A 2 487.4 203.1 406.2 INSTALL CLEATS AND HYDRO
LIFT SLING TORQUE 4 BOLTS
MATE OVERPACKS 10 20B 2 118.5 19.8 39.5 ALIGNMENT GUIDES USED
REMOVE DOOR LOCKING PINS 4 20B 2 118.5 7.9 15.8 2 PINS@2/MIN

AND OPEN DOORS
INSTALLED BY HAND NO

INSTALL TRIM PLATES 4 20B 2 118.5 7.9 15.8 FASTENERS
FASTENERS

Section 8.5.3

REMOVE TRIM PLATES 4 20B 2 118.5 7.9 15.8 INSTALLED BY HAND NO
FASTENERS

DISCONNECT SLINGS FROM MPC 20A 2 158.5 26.4 52.8 2 SLINGS@5/MIN
LIFTING DEVICE
INSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 INSTALLED BY HAND NO

FASTENERS
REMOVE MPC LIFT CLEATS AND 10 14A 1 487.4 81.2 81.2 4 BOLTS,NO TORQUING
MPC LIFT SLINGS
INSTALL HOLE PLUGS IN EMPTY 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING
MPC BOLT HOLES
REMOVE HI-STORM VENT DUCT 2 15A 1 43.9 1.5 1.5 4 SHACKLES@2/MIN
SHIELD INSERTS
REMOVE ALIGNMENT DEVICE 4 15A 1 43.9 2.9 2.9 REMOVED BY HAND NO TOOLS (4

PCS@I/MIN)

INSTALL HI-STORM LID AND 25 16A 2 11.7 4.9 9.8 INSTALL LID AND HYDRO TORQUE
INSTALL LID STUDS/NUTS 4 BOLTS
INSTALL HI-STORM EXIT VENT 4 16B 1 205.5 13.7 13.7 4 PCS @ l/MIN INSTALL BY HAND
GAMMA SHIELD CROSS PLATES NO TOOLS
INSTALLTEMPERATURE 20 16B 1 205.5 68.5 68.5 4@5MIN/TEMPERATURE ELEMENT
ELEMENTS
INSTALL EXIT VENT SCREENS 20 16B 1 205.5 68.5 68.5 4 SCREENS@5MIN/SCREEN
REMOVE HI-STORM LID LIFTING 2 16A I 11.7 0.4 0.4 4 SHACKLES@2/MIN
DEVICE
INSTALL HOLE PLUGS IN EMPTY 2 16A I 11.7 0.4 0.4 4 PLUGS AT 2/MIN NO TORQUING
HOLES
PERFORM SHIELDINGEFFCTIEN TING 16 16D I 122.7 32.7 32.7 16POINTS@I MINEFFECTIVENESS TESTINGIIIIII
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Table 10.3.3a
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURES' (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATE
DURATION LOCATION NUMBER OF AT DOSE TO DOSEACTION OPERATOR INDIVIDUAL ASSUMPTIONS
(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-

10.3.1) (MREM/HR) MREM)

SECURE H-STORM TO TRANSPORT 10 16A I 11.7 2.0 2.0 ASSUMES AIR PAD
DEVICE I
TRANSFER HI-STORM TO ITSDESIGNATEDSTORA LO 40 16C I 69.7 46.5 46.5 200 FEET @ 4FTIMINDESIGNATED STORAGE LOCATION

INSERT HI-STORM LIFTING JACKS 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MIN
REMOVE AIR PAD 5 16D 1 122.7 10.2 10.2 1 PAD MOVED BY HAND
REMOVE HI-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MN
JACKS I I
INSTALL INLET VENT SCREENS 20 16D 1 122.7 40.9 40.9 4 SCREENS5MIN/SCREEN
PERFORM AIR TEMPERATURE RISE 8 16B 1 205.5 27.4 27.4 8 MEASMT@I/MIN
TEST I068.3 PERSON-MREM

TOTAL 1068.3 PERSON-MREM
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Table 10.3.3b
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 100-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (60.000 MWD/MTU. 3-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATE TOTAL
DURATION LOCATION NUMBER OF AT DOSE TO DOSE

ACTION(MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL ASSUMPTIONS

10.3.1) LOCATION (MREM) (PERSON-
10.3.1)__ ____ _(MREM/HR) MREM)

Section 8.5.2
MEASURE HI-STAR DOSE RATES 16 17A 2 14.1 3.8 7.5 16 POINTS@/1 POINT/MIN
REMOVE PERSONNEL BARRIER 10 17C 2 21.5 3.6 7.2 ATTACH SLING REMOVE 8 LOCKS
PERFORM REMOVABLECONTA MONAURE 1 17C 1 21.5 0.4 0.4 10 SMEARS@I 0 SMEARS/MINUTECONTAMINATION SURVEYS

ATTACH FRAME REMOVE 22
REMOVE IMPACT LIMITERS 16 17A 2 14.1 3.8 7.5 BT SAC T TOOLS

BOLTS IMPACT TOOLS
ATTACH 2-LEGGED SLING

REMOVE TIE-DOWN 6 17A 2 14.1 1.4 2.8 REOE S
REMOVE 4 BOLTS

PERFORM A VISUAL INSPECTION 10 17B 1 9.0 1.5 1.5 CHECKSHEET USED
OF OVERPACK
REMOVE REMOVABLE SHEAR 4 17A 1 14.1 0.9 0.9 4 BOLTS EACH @2/MIN X 2

RING SEGMENTS SEGMENTS
UPEND HI-STAR OVERPACK 20 17B 2 9.0 3.0 6.0 DISCONNECT LIFT YOKE
INSTALL TEMPORARY SHELD 16 18A 1 6.9 1.8 1.8 8 SEGMENTS @ 2 MIN/SEGMENT

RING SEGMENTS
FILL TEMPORARY SHIELD RING 25 18A 1 6.9 2.9 2.9 230 GAL @IOGPM, LONG HANDLED

SEGMENTS SPRAYER
REMOVE OVERPACK VENT PORT 2 18A 1 6.9 0.2 0.2 4 BOLTS @2/MIN

COVER PLATE
ATTACH BACKFILL TOOL 2 18A 1 6.9 0.2 0.2 4 BOLTS @2/MIN
OPEN/CLOSE VENT PORT PLUG 0.5 18A I 6.9 0.1 0.1 SINGLE TURN BY HAND NO TOOLS
REMOVE CLOSURE PLATE BOLTS 39 18A 2 6.9 4.5 9.0 52 BOLTS@/4/MIN X 3 PASSES
REMOVE OVERPACK CLOSURE 2 18A 1 6.9 0.2 0.2 4 SHACKLES@2/MIN

PLATE
INSTALL HI-STAR SEAL SURFACE 2 19B 1 6.9 0.2 0.2 PLACED BY HAND NO TOOLS

PROTECTOR
INSTALL TRANSFER COLLAR ON ALIGN AND POSITION REMOVE 4lISA 0 19B 2 6.9 1.2 2.3 SAKEHI-HSTAR SHACKLES

REMOVE MPC LIFT CLEAT HOLE 2 19A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING
PLUGS eenotesatbottomofTable10.3.4.

t See notes at bottom of Table 10.3.4.
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Table 10.3.3b
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 100-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURES (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATEAT DOSE TO TOA
DURATION LOCATION NUMBER OF AT DS o DOSE

ACTION (MINU LOCATION OPERAOF OPERATOR INDIVIDUAL DOSE ASSUMPTIONS
(MINUTES) (FIGURE OPERATORS LOCATION (MREM) (PERSON-

10.3.1) (MREM/HR) MREM)

INSTALL MPC LIFT CLEATS AND 25 19A 2 487.4 203.1 406.2 INSTALL CLEATS AND HYDRO
LIFT SLING TORQUE 4 BOLTS
MATE OVERPACKS 10 20B 2 692.0 115.3 230.7 ALIGNMENT GUIDES USED
REMOVE DOOR LOCKING 4 20B 2 692.0 46.1 92.3 2 PINS@2/MIN

AND OPEN DOORS
INSTALLED BY HAND NO

INSTALL TRIM PLATES 4 20B 2 692.0 46.1 92.3 FAST ENERS
FASTENERS

Section 8.5.3
REMOVE TRIM PLATES 4 20B 2 692.0 46.1 92.3 INSTALLED BY HAND NO

FASTENERS
DISCONNECT SLINGS FROM MPC 10 20A 2 363.8 60.6 121.3 2 SLINGS@5/MIN
LIFTING DEVICE

INSTALLED BY HAND NO
REMOVE TRIM PLATES 4 13B 2 692.0 46.1 92.3 FAST ENERS

FASTENERS

REMOVE MPC LIFT CLEATS AND 10 14A I 487.4 81.2 81.2 4 BOLTS,NO TORQUING
MPC LIFT SLINGS
INSTALL HOLE PLUGS IN EMPTY 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING
MPC BOLT HOLES
REMOVE HI-STORM VENT DUCT 2 15A 1 43.9 1.5 1.5 4 SHACKLES@2/MIN
SHIELD INSERTS
REMOVE ALIGNMENT DEVICE 4 15A 1 43.9 2.9 REMOVED BY HAND NO TOOLS (4

PCS(aI/MIN)

INSTALL HI-STORM LID AND 25 16A 2 11.7 4.9 9.8 INSTALL LID AND HYDRO TORQUE
INSTALL LID STUDS/NUTS 4 BOLTS
INSTALL HI-STORM EXIT VENT 4 16B I 205.5 13.7 13.7 4 PCS @ I/MIN INSTALL BY HAND
GAMMA SHIELD CROSS PLATES NO TOOLS
INSTALL TEMPERATURE 20 16B 1 205.5 68.5 68.5 4@5MIN/TEMPERATURE ELEMENT
ELEMENTS
INSTALL EXIT VENT SCREENS 20 16B 1 205.5 68.5 68.5 4 SCREENSa5MIN/SCREEN
REMOVE HI-STORM LID LIFTING 2 16A 1 11.7 0.4 0.4 4 SHACKLES@2/MIN
DEVICE
INSTALL HOLE PLUGS IN EMPTY 2 16A 1 11.7 0.4 0.4 4 PLUGS AT 2/MIN NO TORQUING
HOLES
PERFORM SHIELDINGEFFCTIEN TING 16 16D 1 122.7 32.7 32.7 16POINTS@I MINEFFECTIVENESS TESTINGI
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Table 10.3.3b
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 100-TON HI-TRAC TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (60,000 MWD/MTU, 3-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATEAT DOSE TO TOA
DURATION LOCATION NUMBER OF AT DS O DOSEACTION DRTO LOAIN NMEOFOPERATOR INDIVIDUAL DOEASSUMPTIONS(MINUTES) (FIGURE OPERATORS OPATOND(VIDMAL (PERSON-

10.3.1) LOCATION (MREM) MREM)
(MIREMIR)

SECURE HI-STORM TO TRANSPORT 10 16A 1 11.7 2.0 2.0 ASSUMESAIRPAD
DEVICE _ 0 1_17_0 SMAP
TRANSFER HI-STORM TO ITSDESIGNATED STORG LOCATI 40 16C 1 69.7 46.5 46.5 200 FEET @ 4FT/MINDESIGNATED STORAGE LOCATION

INSERT HI-STORM LIFTING JACKS 4 16D I 122.7 8.2 8.2 4 JACKSI/MIN
REMOVE AIR PAD 5 16D 1 122.7 10.2 10.2 1 PAD MOVED BY I-AND
REMOVE HI-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS@I/MIN
JACKS I I6D I882 J
INSTALL INLET VENT SCREENS 20 16D 1 122.7 40.9 40.9 4 SCREENS(a5MIN/SCREEN
PERFORM AIR TEMPERATURE RISE 8 16B 1 205.5 27.4 27.4 8 MEASMT@I/MIN
TEST 1I33_ _ IERSON-MRM

TOTAL 1633.3 PERSON-MR.EM
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Table 10.3.3c
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC 125D TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)

OPERATOR DOSERATE TOTAL
DURATION LOCATION NUMBER OF AT DOSE TO DOSE

A ON(MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL ASSUMPTIONS

MINUTES) (FIGURE OPERS10.3.1) LOCATION (MREM) MREM)
10..1)_ _(MREM/HR)

Section 8.5.2

MEASURE HI-STAR DOSESeto8.2RATE 16 17A 2 14.1 3.8 7.5 16 POINTS@I POINT/MINRATES

REMOVE PERSONNEL BARRIER 10 17C 2 21.5 3.6 7.2 ATTACH SLING REMOVE 8 LOCKS

PERFORM REMOVABLECONTAMI ONAUREY 17C 1 21.5 0.4 0.4 10 SMEARS@10 SMEARS/MINUTECONTAMINATION SURVEYS

REMOVE IMPACT LIMITERS 16 17A 2 14.1 3.8 7.5 ATTACH FRAME REMOVE 22 BOLTS IMPACT
TOOLS

REMOVE TIE-DOWN 6 17A 2 14.1 1.4 2.8 ATTACH 2-LEGGED SLING REMOVE 4 BOLTS
PERFORM A VISUALPECTON O VERUAC 10 17B I 9.0 1.5 1.5 CHECKSHEET USEDINSPECTION OF OVERPACK

REMOVE REMOVABLE SHEAR 17A 1 14.1 0.9 0.9 4 BOLTS EACH @2/MIN X 2 SEGMENTS
RING SEGMENTS

UPEND HI-STAR OVERPACK 20 17B 2 9.0 3.0 6.0 DISCONNECT LIFT YOKE

INSTALL TEMPORARY SHIELD 16 18A 1 7.1 1.9 1.9 8 SEGMENTS @ 2 MIN/SEGMENT
RING SEGMENTS
FILL TEMPORARY SHIELD RINGSEMENTS 25 18A 1 7.1 3.0 3.0 230 GAL @I0GPM, LONG HANDLED SPRAYERSEGMENTS

REMOVE OVERPACK VENT 2 18A 1 7.1 0.2 0.2 4 BOLTS @2/MIN
PORT COVER PLATE

ATTACH BACKFILL TOOL 2 18A 1 7.1 0.2 0.2 4 BOLTS @2/MIN

OPEN/CLOSE VENT PORT PLUG 0.5 18A 1 7.1 0.1 0.1 SINGLE TURN BY HAND NO TOOLS

REMOVE CLOSURE PLATE 39 18A 2 7.1 4.6 9.2 52 BOLTS@4/MIN X 3 PASSES
BOLTS I I I I
REMOVE OVERPACK CLOSURE 2 18A I 6.7 0.2 0.2 4 SHACKLES@2/MIN

StATE

t See notes at bottom of Table 10.3.4.
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Table 10.3.3c
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC 125D TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESt (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATEAT DOSE TO TOA
DURATION LOCATION NUMBER OF AT DS O DOSE

ACTION DURATIO LCIONR NUMBERAOF OPERATOR INDIVIDUAL DOSE ASSUMPTIONS
(MINUTES) (FIGURE OPERATORS LOCATION (MREM) MREM)

10.3.1) (MREM/R)

INSTALL HI-STAR SEAL 2 19B 1 7.1 0.2 0.2 PLACED BY HAND NO TOOLS
SURFACE PROTECTOR I
INSTALL MATING DEVICE ON 20 19B 2 7.1 2.4 4.7 ALIGN AND BOLT INTO PLACE

HI-STAR
REMOVE MPC LIFT CLEAT 2 19A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUING

HOLE PLUGS
INSTALL MPC LIFT CLEATS 25 19A 2 487.4 203.1 406.2 INSTALL CLEATS AND HYDRO TORQUE 4 BOLTS

AND LIFT SLING

MATE OVERPACKS 10 20B 2 118.5 19.8 39.5 ALIGNMENT GUIDES USED

REMOVE LOCKING PINS AND 20B 2 118.5 7.9 15.8 2 PINS@2/MIN
OPEN DRAWER

INSTALL TRIM PLATES 4 20B 2 118.5 7.9 15.8 INSTALLED BY HAND NO FASTENERS

Section 8.5.3

REMOVE TRIM PLATES 4 20B 2 118.5 7.9 15.8 INSTALLED BY HAND NO FASTENERS

RAISE THE POOL LID AND BOLT 32 20B 2 118.5 63.2 126.4 2 MINS/BOLT, 16 BOLTS
INTO PLACE ON HI-TRAC
DISCONNECT SLINGS FROM MPC 10 20A 2 158.5 26.4 52.8 2 SLINGS@5/MIN
LIFTING DEVICE

INSTALL TRIM PLATES 4 13B 2 118.5 7.9 15.8 INSTALLED BY HAND NO FASTENERS

REMOVE MPC LIFT CLEATS ANDMPCLIFTSLIFG 10 14A 1 487.4 81.2 81.2 4 BOLTS,NO TORQUINGMPC LIFT SLINGS

INSTALL HOLE PLUGS IN EMPTYMPCTBLT HOLES 2 14A 1 487.4 16.2 16.2 4 PLUGS AT 2/MIN NO TORQUINGMPC BOLT HOLES

REMOVE HI-STORM VENT DUCTSEOE INSERT 2 15A 1 43.9 1.5 1.5 4 SHACKLES@2/MINSHIELD INSERTS

REMOVE THE MATINGE DEVICE 6 15A 1 43.9 4.4 4.4 3 BOLTS AT 2 MINUTES PER BOLTS

INSTALL HI-STORM LID AND 25 16A 2 11.7 4.9 9.8 INSTALL LID AND HYDRO TORQUE 4 BOLTS
INSTALL LID STUDS/NUTS
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Table 10.3.3c
MPC TRANSFER INTO THE HI-STORM 100 SYSTEM DIRECTLY FROM TRANSPORT USING

THE 125-TON HI-TRAC 125D TRANSFER CASK
ESTIMATED OPERATIONAL EXPOSURESW (75,000 MWD/MTU, 5-YEAR COOLED PWR FUEL)

OPERATOR DOSE RATE TOTAL
DURATION LOCATION NUMBER OF AT DOSETO DOSEA ON(MINUTES) (FIGURE OPERATORS OPERATOR INDIVIDUAL ASSUMPTIONS

10.3.) (LOCATION (MREM) MREM)10.3.1) (MREM/HR)

INSTALL HI-STORM EXIT VENTGAMM SHLRO PLATES 4 16B 1 205.5 13.7 13.7 4 PCS @ I/MIN INSTALL BY HAND NO TOOLSGAMMA SHIELD CROSS PLATESI

INSTALL TEMPERATURE 20 16B I 205.5 68.5 68.5 4@5MIN/TEMPERATURE ELEMENT
ELEMENTS

INSTALL EXIT VENT SCREENS 20 16B 1 205.5 68.5 68.5 4 SCREENS@5MIN/SCREEN
REMOVE HI-STORM LID LIFTING 2 16A 1 11.7 0.4 0.4 4 SHACKLES@2/MIN
DEVICE
INSTALL HOLE PLUGS IN EMPTYHOLES 2 16A 1 11.7 0.4 0.4 4 PLUGS AT 2/MIN NO TORQUING
PERFORM SHIELDINGEFFCTIEN TING 16 16D 1 122.7 32.7 32.7 16POINTS@I MINEFFECTIVENESS TESTING

SECUREHI-STORMTO 10 16A I 11.7 2.0 2.0 ASSUMES AIR PAD
TRANSPORT DEVICE
TRANSFER HI-STORM TO ITS
DESIGNATED STORAGE 40 16C 1 69.7 46.5 46.5 200 FEET @ 4FT/MIN
LOCATION
INSERT HI-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS @I/MIN
JACKS

REMOVE AIR PAD 5 16D 1 122.7 10.2 10.2 1 PAD MOVED BY HAND
REMOVE HI-STORM LIFTING 4 16D 1 122.7 8.2 8.2 4 JACKS @I/MIN
JACKS

INSTALL INLET VENT SCREENS 20 16D 1 122.7 40.9 40.9 4 SCREENS@5MIN/SCREEN

PERFORM AIR TEMPERATURE 8 16B 1 205.5 27.4 27.4 8 MEASMT@I/MIN
RISE TEST I I I

TOTAL 1198.6 PERSON-MREM
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Table 10.3.4
ESTIMATED EXPOSURES FOR HI-STORM 100 SURVEILLANCE AND MAINTENANCE

ACTIVITY ESTIMATED ESTIMATED ESTIMATED DOSE OCCUPATIONAL DOSE TO
PERSONNEL HOURS PER YEAR RATE (MREM/HR) INDIVIDUAL (PERSON-

MREM)
SECURITY SURVEILLANCE 1 30 3 90

ANNUAL MAINTENANCE 2 15 10 300

Notes for Tables 10.3.1a, 10.3.1b, 10.3.1c, 10.3.2a, 10.3.2b, 10.3.2c, 10.3.3a, 10.3.3b, 10.3.3c and 10.3.4:

I. Refer to Chapter 8 for detailed description of activities.
2 Number of operators may be set to I to simplify calculations where the duration is indirectly proportional to the number of operators. The total dose is

equivalent in both respects.
3 HI-STAR 100 Operations assume that the cooling time is at least 10 years.
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I CASK LOCATION: IN SPENT FUEL POOL
OPERATOR LOCATION: ON FUEL BRIDGE

2. CASK LOCATION: LID AT POOL
SURFACE LEVEL
OPERATOR LOCATION: ON FUEL BRIDGE

3. CASK LOCATION: SUSPENDED FROM
CRANE
OPERATOR LOCATION: MULTIPLE
MPC CONDITION: FULL OF WATER
ANNULUS CONDITION: FULL OF WATER
WATER JACKET: EMPTY
TEMPORARY SHIELDING: NONE

4. CASK LOCATIONý IN PREP AREA
MPC CONDITION: FULL OF WATER
ANNULUS CONDITION: FULL OF WATER
WATER JACKET: EMPTY
TEMPORARY SHIELDING NONE

K",

/

-B

C

Figure 10.3.1a; Operator Work Locations Used for Estimating Personnel Exposure
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5. CASK LOCATION: PREP AREA
MPC CONDITION FULL OF WATER
ANNULUS CONDITION: FULL OF WATER
WATER JACKET: FULL
TEMPORARY SHIELDING NONE

6. CASK LOCATION: PREP AREA
MPC CONDITION FULL OF WATER
ANNULUS CONDITION FULL OF WATER
WATER JACKET FULL
TEMPORARY SHIELDING TEMP SHIELD
RING

7 CASK LOCATION: PREP AREA
MPC CONDITION WATER I0 INCHES
BELOW LID
ANNULUS CONDITION: WATER I0
INCHES BELOW TOP
WATER JACKET: FULL
TEMPORARY SHIELDING: TEMP SHIELD
RING, AWS SHIELD

8. CASK LOCATION: PREP AREA
MPC CONDITION: EMPTY OF WATER
ANNULUS CONDITION: EMPTY OF WATER
WATER JACKET: FULL
TEMPORARY SHIELDING TEMP SHIELD
RING, AWS SHIELD

A

Figure 1O.3.1b; Operator Work Locations Used for Estimating Personnel Exposure
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9. CASK LOCATION. PREP AREA
MPC CONDITION: EMPTY OF WATER
ANNULUS CONDITION: EMPTY OF WATER
WATER JACKET: FULL
TEMPORARY SHIELDING. TEMP SHIELD
RING

10. CASK LOCATION: FUEL FLOOR
MPC CONDITION. EMPTY OF WATER
ANNULUS CONDITION: EMPTY OF WATER
WATER JACKET: FULL
TEMPORARY SHIELDING: TRANSFER
STEP

A

7- \

/
/

D

-C

HI-TRAC 100/125 SHOWN
HI-TRAC lOOD/15D ARE SIMILAR

11. CASK LOCATION: FUEL FLOOR
MPC CONDITION- EMPTY OF WATER
ANNULUS CONDITION: EMPTY OF WATER
WATER JACKET FULL
TEMPORARY SHIELDING NONE

12. CASK LOCATION: TRANSPORT FRAME
MPC CONDITION: EMPTY OF WATER
ANNULUS CONDITION: EMPTY OF WATER
WATER JACKET: FULL
TEMPORARY SHIELDING NONE

/ A

/

B/

/

HI-TRAC 100/125 SHOWN
HI-TRAC IDDD/I25D ARE SIMILAR

HI-TRAC 100/125 SHOWN
HI-TRAC IODD/125D ARE SIMILAR

Figure 10.3.1c; Operator Work Locations Used for Estimating Personnel Exposure
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13. CASK LOCATION TRANSFER LOCATION
MPC CONDITION: EMPTY OF WATER
ANNULUS CONDITION: EMPTY OF WATER
WATER JACKET: FULL
TEMPORARY SHIELDING: HI-STORM
VENT DUCT SHIELD

C,7--

14 CASK LOCATION TRANSFER LOCATION
MPC CONDITION EMPTY OF WATER
ANNULUS CONDITION EMPTY OF WATER
TEMPORARY SHIELDING HI-STORM
VENT DUCT SHIELDS

HI-TRAC 100/125 SHOWN
HI-TRAC IlOD/I25D ARE SIMILAR

i

15. CASK LOCATION: TRANSFER LOCATION
MPC CONDITION EMPTY OF WATER
ANNULUS CONDITION EMPTY OF WATER
TEMPORARY SHIELDING: NONE

CASK LOCATION: ISFS1. TRANSPORT
ROUTE
MPC CONDITION EMPTY OF WATER
ANNULUS CONDITION: EMPTY OF WATER
TEMPORARY SHIELDING: NONE

7

AJ
( B

V

F/.

C

D

/'

Figure 10.3.1d; Operator Work Locations Used for Estimating Personnel Exposure
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Figure 10.3.1e; Operator Work Locations Used for Estimating Personnel Exposure
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10.4 ESTIMATED COLLECTIVE DOSE ASSESSMENT

10.4.1 Controlled Area Boundary Dose for Normal Operations

1OCFR72.104 [10.0.1] limits the annual dose equivalent to any real individual at the
controlled area boundary to a maximum of 25 mrem to the whole body, 75 mrem to the
thyroid, and 25 mrem for any other critical organ. This includes contributions from all
uranium fuel cycle operations in the region.

It is not feasible to predict bounding controlled area boundary dose rates on a generic
basis since radiation from plant and other sources; the location and the layout of an
ISFSI; and the number and configuration of casks are necessarily site-specific. In order
to compare the performance of the HI-STORM 100 System with the regulatory
requirements, sample ISFSI arrays were analyzed in Chapter 5. These represent a full
array of design basis fuel assemblies. Users are required to perform a site specific dose
analysis for their particular situation in accordance with IOCFR72.212 [10.0.1]. The
analysis must account for the ISFSI (size, configuration, fuel assembly specifics) and any
other radiation from uranium fuel cycle operations within the region.

Table 5.1.9 presents dose rates at various distances from sample ISFSI arrays for the
design basis burnup and cooling time which results in the highest off-site dose for the
combination of maximum burnup and minimum cooling times analyzed in Chapter 5.
1OCFR72.106 [10.0.1] specifies that the minimum distance from the ISFSI to the
controlled area boundary is 100 meters. Therefore this was the minimum distance
analyzed in Chapter 5. As a summary of Chapter 5, Table 10.4.1 presents the annual
dose results for a single overpack at 100 and 350 meters and a 2x5 array of HI-STORM
100 systems at 550 meters. These annual doses are based on a full array of design basis
fuel with a burnup of 60,000 MWD/MTU and 3-year cooling. This burnup and cooling
time combination conservatively bounds the allowable burnup and cooling times listed in
Section 2.1.9. In addition, 100% occupancy (8760 hours) is conservatively assumed. In
the calculation of the annual dose, the casks were positioned on an infinite slab of soil to
account for earth-shine effects. These results indicate that the calculated annual dose is
less than the regulatory limit of 25 mrem/year at a distance of 350 meters for a single
cask and at 550 meters for a 2x5 array of HI-STORM 100 Systems containing design
basis fuel. These results are presented only as an illustration to demonstrate that the HI-
STORM 100 System is in compliance with 1OCFR72.104[10.0.1]. Neither the distances
nor the array configurations become part of the Technical Specifications. Rather, users
are required to perform a site specific analyses to demonstrate compliance with
1OCFR72.104[l0.0.1] contributors and 10CFR20[10.1.1].

An additional contributor to the controlled area boundary dose is the loaded HI-TRAC
transfer cask, if the HI-TRAC is to be used at the ISFSI outside of the fuel building.
Table 10.4.2 provides dose rates at 100, 200, and 300 meters for a 100-ton HI-TRAC
transfer cask loaded with design basis fuel. The 100-ton HI-TRAC dose rates bound the
125-ton HI-TRAC by large margins. Based on the short duration that the loaded HI-
TRAC is used outside at the ISFSI, the HI-STORM 100 System is in compliance with
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1OCFR72.104[10.0.1] when worst-case design basis fuel is loaded in all fuel cell
locations. However, users are required to perform a site specific analysis to demonstrate
compliance with IOCFR72.104[10.0.1] and 1OCFR20[10.1.1] taking into account the
actual site boundary distance and fuel characteristics.

Section 7.1 provides a discussion as to how the Holtec MPC design, welding, testing, and
inspection requirements meet the guidance of ISG-18 such that leakage from the
confinement boundary may be considered non-credible. Therefore, there is no additional
dose contribution due to leakage from the welded MPC. The site licensee is required to
perform a site-specific dose evaluation of all dose contributors as part of the ISFSI
design. This evaluation will account for the location of the controlled area boundary, the
total number of casks on the ISFSI and the effects of the radiation from uranium fuel
cycle operations within the region.

10.4.2 Controlled Area Boundary Dose for Off-Normal Conditions

As demonstrated in Section 11.1, the postulated off-normal conditions (off-normal
pressure, off-normal environmental temperatures, leakage of one MPC weld, partial
blockage of air inlets, and off-normal handling of HI-TRAC) do not result in the
degradation of the HI-STORM 100 System shielding effectiveness. Therefore, the dose at
the controlled area boundary from direct radiation for off-normal conditions is equal to
that of normal conditions.

10.4.3 Controlled Area Boundary Dose for Accident Conditions

1OCFR72.106 [10.0.1] specifies the maximum doses allowed to any individual at the
controlled area boundary from any design basis accident (See Subsection 10.1.2). In
addition, it is specified that the minimum distance from the ISFSI to the controlled area
boundary be at least 100 meters.

Chapter 11 presents the results of the evaluations performed to demonstrate that the HI-
STORM 100 System can withstand the effects of all accident conditions and natural
phenomena without the corresponding radiation doses exceeding the requirements of
1OCFR72.106 [10.0.1]. The accident events addressed in Chapter 11 include: handling
accidents, tip-over, fire, tomado, flood, earthquake, 100 percent fuel rod rupture,
confinement boundary leakage, explosion, lightning, burial under debris, extreme
environmental temperature, partial blockage of MPC basket air inlets, and 100%
blockage of air inlets.

The worst-case shielding consequence of the accidents evaluated in Section 11.2 for the
loaded HI-STORM overpack assumes that as a result of a fire, the outer-most one inch of
the concrete experiences temperatures above the concrete's design temperature.
Therefore, the shielding effectiveness of this outer-most one inch of concrete is degraded.
However, with over 25 inches of concrete providing shielding, the loss of one inch will
have a negligible effect on the dose at the controlled area boundary.
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The worst case shielding consequence of the accidents evaluated in Section 11.2 for the
loaded HI-TRAC transfer cask assumes that as a result of a fire, tornado missile, or
handling accident, the all the water in the water jacket is lost. The shielding analysis of
the 100-ton HI-TRAC transfer cask with complete loss of the water from the water jacket
is discussed in Section 5.1.2. These results bound those for the 125-Ton HI-TRAC
transfer cask by a large margin. The results in that section show that the resultant dose
rate at the 100-meter controlled area boundary would be approximately 4.22 mrem/hour
for the loaded HI-TRAC transfer cask during the accident condition. At the calculated
dose rate, it would take approximately 49 days for the dose at the controlled area
boundary to reach 5 rem. This length of time is sufficient to implement and complete the
corrective actions outlined in Chapter 11. Therefore, the dose requirement of
1OCFR72.106 [10.0.1] is satisfied. Once again, this dose is calculated assuming design
basis fuel in all fuel cell locations. Users will need to perform site-specific analysis
considering the actual site boundary distance and fuel characteristics.
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Table 10.4.1

ANNUAL DOSE FOR ARRAYS OF HI-STORM IOOS VERSION B OVERPACKS
WITH DESIGN BASIS ZIRCALOY CLAD FUEL

60,000 MWD/MTU AND 3-YEAR COOLING

Array 1 Cask 1 Cask 2x5 Array
Configuration
Annual Dose 883.27 19.26 16.34
(mrem/year)t
Distance to 100 350 550

Controlled Area
Boundary

(meters)t, ttt

t
tt
ttt

100% occupancy is assumed.
Dose location is at the center of the long side of the array.
Actual controlled area boundary dose rates will be lower because the maximum permissible
bumup for 3-year cooling as specified in the Section 2.1.9 is lower than the bumup analyzed for
the design basis fuel used in this table.
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Table 10.4.2
DOSE RATE FOR THE 100-TON HI-TRAC TRANSFER CASK

WITH DESIGN BASIS ZIRCALOY CLAD FUEL

Fuel Burnup & 100 Meters 200 Meters 300 Meters
Cooling Time

60,000 0.91 0.14 0.04
MWD/MTU & 3 mrem/hr mrem/hr mrem/hr

Years
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SUPPLEMENT 10.1

RADIATION PROTECTION

The HI-STORM 100U is a modular, underground vertical ventilated module (VVM) designed to
accept all MPC models for storage at an ISFSI in lieu of above ground overpacks, like the HI-
STORM 100 and HI-STORM 100S. As such, the radiological dose to plant personnel as well as
members of the general public is well below those of the HI-STORM 100 and HI-STORM IOOS
when the MPC is in the overpack. Since the determination of off-site doses is necessarily site-
specific, dose assessments similar to those described in Chapter 10 are to be prepared by the
licensee as part of implementing the HI-STORM 1 OOU System in accordance with 1 OCFR72.212
[10.0.1].

HI-STORM I 00U Loading and Unloading Operations

The operations associated with the use of the HI-STORM 100U, described in Supplements 1.1
and 8.1, are quite similar to the operations for all other variations of the HI-STORM 100 system.
In both the aboveground and underground overpack, the MPC is transferred between the HI-
TRAC and the overpack and in both cases the lid of the overpack is placed atop the overpack
once the HI-TRAC is removed from the overpack. The only significant difference between the
aboveground and underground overpack is the position of the HI-TRAC relative to ground level.
For the aboveground overpack, the bottom of the HI-TRAC is approximately 18 feet above the
ground and for the underground overpack, the bottom of the HI-TRAC is essentially at ground
level. From an operations perspective, it will be easier to access the mating device and the pool
lid bolts when the HI-TRAC is positioned atop the underground overpack rather than the
aboveground overpack. In both cases, the same bolting and unbolting operations around the base
of the HI-TRAC must be performed. Therefore, the estimated occupational dose for these
scenarios is the same. The fact that the body of the HI-TRAC is closer to the ground when the
underground overpack is being loaded will not affect the occupational dose rate since it is
assumed that the workers not performing a task are positioned far enough away as to receive
minimal dose.

Once the MPC transfer is complete and the HI-TRAC has been removed, the lid is placed on the
overpack. For the underground overpack, this is a relatively simple operation of lifting the lid
and placing it in the correct location. Unlike the aboveground overpack, the lid is not bolted to
the body of the overpack. However, the outlet vent cover is installed on the overpack lid after the
lid is placed upon the HI-STORM 1 OOU, which installation requires bolting. Installation of the
outlet vent cover places workers over the lid and adds some time to the operation. The duration
of this operation can be estimated based on information provided in the tables in Section 10.3.
Installation of the vent cover would be similar to the installation and alignment of the closure
ring on top of the MPC. This activity is listed with an estimated duration of 5 min, for a single
operator, in the tables in Section 10.3. Since the outlet vent cover is closer to the center of the lid
than the closure ring, it is assumed here that two operators are required. There are four bolts, and
bolt installation is typically listed in Section 10.3 to be performed at 2 bolts per minute, resulting
in a duration of 2 minutes. Again, due to the location of those bolts, it is assumed that two
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operators are necessary to perform this activity. In total, it is then conservatively estimated that it
will take 10 minutes for two operators to perform the installation. The dose rate on top of the
overpack lid is 31.53 mrem/hr (see Table 5.1.1), which translates to a dose to the individual of
5.26 mrem and a total dose of 10.51 person-mrem. This is a small increase (about 1 %) in the
total dose when considering the entire MPC transfer into the HI-STORM system. However, it is
recommended that the operators do not spend any unnecessary time on top of the lid to
ensure/meet the ALARA principle. It should also be mentioned that actual occupational dose
during loading vary widely depending on site specific conditions. Experience has shown that the
dose rates are in general significantly lower than those estimated in Chapter 10 of this FSAR.

In conclusion, the operator dose rates will be similar to those described in Chapter 10 for the
aboveground overpack. Therefore, occupational exposure estimates for typical canister loading,
closure, transfer operations, and ISFSI inspections may be calculated using the information
presented in the tables of Chapter 10 for the site-specific application of the HI-STORM 1OOU
system. For the fuel loading/unloading, transportation, and storage operations utilizing the
HI-STORM 100U, the dose information provided in Chapter 10 may be considered bounding.

Excavation Activities

In the event it is desired to expand an ISFSI utilizing the HI-STORM 100U design, excavation of
material (i.e., soil) is required. Radiation protection of the excavation activities is achieved by
prescribing a minimum proximity of any excavation to an existing HI-STORM I OOU array. Site
specific radiation protection measures for excavation activities need to include confirmation of
the minimum soil properties along with the minimum distances between the excavation area and
the loaded VVMs, as well as radiological monitoring of the excavation area.

Site specific evaluations also need to be performed to ensure that the radiation protection space
boundary is maintained. Site specific accident scenarios (e.g., seismic conditions) will need to
be accounted for in these evaluations. A general accident scenario evaluation, however, has been
performed for the HI-STORM IOOU design. The impact of a tornado missile penetrating the soil
creating a horizontal hole extending from the metal surface of the VVM to the outer surface of
the soil was considered. This evaluation, presented in Supplement 5.1, demonstrates that the
dose at the site boundary is below the limit specified in 10 CFR 72.

Normal Operation of Storage

During normal operation of storage, radiation will predominantly emanate from the inlet and
outlet vents and the top of the lid. However, there are also some additional radiation streaming
paths and scenarios that may have to be considered in the radiation protection program. The
following two scenarios have been evaluated for the HI-STORM 100U design.

The first scenario evaluated address radiation streaming from a loaded VVM through an adjacent
empty VVM. An empty VVM adjacent to a loaded VVM could potentially constitute a radiation
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streaming path since the soil providing shielding is limited between adjacent VVMs. Therefore,
radiation passing through the soil to the unloaded VVM will have a path of less shielding and
could contribute to occupational dose. This evaluation is presented in detail in Supplement 5.J,
and concluded that there are no concerns about the dose rates contributing to occupational dose
across the top of the empty VVM due to radiation streaming from the loaded neighboring VVM.

The second scenario concerns the soil access tube, or test station, that is part of the ICCPS design
(see Figure 2.1.1) and could represent a potential streaming path. Therefore, radiation passing
through the soil access tube could contribute to occupational dose. This evaluation is presented
in detail in Supplement 5.1, and assumes a tube located about 5.5 feet from the center of the
VVM with a diameter of 4 inches, that reaches down to the support foundation. With these
dimensions, it is shown that there are no concerns about the dose rates contributing to
occupational dose on the top of the soil access tube due to radiation streaming from a loaded
VVM. However, if the tube is larger or located closer to the VVM, then the actual dimensions
should be considered in the site specific dose rate calculations, and the result of the calculations
should be considered in the site specific radiation protection program.
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SUPPLEMENT 10.111

RADIATION PROTECTION FOR TIE MPC-68M

The main body of this chapter remains fully applicable for the HI-STORM 100 System using the
MPC-68M.

The MPC-68M basket is lighter than the generic MPC-68 basket. This is due to the lower density
of the Metamic-HT panels as compared to stainless steel. The reduction in weight provides the
user more flexibility to meet ALARA objectives. For example, additional temporary shielding
may be used to further reduce the dose rates around the HI-TRAC when performing short term
operations.
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CHAPTER 11t: ACCIDENT ANALYSIS

This chapter presents the evaluation of the HI-STORM 100 System for the effects of off-normal and
postulated accident conditions. The design basis off-normal and postulated accident events,
including those resulting from mechanistic and non-mechanistic causes as well as those caused by
natural phenomena, are identified in Subsections 2.2.2 and 2.2.3. For each postulated event, the
event cause, means of detection, consequences, and corrective action are discussed and evaluated.
As applicable, the evaluation of consequences includes structural, thermal, shielding, criticality,
confinement, and radiation protection evaluations for the effects of each design event.

The structural, thermal, shielding, criticality, and confinement features and performance of the HI-
STORM 100 System are discussed in Chapters 3, 4, 5, 6, and 7. The evaluations provided in this
chapter are based on the design features and evaluations described therein.

Chapter 11 is in full compliance with NUREG-1536; no exceptions are taken.

11.1 OFF-NORMAL CONDITIONS

Off-normal operations, as defined in accordance with ANSI/ANS-57.9, are those conditions, which,
although not occurring regularly, are expected to occur no more than once a year. In this section,
design events pertaining to off-normal operation for expected operational occurrences are
considered. The off-normal conditions are listed in Subsection 2.2.2.

The following off-normal operation events have been considered in the design of the HI-STORM
100:

Off-Normal Pressure
Off-Normal Environmental Temperature
Leakage of One MPC Seal Weld
Partial Blockage of Air Inlets
Off-Normal Handling of HI-TRAC Transfer Cask
Malfunction of FHD System
SCS Power Failure
Off-Normal Loads:

t This chapter has been prepared in the format and section organization set forth in Regulatory
Guide 3.61. However, the material content of this chapter also fulfills the requirements of
NUREG-1536. Pagination and numbering of sections, figures, and tables are consistent with the
convention set down in Chapter 1, Section 1.0, herein. Finally, all terms-of-art used in this
chapter are consistent with the terminology of the glossary (Table 1.0.1). This chapter has been
substantially revised in support of LAR#3 to enhance clarity of presentation and evaluation of
results. Because of extensive editing a clean chapter is issued with this amendment.
Off-normal load combinations are defined in Chapter 2, Table 2.2.14 and evaluated in Chapter 3,
Section 3.4.
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For each event, the postulated cause of the event, detection of the event, analysis of the event effects
and consequences, corrective actions, and radiological impact from the event are presented.

The results of the evaluations performed herein demonstrate that the HI-STORM 100 System can
withstand the effects of off-normal events without affecting function, and are in compliance with the
applicable acceptance criteria. The following subsections present the evaluation of the HI-STORM
100 System for the design basis off-normal conditions that demonstrate that the requirements of
I 0CFR72.122 are satisfied, and that the corresponding radiation doses satisfy the requirements of
10CFR72.104(a) and 10CFR20.

11.1.1 Off-Normal Pressures

The sole pressure boundary in the HI-STORM 100 System is the MPC enclosure vessel. The off-
normal pressure condition is specified in Subsection 2.2.2. The off-normal pressure for the MPC
internal cavity is a function of the initial helium fill pressure and the temperature reached within the
MPC cavity under normal storage. The MPC internal pressure is evaluated with 10% of the fuel rods
ruptured and 100% of the rods fill gas and 30% of the fission gases released to the cavity.

11.1.1.1 Postulated Cause of Off-Normal Pressure

After fuel assembly loading, the MPC is drained, dried, and backfil led with an inert gas (helium) to
assure long-term fuel cladding integrity during dry storage. Therefore, the probability of failure of
intact fuel rods in dry storage is low. Nonetheless, the event is postulated and evaluated.

11.1.1.2 Detection of Off-Normal Pressure

The HI-STORM 100 System is designed to withstand the MPC off-normal internal pressure without
any effects on its ability to meet its safety requirements. There is no requirement for detection of off-
normal pressure and, therefore, no monitoring is required.

11.1.1.3 Analysis of Effects and Consequences of Off-Normal Pressure

The MPC off normal internal pressure is reported in Subsection 4.6.1 for the following conditions:
limiting fuel storage scenario, tech. spec. maximum helium backfill and 10% rod rupture with 100%
of rod fill gas and 30% of gaseous fission products released into the MPC cavity. The analysis shows
that the MPC pressure remains below the design MPC internal pressure (Table 2.2.1).

It should be noted that this bounding temperature rise does not take any credit for the increase in
thermosiphon action that would accompany the pressure increase that results from both the
temperature rise and the addition of the gaseous fission products to the MPC cavity. As any such
increase in thermosiphon action would decrease the temperature rise, the calculated pressure is
higher than would actually occur.
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Structural

The structural evaluation of the MPC enclosure vessel for off-normal internal pressure conditions is
discussed in Section 3.4. The stresses resulting from the off-normal pressure are confirmed to be
bounded by the applicable pressure boundary stress limits.

Thermal

The MPC internal pressure for off-normal conditions is reported in Subsection 4.6.1. The design
basis internal pressure for off-normal conditions used in the structural evaluation (Table 2.2.1)
bounds the off-normal condition pressure..

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features of the system as a result of this off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the off-normal pressure does not affect the safe
operation of the HI-STORM 100 System.

11.1.1.4 Corrective Action for Off-Normal Pressure

The HI-STORM 100 System is designed to withstand the off-normal pressure without any effects on
its ability to maintain safe storage conditions. There is no corrective action requirement for off-
normal pressure.

11.1.1.5 Radiological Impact of Off-Normal Pressure

The event of off-normal pressure has no radiological impact because the confinement barrier and
shielding integrity are not affected.
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11.1.2 Off-Normal Environmental Temperatures

The HI-STORM 100 System is designed for use at any site in the United States. Off-normal
environmental temperatures of -40 to 100°F (HI-STORM overpack) and 0 to 100 0F (HI-TRAC
transfer cask) have been conservatively selected to bound off-normal temperatures at these sites. The
off-normal temperature range affects the entire HI-STORM 100 System and must be evaluated
against the allowable component design temperatures. The off-normal temperatures are evaluated
against the off-normal condition temperature limits listed in Table 2.2.3.

11.1.2.1 Postulated Cause of Off-Normal Environmental Temperatures

The off-normal environmental temperature is postulated as a constant ambient temperature caused
by extreme weather conditions. To determine the effects of the off-normal temperatures, it is
conservatively assumed that these temperatures persist for a sufficient duration to allow the HI-
STORM 100 System to achieve thermal equilibrium. Because of the large mass of the HI-STORM
100 System with its corresponding large thermal inertia and the limited duration for the off-normal
temperatures, this assumption is conservative.

11.1.2.2 Detection of Off-Normal Environmental Temperatures

The HI-STORM 100 System is designed to withstand the off-normal environmental temperatures
without any effects on its ability to maintain safe storage conditions. There is no requirement for
detection of off-normal environmental temperatures for the HI-STORM overpack and MPC. Chapter
2 provides operational limitations to the use of the HI-TRAC transfer cask at temperatures of<32°F
and prohibits use of the HI-TRAC transfer cask below 0°F.

11.1.2.3 Analysis of Effects and Consequences of Off-Normal Environmental
Temperatures

The off-normal event considers an environmental temperature of 100°F with insolation for a
duration sufficient to reach thermal equilibrium. The evaluation is performed for a limiting fuel
storage configuration. The Off-Normal ambient temperature condition is evaluated in Subsection
4.6.1. The results are in compliance with off-normal temperature and pressure limits in Tables 2.2.1
and 2.2.3.

The off-normal event considering an environmental temperature of-40°F and no solar insolation for
a duration sufficient to reach thermal equilibrium is evaluated with respect to material design
temperatures of the HI-STORM overpack. The HI-STORM overpack and MPC are conservatively
assumed to reach -40'F throughout the structure. The minimum off-normal environmental
temperature specified for the HI-TRAC transfer cask is 0°F and the HI-TRAC is conservatively
assumed to reach 0°F throughout the structure. For ambient temperatures from 00 to 32°F, antifreeze
must be added to the demineralized water in the water jacket to prevent freezing. Chapter 3,
Subsection 3.1.2, details the structural analysis and testing performed to assure prevention of brittle
fracture failure of the HI-STORM 100 System.
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Structural

The effect on the MPC for the upper off-normal thermal conditions (i.e., I 00'F) is an increase in the
internal pressure. As shown in Subsection 4.6.1, the resultant pressure is below the off-normal
design pressure (Table 2.2.1). The effect of the lower off-normal thermal conditions (i.e., -40'F)
requires an evaluation of the potential for brittle fracture. Such an evaluation is presented in
Subsection 3.1.2.

Thermal

The resulting off-normal system and fuel assembly cladding temperatures for the hot conditions are
provided in Subsection 4.6.1 for the HI-STORM overpack and MPC. As can be seen from this table,
all temperatures for the off-normal environmental temperatures event are within the allowable values
for off-normal conditions listed in Table 2.2.3.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features of the system as a result of this off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal environmental temperatures
do not affect the safe operation of the HI-STORM 100 System.

11.1.2.4 Corrective Action for Off-Normal Environmental Temperatures

The HI-STORM 100 System is designed to withstand the off-normal environmental temperatures
without any effects on its ability to maintain safe storage conditions. There are no corrective actions
required for off-normal environmental temperatures.
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11.1.2.5 Radiological Impact of Off-Normal Environmental Temperatures

Off-normal environmental temperatures have no radiological impact, as the confinement barrier and
shielding integrity are not affected.

11.1.3 Leakage of One Seal

The HI-STORM 100 System has a reliable welded boundary to contain radioactive fission products
within the confinement boundary. The radioactivity confinement boundary is defined by the MPC
shell, baseplate, MPC lid, vent and drain port cover plates, and associated welds. The closure ring
provides a redundant welded closure to the release of radioactive material from the MPC cavity
through the field-welded MPC lid closures. Confinement boundary welds are inspected by
radiography or ultrasonic examination except for field welds that are examined by the liquid
penetrant method on the root (for multi-pass welds) and final pass, at a minimum. Field welds are
performed on the MPC lid, the MPC vent and drain port covers, and the MPC closure ring. The
welds on the vent and drain port cover plates are leakage tested. Additionally, the MPC lid
weld is subjected to a pressure test to verify its integrity.

Section 7.1 provides a discussion as to how the MPC design, welding, testing and inspection
requirements meet the guidance of ISG-18 such that leakage from the confinement boundary may be
considered non-credible.

11.1.3.1 Postulated Cause of Leakage of One Seal in the Confinement Boundary

There is no credible cause for the leakage of one seal in the confinement boundary. The conditions
analyzed in Chapter 3 shows that the confinement boundary components are maintained within their
Code-allowable stress limits under all normal and off-normal storage conditions. The MPC lid-to-
shell weld meets the requirements of ISG-18, such that leakage from the confinement boundary is
not considered credible. Therefore, there is no event that could cause leakage of one seal in the
confinement boundary.

11.1.3.2 Detection of Leakage of One Seal in the Confinement Boundary

The HI-STORM 100 System is designed such that leakage of one seal in the confinement boundary
is not considered a credible scenario. Therefore, there is no requirement to detect leakage from one
seal.

11.1.3.3 Corrective Action for Leakage of One Seal in the Confinement Boundary

There is no corrective action required for the failure of one weld in the closure system of the
confinement boundary. Leakage of one weld in the confinement boundary closure system is not a
credible event.
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11.1.3.4 Radiological Impact of Leakage of One Seal in the Confinement Boundary

The off-normal event of the failure of one weld in the confinement boundary closure system has no
radiological impact because leakage from the confinement barrier is not credible.

11.1.4 Partial Blockage of Air Inlets

The HI-STORM 100 System is designed with debris screens on the inlet and outlet air ducts. These
screens ensure the air ducts are protected from the incursion, of foreign objects. There are four air
inlet ducts 900 apart and it is highly unlikely that blowing debris during normal or off-normal
operation could block all air inlet ducts. As required by the design criteria presented in Chapter 2, it
is conservatively assumed that two of the four air inlet ducts are blocked. The blocked air inlet ducts
are assumed to be completely blocked with an ambient temperature of 80'F (Table 2.2.2), full solar
insolation, and maximum SNF decay heat values. This condition is analyzed to demonstrate the
inherent thermal stability of the HI-STORM 100 System.

11.1.4.1 Postulated Cause of Partial Blockage of Air Inlets

It is conservatively assumed that the blocked air inlet ducts are completely blocked, although screens
prevent foreign objects from entering the ducts. The screens are either inspected periodically or the
outlet duct air temperature is monitored. It is, however, possible that blowing debris may block two
air inlet ducts of the overpack.

11.1.4.2 Detection of Partial Blockage of Air Inlets

The detection of the partial blockage of air inlet ducts will occur during the routine visual inspection
of the screens or temperature monitoring of the outlet duct air. The frequency of inspection is based
on an assumed complete blockage of all four air inlet ducts. There is no inspection requirement as a
result of the postulated two inlet duct blockage, because the complete blockage of all four air inlet
ducts is bounding.

11.1.4.3 Analysis of Effects and Consequences of Partial Blockage of Air Inlets

Structural

There are no structural consequences as a result of this off-normal event.

Thermal

The thermal analysis for the two air inlet ducts blocked off-normal condition is performed in
Subsection 4.6.1. The analysis demonstrates that under bounding (steady-state) conditions, no
system components exceed the off-normal temperature limits in Table 2.2.3.
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Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features of the system as a result of this off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal partial blockage of air inlet
ducts event does not affect the safe operation of the HI-STORM 100 System.

11.1.4.4 Corrective Action for Partial Blockage of Air Inlets

The corrective action for the partial blockage of air inlet ducts is the removal, cleaning, and
replacement of the affected mesh screens. After clearing of the blockage, the storage module
temperatures will return to the normal temperatures reported in Chapter 4. Partial blockage of air
inlet ducts does not affect the HI-STORM 100 System's ability to operate safely.

Periodic inspection of the HI-STORM overpack air duct screens is required. Alternatively, the outlet
duct air temperature is monitored. The frequency of inspection is based on an assumed blockage of
all four air inlet ducts analyzed in Section 11.2.

11.1.4.5 Radiological Impact of Partial Blockage of Air Inlets

The off-normal event of partial blockage of the air inlet ducts has no radiological impact because the
confinement barrier is not breached and shielding is not affected.

11.1.5 Off-Normal Handling of HI-TRAC

During upending and/or downending of the HI-TRAC transfer cask, the total lifted weight is
distributed among both the upper lifting trunnions and the lower pocket trunnions. Each of the four
trunnions on the HI-TRAC therefore supports approximately one-quarter of the total weight. This
even distribution of the load would continue during the entire rotation operation.

If the lifting device is allowed to "go slack", the total weight would be applied to the lower pocket
trunnions only. Under this off-normal condition, the pocket trunnions would each be required to
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support one-half of the total weight, doubling the load per trunnion. This condition is analyzed to
demonstrate that the pocket trunnions possess sufficient strength to support the increased load under
this off-normal condition.

This off-normal condition does not apply to the HI-TRAC 125D, which does not have lower pocket
trunnions. Upending and downending of the HI-TRAC 125D is performed using an L-frame.

11.1.5.1 Postulated Cause of Off-Normal Handling of HI-TRAC

If the cable of the crane handling the HI-TRAC is inclined from the vertical, it would possible to
unload the upper lifting trunnions such that the lower pocket trunnions are supporting the total cask
weight and the lifting trunnions are only preventing cask rotation.

11.1.5.2 Detection of Off-Normal Handling of HI-TRAC

Handling procedures and standard rigging practice call for maintaining the crane cable in a vertical
position by keeping the crane trolley centered over the lifting trunnions. In such an orientation it is
not possible to completely unload the lifting trunnions without inducing rotation. If the crane cable
were inclined from the vertical, however, the possibility of unloading the lifting trunnions would
exist. It is therefore possible to detect the potential for this off-normal condition by monitoring the
incline of the crane cable with respect to the vertical.

11.1.5.3 Analysis of Effects and Consequences of Off-Normal Handling of HI-TRAC

If the upper lifting trunnions are unloaded, the lower pocket trunnions will support the total weight
of the loaded HI-TRAC. The analysis of the pocket trunnions to support the applied load of one-half
of the total weight is provided in Subsection 3.4.4. The consequence of off-normal handling of the
HI-TRAC is that the pocket trunnions safely support the applied load.

Structural

The stress evaluations of the lower pocket trunnions are discussed in Subsection 3.4.4. All stresses
are within the allowable values.

Thermal

There is no effect on the thermal performance of the system as a result of this off-normal event.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features of the system as a result of this off-normal event.
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Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal handling of the HI-TRAC

does not affect the safe operation of the system.

11.1.5.4 Corrective Action for Off-Normal Handling of HI-TRAC

The HI-TRAC transfer casks are designed to withstand the off-normal handling condition without
any adverse effects. There are no corrective actions required for off-normal handling of HI-TRAC
other than to attempt to maintain the crane cable vertical during HI-TRAC upending or downending.

11.1.5.5 Radiological Consequences of Off-Normal Handling of HI-TRAC

The off-normal event of off-normal handling of HI-TRAC has no radiological impact because the
confinement barrier is not breached and shielding is not affected.

11.1.6 Malfunction of FHD System

The FHD system is a forced helium circulation device used to effectuate moisture removal from
loaded MPCs. For circulating helium, the FHD system is equipped with active components requiring
external power for normal operation.

11.1.6.1 Postulated Cause of FHD Malfunction

Likely causes of FHD malfunction are (i) a loss of external power to the FHD System and (ii) an
active component trip. In both cases a stoppage of forced helium circulation occurs. Such a
circulation stoppage does not result in any helium leakage from the MPC or the FHD itself.

11.1.6.2 Detection of FHD Malfunction

The FHD System is monitored during its operation. An FHD malfunction is detected by operator
response to control panel visual displays and alarms.
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11.1.6.3 Analysis of Effects and Consequences of FHD Malfunction

Structural

The FHD System is required to be equipped with safety relief devices§ to prevent the MPC
structural boundary pressures from exceeding the design limits. Consequently there is no adverse
effect.

Thermal

Malfunction of the FHD System is categorized as an off-normal condition, for which the applicable
peak cladding temperature limit is 1058TF (Table 2.2.3). The FHD System malfunction event is
evaluated assuming the following bounding conditions:

1) Steady state maximum temperatures have been reached
2) Design basis heat load
3) Standing column of air in the annulus
4) MPCs backfilled with the minimum helium pressure required by the Technical

Specifications

It is noted that operator action may be required to raise the helium regulator set point to ensure that
condition 4 above is satisfied. These conditions are the same as for the normal on-site transfer in a
vertically oriented HI-TRAC, discussed in Section 4.5. The steady state results are provided in Table
4.5.4. The results demonstrate that the peak fuel cladding temperatures remain below the limit in the
event of a prolonged unavailability of the FHD system.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control of the system as a result of this off-normal event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event. As
discussed in the structural evaluation above, the structural boundary pressures cannot exceed the
design limits.

§ The relief pressure is below the off-normal design pressure (Table 2.2.1) to prevent MPC overpressure
and above 7 atm to enable MPC pressurization for adequate heat transfer.
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Radiation Protection

As there is no adverse effect on the shielding or confinement functions, there is no effect on
occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the FHD malfunction does not affect the safe operation

of the HI-STORM 100 System.

11.1.6.4 Corrective Action for FHD Malfunction

The HI-STORM 100 System is designed to withstand the FHD malfunction without an adverse
effect on its safety functions. Consequently no corrective action is required.

11.1.6.5 Radiological Impact of FHD Malfunction

The event has no radiological impact because the confinement barrier and shielding integrity are not
affected.

11.1.7 SCS Power Failure

The SCS system is a fluid circulation device used to provide supplemental HI-TRAC cooling. For
fluid circulation, the SCS system is equipped with active components requiring power for normal
operation.

11.1.7.1 Postulated Cause of SCS Power Failure

The SCS is normally operated from an external source of power such as from site utilities or a feed
from a heavy haul vehicle carrying the HI-TRAC. Occasional interruption in power supply is
possible.

11.1.7.2 Detection of SCS Power Failure

The HI-STORM 100 System is designed to withstand a power failure without affecting its ability to
meet safety requirements. Consequently SCS monitoring and failure detection is not required.

11.1.7.3 Analysis of Effects and Consequences of SCS Power Failure

The SCS System is required to be equipped with a backup power supply (See SCS specifications in
Chapter 2, Appendix 2.C). This ensures uninterrupted operation of the SCS following a power
failure. Consequently, a power failure does not effect SCS operation.

Structural

There is no effect on the structural integrity.
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Thermal

There is no effect on thermal performance.

Shielding

There is no effect on the shielding performance.

Criticality

There is no effect on the criticality control.

Confinement

There is no effect on the confinement function.

Radiation Protection

As there is no effect on the shielding or confinement functions, there is no effect on occupational or
public exposures.

Based on this evaluation, it is concluded that the SCS failure does not affect the safe operation of the
HI-STORM 100 System.

11.1.7.4 Corrective Action for SCS Power Failure

The HI-STORM 100 System is designed to withstand a power failure without an adverse effect on
its normal operation. Consequently no corrective action is required.

11.1.7.5 Radiological Impact of SCS Power Failure

The event has no radiological impact because the confinement barrier and shielding integrity are not
affected.
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11.2 ACCIDENTS

Accidents, in accordance with ANSI/ANS-57.9, are either infrequent events that could reasonably be
expected to occur during the lifetime of the HI-STORM 100 System or events postulated because
their consequences may affect the public health and safety. Subsection 2.2.3 defines the design basis
accidents considered. By analyzing for these design basis events, safety margins inherently provided
in the HI-STORM 100 System design can be quantified.

The results of the evaluations performed herein demonstrate that the HI-STORM 100 System can
withstand the effects of all credible and hypothetical accident conditions and natural phenomena
without affecting safety function, and are in compliance with the acceptable criteria. The following
sections present the evaluation of the design basis postulated accident conditions and natural
phenomena which demonstrate that the requirements of 1OCFR72.122 are satisfied, and that the
corresponding radiation doses satisfy the requirements of I OCFR72.106(b) and I OCFR20.

The load combinations evaluated for postulated accident conditions are defined in Table 2.2.14. The
load combinations include normal loads with the accident loads. The accident load combination
evaluations are provided in Section 3.4.

11.2.1 HI-TRAC Transfer Cask Handling Accident

11.2.1.1 Cause of HI-TRAC Transfer Cask Handling Accident

During the operation of the HI-STORM 100 System, the loaded HI-TRAC transfer cask is
transported to the ISFSI in a vertical position. Unless the lifting device is designed in accordance
with the criteria specified in Subsection 2.3.3, the height of the loaded overpack above the ground
shall be limited to below the handling height limit determined in Chapter 3 to limit the inertia
loading on the cask in a horizontal drop to less than 45g's. Although a handling accident is remote, a
cask drop from the horizontal handling height limit is credible only if the lifting device is not
designed in accordance with the criteria specified in Subsection 2.3.3. A vertical drop of the loaded
HI-TRAC transfer cask is not a credible accident as the loaded HI-TRAC shall be transported and
handled in the vertical orientation by devices designed in accordance with the criteria specified in
Subsection 2.3.3 and a horizontal drop is precluded as HI-TRAC is transported in the vertical
orientation. Nevertheless, for defense-in-depth a drop from a horizontal orientation is postulated and
structural consequences evaluated..

11.2.1.2 HI-TRAC Transfer Cask Handling Accident Analysis

The handling accident analysis evaluates the effects of dropping the loaded HI-TRAC in the
horizontal position. The analysis of the handling accident is provided in Chapter 3. The analysis
shows that the HI-TRAC meets all structural requirements and there is no adverse effect on the
confinement, thermal or subcritical ity performance of the contained MPC. Limited localized damage
to the HI-TRAC water jacket shell and loss of the water in the water jacket may occur as a result of
the handling accident. The HI-TRAC top lid and transfer lid housing (pool lid for the HI-TRAC
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125D) are demonstrated to remain attached by withstanding the maximum deceleration. The transfer
lid doors (not applicable to HI-TRAC 125D) are also shown to remain closed during the drop.
Limiting the inertia loading to 60g's or less ensures the fuel cladding remains intact based on
dynamic impact effects on spent fuel assemblies in the literature [ 11.2. 1 ]. Therefore, demonstrating
that the 45g limit for the HI-TRAC transfer cask is met ensures that the fuel cladding remains intact.

Structural

The structural evaluation of the MPC for 45g's is provided in Section 3.4. As discussed in Section
3.4, the MPC stresses as a result of the HI-TRAC side drop, 45g loading, are all within allowable
values.

As discussed above, the waterjacket enclosure shell could be punctured which results in a loss of the
water within the water jacket. Additionally, the I-H-TRAC top lid, transfer lid (pool lid for the HI-
TRAC 125D), and transfer lid doors (not applicable to HI-TRAC 125D) are shown to remain in
position under the 45g loading. Analysis of the lead in the HI-TRAC is performed in Appendix 3.F
and it is shown that there is no appreciable change in the lead shielding.

Thermal

The loss of the water in the water jacket causes the temperatures to increase due to a reduction in the
thermal conductivity through the HI-TRAC water jacket. An analysis of the MPC in the HI-TRAC
transfer cask temperatures with no water in the water jacket is presented in Subsection 4.6.2. The
analysis results are below the short-term allowable fuel cladding and material temperatures limits for
accident conditions.

Shielding

The assumed loss of the water in the waterjacket results in an increase in the radiation dose rates at
locations adjacent to the water jacket. The shielding analysis results presented in Chapter 5
demonstrate that the requirements of I OCFR72.106 are not exceeded. As the structural analysis
demonstrates that the HI-TRAC top lid, transfer lid (pool lid for the HI-TRAC 125D), and transfer
lid doors (not applicable to HI-TRAC 125D) remain in place, there is no change in the dose rates at
the top and bottom of the HI-TRAC.

Criticality

There is no effect on the criticality control features of the system as a result of this accident event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.
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Radiation Protection

There is no degradation in the confinement capabilities of the MPC, as discussed above. There are
increases in the local dose rates adjacent to the water jacket. The dose rates are provided in Chapter
5. Immediately after the drop accident a radiological inspection of the HI-TRAC will be performed
and temporary shielding shall be installed to limit exposure. Based on a minimum distance to the
controlled area boundary of 100 meters, the 1OCFR72.106 dose rate requirements at the controlled
area boundary (5 Rem limit) are not exceeded.

11.2.1.3 HI-TRAC Transfer Cask Handling Accident Dose Calculations

The handling accident could cause localized damage to the HI-TRAC water jacket shell and loss of
the water in the water jacket as the neutron shield impacts the ground.

When the water jacket is impacted, the HI-TRAC transfer cask surface dose rate could increase. The
HI-TRAC's post-accident shielding analysis presented in Chapter 5 assumes complete loss of the
water in the water jacket and bounds the dose rates anticipated for the handling accident.

If the water jacket of the loaded HI-TRAC is damaged beyond immediate repair and the MPC is not
damaged, the loaded HI-TRAC may be unloaded into a HI-STORM overpack, a HI-STAR overpack,
or unloaded in the fuel pool. If the MPC is damaged, the loaded HI-TRAC must be returned to the
fuel pool for unloading. Depending on the damage to the HI-TRAC and the current location in the
loading or unloading sequence, personnel exposure is minimized by continuing to load the MPC into
a HI-STORM or HI-STAR overpack. Once the MPC is placed in the HI-STORM or HI-STAR
overpack, the dose rates are greatly reduced. The highest personnel exposure will result from
returning the loaded HI-TRAC to the fuel pool to unload the MPC.

The analysis of the handling accident presented in Section 3.4 shows that the MPC confinement
barrier will not be compromised and, therefore, there will be no release of radioactive material from
the confinement vessel. Any possible rupture of the fuel cladding will have no effect on the site
boundary dose rates because the magnitude of the radiation source has not changed.

11.2.1.4 HI-TRAC Transfer Cask Handling Accident Corrective Action

Following a handling accident, the ISFSI operator shall first perform a radiological and visual
inspection to determine the extent of the damage to the HI-TRAC transfer cask and MPC to the
maximum practical extent. As appropriate, place temporary shielding around the HI-TRAC to reduce
radiation dose rates. Special handling procedures will be developed and approved by the ISFSI
operator to lift and upright the HI-TRAC. Upon uprighting, the portion of the overpack not
previously accessible shall be radiologically and visually inspected. If damage to the waterjacket is
limited to a local penetration or crushing, local repairs can be performed to the shell and the water
replaced. If damage to the water jacket is extensive, the damage shall be repaired and re-tested in
accordance with Chapter 9, following removal of the MPC.
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If upon inspection of the damaged HI-TRAC transfer cask and MPC, damage of the MPC is
observed, the loaded HI-TRAC transfer cask will be returned to the facility for fuel unloading in
accordance with Chapter 8. The handling accident will not affect the ability to unload the MPC using
normal means as the structural analysis of the 60g loading (HI-STAR Docket Numbers 71-9261 and
72-1008) shows that there will be no gross deformation of the MPC basket. After unloading, the
structural damage of the HI-TRAC and MPC shall be assessed and a determination shall be made if
repairs will enable the equipment to return to service. Subsequent to the repairs, the equipment shall
be inspected and appropriate tests shall be performed to certify the equipment for service. If the
equipment cannot be repaired and returned to service, the equipment shall be disposed of in
accordance with the appropriate regulations.

11.2.2 HI-STORM Overpack Handling Accident

11.2.2.1 Cause of HI-STORM Overpack Handling Accident

During the operation of the HI-STORM 100 System, the loaded HI-STORM overpack is lifted in the
vertical orientation. The height of the loaded overpack above the ground shall be limited to below the
vertical handling height limit determined in Chapter 3, unless the lifting device is designed in
accordance with the criteria specified in Subsection 2.3.3. This vertical handling height limit will
maintain the inertial loading on the cask in a vertical drop to 45g's or less. Although a handling
accident is remote, a drop from the vertical handling height limit is a credible accident if the lifting
device is not designed in accordance with the criteria specified in Subsection 2.3.3.

11.2.2.2 HI-STORM Overpack Handling Accident Analysis

The handling accident analysis evaluates the effects of dropping the loaded overpack in the vertical
orientation. The analysis of the handling accident is provided in Chapter 3. The analysis shows that
the HI-STORM 100 System meets all structural requirements and there are no adverse effects on the
structural, confinement, thermal or subcriticality performance of the HI-STORM 100 System.
Limiting the inertia loading to 60g's or less ensures the fuel cladding remains intact based on
dynamic impact effects on spent fuel assemblies in the literature [11.2.1].

Structural

The structural evaluation of the MPC under a 60g vertical load is presented in the HI-STAR FSAR
and SAR [11.2.3 and 11.2.4] and it is demonstrated therein that the stresses are within allowable
limits. The structural analysis of the HI-STORM overpack is presented in Section 3.4. The structural
analysis of the overpack shows that the concrete shield attached to the underside of the overpack lid
remains attached and air inlet ducts do not collapse.
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Thermal

As the structural analysis demonstrates that there is no adverse effect to the MPC or overpack, there
is no effect on the thermal performance of the system as a result of this event.

Shielding

As the structural analysis demonstrates that there is no adverse effect to the MPC or overpack, there
is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no adverse effect on the criticality control features of the system as a result of this event.

Confinement

There is no adverse effect on the confinement function of the MPC as a result of this event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the vertical drop of the HI-STORM Overpack with the
MPC inside does not affect the safe operation of the HI-STORM 100 System.

11.2.2.3 HI-STORM Overpack Handling Accident Dose Calculations

The vertical drop handling accident of the loaded HI-STORM overpack will not cause any change of
the shielding or breach of the MPC confinement boundary. Any possible rupture of the fuel cladding
will have no affect on the site boundary dose rates because the magnitude of the radiation source has
not changed. Therefore, the dose calculations are equivalent to the normal condition dose rates.

11.2.2.4 HI-STORM Overpack Handling Accident Corrective Action

Following a handling accident, the ISFSI operator shall first perform a radiological and visual
inspection to determine the extent of the damage to the overpack. Special handling procedures, as
required, will be developed and approved by the ISFSI operator.

If upon inspection of the MPC, structural damage of the MPC is observed, the MPC is to be returned
to the facility for fuel unloading in accordance with Chapter 8. After unloading, the structural
damage of the MPC shall be assessed and a determination shall be made if repairs will enable the
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MPC to return to service. Likewise, the HI-STORM overpack shall be thoroughly inspected and a
determination shall be made if repairs will enable the HI-STORM overpack to return to service.
Subsequent to the repairs, the equipment shall be inspected and appropriate tests shall be performed
to certify the HI-STORM 100 System for service. If the equipment cannot be repaired and returned to
service, the equipment shall be disposed of in accordance with the appropriate regulations.

11.2.3 Tip-Over

11.2.3.1 Cause of Tip-Over

The analysis of the HI-STORM 100 System has shown that the overpack does not tip over as a result
of the accidents (i.e., tornado missiles, flood water velocity, and seismic activity) analyzed in this
section. It is highly unlikely that the overpack will tip-over during on-site movement because of the
required low handling height or the use of a lifting device designed in accordance with the criteria
specified in Subsection 2.3.3. The tip-over accident is stipulated as a non-mechanistic accident.

For the anchored HI-STORM designs (HI-STORM 1 OOA and 1 OOSA), a tip-over accident is not
possible. As described in Chapter 2 of this FSAR, these system designs are not evaluated for the
hypothetical tip-over. As such, the remainder of this accident discussion applies only to the non-
anchored designs (i.e., the 100 and IOOS designs only).

11.2.3.2 Tip-Over Analysis

The tip-over accident analysis evaluates the effects of the loaded overpack tipping-over onto a
reinforced concrete pad. The tip-over analysis is provided in Section 3.4. The structural analysis
provided in Appendix 3.A demonstrates that the resultant deceleration loading on the MPC as a
result of the tip-over accident is less than the design basis 45g's. The analysis shows that the HI-
STORM 100 System meets all structural requirements and there is no adverse effect on the
structural, confinement, thermal, or subcriticality performance of the MPC. However, the side impact
will cause some localized damage to the concrete and outer shell of the overpack in the radial area of
impact.

Structural

The structural evaluation of the MPC presented in Section 3.4 demonstrates that under a 45g loading
the stresses are well within the allowable values. Analysis presented in Chapter 3 shows that the
concrete shields attached to the underside and top of the overpack lid remains attached. As a result of
the tip-over accident there will be localized crushing of the concrete in the area of impact.

Thermal

The thermal analysis of the overpack and MPC is based on vertical storage. The thermal
consequences of this accident while the overpack is in the horizontal orientation are bounded by the
burial under debris accident evaluated in Subsection 4.6.2. Damage to the overpack will be limited as
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discussed above. As the structural analysis demonstrates that there is no significant change in the
MPC or overpack, once the overpack and MPC are returned to their vertical orientation there is no
effect on the thermal performance of the system.

Shielding

The effect on the shielding performance of the system as a result of this event is two-fold. First,
there may be a localized decrease in the shielding thickness of the concrete in the body of the
overpack. Second, the bottom of the overpack, which is normally facing the ground and not
accessible, will now be facing the horizon. This orientation will increase the off-site dose rate.
However, the dose rate limits of 10CFR72.106 are not exceeded.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

There is no effect on occupational or public exposures from radionuclide release as a result of this
accident event since the confinement boundary integrity of the MPC remains intact.

Immediately after the tip-over accident a radiological inspection of the HI-STORM will be
performed and temporary shielding shall be installed to limit exposure from direct radiation. Based
on a minimum distance to the controlled area boundary of 100 meters, the 1OCFR72.106 dose rate
requirements at the controlled area boundary (5 Rem limit) are not exceeded.

Based on this evaluation, it is concluded that the accident does not affect the safe operation of the

HI-STORM 100 System.

11.2.3.3 Tip-Over Dose Calculations

The analysis of the tip-over accident has shown that the MPC confinement barrier will not be
compromised and, therefore, there will be no release of radioactivity or increase in site-boundary
dose rates from release of radioactivity.

The tip-over accident could cause localized damage to the radial concrete shield and outer steel shell
where the overpack impacts the surface. The overpack surface dose rate in the affected area could
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increase due to the damage. However, there should be no noticeable increase in the ISFSI site or
boundary dose rate as a result of the localized damage on the side of the overpack.

The tip-over accident will also cause a re-orientation of the bottom of the overpack. As a result,
radiation leaving the bottom of the overpack, which would normally be directed into the ISFSI pad,
will be directed towards the horizon and the controlled area boundary. The dose rate at 100 meters
from the bottom of the overpack, the minimum distance to the controlled area boundary, was
calculated for the HI-STORM 100S Version B with an MPC-24 for an assumed accident duration of
30 days. The burnup and cooling time of the fuel was 60,000 MWD/MTU and 3 years, which is more
conservative than consistent with the off-site dose analysis reported in Chapter 10, Table 10.4.1 and
the . This combination of overpack, MPC, burnup and cooling time is the same as that used in
Chapters 5 and 10 for off-site dose calculations. The results presented below demonstrate that the
regulatory requirements of 1 OCFR72.106 are easily met.

Distance Dose Rate Accident Total Dose I OCFR72.106
(mrem/hr) Duration (mrem) Limit (mrem)

100 meters 2.36 720 hours or 1699.2 5000
30 days

11.2.3.4 Tip-Over Accident Corrective Action

Following a tip-over accident, the ISFSI operator shall first perform a radiological and visual
inspection to determine the extent of the damage to the overpack. Special handling procedures,
including the use of temporary shielding, will be developed and approved by the ISFSI operator.

If upon inspection of the MPC, structural damage of the MPC is observed, the structural damage
shall be assessed and a determination shall be made if repairs will enable the MPC to return to
service. If determined necessary, the MPC shall be returned to the facility for fuel unloading or
transferred to either a HI-STAR or HI-STORM overpack in accordance with Chapter 8 for a duration
that is determined to be appropriate. Likewise, the HI-STORM overpack shall be thoroughly
inspected and a determination shall be made if repairs are required and will enable the HI-STORM
overpack to return to service. Subsequent to the repairs, the equipment shall be inspected and
appropriate tests shall be performed to certify the HI-STORM 100 System for service. If the
equipment cannot be repaired and returned to service, the equipment shall be disposed of in
accordance with the appropriate regulations.

11.2.4 Fire Accident

11.2.4.1 Cause of Fire

Although the probability of a fire accident affecting a HI-STORM 100 System during storage
operations is low, a conservative fire has been assumed and analyzed. The analysis shows that the
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HI-STORM 100 System continues to perform its structural, confinement, thermal, and subcriticality
functions.

11.2.4.2 Fire Analysis

11.2.4.2.1 Fire Analysis for HI-STORM Overpack

The possibility of a fire accident near an ISFSI is considered to be extremely remote due to an
absence of combustible materials within the ISFSI and adjacent to the overpacks. The only credible
concern is related to a transport vehicle fuel tank fire, causing the outer layers of the storage
overpack to be heated by the incident thermal radiation and forced convection heat fluxes. The
amount of combustible fuel in the on-site transporter is limited to a volume of 50 gallons.

Structural

As discussed in Section 3.4, there are no structural consequences as a result of the fire accident
condition.

Thermal

Based on a conservative analysis discussed in Subsection 4.6.2, of the HI-STORM 100 System
response to a hypothetical fire event, it is concluded that the fire event does not significantly affect
the temperature of the MPC or contained fuel. Furthermore, the ability of the HI-STORM 100
System to cool the spent nuclear fuel within temperature limits (Table 2.2.3) during and after fire is
not compromised.

Shielding

With respect to concrete damage from a fire, NUREG-1536 (4.0,V,5.b) states: "the loss of a small
amount of shielding material is not expected to cause a storage system to exceed the regulatory
requirements in 10 CFR 72.106 and, therefore, need not be estimated or evaluated in the SAR." Less
than one-inch of the concrete (-4% of the overpack radial concrete thickness) exceeds the short-term
temperature limit.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM 100 FSAR Rev. 11
REPORT HI-2002444 11.2-9
HI-STORM 100 FSAR, NON-PROPRIETARY
REVISION 11
August 1, 2013



Since there is a much localized reduction in shielding and no effect on the confinement capabilities
as discussed above, there is no effect on occupational or public exposures as a result of this accident
event.

Based on this evaluation, it is concluded that the overpack fire accident does not affect the safe
operation of the HI-STORM 100 System.

11.2.4.2.2 Fire Analysis for HI-TRAC Transfer Cask

To demonstrate the fuel cladding and MPC pressure boundary integrity under an exposure to a
hypothetical short duration fire event during on-site handling operations, a fire accident analysis of
the loaded 100-ton HI-TRAC is performed. This analysis, because of the lower mass of the 100-ton
HI-TRAC, bounds the effects for the 125-ton HI-TRAC.
Structural

As discussed in Section 3.4, there are no adverse structural consequences as a result of the fire

accident condition.

Thermal

As discussed in Subsection 4.6.2, the MPC internal pressure and fuel temperature increases as a
result of the fire accident. The fire accident MPC internal pressure and peak fuel cladding
temperature are substantially less than the accident limits for MPC internal pressure and maximum
cladding temperature (Tables 2.2.1 and 2.2.3).

The thermal analysis of the MPC in the HI-TRAC transfer cask under a fire accident is performed in
Subsection 4.6.2. As can be concluded from the analysis, the temperatures for fuel cladding and
components are below the accident temperature limits.

Shielding

The assumed loss of all the water in the waterjacket results in an increase in the radiation dose rates
at locations adjacent to the water jacket. The assumed loss of all the Holtite in the 125-ton HI-TRAC
lids results in an increase in the radiation dose rates at locations adjacent to the lids. The shielding
evaluation presented in Chapter 5 demonstrates that the requirements of I OCFR72.106 are not
exceeded.

Criticalit

There is no effect on the criticality control features of the system as a result of this event.
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Confinement

There is no effect on the confinement function of the MPC as a result of this event, since the internal
pressure does not exceed the accident condition design pressure and the MPC confinement boundary
temperatures do not exceed the short-term allowable temperature limits.

Radiation Protection

There is no degradation in confinement capabilities of the MPC, as discussed above. Increases in the
local dose rates adjacent to the water jacket are evaluated in Chapter 5.. Immediately after the fire
accident a radiological inspection of the HI-TRAC shall be performed and temporary shielding shall
be installed to limit exposure..

11.2.4.3 Fire Dose Calculations

The complete loss of the HI-TRAC neutron shield along with the waterjacket shell is assumed in the
shielding analysis for the post-accident analysis of the loaded HI-TRAC in Chapter 5 and bounds the
determined fire accident consequences. The loaded HI-TRAC following a fire accident meets the
accident dose rate requirement of 1 OCFR72.106.

The elevated temperatures experienced by the HI-STORM overpack concrete shield are limited to
the outermost layer. Therefore, overall reduction in neutron shielding capabilities is quite small..
The slight increase in the neutron dose rate as a result of the concrete in the outer inch reaching
elevated temperatures will not significantly increase the site boundary dose rate, due to the limited
amount of the concrete shielding with reduced effectiveness and low site boundary dose rates. The
loaded HI-STORM overpack following a fire accident meets the accident dose rate requirement of
1 OCFR72.106.

The analysis of the fire accident shows that the MPC confinement boundary is not compromised and

therefore, there is no release of airborne radioactive materials.

11.2.4.4 Fire Accident Corrective Actions

Upon detection of a fire adjacent to a loaded HI-TRAC or HI-STORM overpack, the ISFSI operator
shall take the appropriate immediate actions necessary to extinguish the fire. Fire fighting personnel
should take appropriate radiological precautions, particularly with the HI-TRAC as the waterjacket
pressure relief valves may open with resulting water loss and increase in radiation doses. Following
the termination of the fire, a visual and radiological inspection of the equipment shall be performed.

As appropriate, install temporary shielding around the HI-TRAC. Specific attention shall be taken
during the inspection of the water jacket of the HI-TRAC. If damage to the HI-TRAC is limited to
the loss of water in the water jacket due to the pressure increase, the water may be replaced . If
damage to the HI-TRAC waterjacket or HI-TRAC body is widespread and/or radiological conditions
require, the HI-TRAC shall be unloaded in accordance with Chapter 8, prior to repair.
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If damage to the HI-STORM storage overpack as the result of a fire event is widespread and/or as
radiological conditions require, the MPC shall be removed from the HI-STORM overpack in
accordance with Chapter 8. However, the thermal analysis described herein demonstrates that only
the outermost layer of the radial concrete exceeds its design temperature. The HI-STORM overpack
may be returned to service if there is no significant increase in the measured dose rates (i.e., the
overpack's shielding effectiveness is confirmed) and if the visual inspection is satisfactory.

11.2.5 Partial Blockage of MPC Basket Vent Holes

Each MPC basket fuel cell wall has elongated vent holes at the bottom and top. The partial blockage
of the MPC basket vent holes analyzes the effects on the HI-STORM 100 System due to the
restriction of the vent openings.

11.2.5.1 Cause of Partial Blockage of MPC Basket Vent Holes

After the MPC is loaded with spent nuclear fuel, the MPC cavity is drained, dried, and backfilled
with helium. There are only two possible sources of material that could block the MPC basket vent
holes. These are the fuel cladding/fuel pellets and crud. Due to the maintenance of relatively low
cladding temperatures during storage, it is not credible that the fuel cladding would rupture and that
fuel cladding and fuel pellets would fall to block the basket vent holes. It is conceivable that a
percentage of the crud deposited on the fuel rods may fall off of the fuel assembly and deposit at the
bottom of the MPC.

Helium in the MPC cavity provides an inert atmosphere for storage of the fuel. The HI-STORM 100
System maintains the peak fuel cladding temperature below the required long-term storage limits. All
credible accidents do not cause the fuel assembly to experience an inertia loading greater than 60g's.
Therefore, there is no mechanism for the extensive rupture of spent fuel rod cladding.

Crud can be made up of two types of layers, loosely adherent and tightly adherent. The SNF
assembly movement from the fuel racks to the MPC may cause a portion of the loosely adherent crud
to fall away. The tightly adherent crud is not removed during ordinary fuel handling operations. The
MPC basket vent holes that act as the bottom plenum for the MPC internal thermosiphon are of an
elongated, semi-circular design to ensure that the flow passages will remain open under a
hypothetical shedding of the crud on the fuel rods. For conservatism, only the minimum semi-
circular hole area is credited in the thermal models (i.e., the elongated portion of the hole is
completely neglected).

The amount of crud on fuel assemblies varies greatly from plant to plant. Typically, BWR plants
have more crud than PWR plants. Based on the maximum expected crud volume per fuel assembly
provided in reference [11.2.2], and the area at the base of the MPC basket fuel storage cell, the
maximum depth of crud at the bottom of the MPC-68 was determined. For the PWR-style MPC
designs, 90% of the maximum crud volume was used to determine the crud depth. The maximum
crud depths for each of the MPCs are listed in Table 2.2.8. The maximum amount of crud was
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assumed to be present on all fuel assemblies within the MPC. Both the tightly and loosely adherent
crud was conservatively assumed to fall off of the fuel assembly. As can be seen by the values listed
in the table, the maximum amount of crud depth does not block the MPC basket vent holes as the
crud accumulation depth is less than the elongation of the vent holes. Therefore, the available vent
holes area is greater than that used in the thermal models.

11.2.5.2 Partial Blockage of MPC Basket Vent Hole Analysis

The partial blockage of the MPC basket vent holes has no affect on the structural, confinement and
thermal analysis of the MPC. There is no affect on the shielding analysis other than a slight increase
of the gamma radiation dose rate at the base of the MPC due to the accumulation of crud. As the
MPC basket vent holes are not completely blocked, preferential flooding of the MPC fuel basket is
not possible, and, therefore, the criticality analyses are not affected.

Structural

There are no structural consequences as a result of this event.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this accident event.

Criticality

There is no effect on the criticality control features of the system as a result of this accident event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this accident event.

Based on this evaluation, it is concluded that the partial blockage of MPC vent holes does not affect
the safe operation of the HI-STORM 100 System.
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11.2.5.3 Partial Blockage of MPC Basket Vent Holes Dose Calculations

Partial blockage of basket vent holes will not result in a compromise of the confinement boundary.
Therefore, there will be no effect on the site boundary dose rates because the magnitude of the
radiation source has not changed. There will be no radioactive material release.

11.2.5.4 Partial Blockage of MPC Basket Vent Holes Corrective Action

There are no consequences that exceed normal storage conditions. No corrective action is required
for the partial blockage of the MPC basket vent holes.

11.2.6 Tornado

11.2.6.1 Cause of Tornado

The HI-STORM 100 System will be stored on an unsheltered ISFSI concrete pad and subject to
environmental conditions. Additionally, the transfer of the MPC from the HI-TRAC transfer cask to
the overpack may be performed at the unsheltered ISFSI concrete pad. It is possible that the HI-
STORM System (storage overpack and HI-TRAC transfer cask) may experience the extreme
environmental conditions of a tornado.

11.2.6.2 Tornado Analysis

The tornado accident has two effects on the HI-STORM 100 System. The tornado winds and/or
tornado missile attempt to tip-over the loaded overpack or HI-TRAC transfer cask. The pressure
loading of the high velocity winds and/or the impact of the large tornado missiles act to apply an
overturning moment. The second effect is tornado missiles propelled by high velocity winds, which
attempt to penetrate the storage overpack or HI-TRAC transfer cask.

During handling operations at the ISFSI pad, the loaded HI-TRAC transfer cask, while in the vertical
orientation, shall be attached to a lifting device designed in accordance with the requirements
specified in Subsection 2.3.3. Therefore, it is not credible that the tornado missile and/or wind could
tip-over the loaded HI-TRAC while being handled in the vertical orientation. During handling of the
loaded HI-TRAC in the horizontal orientation, it is possible that the tornado missile and/or wind may
cause the rollover of the loaded HI-TRAC on the transport vehicle unless the lifting device is
designed in accordance with the requirements specified in Subsection 2.3.3. The horizontal drop
handling accident for the loaded HI-TRAC, Subsection 11.2.1, evaluates the consequences of the
loaded HI-TRAC falling from the horizontal handling height limit and consequently this bounds the
effect of the roll-over of the loaded HI-TRAC on the transport vehicle.

Structural

Section 3.4 provides the analysis of the pressure loading which attempts to tip-over the storage
overpack and the analysis of the effects of the different types of tornado missiles. These analyses
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show that the loaded storage overpack does not tip-over as a result of the tornado winds and/or
tornado missiles.

Analyses provided in Section 3.4 also shows that the tornado missiles do not penetrate the storage
overpack or HI-TRAC transfer cask to impact the MPC. The result of the tornado missile impact on
the storage overpack or HI-TRAC transfer cask is limited to damage of the shielding.

Thermal

The thermal consequences are evaluated in Subsection 11.2.1.

Shielding

The loss of the water in the water jacket results in an increase in the radiation dose rates at locations
adjacent to the water jacket. The shielding analysis results presented in Chapter 5 demonstrate that
the requirements of 1 OCFR72.106 are not exceeded.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

There is no degradation in confinement capabilities of the MPC, since the tornado missiles .do not
impact the MPC, as discussed above. Increases in the local dose rates as a result of the loss of water
in the HI-TRAC water jacket are evaluated in Chapter 5. Immediately after the tornado accident a
radiological inspection of the HI-TRAC shall be performed and temporary shielding shall be
installed to limit the exposure to the public.

11.2.6.3 Tornado Dose Calculations

The tornado winds do not tip-over the loaded storage overpack; damage the shielding materials of
the overpack or HI-TRAC; or damage the MPC confinement boundary. There is no affect on the
radiation dose as a result of the tornado winds. A tornado missile may cause localized damage in the
concrete radial shielding of the storage overpack. However, the damage will have a negligible effect
on the site boundary dose. A tornado missile may penetrate the HI-TRAC water jacket shell causing
the loss of the neutron shielding (water). The effects of the tornado missile damage on the loaded HI-
TRAC transfer cask is bounded by the post-accident dose assessment performed in Chapter 5, which
conservatively assumes complete loss of the water in the water jacket and the water jacket shell.
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11.2.6.4 Tornado Accident Corrective Action

Following exposure of the HI-STORM 100 System to a tornado, the ISFSI operator shall perform a
visual and radiological inspection of the overpack and/or HI-TRAC transfer cask. Damage sustained
by the overpack outer shell, concrete, or vent screens shall be inspected and repaired. Damage
sustained by the HI-TRAC shall be inspected and repaired.

11.2.7 Flood

11.2.7.1 Cause of Flood

The HI-STORM 100 System will be located on an unsheltered ISFSI concrete pad. Therefore, it is
possible for the storage area to be flooded. The potential sources for the flood water could be
unusually high water from a river or stream, a dam break, a seismic event, or a hurricane.

11.2.7.2 Flood Analysis

Structural

The flood accident affects the HI-STORM 100 overpack structural analysis in two ways. The flood
water velocity acts to apply an overturning moment, which attempts to tip-over the loaded overpack.
The flood affects the MPC by applying an external pressure.

Section 3.4 provides the analysis of the flood water applying an overturning moment. The results of
the analysis show that the loaded overpack does not tip over if the flood velocity does not exceed the
value stated in Table 2.2.8.

The structural evaluation of the MPC for the accident condition external pressure (Table 2.2.1) is
presented in Section 3.4 and the resulting stresses from this event are shown to be well within the
allowable values.

Thermal

For a flood of sufficient magnitude to allow the water to come into contact with the MPC, there is no
adverse effect on the thermal performance of the system. The thermal consequence of such a flood is
an increase in the rejection of the decay heat. Because the storage overpack is ventilated, water from
a large flood will enter the annulus between the MPC and the overpack. The water would provide
cooling that exceeds that available in the air filled annulus, due to water's higher thermal
conductivity.

A smart flood condition that blocks the air flow but is not sufficient to allow water to come into
contact with the MPC is bounded by the 100% inlet ducts blocked condition evaluated in Subsection
11.2.13.
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Shielding

There is no effect on the shielding performance of the system as a result of this event. The flood
water provides additional shielding that reduces radiation doses.

Criticality

There is no effect on the criticality control features of the system as a result of this event. The
criticality analysis is unaffected because under the flooding condition water does not enter the MPC
cavity and therefore the reactivity would be less than the loading condition in the fuel pool, which is
presented in Section 6.1.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the flood accident does not affect the safe operation of
the HI-STORM 100 System.

11.2.7.3 Flood Dose Calculations

Since the flood accident produces no leakage of radioactive material and no reduction in shielding
effectiveness, there are no adverse radiological consequences.

11.2.7.4 Flood Accident Corrective Action

As shown in the analysis of the flood accident, the HI-STORM 100 System sustains no damage as a
result of the flood. At the completion of the flood, exposed surfaces may need debris and adherent
foreign matter removal.

11.2.8 Earthquake

11.2.8.1 Cause of Earthquake

The HI-STORM 100 System may be employed at any reactor or ISFSI facility in the United States. It
is possible that during the use of the HI-STORM 100 System, the ISFSI may experience an
earthquake.
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11.2.8.2 Earthquake Analysis

The earthquake accident analysis evaluates the effects of a seismic event on the loaded HI-STORM
100 System. The objective is to determine the stability limits of the HI-STORM 100 System. Based
on a static stability criteria, it is shown in Chapter 3 that the HI-STORM 100 System is qualified to
seismic activity less than or equal to the values specified in Table 2.2.8. The analyses in Chapter 3
show that the HI-STORM 100 System will not tip over under the conditions evaluated. The seismic
activity has no adverse thermal, criticality, confinement, or shielding consequences.

Some ISFSI sites will have earthquakes that exceed the seismic activity specified in Table 2.2.8. For
these high-seismic sites, anchored HI-STORM designs (the HI-STORM 1 OOA and 1 00SA) have been
developed. The design of these anchored systems is such that seismic loads cannot result in tip-over
or lateral displacement. Chapter 3 provides a detailed discussion of the anchored systems design.

Structural

The sole structural effect of the earthquake is an inertial loading of less than 1g. This loading is
bounded by the tip-over analysis presented in Subsection 11.2.3, which analyzes a deceleration of
45g's and demonstrates that the MPC allowable stress criteria are met.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the earthquake does not affect the safe operation of the
HI-STORM 100 System.
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11.2.8.3 Earthquake Dose Calculations

Structural analysis of the earthquake accident shows that the loaded overpack will not tip over as a
result of the specified seismic activity. If the overpack were to tip over, the resultant damage would
be equal to that experienced by the tip-over accident analyzed in Subsection 11.2.3. Since the loaded
overpack does not tip-over, there is no increase in radiation dose rates or release of radioactivity.

11.2.8.4 Earthquake Accident Corrective Action

Following the earthquake accident, the ISFSI operator shall perform a visual and radiological
inspection of the overpacks in storage to determine if any of the overpacks have tipped-over. In the
unlikely event of a tip-over, the corrective actions shall be in accordance with Subsection 11.2.3.4.

11.2.9 100% Fuel Rod Rupture

This accident event postulates that all the fuel rods rupture and that the appropriate quantities of
fission product gases and fill gas are released from the fuel rods into the MPC cavity.

11.2.9.1 Cause of 100% Fuel Rod Rupture

Through all credible accident conditions, the HI-STORM 100 System maintains the spent nuclear
fuel in an inert environment while maintaining the peak fuel cladding temperature below the required
short-term temperature limits, thereby providing assurance of fuel cladding integrity. There is no
credible cause for 100% fuel rod rupture. This accident is postulated to evaluate the MPC
confinement barrier for the maximum possible internal pressure based on the non-mechanistic failure
of 100% of the fuel rods.

11.2.9.2 100% Fuel Rod Rupture Analysis

The 100% fuel rod rupture accident has no thermal, structural, criticality or shielding consequences.
The event does not change the reactivity of the stored fuel, the magnitude of the radiation source,
which is being shielded, the shielding capability, or the criticality control features of the HI-STORM
100 System. The determination of the maximum accident pressure is provided in Chapter 4. The
MPC design basis internal pressure bounds the pressure developed assuming 100% fuel rod rupture.
The structural analysis provided in Chapter 3 evaluates the MPC confinement boundary under the
accident condition design internal pressure.

Structural

The structural evaluation of the MPC for the accident condition internal pressure presented in
Section 3.4 demonstrates that the MPC stresses are well within the allowable values.
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Thermal

The N4PC internal pressure for the 100% fuel rod rupture condition is presented in Table 4.4.9. As
can be seen from the values, the design basis accident condition MPC internal pressure (Table 2.2.1)
used in the structural evaluation bounds the calculated value.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the non-mechanistic 100% fuel rod rupture accident

does not affect the safe operation of the HI-STORM 100 System.

11.2.9.3 100% Fuel Rod Rupture Dose Calculations

The MPC confinement boundary maintains its integrity. There is no effect on the shielding
effectiveness, and the magnitude of the radiation source is unchanged. However, the radiation source
could redistribute within the sealed MvPC cavity causing a slight change in the radiation dose rates at
certain locations. Therefore, there is no release of radioactive material or significant increase in
radiation dose rates.

11.2.9.4 100% Fuel Rod Rupture Accident Corrective Action

As shown in the analysis of the 100% fuel rod rupture accident, the MPC confinement boundary is
not damaged. The HI-STORM 100 System is designed to withstand this accident and continue
performing the safe storage of spent nuclear fuel under normal storage conditions. No corrective
actions are required.
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11.2.10 Confinement Boundary Leakage

The MPC uses redundant confinement closures to assure that there is no release of radioactive
materials for postulated storage accident conditions. The analyses presented in Chapter 3 and this
chapter demonstrate that the MPC remains intact during all postulated accident conditions. The
discussion contained in Chapter 7 demonstrates that MPC is designed, welded, tested and inspected
to meet the guidance of ISG- 18 such that leakage from the confinement boundary is considered non-
credible.

11.2.10.1 Cause of Confinement Boundary Leakage

There is no credible cause for confinement boundary leakage. The accidents analyzed in this chapter
show that the MPC confinement boundary withstands all credible accidents. There are no man-made
or natural phenomena that could cause failure of the confinement boundary restricting radioactive
material release. Additionally, because the MPC satisfies the criteria specified in Interim Staff
Guidance (ISG) 18, there is no credible leakage that would occur from the confinement boundary.

11.2.10.2 Confinement Boundary Leakage Accident Corrective Action

The HI-STORM 100 System is designed to withstand this accident and continue performing the safe
storage of spent nuclear fuel. No corrective actions are required.

11.2.11 Explosion

11.2.11.1 Cause of Explosion

An explosion within the bounds of an ISFSI is improbable since there are no explosive materials
within the site boundary. An explosion as a result of combustion of the fuel contained in cask
transport vehicle is possible. As the fuel available for the explosion is limited in quantity the effects
of an explosion on a reinforced structure are minimal. Explosions postulated to occur within or
beyond the ISFSI boundary would require a site hazards evaluation under the provisions of 72.212
regulations by individual cask users.

11.2.11.2 Explosion Analysis

Any credible explosion accident is bounded by the accident external design pressure (Table 2.2.1)
analyzed as a result of the flood accident water depth in Subsection 11.2.7 and the tornado missile
accident of Subsection 11.2.6, because explosive materials are not stored within close proximity to
the casks. The bounding analysis shows that the MPC and the Overpack can withstand the effects of
substantial accident external pressures without collapse or rupture.
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Structural

The structural evaluations for the MPC accident condition external pressure and overpack pressure
differential are presented in Section 3.4 and demonstrate that all stresses are within allowable values.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the explosion accident does not affect the safe operation
of the HI-STORM 100 System.

11.2.11.3 Explosion Dose Calculations

The bounding external pressure load has no effect on the HI-STORM 100 overpack and MPC.
Therefore, no effect on the shielding, criticality, thermal or confinement capabilities of the HI-
STORM 100 System is experienced as a result of the explosion pressure load. The effects of
explosion generated missiles on the HI-STORM 100 System structure is bounded by the analysis of
tornado generated missiles.

11.2.11.4 Explosion Accident Corrective Action

The explosive overpressure caused by the explosion is bounded by the external pressure exerted by
the flood accident. The external pressure from the flood is shown not to damage the HI-STORM 100
System. Following an explosion, the ISFSI operator shall perform a visual and radiological
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inspection of the overpack. If the outer shell or concrete is damaged as a result of explosion
generated missiles, the concrete material may be replaced and the outer shell repaired.

11.2.12 Lightning

11.2.12.1 Cause of Lightning

The HI-STORM 100 System will be stored on an unsheltered ISFSI concrete pad. There is the
potential for lightning to strike the overpack. This analysis evaluates the effects of lightning striking
the overpack.

11.2.12.2 Lightning Analysis

The HI-STORM 100 System is a large metal/concrete cask stored in an unsheltered ISFSI. As such,
it may be subject to lightning strikes. When the HI-STORM 100 System is hit with lightning, the
lightning will discharge through the steel shell of the overpack to the ground. Lightning strikes have
high currents, but their duration is short (i.e., less than a second). The overpack outer shell is
composed of conductive carbon steel and, as such, will provide a direct path to ground.

The MPC provides the confinement boundary for the spent nuclear fuel. The effects of a lightning
strike will be limited to the overpack. The lightning current will discharge into the overpack and
directly into the ground. Therefore, the MPC will be unaffected.

Structural

There is no structural consequence as a result of this event.

Thermal

There is no effect on the thermal performance of the system as a result of this event.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.
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Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the lightning accident does not affect the safe operation

of the HI-STORM 100 System.

11.2.12.3 Lightning Dose Calculations

An evaluation of lightning strikes demonstrates that the effect of a lightning strike has no effect on
the confinement boundary or shielding materials. Therefore, no further analysis is necessary.

11.2.12.4 Lightning Accident Corrective Action

The HI-STORM 100 System will not sustain any damage from the lightning accident. There is no
surveillance or corrective action required.

11.2.13 100% Blockage of Air Inlets

11.2.13.1 Cause of 100% Blockage of Air Inlets

This event is defined as a complete blockage of all four bottom inlets. Such blockage of the inlets
may be postulated to occur as a result of a flood, blizzard snow accumulation, tornado debris, or
volcanic activity.

11.2.13.2 100% Blockage of Air Inlets Analysis

The immediate consequence of a complete blockage of the air inlet ducts is that the normal
circulation of air for cooling the MPC is stopped. An amount of heat will continue to be removed by
localized air circulation patterns in the overpack annulus and outlet ducts, and the MPC will continue
to radiate heat to the relatively cooler storage overpack. As the temperatures of the MPC and its
contents rise, the rate of heat rejection will increase correspondingly. Under this condition, the
temperatures of the overpack, the MPC and the stored fuel assemblies will rise as a function of time.

As a result of the large mass, and correspondingly large thermal capacity of the storage overpack, it
is expected that a significant temperature rise is only possible if the blocked condition is allowed to
persist for a number of days. This accident condition is, however, a short duration event that will be
identified and corrected by scheduled periodic surveillance at the ISFSI site.

Structural

There are no structural consequences as a result of this event.
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Thermal

A thermal analysis is performed in Subsection 4.6.2 to determine the effect of a complete blockage
of all inlets for an extended duration. For this event, both the fuel cladding and component
temperatures remain below their short-term temperature limits. The MPC internal pressure for this
event is evaluated in Subsection 4.6.2 and is bounded by the design basis internal pressure for
accident conditions (Table 2.2.1).

Shielding

There is no effect on the shielding performance of the system as a result of this event, since the
concrete temperatures do not exceed the short-term condition design temperature provided in Table
2.2.3.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the 100% blockage of air inlets accident does not affect
the safe operation of the HI-STORM 100 System, if the blockage is removed in the specified time
period.

11.2.13.3 100% Blockage of Air Inlets Dose Calculations

As shown in the analysis of the 100% blockage of air inlets accident, the shielding capabilities of the
HI-STORM 100 System are unchanged because the peak concrete temperature does not exceed its
short-term condition design temperature. The elevated temperatures will not cause the breach of the
confinement system and the short term fuel cladding temperature limit is not exceeded. Therefore,
there is no radiological impact.

11.2.13.4 100% Blockage of Air Inlets Accident Corrective Action

Analysis of the 100% blockage of air inlet accident shows that the temperatures for cask system
components and fuel cladding are within the accident temperature limits if the blockage is cleared
within 32 hours. Upon detection of the complete blockage of the air inlet ducts, the ISFSI operator
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shall assign personnel to clear the blockage with mechanical and manual means as necessary. After
clearing the overpack ducts, the overpack shall be visually and radiologically inspected for any
damage. If exit air temperature monitoring is performed in lieu of direct visual inspections, the
difference between the ambient air temperature and the exit air temperature will be the basis for
assurance that the temperature limits are not exceeded.

For an accident event that completely blocks the inlet or outlet air ducts for greater than the analyzed
duration, a site-specific evaluation or analysis may be performed to demonstrate adequate heat
removal for the duration of the event. Adequate heat removal is defined as the minimum rate of heat
dissipation that ensures cladding temperatures limits are met and structural integrity of the MPC and
Overpack is not compromised. For those events where an evaluation or analysis is not performed or
is not successful in showing that cladding temperatures remain below their short term temperature
limits, the site's emergency plan shall include provisions to address removal of the material blocking
the air inlet ducts and to provide alternate means of cooling prior to exceeding the time when the fuel
cladding temperature reaches its short-term temperature limit. Alternate means of cooling could
include, for example, spraying water into the air outlet ducts using pumps or fire-hoses or blowing
air into the air outlet ducts using fans, to directly cool the MPC.

11.2.14 Burial Under Debris

11.2.14.1 Cause of Burial Under Debris

Burial of the HI-STORM System under debris is not a credible accident. During storage at the ISFSI,
there are no structures over the casks. The minimum regulatory distance(s) from the ISFSI to the
nearest site boundary and the controlled area around the ISFSI concrete pad precludes the close
proximity of substantial amounts of vegetation.

There is no credible mechanism for the HI-STORM System to become completely buried under
debris. However, for conservatism, complete burial under debris is considered. Blockage of the HI-
STORM overpack air inlet ducts has already been considered in Subsection 11.2.13.

11.2.14.2 Burial Under Debris Analysis

Burial of the HI-STORM System does not impose a condition that would have more severe
consequences for criticality, confinement, shielding, and structural analyses than that performed for
the other accidents analyzed. The debris would provide additional shielding to reduce radiation
doses. The accident external pressure encountered during the flood bounds any credible pressure
loading caused by the burial under debris.

Burial under debris can affect thermal performance because the debris acts as an insulator and heat
sink. This will cause the HI-STORM System and fuel cladding temperatures to increase. A thermal
analysis has been performed to determine the time for the fuel cladding temperatures to reach the
short term accident condition temperature limit during a burial under debris accident.
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Structural

The structural evaluation of the MPC enclosure vessel for accident internal pressure conditions
bounds the pressure calculated herein. Therefore, the resulting stresses from this event are well
within the allowable values, as demonstrated in Section 3.4.

Thermal

The fuel cladding and MPC integrity is evaluated in Subsection 4.6.2. The evaluation demonstrates
that the fuel cladding and confinement function of the MPC are not compromised.

Shielding

There is no effect on the shielding performance of the system as a result of this event.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the burial under debris accident does not affect the safe
operation of the HI-STORM 100 System, if the debris is removed within the specified time. The 24-
hour minimum duct inspection interval ensures that a burial under debris condition will be detected
long before the allowable burial time is reached.

11.2.14.3 Burial Under Debris Dose Calculations

As discussed in burial under debris analysis, the shielding is enhanced while the HI-STORM System
is covered.

The elevated temperatures will not cause the breach of the confinement system and the short term
fuel cladding temperature limit is not exceeded. Therefore, there is no radiological impact.
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11.2.14.4 Burial Under Debris Accident Corrective Action

Analysis of the burial under debris accident shows that the fuel cladding peak temperatures are not
exceeded even for an extended duration of burial. Upon detection of the burial under debris accident,
the ISFSI operator shall assign personnel to remove the debris with mechanical and manual means as
necessary. After uncovering the storage overpack, the storage overpack shall be visually and
radiologically inspected for any damage. The loaded MPC shall be removed from the storage
overpack with the -HI-TRAC transfer cask to allow complete inspection of the overpack air inlets and
outlets, and annulus. Removal of obstructions to the air flow path shall be performed prior to the re-
insertion of the MPC. The site's emergency action plan shall include provisions for the performance
of this corrective action.

11.2.15 Extreme Environmental Temperature

11.2.15.1 Cause of Extreme Environmental Temperature

The extreme environmental temperature is postulated as a constant ambient temperature caused by
extreme weather conditions. To determine the effects of the extreme temperature, it is conservatively
assumed that the temperature persists for a sufficient duration to allow the HI-STORM 100 System
to achieve thermal equilibrium. Because of the large mass of the HI-STORM 100 System, with its
corresponding large thermal inertia and the limited duration for the extreme temperature, this
assumption is conservative.

11.2.15.2 Extreme Environmental Temperature Analysis

The accident condition considering an extreme environmental temperature (Table 2.2.2) for a
duration sufficient to reach thermal equilibrium is evaluated with respect to accident condition
design temperatures listed in Table 2.2.3.

Structural

The structural evaluation of the MPC enclosure vessel for accident condition internal pressure
bounds the pressure resulting from this event. Therefore, the resulting stresses from this event are
bounded by that of the accident condition and are well within the allowable values, as discussed in
Section 3.4.

Thermal

The resulting temperatures for the system and fuel assembly cladding are provided in evaluation
performed in Subsection 4.6.2. As concluded from this evaluation, all temperatures are within the
short-term accident condition allowable values specified in Table 2.2.3.
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Shielding

There is no effect on the shielding performance of the system as a result of this event, since the
concrete temperature does not exceed the short-term temperature limit specified in Table 2.2.3.

Criticality

There is no effect on the criticality control features of the system as a result of this event.

Confinement

There is no effect on the confinement function of the MPC as a result of this event. As discussed in
the structural evaluation above, all stresses remain within allowable values, assuring confinement
boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is no
effect on occupational or public exposures as a result of this event.

Based on this evaluation, it is concluded that the extreme environment temperature accident does not
affect the safe operation of the HI-STORM 100 System.

11.2.15.3 Extreme Environmental Temperature Dose Calculations

The extreme environmental temperature will not cause the concrete to exceed its normal design
temperature. Therefore, there will be no degradation of the concrete's shielding effectiveness. The
elevated temperatures will not cause a breach of the confinement system and the short-term fuel
cladding temperature is not exceeded. Therefore, there is no radiological impact on the HI-STORM
100 System for the extreme environmental temperature and the dose calculations are equivalent to
the normal condition dose rates.

11.2.15.4 Extreme Environmental Temperature Corrective Action

There are no consequences of this accident that require corrective action.

11.2.16 Supplemental Cooling System (SCS) Failure

The SCS system is a forced fluid circulation device used to provide supplemental HI-TRAC cooling.
For fluid circulation, the SCS system is equipped with active components requiring power for normal
operation. Although an SCS System failure is highly unlikely, for defense-in-depth an accident
condition that renders it inoperable for an extended duration is postulated herein.
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11.2.16.1 Cause of SCS Failure

Possible causes of SCS failure are: (a) Simultaneous loss of external and backup power, or (b)
Complete loss of annulus water from an uncontrolled leak or line break.

11.2.16.2 Analysis of Effects and Consequences of SCS Failure

Structural

See discussion under thermal evaluation below.

Thermal

In the event of a SCS failure due to (a), the following sequence of events occur:

i)
ii)

The annulus water temperature rises to reach its boiling temperature (-212'F).
A progressive reduction of water level and dryout of the annulus.

In the event of an SCS failure due to (b), a rapid water loss occurs and annulus is replaced with air.
This condition is evaluated in Section 4.5.5.3.

Shielding

There is no adverse effect on the shielding effectiveness of the system.

Criticality

There is no adverse effect on the criticality control of the system.

Confinement

There is no adverse effect on the confinement function of the MPC. As discussed in the evaluations
above, the structural boundary pressures are within design limits.

Radiation Protection

As there is no adverse effect on the shielding or confinement functions, there is no effect on
occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the SCS failure does not affect the safe operation of the
HI-STORM 100 System.
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11.2.16.3 SCS Failure Dose Calculations

The event has no radiological impact because the confinement barrier and shielding integrity are not
affected.

11.2.16.4 SCS Failure Corrective Action

In the vertical orientation the HI-TRAC is designed to withstand an SCS failure without an adverse
effect on its safety functions.
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SUPPLEMENT 11.1

ACCIDENT EVALUATION FOR THE HI-STORM 100U SYSTEM

11.1.0 INTRODUCTION

This supplement is focused on the off-normal and accident condition evaluations of the HI-
STORM 100U vertical ventilated module (VVM). Only those events that are actually affected by
the design of the overpack are discussed in detail herein. The reader is referred to the main body
of Chapter 11 for discussions of any off-normal or accident conditions that are not dependent on
the design of the storage overpack (i.e., MIPC-only or HI-TRAC events).

The evaluations described herein parallel those of the HI-STORM 100 overpack contained in the
main body of Chapter 11 of this FSAR. To ensure readability, the sections in this supplement are
numbered to be directly analogous to the sections in the main body of the chapter. For example,
the fire accident evaluation presented in Supplement Subsection 11.1.2.4 for the HI-STORM
1 OOU is analogous to the evaluation presented in Subsection 11.2.4 of the main body of Chapter
11 for the HI-STORM 100. Tables and figures (if any) in this supplement, however, are labeled
sequentially by section. If there is an analogous table or figure in the main body of Chapter 11,
an appropriate notation is made in the supplement table or figure.

11.1.1 OFF-NORMAL EVENTS

A general discussion of off-normal events is presented in Section 11.1 of the main body of
Chapter 11. The following off-normal events are discussed in this supplement:

Off-Normal Pressure
Off-Normal Environmental Temperature
Leakage of One MPC Seal Weld
Partial Blockage of Air Inlets
Off-Normal Handling of HI-TRAC Transfer Cask
Malfunction of FHD System
SCS Power Failure
Off-Normal Wind

The results of the evaluations presented herein demonstrate that the HI-STORM 1OOU System
can withstand the effects of off-normal events without affecting its ability to perform its intended
function, and is in compliance with the applicable acceptance criteria.

11.1.1.1 Off-Normal Pressure

A discussion of this off-normal condition is presented in Subsection 11.1.1 of the main body of
Chapter 11. A description of the cause of, detection of, corrective actions for and radiological
impact of this event is presented therein.
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Structural

The structural evaluation of the MPC enclosure vessel for off-normal internal pressure conditions
is discussed in Section 3.4. The applicable pressure boundary stress limits are confirmed to
bound the stresses resulting from the off-normal pressure.

Thermal

In 4.6.1 the MPC internal pressure under the conditions of 10% fuel rods ruptured, insolation and
a limiting fuel storage configuration in an aboveground overpack is evaluated. This evaluation is
bounding as the MPC temperatures in the 1 OOU overpack are bounded by the aboveground
overpack.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features of the system as a result of this off-normal
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.
As discussed in the structural evaluation mentioned above, all stresses remain within allowable
values, assuring confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the off-normal pressure does not affect the safe
operation of the HI-STORM IOOU System.

11.1.1.2 Off-Normal Environmental Temperatures

A discussion of this off-normal condition is presented in Subsection 11.1.2 of the main body of
Chapter 11. A description of the cause of, detection of, corrective actions for and radiological
impact of this event is presented therein.
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Structural

The effect on the MPC for the upper off-normal thermal conditions (i.e., 1 00'F) is an increase in
the internal pressure. However, as shown previously the resultant pressure is below the off-
normal design pressure (Table 2.2.1). The effect of the lower off-normal thermal conditions (i.e.,
-40'F) requires an evaluation of the potential for brittle fracture. Such an evaluation is presented
in Subsections 3.1.2 and 3.1.1.

Thermal

Supplement 4.1 calculates bounding temperatures and pressures for the HI-STORM IOOU under
the elevated temperature condition. The calculated temperatures and pressures are reported in
Table 4.1.5 and are below the off-normal limits (Tables 2.2.3, 2.1.8 and 2.2.1).

The off-normal event considering an environmental temperature of -40'F and no solar insolation
for a duration sufficient to reach thermal equilibrium is evaluated with respect to material design
temperatures of the HI-STORM 100U overpack. The HI-STORM 100U overpack is
conservatively assumed to reach -40'F throughout the structure. Chapter 3, Subsection 3.1.2
details the structural analysis and testing performed to assure prevention of brittle fracture failure
of the HI-STORM 1 OOU System.

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features of the system as a result of this off-normal
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal environmental
temperatures do not affect the safe operation of the HI-STORM IOOU System.
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11.1.1.3 Leakage of One MPC Seal Weld

A discussion of this off-normal condition is presented in Subsection 11.1.3 of the main body of
Chapter 11. The discussion presented therein is applicable in its entirety to an MPC in a HI-
STORM 100U VVM as well.

11.1.1.4 Partial Blockage of Air Inlets

A discussion of this off-normal condition is presented in Subsection 11.1.4 of the main body of
Chapter 11. A description of the cause of, detection of, corrective actions for and radiological
impact of this event is presented therein.

Structural

There are no structural consequences as a result of this off-normal event.

Thermal

Supplement 4.1 calculates bounding temperatures for 50% blockage of the air inlets. The
calculated bounding temperatures are reported in Table 4.1.6 and are below the MPC and VVM
off-normal design temperatures (Tables 2.2.3 and 2.1.8). Additionally, the increased temperatures
generate an elevated MPC internal pressure, also reported in Table 4.1.6, which is less than the
off-normal design pressure (Table 2.2.1).

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.

Criticality

There is no effect on the criticality control features of the system as a result of this off-normal
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal partial blockage of air inlet
ducts event does not affect the safe operation of the HI-STORM 100U System.
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11.1.1.5 Off-Normal Handling of HI-TRAC

A discussion of this off-normal condition is presented in Subsection 11.1.5 of the main body of
Chapter 11. The discussion presented therein remains completely applicable, as the design and
method of operation of the HI-TRAC is the same as with the HI-STORM 100U.

11.1.1.6 Failure of FHD System

A discussion of this off-normal condition is presented in Subsection 11.1.6 of the main body of
Chapter 11. The discussion presented therein remains completely applicable for all MPCs.

11.1.1.7 SCS Power Failure

A discussion of this off-normal condition is presented in Subsection 11.1.7 of the main body of

Chapter 11. The discussion presented therein remains completely applicable to all MPCs.

11.1.1.8 Off-Normal Wind

The HI-STORM 100U is designed for use at any site in the United States. Supplement 4.1
evaluates the effects of off-normal wind (>0 and up to 15 MPH). The off-normal wind is
postulated as a constant horizontal wind caused by extreme weather conditions (see Table 2.1.1).
To determine the effects of the off-normal wind, it is conservatively assumed that these winds
persist for a sufficient duration to allow the HI-STORM 100U System to reach thermal
equilibrium. Because of the large mass of the HI-STORM 100U System with its corresponding
large thermal inertia and the unlikely condition of a unidirectional wind for a long period of time,
this assumption is conservative. The analyses presented in Supplement 4.1 shows that the peak
fuel cladding and material temperatures remains below the off-normal limits (Tables 2.2.3 and
2.1.8). Because the HI-STORM 100U System is designed to withstand the off-normal wind
without any effect on its ability to maintain safe storage conditions, there is no requirement for
detection of the off-normal wind.

Structural

There are no structural consequences as a result of this off-normal event.

Thermal

Supplement 4.1 calculates peak fuel cladding temperatures for horizontal wind speeds of up to 15
miles per hour. The calculated temperatures (reported in Table 4.1.7) are below the off-normal
limits (Table 2.2.3).

Shielding

There is no effect on the shielding performance of the system as a result of this off-normal event.
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Criticality

There is no effect on the criticality control features of the system as a result of this off-normal
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this off-normal event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this off-normal event.

Based on this evaluation, it is concluded that the specified off-normal wind event does not affect
the safe operation of the HI-STORM 100U System. The HI-STORM 100U System is designed to
withstand the off-normal wind without any effect on its ability to maintain safe storage
conditions. There are no corrective actions required for the off-normal wind. The off-normal
wind has no radiological impact, and the confinement barrier and shielding integrity are not
affected.

11.1.2 ACCIDENT EVENTS

A general discussion of accident events is presented in Section 11.1 of the main body of Chapter
11. The following accident events are discussed in this supplement section:

HI-TRAC Transfer Cask Handling Accident
HI-STORM 1 00U Overpack Handling Accident
Tip-Over
Fire Accident
Partial Blockage of MPC Basket Vent Holes
Tornado
Flood
Earthquake
100% Fuel Rod Rupture
Confinement Boundary Leakage
Explosion
Lightning
100% Blockage of Air Inlets
Burial Under Debris
Extreme Environmental Temperature
SCS Failure
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The results of the evaluations performed herein demonstrate that the HI-STORM 1 OOU System
can withstand the effects of all credible and hypothetical accident conditions and natural
phenomena without affecting safety function, and is in compliance with the applicable
acceptance criteria.

In addition to the above accidents events, identification of additional hazards during construction

proximate to an operating ISFSI is treated in 11.1.2.17.

11.1.2.1 HI-TRAC Transfer Cask Handling Accident

A discussion of this accident condition is presented in Subsection 11.2.1 of the main body of
Chapter 11. The discussion presented therein is applicable in its entirety, as the design and
method of operation of the HI-TRAC is the same for the HI-STORM 100U.

11.1.2.2 HI-STORM Overpack Handling Accident

This accident event is not applicable to the HI-STORM 100U as this is an underground overpack
surrounded by soil.

11.1.2.3 Tip-Over

This accident event is not applicable to the HI-STORM 100U. Due to the subterranean
installation of the VVM with a surrounding subgrade for lateral support, tip-over is precluded.

11.1.2.4 Fire Accident

A discussion of this accident condition is presented in Subsection 11.2.4 of the main body of
Chapter 11. A description of the cause of and corrective actions for this event is presented
therein. In addition, the discussion of the fire analysis for the HI-TRAC transfer cask presented
therein remains completely applicable, as the design and method of operation of the HI-TRAC
do not need to be changed for use with the HI-STORM IOOU.

Structural

There are no structural consequences as a result of the fire accident condition.

Thermal

Supplement 4.1 discusses the impact of a fire on the HI-STORM 100U System. As justified
therein, the evaluation for the fire effects on an aboveground cask presented in Section 11.2
bound the effects on the HI-STORM 1 OOU System. As described in Section 11.2, the effects of
the fire do not cause any system component or the contained fuel to exceed any design limit. As
such, the results are bounding for the HI-STORM 100U System.
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Shielding

With respect to concrete damage from a fire, NUREG-1536 (4.0,V,5.b) states: "the loss of a
small amount of shielding material is not expected to cause a storage system to exceed the
regulatory requirements in 10 CFR 72.106 and, therefore, need not be estimated or evaluated in
the SAR."

Criticality

There is no effect on the criticality control features of the system as a result of this accident
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event.

Radiation Protection

Since there is a very localized reduction in shielding and no effect on the confinement
capabilities as discussed above, there is no effect on occupational or public exposures as a result
of this accident event.

Based on this evaluation, it is concluded that the overpack fire accident does not affect the safe
operation of the HI-STORM IOOU System.

11.1.2.5 Partial Blockage of MPC Basket Vent Holes

A discussion of this accident condition is presented in Subsection 11.2.5 of the main body of
Chapter 11. The discussion presented therein is applicable in its entirety to an MPC in a HI-
STORM 100U VVM.

111..2.6 Tornado

A discussion of this accident condition is presented in Subsection 11.2.6 of the main body of
Chapter 11. A description of the cause of and corrective actions for this event is presented
therein.

Because of its underground construction, the HI-STORM 1OOU is not affected by the tornado
wind. The effect of tornado missiles propelled by high velocity winds that attempt to penetrate
the exposed portions of the HI-STORM 100U must, however, be considered.

Structural

Analyses presented in Supplement 3.1 show that the impact of an intermediate tornado missile on
the HI-STORM 1OOU closure lid does not result in the perforation of the lid or result in a
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structural collapse. The result of the tornado missile impact on the VVM is limited to localized
damage of the shielding.

Thermal

There are no thermal consequences as a result of the tornado beyond those discussed for the wind
herein.

Shielding

A tornado missile may cause localized damage to the HI-STORM 100U closure lid. As the HI-
STORM 100U top is heavily shielded (a thick MPC lid backed up by a steel-concrete-steel top)
the overall damage consequences (site boundary dose) are insignificant.

Criticality

There is no effect on the criticality control features of the system as a result of this accident
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event.

Radiation Protection

There is no degradation in confinement capabilities of the MPC, since the tornado missiles do
not impact the MPC, as discussed above. A tornado missile may cause localized damage in the
HI-STORM 100U closure lid. However, the damage will have a negligible effect on the site
boundary dose.

Based on this evaluation, it is concluded that the tornado accident does not affect the safe

operation of the HI-STORM IOOU System.

11.1.2.7 Flood

A discussion of this accident condition is presented in Subsection 11.2.7 of the main body of
Chapter 11. A description of the cause of this event is presented therein.

Structural

The structural evaluation of the MPC for the accident condition external pressure (Table 2.2.1) is
presented in Section 3.4 and the resulting stresses from this event are shown to be well within the
allowable values.
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Thermal

The thermal consequences of flood are bounded by the 100% air inlets blockage accident (see
Subsection 4.1.6.2).

Shielding

There is no effect on the shielding performance of the system as a result of this accident event.
The floodwater provides additional shielding which reduces radiation dose.

Criticality

There is no effect on the criticality control features of the system as a result of this accident
event. The criticality analysis is unaffected because under the flooding condition water does not
enter the MPC cavity and therefore the reactivity would be less than the loading condition in the
spent fuel pool, which is presented in Section 6.1.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this accident event.

Based on this evaluation, it is concluded that the flood accident does not affect the safe operation

of the HI-STORM 100U System.

Flood Accident Corrective Action

The configuration of the VVM makes it uniquely suited to withstand a flooding event. Indeed,
introducing water in the CEC is an effective method to lower the MPC contents' temperature.
However, solid debris packed around the Divider Shell is an undesirable condition. Thus, while
the thermal evaluations discussed in Supplement 4.1 demonstrate that the HI-STORM IOOU
System will safely withstand a flood, corrective actions after such an event may be necessary.
Periodic VVM air temperature monitoring, required for the HI-STORM 100U System, will
identify any blockage of the cooling passages that results in a non-normal thermal condition,
including blockages due to a flood borne debris.

If the measured temperature rise exceeds the allowable value, then corrective actions to alleviate
the condition will be required. To restore the system to a normal configuration, all flood water
and any debris deposited by the receding water must be removed. The specific methods to be
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used are appropriately site specific and shall be addressed in the site emergence action plan.
Examples of acceptable cleaning approaches include:

1. The MPC is removed from the VVM using the HI-TRAC transfer cask, allowing direct
access to the interior of the VVM through both the inlet vents and the top of the module
cavity. Water sprays and vacuuming is used to directly clean the VVM passages and
surfaces.

2. Appropriate vacuuming equipment is inserted through the inlet ducts and down to the
bottom plenum. Water is sprayed in through the outlet vents. Remote cameras are used to
inspect the VVM cooling passages to identify debris and remove debris.

The adequacy of the cooling passages clearance operation is verified by visual inspection or, if
the optional air temperature monitoring is used, the return of the air outlet temperatures to within
allowable limits.

11.1.2.8 Earthquake

A discussion of this accident condition is presented in Subsection 11.2.8 of the main body of
Chapter 11. A description of the cause of and corrective actions for this event is presented
therein.

Structural

Because of its underground construction, the HI-STORM 1OOU VVM is inherently safe under
seismic events. Analyses presented in Supplement 3.1 show that the VVM will continue to render
its intended function under a seismic event whose ZPAs are bounded by the values set forth in
Supplement 2.1.

Thermal

There is no effect on the thermal performance of the system as a result of this accident event.

Shielding

There is no effect on the shielding performance of the system as a result of this accident event.

Criticality

There is no effect on the criticality control features of the system as a result of this accident
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event.
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Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this accident event.

Based on this evaluation, it is concluded that the earthquake does not affect the safe operation of
the HI-STORM 1 OOU System.

111..2.9 100% Fuel Rod Rupture

A discussion of this accident condition is presented in Subsection 11.2.9 of the main body of
Chapter 11. A description of the cause of and corrective actions for this event is presented
therein.

Structural

The structural evaluation of the MPC for the accident condition internal pressure presented in
Section 3.4 demonstrates that the MPC stresses are well within the allowable values.

Thermal

A bounding MPC internal pressure for the 100% fuel rod rupture condition is presented in Table
4.4.9. The design basis accident condition MPC internal pressure (Table 2.2.1) used in the
structural evaluation bounds the calculated value.

Shielding

There is no effect on the shielding performance of the system as a result of this accident event.

Criticality

There is no effect on the criticality control features of the system as a result of this accident
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this accident event.
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Based on this evaluation, it is concluded that the non-mechanistic 100% fuel rod rupture accident
does not affect the safe operation of the HI-STORM 100U System.

11.1.2.10 Confinement Boundary Leakage

A discussion of this accident condition is presented in Subsection 11.2.10 of the main body of
Chapter 11. The discussion presented therein remains completely applicable to an MPC in a HI-
STORM 100U VVM as well.

11.1.2.11 Explosion

A discussion of this accident condition is presented in Subsection 11.2.11 of the main body of
Chapter 11. A description of the cause of and corrective actions for this event is presented
therein.

Structural

Because of its underground construction, the HI-STORM I 00U and the MPC contained within
are essentially shielded by the surrounding earth. Thus, no evaluation of the VVM or the
contained MPC is required. The HI-STORM 100U closure lid is, however, aboveground and
exposed to the explosion-induced pressure wave. Supplement 3.1 includes an evaluation of the
effect of the design-basis 10 psi pressure wave applied as a static pressure on the closure lid. This
evaluation shows that the overpressure wave does not result in lid separation, and that all lid
stresses are a fraction of the allowable limits.

Thermal

There is no effect on the thermal performance of the system as a result of this accident event.

Shielding

There is no effect on the shielding performance of the system as a result of this accident event.

Criticality

There is no effect on the criticality control features of the system as a result of this accident
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event. As
discussed in the structural evaluation above, all stresses remain well within allowable values,
assuring confinement boundary integrity.
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Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this accident event.

Based on this evaluation, it is concluded that the explosion accident does not affect the safe

operation of the HI-STORM 1 OOU System.

11.1.2.12 Lightning

A discussion of this accident condition is presented in Subsection 11.2.12 of the main body of
Chapter 11. A description of the cause of and corrective actions for this event is presented
therein.

Because of its underground construction, the subterranean portion of the HI-STORM 1OOU
would not be subjected to a direct lightning strike. The HI-STORM 100U closure lid is, however,
aboveground and could be subjected to a direct strike. The closure lid is, however, a steel
encased concrete structure just like on the aboveground casks. Thus, the discussion presented in
Subsection 11.2.12 remains completely applicable to the exposed portions of the HI-STORM
100U System. Therefore, it is concluded that a lightning event will not prevent the VVM from
rendering its intended function.

11.1.2.13 100% Blockage of Air Inlets

A discussion of this accident condition is presented in Subsection 11.2.13 of the main body of
Chapter 11. A description of the cause of and corrective actions for this event is presented
therein.

Structural

There are no structural consequences as a result of this accident event.

Thermal

Supplement 4.1 calculates bounding temperatures for the 100% blockage of the air inlets. The
calculated bounding temperatures after 24 hours of 100% blockage are reported in Table 4.1.9.
The results are below the MPC and VVM accident temperature limits (Tables 2.2.3 and 2.1.8).
Additionally, the increased temperatures generate an elevated MPC internal pressure, also
reported in Table 4.1.9, which is less than the design basis accident pressure listed in Table 2.2.1.

Shielding

There is no effect on the shielding performance of the system as a result of this accident event,
since the concrete temperatures do not exceed the accident temperature limit.
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Criticality

There is no effect on the criticality control features of the system as a result of this accident
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this accident event.

Based on this evaluation, it is concluded that the 100% blockage of air inlets accident does not
affect the safe operation of the HI-STORM 100 System, if the blockage is removed in the
specified time period.

11.1.2.14 Burial Under Debris

A discussion of this accident condition is presented in Subsection 11.2.14 of the main body of
Chapter 11. A description of the cause of and corrective actions for this event is presented
therein.

Structural

The structural evaluation of the MPC enclosure vessel for accident internal pressure conditions
bounds the pressure calculated herein. Therefore, the resulting stresses from this event are well
within the allowable values, as demonstrated in Section 3.4.

Thermal

Supplement 4.1 discusses the impact of burial under debris on the HI-STORM 1 00U System. As
explained therein, the evaluation for the effects of such an event on an aboveground cask
presented in Section 11.2 bound the HI-STORM 1 OOU.

Shielding

There is no adverse effect on the shielding performance of the system as a result of this accident
event.

Criticality

There is no effect on the criticality control features of the system as a result of this accident
event.
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Confinement

There is no effect on the confinement function of the MPC as a result of this accident event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this accident event.

Based on this evaluation, it is concluded that the burial under debris accident does not affect the
safe operation of the HI-STORM 100U System, if the debris is removed within the specified
time period.

11.1.2.15 Extreme Environmental Temperature

A discussion of this accident condition is presented in Subsection 11.2.15 of the main body of
Chapter 11. A description of the cause of and corrective actions for this event is presented
therein.

Structural

The structural evaluation of the MPC enclosure vessel for accident condition internal pressure
bounds the pressure resulting from this event. Therefore, the resulting stresses from this event are
bounded by the design-basis internal pressure and are well within the allowable values, as
discussed in Section 3.4.

Thermal

Supplement 4.1 calculates bounding temperatures for the HI-STORM 100U under the extreme
environmental temperature condition. The calculated bounding temperatures and pressures are
reported in Table 4.1.8 and are below the MPC and VVM accident temperature and pressure
limits (Tables 2.2.3, 2.1.8 and 2.2.1).

Shielding

There is no effect on the shielding performance of the system as a result of this accident event,
since the concrete temperature does not exceed the short-term temperature limit specified in
Table 2.2.3.
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Criticality

There is no effect on the criticality control features of the system as a result of this accident
event.

Confinement

There is no effect on the confinement function of the MPC as a result of this accident event. As
discussed in the structural evaluation above, all stresses remain within allowable values, assuring
confinement boundary integrity.

Radiation Protection

Since there is no degradation in shielding or confinement capabilities as discussed above, there is
no effect on occupational or public exposures as a result of this accident event.

Based on this evaluation, it is concluded that the extreme environment temperature accident does
not affect the safe operation of the HI-STORM IOOU System.

11.1.2.16 Supplemental Cooling System (SCS) Failure

A discussion of this off-normal condition is presented in Subsection 11.2.16 of the main body of
Chapter 11. The discussion presented therein remains completely applicable, as the design and
method of operation of the SCS and the HI-TRAC is unchanged for use with the HI-STORM
100U System.

11.1.2.17 Additional Hazards during Construction Proximate to the ISFSI

To protect an installed ISFSI from any site construction activity in its proximity, a certain
minimum ground buffer distance beyond the edge of the perimeter of the VVM arrays is
prescribed in the licensing drawings. This radiation protection space (RPS) defines the no-
construction zone around the installed and loaded VVMs (see Section 1.1.4).

As is required for deploying casks certified under 10CFR72, Subpart L, every site modification
that may potentially impact the continued operability of the ISFSI must be evaluated for
acceptability under 1OCFR72.212. A generic evaluation of the shielding consequences of digging
a cavity adjacent to the radiation protection zone has been considered in Supplement 5.1 of this
FSAR. The analyses show that the dose at the edge of the cavity is below 0.2 mrem/hr, which is
well below the customary limit that requires radiation posting at nuclear power plants.

Subsection 2.1.4 considers loadings from extreme environmental phenomena assuming that a
deep cavity at the edge of the RPS perimeter has been created as a part of site construction work
and an accidental mechanical loading event across such cavity is credible. Analyses summarized
in Subsection 3.1.4 show that the design basis projectiles (large, medium, or small), specified in
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Chapter 2 of this FSAR, applied in the most vulnerable location of the construction cavity, will
fail to reach the CEC.

In addition to the generic analyses documented in this FSAR to validate the sufficiency of the
RPS boundary, analyses of the consequences of any credible site specific loads or events during
site construction work shall be performed with due consideration of the duration and nature of
the site construction activity. The user's §72.212 evaluation program, used in considering ISFSI-
proximate activities at aboveground ISFSIs, shall apply to the HI-STORM 1OOU installation as
well without limitation.

To summarize, as discussed in Supplement 2.1 and documented in the licensing drawing package
in Section 1.5, and the technical specifications; a radiation protection space (RPS) has been
established per supplement 5.1 with sufficient margin (ground buffer) against design basis
projectiles analyzed in supplement 3.1. As documented in the technical specifications, the RPS
boundary shall not be encroached upon during any site construction activity (this includes
excavation). In addition to the generic analyses documented in this FSAR, site specific
evaluation pursuant to §72.212 shall be performed for all other credible hazards that can be
postulated during site construction. Administrative controls to guard against accidental human
error in excavations (such as encroachment of the RPS) shall be addressed through written
procedures consistent with the required controls needed for a safety significant activity within a
Part 50 controlled area.

Subsection 2.I.6(xii) also requires the ISFSI owner to perform a seismic analysis of the ISFSI
for the instance when the maximum amount of excavation of the area adjacent to the RPS will
exist. The site's Design Basis Earthquake (DBE) will be used. PRA considerations shall not be
used to diminish the strength of the seismic input. The Design Basis Seismic Model, described in
3.1.4, shall be used with appropriate representation of the construction cavity.

Because the actual projectiles for a specific ISFSI site are often different from the tornado borne
missiles analyzed in Supplement 3.1 herein, a site specific analysis of the effect of all credible
missiles shall be performed assuming that the largest construction cavity adjacent to the ISFSI
exists. PRA considerations shall not be used to rule out any missile that has been determined to
be credible in the plant's FSAR.

Furthermore, the ISFSI owner shall implement ameliorative measures to prevent unacceptable
damage to the ISFSI from any other credible adverse scenarios unique to a site that has not been
considered in this FSAR. An example of such a measure is the installation of a berm to protect
against environmental events such as soil erosion and mud slides. Such site specific design
initiatives at any "10OU" ISFSI, like its aboveground counterpart, are within the purview of the
plant's §72.212 process.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM 100 FSAR Rev. 9
REPORT HI-2002444 11.1-18
HI-STORM 100 FSAR, NON-PROPRIETARY
REVISION 11
August 1, 2013



SUPPLEMENT 1 .III

ACCIDENT ANALYSIS OF THE MPC-68M

11 .111.0 INTRODUCTION

The MPC-68M is canister which contains a Metamic-HT basket. The Metamic-HT basket has
improved heat transfer as well as criticality control. This supplement presents the evaluation of the
MPC-68M of the HI-STORM 100 System for the effects of off-normal and postulated accident
conditions.

The supplemental information has been presented in the same format as the main body of Chapter
11. The basic changes that have been made on the MPC-68 are discussed in Supplement 1.III. The
significant changes include the fuel basket and the precision extruded aluminum shims between the
fuel basket and the Enclosure Vessel. The changes result in significant reduction in bending stresses
under a canister slap-down event, improved heat transfer and criticality performance of the system.

All the off-normal conditions and the postulated accident conditions have been critically evaluated
for the introduction of the MPC-68M. The structural integrity and the thermal performance of the HI-
STORM 100 System with the MPC-68M are discussed in Supplement Sections 3.111 and 4.111.

This Supplement is in full compliance with NUREG- 1536; no exceptions are taken.

1 1.II. 1 OFF-NORMAL CONDITIONS

All the off-normal conditions considered in FSAR Chapter 11 have been evaluated for MPC-68M.
The Supplemental Cooling System (SCS) is not required as explained in Supplement Section 4.111.
Therefore, the SCS power failure is not applicable. The thermal consequences of the off-normal
conditions for the HI-STORM 100 system with the MPC-68M are either the same or bounded by
those presented in FSAR Section 11.1. Some additional discussions are provided below.

Supplement Section 4.LII.6 provides details of the thermal evaluations for the off-normal conditions.

11.111. 1.1 Off-Normal Pressure

The off-normal pressure of the MPC internal cavity is a function of the initial helium fill pressure
and the temperature reached within the cavity under normal storage. The normal storage temperature
and pressure in the MPC-68M are shown to be bounded by the temperature reported in Section 4.6.

11.111.1.2 Off-Normal Environmental Temperatures

FSAR Section 11.1.2 is applicable.

11.111.1.3 Leakage of One Seal
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FSAR Section 11.1.3 is applicable.

11.III.1.4 Partial Blockage of Air Inlets

Supplement Section 4.UI.6 confirms that the thermal consequences of the partial blockage of air
inlets are bounded by the same analysis presented in Section 4.6.

11.111.1.5 Off-Normal Handling of HI-TRAC

FSAR Section 11.1.5 is applicable.

11.III.1.6 Malfunction of FHD System

FSAR Section 11.1.6 is applicable.

11.111.1.7 SCS Power Failure

As mentioned earlier the Supplementary Cooling System (SCS) is not necessary and therefore, the
SCS power failure is a not applicable for MPC-68M.
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11 .HI.2 ACCIDENTS

All the accident conditions considered in the FSAR Chapter 11 have been evaluated for the HI-
STORM 100 system with MPC-68M. It has been demonstrated that the consequences of the accident
conditions are either the same or bounded by those presented in Chapter I1. Some additional
discussions are provided below.

11.1111.2.1 HI-TRAC Transfer Cask Handling Accident

Supplement Section 3.III.4 evaluated the potential consequences of the HI-TRAC drop events for a
loaded MPC-68M inside the HI-TRAC and concluded that the drop analyses presented in the FSAR
Subsection 3.4.9 are valid.

11.111.2.2 HI-STORM Overpack Handling Accident

Supplement Section 3.I1.4 evaluated the potential consequences of the drop events for HI-STORM
overpack carrying the loaded MPC-68M and concluded that although the resulting deceleration is
higher than the maximum deceleration calculated in the FSAR Appendix 3.A, it is still less than the
design basis vertical deceleration limit.

11.111.2.3 Tip-Over

Supplement Section 3.111.4 evaluated the potential consequences of the non-mechanistic tip-over of
the HI-STORM overpack the loaded MPC-68M on to the ISFSI pad carrying. It is concluded that the
resulting deceleration is less than the design basis deceleration limit. Also the total deformations of
the basket walls during accident conditions are far below the limit imposed in the structural analysis
in Supplement 3.111 and analyzed in the criticality analysis in Supplement 6.111.

11 .11.2.4 Fire Accident

It is concluded in the Supplement Section 4.III.6 that the thermal consequences of fire accident are
bounded by those presented in the FSAR Section 4.6. Therefore, FSAR Section 11.2 is applicable.

11.I11.2.5 Partial Blockage of MPC Basket Vent Holes

The MPC-68M basket vent holes are located above the level of the maximum accumulation of
debris. The blockage of the vent holes is not credible. The evaluation in the FSAR Section 11.2.5 can
be considered as bounding.

11.111.2.6 Tornado

It is concluded in Supplement Section 3.I1.4 that the tornado loads due to missile impact/wind and
depressurization presented in FSAR Subsection 3.4.8 are bounding for the MPC-68M inside a HI-
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STORM overpack. It is also concluded that the missile penetration analyses presented in Subsection
3.4.8 remain valid. Therefore, FSAR Section 11.2 is applicable.

11.111.2.7 Flood

It is concluded in the Supplement Section 4.IH.6 that the thermal consequences of fire accident are
bounded by those presented in the FSAR Section 4.6. Therefore, FSAR Section 11.2 is applicable.

11 .111.2.8 Earthquake

It is concluded in Supplement Section 3.11I.4 that the seismic analyses presented in FSAR Chapter 3
bound the scenario of a loaded MPC-68M inside a HI-STORM overpack. Therefore, FSAR Section
11.2 is applicable.

11.111.2.9 100% Fuel Rod Rupture

It is concluded in the Supplement Section 4.1M1.6 that the thermal consequences of the 100% fuel rod
rupture are bounded by those presented in the FSAR Section 4.6. Therefore, FSAR Section 11.2 is
applicable.

11.111.2.10 Confinement Boundary Leakage

FSAR Section 11.2 is applicable.

11.111.2.11 Explosion

It is concluded in Supplement Section 3.Ili.4 that the seismic analyses presented in FSAR Chapter 3
bound the scenario of a loaded MPC-68M inside a HI-STORM overpack. Therefore, FSAR Section
11.2 is applicable.

11.111.2.12 Lightning

FSAR Section 11.2 is applicable.

11.111.2.13 100% Blockage of Air Inlets

It is concluded in the Supplement Section 4.Ii.6 that the thermal consequences of 100% blockage of
air inlets are bounded by those presented in the FSAR Section 4.6. Therefore, FSAR Section 11.2 is
applicable.

11.111.2.14 Burial Under Debris

It is concluded in the Supplement Section 4.111.6 that the thermal consequences of burial under debris
are bounded by those presented in the FSAR Section 4.6. Therefore, FSAR Section 11.2 is
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applicable.

11.111.2.15 Extreme Environmental Temperature

As discussed earlier the Supplemental Cooling System (SCS) is not required for the HI-STORM 100
system with the MPC-68M canister.

It is concluded in the Supplement Section 4.III.6 that the thermal consequences of extreme
environmental temperature are bounded by those presented in the FSAR Section 4.6. Therefore,
FSAR Section 11.2 is applicable.

Based on above discussions it can be concluded the consequences of the off-normal and postulated

accident conditions are basically the same or bounded by those presented the FSAR Chapter 11.

11.111.2.16 Supplemental Cooling System (SCS) Failure

As discussed earlier the Supplemental Cooling System (SCS) is not required for the HI-STORM
100 system with the MPC-68M canister.
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CHAPTER 12f: OPERATING CONTROLS AND LIMITS

12.0 INTRODUCTION

The HI-STORM 100 System provides passive dry storage of spent fuel assemblies in
interchangeable MPCs with redundant multi-pass welded closure. The loaded MPC is enclosed
in a single-purpose vertical ventilated module or overpack. This chapter defines the operating
controls and limits (i.e., Technical Specifications) including their supporting bases for
deployment and storage of a HI-STORM 100 System at an ISFSI. The information provided in
this Chapter is in full compliance with NUREG- 1536 [12.1.1 ].

t This chapter has been prepared in the format and section organization set forth in Regulatory Guide 3.61.
However, the material content of this chapter also fulfills the requirements of NUREG-1536. Pagination and
numbering of sections, figures, and tables are consistent with the convention set down in Chapter 1, Section 1.0,
herein. Finally, all terms-of-art used in this chapter are consistent with the terminology of the glossary (Table
1.0.1) and component nomenclature of the Bill-of-Materials (Section 1.5).
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12.1 PROPOSED OPERATING CONTROLS AND LIMITS

12.1.1

12.1.1.1

12.1.1.2

NUREG-1536 (Standard Review Plan) Accentance Criteria

This portion of the FSAR establishes the commitments regarding the HI-STORM
100 System and its use. Other IOCFR72 [12.1.2] and IOCFR20 [12.1.3]
requirements in addition to the Technical Specifications may apply. The
conditions for a general license holder found in 10CFR72.212 [12.1.2] shall be
met by the licensee prior to loading spent fuel into the HI-STORM 100 System.
The general license conditions governed by 10CFR72 [12.1.2] are not repeated
with these Technical Specifications. Licensees are required to comply with all
commitments and requirements.

The Technical Specifications provided in Appendix A and A-100U to CoC 72-
1014 and the authorized contents and design features provided in Appendix B and
B-100U to CoC 72-1014 are primarily established to maintain subcriticality,
confinement boundary and intact fuel cladding integrity, shielding and
radiological protection, heat removal capability, and structural integrity under
normal, off-normal and accident conditions. Table 12.1.1 addresses each of these
conditions respectively and identifies the appropriate Technical Specification(s)
designed to control the condition. Table 12.1.2 provides the list of Technical
Specifications for the HI-STORM 100 System.
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Table 12.1.1

HI-STORM 100 SYSTEM CONTROLS

Condition to be Controlled Applicable Technical Specifications t

Criticality Control
3.3.1 Boron Concentration

Confinement Boundary and
Intact Fuel Cladding Integrity 3.1.1 Multi-Purpose Canister (MPC)

3.1.4 Supplemental Cooling System
Shielding and Radiological
Protection 3.1.1 Multi-Purpose Canister (MPC)

3.1.3 Fuel Cool-Down
3.2.2 TRANSFER CASK Surface Contamination
5.4 Radioactive Effluent Control Program
5.7 Radiation Protection Program

Heat Removal Capability
3.1.1 Multi-Purpose Canister (MPC)
3.1.2 SFSC Heat Removal System
3.1.4 Supplemental Cooling System

Structural Integrity 3.1.5 Impressed Current Cathodic Protection System
5.5 Cask Transport Evaluation Program

Technical Specifications are located in Appendix A to CoC 72-1014. Authorized contents are specified in

FSAR Section 2.1.9
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Table 12.1.2

HI-STORM 100 SYSTEM TECHNICAL SPECIFICATIONS

NUMBER TECHNICAL SPECIFICATION
1.0 USE AND APPLICATION

1.1 Definitions
1.2 Logical Connectors
1.3 Completion Times
1.4 Frequency

2.0 Not Used

3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY
SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

3.1.1 Multi-Purpose Canister (MPC)
3.1.2 SFSC Heat Removal System
3.1.3 Fuel Cool-Down
3.1.4 Supplemental Cooling System
3.1.5 Impressed Current Cathodic Protection System
3.2.1 Deleted
3.2.2 TRANSFER CASK Surface Contamination
3.2.3 Deleted
3.3.1 Boron Concentration

Table 3-1 MPC Cavity Drying Limits
Table 3-2 MPC Helium Backfill Limits

4.0 Not Used

5.0 ADMINSTRATIVE CONTROLS

5.1 Deleted

5.2 Deleted

5.3 Deleted

5.4 Radioactive Effluent Control Program

5.5 Cask Transport Evaluation Program

5.6 Deleted

5.7 Radiation Protection Program

Table 5-1 TRANSFER CASK and OVERPACK Lifting Requirements
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12.2 DEVELOPMENT OF OPERATING CONTROLS AND LIMITS

This section provides a discussion of the operating controls and limits, and training requirements
for the HI-STORM 100 System to assure long-term performance consistent with the conditions
analyzed in this FSAR.

12.2.1 Training Modules

Training modules are to be developed under the licensee's training program to require a
comprehensive, site-specific training, assessment, and qualification (including periodic re-
qualification) program for the operation and maintenance of the HI-STORM 100 Spent Fuel
Storage Cask (SFSC) System and the Independent Spent Fuel Storage Installation (ISFSI). The
training modules shall include the following elements, at a minimum:

1. HI-STORM 100 System Design (overview);

2. ISFSI Facility Design (overview);

3. Systems, Structures, and Components Important to Safety (overview);

4. HI-STORM 100 System Final Safety Analysis Report (overview);

5. NRC Safety Evaluation Report (overview);

6. Certificate of Compliance conditions;

7. HI-STORM 100 Technical Specifications, Approved Contents, Design Features and other
Conditions for Use;

8. HI-STORM 100 Regulatory Requirements (e.g., 1OCFR72.48, 10CFR72, Subpart K,
1OCFR20, 10CFR73);

9. Required instrumentation and use;

10. Operating Experience Reviews

11. HI-STORM 100 System and ISFSI Procedures, including

* Procedural overview
* Fuel qualification and loading
* MPC /HI-TRAC/overpack rigging and handling, including safe load pathways
* MPC welding operations
* HI-TRAC/overpack/VVM closure
* Auxiliary equipment operation and maintenance (e.g., draining, moisture removal,

helium backfilling, supplemental cooling (if used), and cooldown)
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* MPC/HI-TRAC/overpack/VVM pre-operational and in-service inspections and
tests

& Transfer and securing of the loaded HI-TRAC/overpack onto the transport vehicle
* Transfer and offloading of the HI-TRAC/overpack
* Preparation of MPC/HI-TRAC/overpack/VVM for fuel unloading
* Unloading fuel from the MPC/HI-TRAC/overpack/VVM
* Surveillance
* Radiation protection
* Maintenance
0 Security
* Off-normal and accident conditions, responses, and corrective actions

12.2.2 Dry Run Training

A dry run training exercise of the loading, closure, handling, and transfer of the HI-STORM 100
System shall be conducted by the licensee prior to the first use of the system to load spent fuel
assemblies. The dry run shall include, but is not limited to the following:

1. Receipt inspection of HI-STORM 100 System components.

2. Moving the HI-STORM 100 MPC/HI-TRAC into the spent fuel pool.

3. Preparation of the HI-STORM 100 System for fuel loading.

4. Selection and verification of specific fuel assemblies to ensure type conformance.

5. Locating specific assemblies and placing assemblies into the MPC (using a dummy fuel
assembly), including appropriate independent verification.

6. Remote installation of the MPC lid and removal of the MPC/HI-TRAC from the spent

fuel pool.

7. Replacing the HI-TRAC pool lid with the transfer lid (HI-TRAC 100 and 125 only).

8. MPC welding, NDE inspections, pressure testing, draining, moisture removal, and helium
backfilling (for which a mockup may be used).

9. HI-TRAC upending/downending on the horizontal transfer trailer or other transfer
device, as applicable to the site's cask handling arrangement.

10. Placement of the HI-STORM 100 System at the ISFSI.

11. HI-STORM 100 System unloading, including cooling fuel assemblies, flooding the MPC
cavity, and removing MPC welds (for which a mock-up may be used).
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12. Installation and operation of the Supplemental Cooling System (if used).

12.2.3 Functional and Operating Limits, Monitoring Instruments, and Limiting Control
Settings

The controls and limits apply to operating parameters and conditions which are observable,
detectable, and/or measurable. The HI-STORM 100 System is completely passive during
storage and requires no monitoring instruments. The user may choose to implement a
temperature monitoring system to verify operability of the overpack heat removal system in
accordance with Technical Specification Limiting Condition for Operation (LCO) 3.1.2.

12.2.4 Limiting Conditions for Operation

Limiting Conditions for Operation specify the minimum capability or level of performance that
is required to assure that the HI-STORM 100 System can fulfill its safety functions.

12.2.5 Equipment

The HI-STORM 100 System and its components have been analyzed for specified normal, off-
normal, and accident conditions, including extreme environmental conditions. Analysis has
shown in this FSAR that no credible condition or event prevents the HI-STORM 100 System
from meeting its safety function. As a result, there is no threat to public health and safety from
any postulated accident condition or analyzed event. When all equipment is loaded, tested, and
placed into storage in accordance with procedures developed for the ISFSI, no failure of the
system to perform its safety function is expected to occur.

12.2.6 Surveillance Requirements

The analyses provided in this FSAR show that the HI-STORM 100 System fulfills its safety
functions, provided that the Technical Specifications and the Authorized Contents described in
Section 2.1.9 are met. Surveillance requirements during loading, unloading, and storage
operations are provided in the Technical Specifications.

12.2.7 Design Features

This section describes HI-STORM 100 System design features that are Important to Safety.
These features require design controls and fabrication controls. The design features, detailed in
this FSAR and in Appendix B to CoC 72-1014, are established in specifications and drawings
which are controlled through the quality assurance program. Fabrication controls and inspections
to assure that the HI-STORM 100 System is fabricated in accordance with the design drawings
and the requirements of this FSAR are described in Chapter 9.

12.2.8 MPC

a. Basket material composition, properties, dimensions, and tolerances for criticality control.
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b. Canister material mechanical properties for structural integrity of the confinement
boundary.

c. Canister and basket material thermal properties and dimensions for heat transfer control.

d. Canister and basket material composition and dimensions for dose rate control.

12.2.9 HI-STORM Overpack/VVM

a HI-STORM overpack/VVM material mechanical properties and dimensions for structural
integrity to provide protection of the MPC and shielding of the spent nuclear fuel
assemblies during loading, unloading and handling operations, as applicable.

b. HI-STORM overpack/VVM material thermal properties and dimensions for heat transfer

control.

c. HI-STORM overpack/VVM material composition and dimensions for dose rate control.

12.2.10 Verifying Compliance with Fuel Assembly Decay Heat, Burnup, and Cooling
Time Limits

The examples below execute the approach and equations described in Section 2.1.9.1 for
determining allowable decay heat per storage location, burnup, and cooling time for the
approved cask contents.

Example 1

In this example, a demonstration of the use of burnup versus cooling time tables for regionalized
fuel loading is provided. In this example it will be assumed that the MPC-32 is being loaded with
array/class 16x16A fuel in a regionalized loading pattern and will be stored in an aboveground
HI-STORM system.

Step 1: Pick a value of X between 0.5 and 3. For this example X will be 2.8.

Step 2: Calculate qRegion2 as described in Section 2.1.9.1.2:

qRegion2 = (2 x 34)/[(1 + (2.8)02075) x ((12 x 2.8) + 20)]= 0.5668 kWt

Step 3: Calculate qRegionl as described in Section 2.1.9.1.2:

qRegionl = X x qRegion2 = 2.8 x 0.5668 = 1.5871 kW

t Results are arbitrarily rounded to four decimal places.
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Step 4: Develop a bumup versus cooling time table. Since this table is enrichment dependent, it
is permitted and advisable to create multiple tables for different enrichments. In this
example, two enrichments will be used: 3.1 and 4.185. Tables 12.2.1 and 12.2.2 show the
burnup versus cooling time tables calculated for these enrichments for Region 1 and
Region 2 as described in Section 2.1.9.1.3.

Table 12.2.3 provides three hypothetical fuel assemblies in the 16xl6A array/class that will be
evaluated for acceptability for loading in the MPC-32 example above. The decay heat values in
Table 12.2.3 are calculated by the user. The other information is taken from the fuel assembly
and reactor operating records.

Fuel Assembly Number I is not acceptable for storage because its enrichment is lower than that
used to determine the allowable burnups in Table 12.2.1 and 12.1.2. The solution is to develop
another table using an enrichment of 3.0 wt.% 2 3 5U or less to determine this fuel assembly's
suitability for loading in this MPC-32.

Fuel Assembly Number 2 is not acceptable for loading unless a unique maximum allowable
burnup for a cooling time of 3.3 years is calculated by linear interpolation between the values in
Table 12.2.1 for 3 years and 4 years of cooling. Linear interpolation yields a maximum burnup of
36,497 MWD/MTU (rounded down from 36,497.2), making Fuel Assembly Number 2
acceptable for loading only in Region 1 due to decay heat limitations.

Fuel Assembly Number 3 is acceptable for loading based on the higher allowable bumups in
Table 12.2.2, which were calculated using a higher minimum enrichment that those in Table
12.2.1, which is still below the actual initial enrichment of Fuel Assembly Number 3. Due to its
relatively low total decay heat of 0.5 kW (fuel: 0.4, non-fuel hardware: 0.1), Fuel Assembly
Number 3 may be stored in Region 1 or Region 2.

Example 2

In this example, each fuel assembly in Table 12.2.3 will be evaluated to determine whether it
may be stored in the same hypothetical MPC-32 in a regionalized storage pattern in an
aboveground system. Assuming the same value 'X', the same maximum fuel storage location
decay heats are calculated. The equation in Section 2.1.9.1.3 is executed for each fuel assembly
using its exact initial enrichment to determine its maximum allowable bumup. Linear
interpolation is used to further refine the maximum allowable burnup value between cooling
times, if necessary.

Fuel Assembly Number 1: The calculated allowable burnup for 3.0 wt.% 235U and a decay heat
value of 1.5871 kW (qregionl) is 44,905 MWD/MTU at 4 years minimum cooling. Its decay heat
is too high for loading in Region 2. Comparing the fuel assembly burnup and total decay heat of
the contentst (fuel (1.01 kW) plus non-fuel hardware (0.5 kW)) to the calculated limits indicates
that the fuel assembly, including the non-fuel hardware, is acceptable for storage in Region 1.

t The assumption is made that the non-fuel hardware meets burnup and cooling time limits in Table 2.1.25.

HOLTEC INTERNATIONAL COPYRIGHTED MATERIAL
HI-STORM FSAR Rev. 10
REPORT HI-2002444 12.2-5
HI-STORM 100 FSAR, NON-PROPRIETARY
REVISION 11
August 1,2013



Fuel Assembly Number 2: The calculated allowable bumup for 3.2 wt.% 235U and a decay heat
value of 1.5871 kW (qregionl) is 32,989 MWD/MTU for 3 years cooling and 45,382 MWD/MTU
for 4 years cooling. Linearly interpolating between these values for a cooling time of 3.3 years
yields a maximum allowable burnup of 36,706 MWD/MTU and, therefore, the assembly is
acceptable for storage in Region 1. This fuel assembly's decay heat is also too high for loading in
Region 2.

Fuel Assembly Number 3: The calculated allowable maximum burnup for 4.3 wt.% 235U and a
decay heat value of 0.5668 (qRegion2) is 41,693 MWD/MTU for 18 years cooling. Comparing the
fuel assembly bumup and total decay heat of the contents (fuel plus non-fuel hardware) against
the calculated limits indicates that the fuel assembly and non-fuel hardware are acceptable for
storage. Therefore, the assembly is acceptable for storage in Region 2. This fuel assembly would
also be acceptable for loading in Region 1 (this conclusion is inferred, but not demonstrated).

Example 3

In this example, a demonstration of the use of burnup versus cooling time tables for uniform fuel
loading is provided. In this example it will be assumed that the MPC-68 is being loaded with
array/class 9x9A fuel and will be stored in an aboveground HI-STORM system.

Step 1: CoC TS Appendix B Table 2.4-1 provides the heat load limit on each storage location
(qma). For MPC-68 this is 0.5 kW.

Step 2: Develop a burnup versus cooling time table. Since this table is enrichment dependent, it
is permitted and advisable to create multiple tables for different enrichments if the fuel being
loaded varies significantly in initial enrichment. It is conservative to choose the lowest value of
initial enrichment to generate the table.

In this example, two enrichments will be used: 3.0 and 4.5. Tables 12.2.4 and 12.2.5 show the
burnup versus cooling time tables calculated for these enrichments for the respective qmax.

Table 12.2.6 provides three hypothetical fuel assemblies in the 9x9A array/class that will be
evaluated for acceptability for loading in the MPC-68 example above. The decay heat values in
Table 12.2.6 would be calculated by the user. The other information would be taken from the
fuel assembly and reactor operating records.

All of the assemblies meet the per cell heat load limit of 0.5 kW.

Fuel Assembly Number 1 is acceptable for storage because its enrichment is lower than that used
to determine the allowable bumups in Table 12.2.4 and the burnup is lower than that allowed for
the cooling time of the assembly.

Fuel Assembly Number 2 is not acceptable for loading based on the current tables. The fuel
assembly burnup is greater than allowed by Table 12.2.4, even with linear interpolation (30978
MWD/MTU). Fuel Assembly Number 2 may be acceptable for loading if a new table is created
specifically for an initial enrichment of 3.5 wt% and the allowable burnup is greater than 35250.
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Fuel Assembly Number 3 is acceptable for loading based on the allowable burnups in Table
12.2.5.

12.2.11 Verifying Compliance with Total MPC Heat Load

Some operational steps and/or use of particular equipment are required if Qcoc is above a certain
value, e.g. 28.74 kW in the MPC-32. These include supplemental cooling, forced helium
dehydration, helium backfill pressure, and surveillance requirements for LCO 3.1.2. These
examples demonstrate the logic behind the decisions for these operational steps. Time to boil
limits and vacuum drying are also considered in these examples.

Example 1:

Table 12.2.7 contains a proposed heat load pattern for loading a MPC-68 into an aboveground
HI-STORM 100 System. The table provides the decay heat of each storage location. It is
assumed that each of these assemblies meets the burnup, cooling time and enrichment criteria for
loading as described in the previous examples in Section 12.2.10.
General observations on this loading plan:

1. The heat loads in all cells meet the CoC limits for Uniform Loading, i.e. all cells are <
0.50 kW (See Table 2.1.26).

2. The MPC is loaded preferentially for ALARA considerations, i.e. the assemblies with
the lower heat loads are in the peripheral cells.

3. The aggregate MPC heat load, as defined in Section 2.1.9.1.2 as the simple
summation of the assemblies in the MPC, is 18.917 kW.

4. The maximum heat load in any cell is 0.460 kW.

5. Qcoc, as defined in Section 2.1.9.1.2 equation c is 31.280 kW.

Recommendations based on the general observations without further site-specific analysis:

1. Vacuum drying without annulus flushing: The MPC cannot be dried using vacuum
drying without annulus flushing because the maximum heat load in any cell is greater
than 0.316 kW (See Tables in FSAR Section 4.5.3.1.2).

2. Vacuum drying with annulus flushing: The MPC cannot be dried using vacuum
drying with annulus flushing because the maximum heat load in any cell is greater
than 0.414 kW (See Tables in FSAR Section 4.5.3.1.3).

3. Forced Helium Dehydration: Even though the aggregate heat load is less than 26kW
the MPC should be dried using forced helium dehydration since the heat loads in one
or more cells do not meet the values in Tables 4.5.7 or 4.5.8.

4. Helium Backfill Pressure Range: The MPC should be backfilled to the higher
pressure range given in the TS because the heat loads in one or more cells do not
meet the values in Tables 4.5.7 or 4.5.8.

5. Supplemental Cooling System: A supplemental cooling system would be required for
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on-site transport in the HI-TRAC after the MPC is dried, backfilled and sealed
because the heat loads in one or more cells do not meet the values in Table 4.5.7 or
4.5.8.

6. Heat Removal Surveillance (LCO 3.1.2): The user has 24 hours to clear blockage on
the system containing this MPC since the heat loads in the cells do not meet the
values in Table 4.5.7 or 4.5.8.

7. Time to boil determination: The user can calculate the time to boil limit based on the
aggregate MPC heat load of 18.917 kW since this is a bulk adiabatic heat up
calculation strictly based on the aggregate heat in the MPC.

8. Air mass flow rate test requirements per Condition 9 of the CoC: The user can
determine if this test needs to be performed based on the aggregate MPC heat load of
18.917 kW since the air flow on the outside of the MPC is strictly based on the
aggregate heat in the MPC.

Example 2

Table 12.2.8 contains a proposed heat load pattern for loading a MPC-32. The table provides the
decay heat of each storage location. It is assumed that each of these assemblies meets the burnup,
cooling time and enrichment criteria for loading as described in the previous examples in Section
12.2.10.

General observations on this loading plan:

1. The heat loads in all cells meet the CoC limits for Uniform Loading, i.e. all cells are <

1.062 kW (See Table 2.1.26).

2. The MPC is loaded preferentially for ALARA considerations, i.e. the assemblies with
the lower heat loads are in the peripheral cells.

3. The aggregate MPC heat load, as defined in Section 2.1.9.1.2 as the simple
summation of the assemblies in the MPC, is 17.471 kW.

4. The maximum heat load in any cell is 0.826 kW.

5. Qcoc, as defined in Section 2.1.9.1.2 equation c is 26.432 kW.

Recommendations based on the general observations without further site-specific analysis:

1. Vacuum drying without annulus flushing: The MPC cannot be dried using vacuum
drying without annulus flushing since annulus flushing during vacuum drying of
MPC-32 is always required (See Tables in FSAR Section 4.5.3.1.2).

2. Vacuum drying with annulus flushing: The MPC can be dried using vacuum drying if
annulus flushing is used since the maximum heat load in any cell does not exceed
0.898 kW (See Tables in FSAR Section 4.5.3.1.3) and the aggregate MPC heat load is
less than 26 kW. No time limit is applied to drying this canister since the aggregate
heat load (17.471 kW) is less than or equal to 23 kW.

3. Forced Helium Dehydration: The MPC can be dried using forced helium dehydration
but it is not required.
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4. Helium Backfill Pressure Range: The MPC may be backfilled to either pressure range
given in the TS because the maximum heat load in any cell is below the values in
Table 4.5.7.

5. Supplemental Cooling System: A supplemental cooling system would NOT be
required for on-site transport in the HI-TRAC after the MPC is dried, backfilled and
sealed because the maximum heat load in any cell is below the values in Table 4.5.7.

6. Heat Removal Surveillance (LCO 3.1.2): The user has 64 hours to clear blockage on
the system containing this MPC since the maximum heat load in any cell is below the
values in Table 4.5.7.

7. Time to boil determination: The user can calculate the time to boil limit based on the
aggregate MPC heat load of 17.471 kW since this is a bulk adiabatic heat up
calculation strictly based on the aggregate heat in the MPC.

8. Air mass flow rate test requirements per Condition 9 of the CoC: The user can
determine if this test needs to be performed based on the aggregate MPC heat load of
17.471 kW since the air flow on the outside of the MPC is strictly based on the
aggregate heat in the MPC.

Example 3

Table 1.2.9 contains a proposed heat load pattern for loading a MPC-32. The table provides the
decay heat of each storage location. It is assumed that each of these assemblies meets the burnup,
cooling time and enrichment criteria for loading as described in the previous examples in Section
12.2.10.

General observations on this loading plan:

1. The heat loads do not meet the CoC limits for Uniform Loading, i.e. some cells are >

1.0625 kW (See Table 2.1.26).

2. The X value that most closely meets this pattern (See Table 2.1.30) is 1.5 which
means the inner locations cannot have a total decay heat greater than 1.282 kW and
the outer locations cannot have a total decay heat greater than 0.855 kW. Note that
the pattern also meets the criteria for any X value > 1.5.

3. The aggregate MPC heat load, as defined in Section 2.1.9.1.2 as the simple
summation of the assemblies in the MPC, is 20.697 kW.

4. The maximum heat load in any cell is 1.273 kW.

5. Since this MPC is loaded in a regionalized pattern, Qcoc, as defined in Section
2.1.9.1.2 equation e is 32.484 kW. (12*1.282+20*0.855)

Recommendations based on the general observations without further site-specific analysis:

1. Vacuum drying without annulus flushing: The MPC cannot be dried using vacuum
drying without annulus flushing since annulus flushing during vacuum drying of
MPC-32 is always required (See Tables in FSAR Section 4.5.3.1.2).

2. Vacuum drying with annulus flushing: The MPC cannot be dried using vacuum
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drying if annulus flushing is used since the maximum heat load in any cell exceeds
0.898 kW (See Tables in FSAR Section 4.5.3.1.3).

3. Forced Helium Dehydration: The MPC must be dried using forced helium
dehydration because the maximum heat load in at least one cell is greater than the
value in Table 4.5.7 and the maximum heat load in at least one cell in the inner region
is greater than the value in Table 4.5.8.

4. Helium Backfill Pressure Range: The MPC must be backfilled to the higher pressure
range given in the TS because the maximum heat load in at least one cell is greater
than the value in Table 4.5.7 and the maximum heat load in at least one cell in the
inner region is greater than the value in Table 4.5.8.

5. Supplemental Cooling System: A supplemental cooling system is required for on-site
transport in the HI-TRAC after the MPC is dried, backfilled and sealed because the
maximum heat load in at least one cell is greater than the value in Table 4.5.7 and the
maximum heat load in at least one cell in the inner region is greater than the value in
Table 4.5.8.

6. Heat Removal Surveillance (LCO 3.1.2): The user has 24 hours to clear blockage on
the system containing this MPC since the maximum heat load in at least one cell is
greater than the value in Table 4.5.7 and the maximum heat load in at least one cell in
the inner region is greater than the value in Table 4.5.8.

7. Time to boil determination: The user can calculate the time to boil limit based on the
aggregate MPC heat load of 20.697 kW since this is a bulk adiabatic heat up
calculation strictly based on the aggregate heat in the MPC.

8. Air mass flow rate test requirements per Condition 9 of the CoC: The user can
determine if this test needs to be performed based on the aggregate MPC heat load of
20.697 kW since the air flow on the outside of the MPC is strictly based on the
aggregate heat in the MPC.
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Table 12.2.1

EXAMPLE BURNUP VERSUS COOLING TIME LIMITS FOR REGIONALIZED LOADING
(MPC-32, Array/Class 16xl6A, X = 2.8, and Enrichment = 3.1 wt.% 235U)

(qRegion I = 1.5871 kW, qRegion 2 = 0.5668 kW)

MAXIMUM MAXIMUM
COINGM M ALLOWABLE ALLOWABLE

COING BURNUP IN BURNUP IN
TIea REGION 1 REGION 2
(years) (MWD/MTU) (MWD/MTU)

Ž3 32791 10896
>4 45145 17370
>5 53769 22697
>6 59699 26615
>7 63971 29386
>8 67343 31437
>9 68200 33000
>10 68200 34271
>11 68200 35384
>12 68200 36322
>13 68200 37189
>14 68200 37980
>15 68200 38773
>16 68200 39512
>17 68200 40234
>18 68200 40908
>19 68200 41620
Ž20 68200 42324
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Table 12.2.2

EXAMPLE BURNUP VERSUS COOLING TIME LIMITS FOR REGIONALIZED LOADING
(MPC-32, Array/Class 16x16A, X = 2.8, and Enrichment =4.185 wt.% 235U)

(qRegion = 1.5871 kW, qRegion 2 = 0.5668 kW)

MAXIMUM MAXIMUM
MINIMUM ALLOWABLE ALLOWABLE

OINI4 BURNUP IN BURNUP IN
TIea REGION 1 REGION 2
(years) (MWD/MTIU) (MWD/MTU)

>3 34797 11101
>4 47590 17870
>5 56438 23272
Ž6 62533 27157
>7 66963 29907
>8 68200 31935
>9 68200 33510

>10 68200 34785
!11 68200 35927

>12 68200 36894
>13 68200 37790
>14 68200 38593
>15 68200 39419
>16 68200 40191
>17 68200 40937
>18 68200 41643
>19 68200 42363
>20 68200 43094
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Table 12.2.3

SAMPLE CONTENTS TO DETERMINE ACCEPTABILITY FOR STORAGE
(Array/Class 16x 16A)

FUEL FUEL FUEL NON-FUEL NFH
FUEL ENRCHMENT ASSEMBLY ASSEMBLY ASSEMBLY HARDWARE DECAY

ASSEMBLY (Wt. % 11U) BURNUP COOLING DECAY STORED WITH
NUMBER (MWDIMTU) TIME HEAT ASSEMBLY (kW)

(MWD/MTU)_(years) (kW)
1 3.0 37100 4.7 1.01 BPRA 0.5
2 3.2 35250 3.3 1.45 NA NA
3 4.3 41276 18.2 0.4 BPRA 0.1
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Table 12.2.4

EXAMPLE BURNUP VERSUS COOLING TIME LIMITS FOR REGIONALIZED LOADING
(MPC-68, Array/Class 9x9A, and Enrichment = 3.0 wt.% 235U)

(qmax = 0.5 kW)

MINIMUM MAXIMUM
COOLING ALLOWABLE

TIME BURNUP
(years) (MWD/MTU)

>3 27739
>4 38536
>5 46268
>6 51583
>7 55424
>8 58303
>9 60733

>10 62798
>l1 64609
>12 66331
>13 68005
>14 68200
>15 68200
>16 68200
>17 68200
>18 68200
?19 68200
>20 68200
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Table 12.2.5

EXAMPLE BURNUP VERSUS COOLING TIME LIMITS FOR REGIONALIZED LOADING
(MPC-68, Array/Class 9x9A, and Enrichment =4.5 wt.% 235U)

(qm,, = 0.5 kW)

MINIMUM MAXIMUM
COOLING ALLOWABLE

TIME BURNUP
(years) (MWD/MTU)

>3 30017
>4 41399
>5 49359
>6 54839
>7 58856
>8 61932
Ž9 64534

>10 66802
>11 68200
>12 68200
>13 68200
>14 68200
>15 68200
>16 68200
>17 68200
Ž18 68200
>19 68200
Ž20 68200
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Table 12.2.6

SAMPLE CONTENTS TO DETERMINE ACCEPTABILITY FOR STORAGE
(Array/Class 9x9A)

FUEL FUEL FUEL
FUEL FUEL ASSEMBLY ASSEMBLYASSEBLY ENRICHMENT ASSEMBLY COLN DEAASSEMBLY (Wt. % 235U) BURNUP COOLING DECAY

NUMBER (t% ) URUP TIME HEAT
(MWD/MTU) (years) (kW)

1 3.0 37100 4.7 0.3

2 3.5 35250 3.3 0.495
3 4.5 41276 18.2 0.2
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Table 12.2.7
Loading Map for Storage Cells in an MPC-68

Total Decay Heat (kW)

10. 171 10.170 ___

0.186 0.1830.175 0.171 0.180 0.176

0.171 0.300 0.313 1 0.315 0.310 0.309 0.303 0.169

0.172 0.312 0.450 0.456 0.449 0.444 0.302 0.176

0.170 0.181 0.304 0.446 0.457 0.454 0.454 0.307 0.181 0.169

0.159 0.183 0.317 0.441 0.439 0.460 0.441 0.313 0.186 0.170

0.174 0.315 0.440 0.437 0.445 0.443 0.311 0.181

0.161 0.303 0.304 0.316 0.320 0.301 0.302 0.182

0.166 0.173 0.181 0.183 0.182 0.178

0.169 0.155

Table 12.2.8
Loading Map for Storage Cells in an MPC-32

Total Decay Heat (kW)

0.370 0.394 0.392 0.387

0.395 0.372 0.81 0.817 0.391 0.372

0.388 0.810 0.818 0.826 0.825 0.375

0.382 0.820 0.823 0.821 0.812 0.378

0.384 0.390 0.813 0.824 0.393 0.395

0.373 0.372 0.375 0.374

0.373 0.372 0.375 0.3 74
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Table 12.2.9
Loading Map for Storage Cells in an MPC-32

Total Decay Heat (kW)

0.310 0.349 0.329 0.378

0.359 0.327 1.110 1.107 0.399 0.372

0.388 1.068 1.207 1.250 1.091 0.373

0.328 1.086 1.273 1.203 1.087 0.374

0.348 0.309 1.100 1.090 0.319 0.375

0.337 0.327 0.357 0.367
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12.3 TECHNICAL SPECIFICATIONS

Technical Specifications for the HI-STORM 100 System are provided in Appendix A to
Certificate of Compliance 72-1014. Authorized Contents (i.e., fuel specifications) and Design
Features are provided in Appendix B to CoC 72-1014. Bases applicable to the Technical
Specifications are provided in FSAR Appendix 12.A. The format and content of the HI-STORM
100 System Technical Specifications and Bases are that of the Improved Standard Technical
Specifications for power reactors, to the extent they apply to a dry spent fuel storage cask
system. NUMARC Document 93-03, "Writer's Guide for the Restructured Technical
Specifications" [12.3.1] was used as a guide in the development of the Technical Specifications
and Bases.
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12.4 REGULATORY EVALUATION

Table 12.1.2 lists the Technical Specifications for the HI-STORM 100 System. The Technical
Specifications are detailed in Appendix A and A-100U to Certificate of Compliance 72-1014.
The Authorized Contents (i.e., fuel specifications) and Design Features are provided in Appendix
B and B-100U to CoC 72-1014.

The conditions for use of the HI-STORM 100 System identify necessary Technical
Specifications, limits on authorized contents (i.e., fuel), and cask design features to satisfy 10
CFR Part 72, and the applicable acceptance criteria have been satisfied. Compliance with these
Technical specifications and other conditions of the Certificate of Compliance provides
reasonable assurance that the HI-STORM 100 System will provide safe storage of spent fuel and
is in compliance with 10 CFR Part 72, the regulatory guides, applicable codes and standards, and
accepted practices.
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II-STORM 100 SYSTEM FSAR

APPENDIX 12.A

TECHNICAL SPECIFICATION BASES

FOR THE HOLTEC HI-STORM 100 SPENT FUEL STORAGE CASK SYSTEM
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LCO Applicability
B 3.0

B 3.0 LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY

BASES

LCOs LCO 3.0.1, 3.0.2, 3.0.4, and 3.0.5 establish the general requirements
applicable to all Specifications and apply at all times, unless otherwise
stated.

LCO 3.0.1 LCO 3.0.1 establishes the Applicability statement within each
individual Specification as the requirement for when the LCO is
required to be met (i.e., when the facility is in the specified conditions
of the Applicability statement of each Specification).

LCO 3.0.2 LCO 3.0.2 establishes that upon discovery of a failure to meet an
LCO, the associated ACTIONS shall be met. The Completion Time of
each Required Action for an ACTIONS Condition is applicable from
the point in time that an ACTIONS Condition is entered. The
Required Actions establish those remedial measures that must be
taken within specified Completion Times when the requirements of an
LCO are not met. This Specification establishes that:

a. Completion of the Required Actions within the specified
Completion Times constitutes compliance with a Specification;
and

b. Completion of the Required Actions is not required when an
LCO is met within the specified Completion Time, unless
otherwise specified.

There are two basic types of Required Actions. The first type of
Required Action specifies a time limit in which the LCO must be met.
This time limit is the Completion Time to restore a system or
component or to restore variables to within specified limits. Whether
stated as a Required Action or not, correction of the entered Condition
is an action that may always be considered upon entering ACTIONS.
The second type of Required Action specifies the

(continued)
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SR Applicability
B 3.0

BASES

LCO 3.0.2
(continued)

remedial measures that permit continued operation that is not further
restricted by the Completion Time. In this case, compliance with the
Required Actions provides an acceptable level of safety for continued
operation.

Completing the Required Actions is not required when an LCO is met
or is no longer applicable, unless otherwise stated in the individual
Specifications.

The Completion Times of the Required Actions are also applicable
when a system or component is removed from service intentionally.
The reasons for intentionally relying on the ACTIONS include, but are
not limited to, performance of Surveillances, preventive maintenance,
corrective maintenance, or investigation of operational problems.
Entering ACTIONS for these reasons must be done in a manner that
does not compromise safety. Intentional entry into ACTIONS should
not be made for operational convenience.

LCO 3.0.3 This specification is not applicable to a dry storage cask system
because it describes conditions under which a power reactor must be
shut down when an LCO is not met and an associated ACTION is not
met or provided. The placeholder is retained for consistency with the
power reactor technical specifications.

LCO 3.0.4 LCO 3.0.4 establishes limitations on changes in specified conditions in
the Applicability when an LCO is not met. It precludes placing the HI-
STORM 100 System in a specified condition stated in that Applicability
(e.g., Applicability desired to be entered) when the following exist:

a. Facility conditions are such that the requirements of the LCO
would not be met in the Applicability desired to be entered; and

b. Continued noncompliance with the LCO requirements, if the

Applicability were entered, would result in being required to

(continued)
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SR Applicability
B 3.0

BAS ES

LCO 3.0.4
(continued)

exit the Applicability desired to be entered to comply with the
Required Actions.

Compliance with Required Actions that permit continuing with dry fuel
storage activities for an unlimited period of time in a specified
condition provides an acceptable level of safety for continued
operation. This is without regard to the status of the dry storage
system. Therefore, in such cases, entry into a specified condition in
the Applicability may be made in accordance with the provisions of the
Required Actions. The provisions of this Specification should not be
interpreted as endorsing the failure to exercise the good practice of
restoring systems or components before entering an associated
specified condition in the Applicability.

The provisions of LCO 3.0.4 shall not prevent changes in specified
conditions in the Applicability that are required to comply with
ACTIONS. In addition, the provisions of LCO 3.0.4 shall not prevent
changes in specified conditions in the Applicability that are related to
the unloading of an SFSC.

Exceptions to LCO 3.0.4 are stated in the individual Specifications.
Exceptions may apply to all the ACTIONS or to a specific Required
Action of a Specification.

LCO 3.0.5 LCO 3.0.5 establishes the allowance for restoring equipment to
service under administrative controls when it has been removed from
service or determined to not meet the LCO to comply with the
ACTIONS. The sole purpose of this Specification is to provide an
exception to LCO 3.0.2 (e.g., to not comply with the applicable
Required Action(s)) to allow the performance of testing to
demonstrate:

a. The equipment being returned to service meets the LCO; or

b. Other equipment meets the applicable LCOs.

(continued)
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SR Applicability
B 3.0

BASES

LCO 3.0.5
(continued)

The administrative controls ensure the time the equipment is returned
to service in conflict with the requirements of the ACTIONS is limited
to the time absolutely necessary to perform the allowed testing. This
Specification does not provide time to perform any other preventive or
corrective maintenance.
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SR Applicability
B 3.0

B 3.0 SURVEILLANCE REQUIREMENT (SR) APPLICABILITY

BASES

SRs SR 3.0.1 through SR 3.0.4 establish the general requirements
applicable to all Specifications and apply at all times, unless otherwise
stated.

SR 3.0.1 SR 3.0.1 establishes the requirement that SRs must be met during the
specified conditions in the Applicability for which the requirements of
the LCO apply, unless otherwise specified in the individual SRs. This
Specification is to ensure that Surveillances are performed to verify
that systems and components meet the LCO and variables are within
specified limits. Failure to meet a Surveillance within the specified
Frequency, in accordance with SR 3.0.2, constitutes a failure to meet
an LCO.

Systems and components are assumed to meet the LCO when the
associated SRs have been met. Nothing in this Specification,
however, is to be construed as implying that systems or components
meet the associated LCO when:

a. The systems or components are known to not meet the LCO,
although still meeting the SRs; or

b. The requirements of the Surveillance(s) are known to be not
met between required Surveillance performances.

Surveillances do not have to be performed when the HI-STORM 100
System is in a specified condition for which the requirements of the
associated LCO are not applicable, unless otherwise specified.

Surveillances, including Surveillances invoked by Required Actions,
do not have to be performed on equipment that has been determined
to not meet the LCO because the ACTIONS define the remedial
measures that apply. Surveillances have to be met and performed in
accordance with SR 3.0.2, prior to returning equipment to service.
Upon completion of maintenance, appropriate post-maintenance
testing is required. This includes ensuring applicable Surveillances

(continued)
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SR Applicability
B 3.0

BAS ES

SR 3.0.1
(continued)

are not failed and their most recent performance is in accordance with
SR 3.0.2. Post maintenance testing may not be possible in the
current specified conditions in the Applicability due to the necessary
dry storage cask system parameters not having been established. In
these situations, the equipment may be considered to meet the LCO
provided testing has been satisfactorily completed to the extent
possible and the equipment is not otherwise believed to be incapable
of performing its function. This will allow dry fuel storage activities to
proceed to a specified condition where other necessary post
maintenance tests can be completed.

SR 3.0.2 SR 3.0.2 establishes the requirements for meeting the specified
Frequency for Surveillances and any Required Action with a
Completion Time that requires the periodic performance of the
Required Action on a "once per..." interval.

SR 3.0.2 permits a 25% extension of the interval specified in the
Frequency. This extension facilitates Surveillance scheduling and
considers facility conditions that may not be suitable for conducting
the Surveillance (e.g., transient conditions or other ongoing
Surveillance or maintenance activities).

The 25% extension does not significantly degrade the reliability that
results from performing the Surveillance at its specified Frequency.
This is based on the recognition that the most probable result of any
particular Surveillance being performed is the verification of
conformance with the SRs. The exceptions to SR 3.0.2 are those
Surveillances for which the 25% extension of the interval specified in
the Frequency does not apply. These exceptions are stated in the
individual Specifications as a Note in the Frequency stating, "SR 3.0.2
is not applicable."

As stated in SR 3.0.2, the 25% extension also does not apply to the
initial portion of a periodic Completion Time that requires performance
on a "once per..." basis. The 25% extension applies to each
performance after the initial performance. The initial performance of
the Required Action, whether it is a particular Surveillance or some
other remedial action, is considered a single action with a single
Completion Time. One reason for not allowing the 25% extension

(continued)

BASES
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SR Applicability
B 3.0

SR 3.0.2 to this Completion Time is that such an action usually verifies that
(continued) no loss of function has occurred by checking the status of redundant

or diverse components or accomplishes the function of the affected
equipment in an alternative manner.

The provisions of SR 3.0.2 are not intended to be used repeatedly
merely as an operational convenience to extend Surveillance intervals
or periodic Completion Time intervals beyond those specified.

SR 3.0.3 SR 3.0.3 establishes the flexibility to defer declaring affected
equipment as not meeting the LCO or an affected variable outside the
specified limits when a Surveillance has not been completed within the
specified Frequency. A delay period of up to 24 hours or up to the
limit of the specified Frequency, whichever is less, applies from the
point in time that it is discovered that the Surveillance has not been
performed in accordance with SR 3.0.2, and not at the time that the
specified Frequency was not met.

This delay period provides adequate time to complete Surveillances
that have been missed. This delay period permits the completion of a
Surveillance before complying with Required Actions or other remedial
measures that might preclude completion of the Surveillance.

The basis for this delay period includes consideration of HI-STORM
100 System conditions, adequate planning, availability of personnel,
the time required to perform the Surveillance, the safety significance
of the delay in completing the required Surveillance, and the
recognition that the most probable result of any particular Surveillance
being performed is the verification of conformance with the
requirements. When a Surveillance with a Frequency based not on
time intervals, but upon specified facility conditions, is discovered not
to have been performed when specified, SR 3.0.3 allows the full delay
period of 24 hours to perform the Surveillance.

SR 3.0.3 also provides a time limit for completion of Surveillances that
become applicable as a consequence of changes in the specified
conditions in the Applicability imposed by the Required Actions.

(continued)

BASES

SR 3.0.3 Failure to comply with specified Frequencies for SRs is expected to
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SR Applicability
B 3.0

(continued) be an infrequent occurrence. Use of the delay period established by
SR 3.0.3 is a flexibility which is not intended to be used as an
operational convenience to extend Surveillance intervals.

If a Surveillance is not completed within the allowed delay period, then
the equipment is considered to not meet the LCO or the variable is
considered outside the specified limits and the Completion Times of
the Required Actions for the applicable LCO Conditions begin
immediately upon expiration of the delay period. If a Surveillance is
failed within the delay period, then the equipment does not meet the
LCO, or the variable is outside the specified limits and the Completion
Times of the Required Actions for the applicable LCO Conditions
begin immediately upon the failure of the Surveillance.

Completion of the Surveillance within the delay period allowed by this
Specification, or within the Completion Time of the ACTIONS, restores
compliance with SR 3.0.1.

SR 3.0.4 SR 3.0.4 establishes the requirement that all applicable SRs must be
met before entry into a specified condition in the Applicability.

This Specification ensures that system and component requirements
and variable limits are met before entry into specified conditions in the
Applicability for which these systems and components ensure safe
conduct of dry fuel storage activities.

The provisions of this Specification should not be interpreted as
endorsing the failure to exercise the good practice of restoring
systems or components before entering an associated specified
condition in the Applicability.

However, in certain circumstances, failing to meet an SR will not result
in SR 3.0.4 restricting a change in specified condition. When a
system, subsystem, division, component, device, or variable is

(continued)
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SR Applicability
B 3.0

BAS ES

SR 3.0.4
(continued)

outside its specified limits, the associated SR(s) are not required to
be performed per SR 3.0.1, which states that Surveillances do not
have to be performed on equipment that has been determined to not
meet the LCO. When equipment does not meet the LCO, SR 3.0.4
does not apply to the associated SR(s) since the requirement for the
SR(s) to be performed is removed. Therefore, failing to perform the
Surveillance(s) within the specified Frequency does not result in an
SR 3.0.4 restriction to changing specified conditions of the
Applicability. However, since the LCO is not met in this instance, LCO
3.0.4 will govern any restrictions that may (or may not) apply to
specified condition changes.

The provisions of SR 3.0.4 shall not prevent changes in specified
conditions in the Applicability that are required to comply with
ACTIONS. In addition, the provisions of LCO 3.0.4 shall not prevent
changes in specified conditions in the Applicability that are related to
the unloading of an SFSC.

The precise requirements for performance of SRs are specified such
that exceptions to SR 3.0.4 are not necessary. The specific time
frames and conditions necessary for meeting the SRs are specified in
the Frequency, in the Surveillance, or both. This allows performance
of Surveillances when the prerequisite condition(s) specified in a
Surveillance procedure require entry into the specified condition in the
Applicability of the associated LCO prior to the performance or
completion of a Surveillance. A Surveillance that could not be
performed until after entering the LCO Applicability would have its
Frequency specified such that it is not "due" until the specific
conditions needed are met. Alternately, the Surveillance may be
stated in the form of a Note as not required (to be met or performed)
until a particular event, condition, or time has been reached. Further
discussion of the specific formats of SRs' annotation is found in
Section 1.4, Frequency.
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Multi-Purpose Canister (MPC)
B 3.1.1

B 3.1 SFSC Integrity

B 3.1.1 Multi-Purpose Canister (MPC)

BASES

BACKGROUND A TRANSFER CASK with an empty MPC is placed in the spent
fuel pool and loaded with fuel assemblies meeting the
requirements of the CoC. A lid is then placed on the MPC. The
TRANSFER CASK and MPC are raised to the top of the spent
fuel pool surface. The TRANSFER CASK and MPC are then
moved into the cask preparation area where the MPC lid is
welded to the MPC shell and the welds are inspected and
tested. The water is drained from the MPC cavity and drying is
performed. The MPC cavity is backfilled with helium. Then, the
MPC vent and drain port cover plates and closure ring are
installed and welded. Inspections are performed on the welds.
MPC cavity moisture removal using vacuum drying or forced
helium dehydration is performed to remove residual moisture
from the MPC cavity space after the MPC has been drained of
water. If vacuum drying is used, any water that has not drained
from the fuel cavity evaporates from the fuel cavity due to the
vacuum. This is aided by the temperature increase due to the
decay heat of the fuel and by the heat added to the MPC from
the optional warming pad, if used.

If forced helium dehydration is used, the dry gas introduced to
the MPC cavity through the vent or drain port absorbs the
residual moisture in the MPC. This humidified gas exits the
MPC via the other port and the absorbed water is removed
through condensation and/or mechanical drying. The dried
helium is then forced back to the MPC until the temperature
acceptance limit is met.

After the completion of drying, the MPC cavity is backfilled with
helium meeting the requirements of the CoC.

(continued)
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Multi-Purpose Canister (MPC)
B 3.1.1

BASES

BACKGROUND
(continued)

APPLICABLE
SAFETY
ANALYSIS

Backfilling of the MPC fuel cavity with helium promotes
gaseous heat dissipation and the inert atmosphere protects the
fuel cladding. Backfilling the MPC with helium in the required
quantity eliminates air inleakage over the life of the MPC
because the cavity pressure rises due to heat up of the
confined gas by the fuel decay heat during storage.

The confinement of radioactivity during the storage of spent
fuel in the MPC is ensured by the multiple confinement
boundaries and systems. The barriers relied on are the fuel
pellet matrix, the metallic fuel cladding tubes in which the fuel
pellets are contained, and the MPC in which the fuel
assemblies are stored. Long-term integrity of the fuel and
cladding depend on storage in an inert atmosphere. This is
accomplished by removing water from the MPC and backfilling
the cavity with an inert gas. The thermal analyses of the MPC
assume that the MPC cavity is filled with dry helium of a
minimum quantity to ensure the assumptions used for
convection heat transfer are preserved. Keeping the backfill
pressure below the maximum value preserves the initial
condition assumptions made in the MPC overpressurization
evaluation.

(continued)
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Multi-Purpose Canister (MPC)
B 3.1.1

BASES (continued)

LCO A dry, helium filled and sealed MPC establishes an inert heat
removal environment necessary to ensure the integrity of the
multiple confinement boundaries. Moreover, it also ensures
that there will be no air in-leakage into the MPC cavity that
could damage the fuel cladding over the storage period.

APPLICABILITY The dry, sealed and inert atmosphere is required to be in place
during TRANSPORT OPERATIONS and STORAGE
OPERATIONS to ensure both the confinement barriers and
heat removal mechanisms are in place during these operating
periods. These conditions are not required during LOADING
OPERATIONS or UNLOADING OPERATIONS as these
conditions are being established or removed, respectively
during these periods in support of other activities being
performed with the stored fuel.

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each MPC.
This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for
each MPC not meeting the LCO. Subsequent MPCs that do
not meet the LCO are governed by subsequent Condition entry
and application of associated Required Actions.

A.1

If the cavity vacuum drying pressure or demoisturizer exit gas
temperature limit has been determined not to be met during
TRANSPORT OPERATIONS or STORAGE OPERATIONS, an
engineering evaluation is necessary to determine the potential
quantity of moisture left within the MPC cavity. Since moisture
remaining in the cavity during these modes of operation may
represent a long-term degradation concern, immediate action
is not necessary. The Completion Time is sufficient to
complete the engineering evaluation commensurate with the
safety significance of the CONDITION.

(continued)
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Multi-Purpose Canister (MPC)
B 3.1.1

BASES

ACTIONS
(continued) A.2

Once the quantity of moisture potentially left in the MPC cavity
is determined, a corrective action plan shall be developed and
actions initiated to the extent necessary to return the MPC to
an analyzed condition. Since the quantity of moisture
estimated under Required Action A.1 can range over a broad
scale, different recovery strategies may be necessary. Since
moisture remaining in the cavity during these modes of
operation may represent a long-term degradation concern,
immediate action is not necessary. The Completion Time is
sufficient to develop and initiate the corrective actions
commensurate with the safety significance of the CONDITION.

B.. 1

Although Holtec steady state analysis for vacuum drying the
MPC at the maximum heat load allowed indicates that PCT
limits will not be exceeded, a time limit for vacuum drying
based on the MPC heat load was mandated by the NRC in the
approval of CoC 1014 Amendment 5 [4]. NRC considered that
limiting the heat load to 23 kW provided added margin to the
PCT limit.

If the MPC cavity vacuum drying acceptance criterion is not
met during the allowable time, the Required Action ensures a
sufficient quantity of helium within the MPC cavity to provide
additional margin to the PCT limits. The Completion Time is
sufficient to complete the corrective action commensurate with
the safety significance of the CONDITION.

(continued)
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Multi-Purpose Canister (MPC)
B 3.1.1

BASES

ACTIONS
(continued) C.1

If the helium backfill quantity limit has been determined not to
be met during TRANSPORT OPERATIONS or STORAGE
OPERATIONS, an engineering evaluation is necessary to
determine the quantity of helium within the MPC cavity. Since
too much or too little helium in the MPC during these modes
represents a potential overpressure or heat removal
degradation concern, an engineering evaluation shall be
performed in a timely manner. The Completion Time is
sufficient to complete the engineering evaluation
commensurate with the safety significance of the CONDITION.

C.2

Once the quantity of helium in the MPC cavity is determined, a
corrective action plan shall be developed and initiated to the
extent necessary to return the MPC to an analyzed condition
either by adding or removing helium or by demonstrating
through analysis that all cask system limits will continue to be
met. Since the quantity of helium estimated under Required
Action C.1 can range over a broad scale, different recovery
strategies may be necessary. Since elevated or reduced
helium quantities existing in the MPC cavity represent a
potential overpressure or heat removal degradation concern,
corrective actions should be developed and implemented in a
timely manner. The Completion Time is sufficient to develop
and initiate the corrective actions commensurate with the
safety significance of the CONDITION.

(continued)
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Multi-Purpose Canister (MPC)
B 3.1.1

BASES

ACTIONS
(continued) D.1

If the helium leak rate limit has been determined not to be met
during TRANSPORT OPERATIONS or STORAGE
OPERATIONS, an engineering evaluation is necessary to
determine the impact of increased helium leak rate on heat
removal and off-site dose. Since the HI-STORM OVERPACK
is a ventilated system, any leakage from the MPC is
transported directly to the environment. Since an increased
helium leak rate represents a potential challenge to MPC heat
removal and the off-site doses, reasonably rapid action is
warranted. The Completion Time is sufficient to complete the
engineering evaluation commensurate with the safety
significance of the CONDITION.

D.2

Once the consequences of the elevated leak rate from the
MPC are determined, a corrective action plan shall be
developed and initiated to the extent necessary to return the
MPC to an analyzed condition. Since the recovery
mechanisms can range over a broad scale based on the
evaluation performed under Required Action C.1, different
recovery strategies may be necessary. Since an elevated
helium leak rate represents a challenge to heat removal rates
and offsite doses, reasonably rapid action is required. The
Completion Time is sufficient to develop and initiate the
corrective actions commensurate with the safety significance
of the CONDITION.

(continued)
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Multi-Purpose Canister (MPC)
B 3.1.1

BASES

ACTIONS
(continued) E. 1

If the MPC fuel cavity cannot be successfully returned to a
safe, analyzed condition, the fuel must be placed in a safe
condition in the spent fuel pool. The Completion Time is
reasonable based on the time required to replace the transfer
lid with the pool lid (if required), perform fuel cooldown
operations (if required), re-flood the MPC, cut the MPC lid
welds, move the TRANSFER CASK into the spent fuel pool,
remove the MPC lid, and remove the spent fuel assemblies in
an orderly manner and without challenging personnel.
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Multi-Purpose Canister (MPC)
B 3.1.1

BASES

SURVEILLANCE SR 3.1.1.1 . SR 3.1.1.2, and SR 3.1.1.3
REQUIREMENTS

The long-term integrity of the stored fuel is dependent on
storage in a dry, inert environment. For moderate burnup fuel
cavity dryness may be demonstrated either by evacuating the
cavity to a very low absolute pressure and verifying that the
pressure is held over a specified period of time or by
recirculating dry helium through the MPC cavity to absorb
moisture until the gas temperature or dew point at the specified
location reaches and remains below the acceptance limit for
the specified time period. A low vacuum pressure or a
demoisturizer exit temperature meeting the acceptance limit is
an indication that the cavity is dry. For high burnup fuel and
high decay heat load MPCs, the forced helium dehydration
method of moisture removal must be used to provide
necessary cooling of the fuel during drying operations. Cooling
provided by normal operation of the forced helium dehydration
system ensures that the fuel cladding temperature remains
below the applicable limits since forced recirculation of helium
provides more effective heat transfer than that which occurs
during normal storage operations.

Table 3-1 of Appendix A to the CoC provides the appropriate
requirements for drying the MPC cavity based on the burnup
class of the fuel (moderate or high) and the applicable short-
term temperature limit. The temperature limits and associated
cladding hoop stress calculation requirements are consistent
with the guidance in NRC Interim Staff Guidance (ISG)
Document 11.

Having the proper quantity of helium in the MPC ensures
adequate heat transfer from the fuel to the fuel basket and
surrounding structure of the MPC and precludes any
overpressure event from challenging the normal, off-normal, or
accident design pressure of the MPC.

Meeting the helium leak rate limit ensures there is adequate
helium in the MPC for long term storage and that there is no
credible effluent dose from the cask.

(continued)
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Multi-Purpose Canister (MPC)
B 3.1.1

BASES

SURVEILLANCE SR 3.1.1.1, SR 3.1.1.2. and SR 3.1.1.3 (continued)
REQUIREMENTS

All of these surveillances must be successfully performed
once, prior to TRANSPORT OPERATIONS to ensure that the
conditions are established for SFSC storage which preserve
the analysis basis supporting the cask design.

REFERENCES 1. FSAR Sections 1.2, 4.4, 4.5, 7.2, 7.3 and 8.1
2. Interim Staff Guidance Document 11
3. Interim Staff Guidance Document 18
4. NRC SER for CoC 72-1014 Amendment #5,

ML082030170, Section 4.10.2
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SFSC Heat Removal System
B 3.1.2

B 3.1 SFSC Integrity

B 3.1.2 SFSC Heat Removal System

BASES

BACKGROUND The SFSC Heat Removal System is a passive, air-cooled,
convective heat transfer system that ensures heat from the
MPC canister is transferred to the environs by the chimney
effect. Relatively cool air is drawn into the annulus between
the OVERPACK and the MPC through the air inlets. The MPC
transfers its heat from the canister surface to the air via natural
convection. The buoyancy created by the heating of the air
creates a chimney effect and the air is forced back into the
environs through the outlet air ducts at the top of the
OVERPACK.

APPLICABLE
SAFETY
ANALYSIS

The thermal analyses of the SFSC take credit for the decay
heat from the spent fuel assemblies being ultimately transferred
to the ambient environment surrounding the OVERPACK.
Transfer of heat away from the fuel assemblies ensures that
the fuel cladding and other SFSC component temperatures do
not exceed applicable limits. Under normal storage conditions,
the air inlets are unobstructed and full air flow (i.e., maximum
heat transfer for the given ambient temperature) occurs.

Analyses have been performed for the half and complete
obstruction of all the air inlets. Blockage of half of the air inlets
reduces air flow through the OVERPACK annulus and
decreases heat transfer from the MPC. Under this off-normal
condition, no SFSC components exceed the short term
temperature limits.

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES

APPLICABLE
SAFETY
ANALYSIS The complete blockage of all air inlets stops normal (continued)

air cooling of the MPC. The MPC will continue to radiate heat
to the relatively cooler OVERPACK. With the loss of normal air
cooling, the SFSC component temperatures will increase
toward their respective short-term temperature limits. None of
the components reach their temperature limits over the duration
of the analyzed event.

LCO The SFSC Heat Removal System must be verified to be
operable to preserve the assumptions of the thermal analyses.
Operability is defined as at least 50% of the inlet and outlet air
ducts are available for air flow (i.e., unblocked). Operability of
the heat removal system ensures that the decay heat
generated by the stored fuel assemblies is transferred to the
environs at a sufficient rate to maintain fuel cladding and other
SFSC component temperatures within design limits.

The intent of this LCO is to address those occurrences of air
duct blockage that can be reasonably anticipated to occur from
time to time at the ISFSI (i.e., Design Event I and II class
events per ANSI/ANS-57.9). These events are of the type
where corrective actions can usually be accomplished within
one 8-hour operating shift to restore the heat removal system
to operable status (e.g., removal of loose debris).

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES

LCO
(continued) This LCO is not intended to address low frequency,

unexpected Design Event III and IV class events such as
design basis accidents and extreme environmental
phenomena that could potentially block one or more of the air
ducts for an extended period of time (i.e., longer than the total
Completion Time of the LCO). This class of events is
addressed site-specifically as required by Section 3.4.9 of
Appendix B to the CoC.

APPLICABILITY The LCO is applicable during STORAGE OPERATIONS.
Once an OVERPACK containing an MPC loaded with spent
fuel has been placed into it's storage configuration, the heat
removal system must be operable to ensure adequate
dissipation of the decay heat from the fuel assemblies.

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each SFSC.
This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for
each SFSC not meeting the LCO. Subsequent SFSCs that
don't meet the LCO are governed by subsequent Condition
entry and application of associated Required Actions.

A.1

Although the heat removal system remains operable, the
blockage should be cleared expeditiously.

B. 1

If the heat removal system has been determined to be
inoperable, it must be restored to operable status within eight
hours. Eight hours is a reasonable period of time (typically,
one operating shift) to take action to remove the obstructions in
the air flow path.

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES

ACTIONS
(continued) C.1

If the heat removal system cannot be restored to operable
status within eight hours, the innermost portion of the
OVERPACK concrete may experience elevated temperatures.
Therefore, dose rates are required to be measured to verify the
effectiveness of the radiation shielding provided by the
concrete. This Action must be performed immediately and
repeated every twelve hours thereafter to provide timely and
continued evaluation of the effectiveness of the concrete
shielding. As necessary, the cask user shall provide additional
radiation protection measures such as temporary shielding.
The Completion Time is reasonable considering the expected
slow rate of deterioration, if any, of the concrete under
elevated temperatures.

C.2.1

In addition to Required Action C.1, efforts must continue to
restore cooling to the SFSC. Efforts must continue to restore
the heat removal system to operable status by removing the air
flow obstruction(s) unless optional Required Action C.2.2 is
being implemented.

This Required Action must be complete in 64 hours for an
aboveground system with an MPC decay heat load of 28.74
kW or less, in 24 hours for an aboveground system with an
MPC decay heat load greater than 28.74 kW, and in 16 hours
for an underground system. These Completion Times are
consistent with the thermal analyses of this event, which show
that all component temperatures remain below their short-term
temperature limits up to 72, 32 or 24 hours after event
initiation, respectively.

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES

ACTIONS C.2.1 (continued)

The Completion Time reflects the 8 hours to complete
Required Action B.1 and the appropriate balance of time
consistent with the applicable analysis results. The event is
assumed to begin at the time the SFSC heat removal system
is declared inoperable. This is reasonable considering the low
probability of all air ducts becoming simultaneously blocked by
trash or debris.

C.2.2

In lieu of implementing Required Action C.2.1, transfer of the
MPC into a TRANSFER CASK will place the MPC in an
analyzed condition and ensure adequate fuel cooling until
actions to correct the heat removal system inoperability can be
completed. Transfer of the MPC into a TRANSFER CASK
removes the SFSC from the LCO Applicability since
STORAGE OPERATIONS does not include times when the
MPC resides in the TRANSFER CASK. In this case, the
requirements of CoC Appendix A, LCO 3.1.4 apply.

An engineering evaluation must be performed to determine if
any concrete deterioration has occurred which prevents it from
performing its design function. If the evaluation is successful
and the air flow obstructions have been cleared, the
OVERPACK heat removal system may be considered operable
and the MPC transferred back into the OVERPACK.
Compliance with LCO 3.1.2 is then restored. If the evaluation
is unsuccessful, the user must transfer the MPC into a
different, fully qualified OVERPACK to resume STORAGE
OPERATIONS and restore compliance with LCO 3.1.2

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES

ACTIONS
C.2.2 (continued)

In lieu of performing the engineering evaluation, the user may
opt to proceed directly to transferring the MPC into a different,
fully qualified OVERPACK or place the TRANSFER CASK in
the spent fuel pool and unload the MPC.

The Completion Times of 64, 24 and 16 hours reflect the
Completion Time from Required Action C.2.1 to ensure
component temperatures remain below their short-term
temperature limits for the respective decay heat loads and
OVERPACK styles.

SURVEILLANCE SR 3.1.2
REQUIREMENTS

The long-term integrity of the stored fuel is dependent on the
ability of the SFSC to reject heat from the MPC to the
environment. There are two options for implementing SR
3.1.2, either of which is acceptable for demonstrating that the
heat removal system is OPERABLE.

Visual observation that all air inlets and outlets are
unobstructed ensures that air flow past the MPC is occurring
and heat transfer is taking place. Greater than 50% blockage
of the total air inlet area or air outlet area renders the heat
removal system inoperable and this LCO is not met. 50% or
less blockage of the total air inlet area or air outlet area does
not constitute inoperability of the heat removal system.
However, corrective actions should be taken promptly to
remove the obstruction and restore full flow through the
affected air duct(s).

(continued)
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SFSC Heat Removal System
B 3.1.2

BASES

SURVEILLANCE
REQUIREMENTS

SR 3.1.2 (continued)

As an alternative, for OVERPACKs with air temperature
monitoring instrumentation installed in the air outlets, the
temperature rise between ambient and the OVERPACK air
outlet may be monitored to verify operability of the heat
removal system. Blocked air ducts will reduce air flow and
increase the temperature rise experienced by the air as it
removes heat from the MPC. Based on the analyses, provided
the air temperature rise is less than the limit stated in the SR,
adequate air flow and, therefore, adequate heat transfer is
occurring to provide assurance of long term fuel cladding
integrity. The reference ambient temperature used to perform
this Surveillance shall be measured at the ISFSI facility.

The Frequency of 24 hours for aboveground systems and 16
hours for underground systems is reasonable based on the
time necessary for SFSC components to heat up to
unacceptable temperatures assuming design basis heat loads,
and allowing for corrective actions to take place upon
discovery of blockage of air ducts.

REFERENCES 1. FSAR Chapter 4
2. FSAR Sections 11.2.13 and 11.2.14
3. ANSI/ANS 57.9-1992
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MPC Cavity Reflooding
B 3.1.3

B 3.1 SFSC INTEGRITY

B 3.1.3 MPC Cavity Reflooding

BASES

BACKGROUND In the event that an MPC must be unloaded, the TRANSFER
CASK with its enclosed MPC is returned to the cask
preparation area to begin the process of fuel unloading. The
MPC closure ring, and vent and drain port cover plates are
removed. The MPC gas is sampled to determine the integrity
of the spent fuel cladding. The pressure in the MPC cavity is
ensured to be less than the 100 psig design pressure. This is
accomplished via direct measurement of the MPC gas
pressure or via analysis.

After ensuring the MPC cavity pressure meets the LCO limit,
the MPC is then re-flooded with water at a controlled rate
and/or the pressure monitored to ensure that the pressure
remains below 100 psig. Once the cavity is filled with water,
the MPC lid weld is removed leaving the MPC lid in place.
The transfer cask and MPC are placed in the spent fuel pool
and the MPC lid is removed. The fuel assemblies are
removed from the MPC and the MPC and transfer cask are
removed from the spent fuel pool and decontaminated.

(continued)
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MPC Cavity Reflooding
B 3.1.3

BASES (continued)

BACKGROUND
(continued)

Ensuring that the MPC cavity pressure is less than the LCO
limit ensures that any steam produced within the cavity is
safely vented to an appropriate location and eliminates the
risk of high MPC pressure due to sudden generation of large
steam quantities during re-flooding.

APPLICABLE
SAFETY
ANALYSIS

The confinement of radioactivity during the storage of spent
fuel in the MPC is ensured by the multiple confinement
boundaries and systems. The barriers relied on are the fuel
pellet matrix, the metallic fuel cladding tubes in which the fuel
pellets are contained, and the MPC in which the fuel
assemblies are stored. Standard practice in the dry cask
industry has historically been to directly reflood the cask with
water. This standard practice is known not to induce fuel
cladding failures.

The integrity of the MPC depends on maintaining the internal
cavity pressures within design limits. This is accomplished by
introducing water to the cavity in a controlled manner such
that there is no sudden formation of large quantities of steam
during MPC re-flooding. (Ref. 1).

LCO Determining the MPC cavity pressure prior to and during re-
flooding ensures that there will be sufficient venting of any
steam produced to avoid excessive MPC pressurization.

APPLICABILITY The MPC cavity pressure is controlled during UNLOADING
OPERATIONS after the transfer cask and integral MPC are
back in the FUEL BUILDING and are no longer suspended
from, or secured in, the transporter. Therefore, the Cask
Reflood LCO does not apply during TRANSPORT
OPERATIONS and STORAGE OPERATIONS.

A note has been added to the APPLICABILITY for LCO 3.1.3
which states that the LCO is only applicable during wet
UNLOADING OPERATIONS. This is acceptable since the
intent of the LCO is to avoid uncontrolled MPC pressurization
due to water flashing during re-flooding operations. This is not
a concerning for dry UNLOADING OPERATIONS.

(continued)
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MPC Cavity Reflooding
B 3.1.3

BASES (continued)

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each MPC.
This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for
each MPC not meeting the LCO. Subsequent MPCs that do
not meet the LCO are governed by subsequent Condition
entry and application of associated Required Actions.

A.1 and A.2

If the MPC cavity pressure limit is not met, actions must be
taken to restore the parameters to within the limits before
initiating or continuing re-flooding the MPC.

Immediately is an appropriate Completion Time because it
requires action to be initiated promptly and completed without
delay, but does not establish any particular fixed time limit for
completing the action. This offers the flexibility necessary for
users to plan and implement any necessary work activities
commensurate with the safety significance of the condition,
which is governed by the MPC heat load.

(continued)
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MPC Cavity Reflooding
B 3.1.3

BASES (continued)

SURVEILLANCE
REQUIREMENTS

SR 3.1.3.1

The integrity of the MPC is dependent on controlling the
internal MPC pressure. By controlling the MPC internal
pressure prior to and during re-flooding the MPC there is
sufficient steam venting capacity during MPC re-flooding.

The LCO must be met on each SFSC before the initiation of
MPC re-flooding operations to ensure the design and analysis
basis are preserved. If the re-flood rate is limited to the
bounding value given in FSAR Section 4.5 or calculated
specifically for the MPC heat load then the MPC pressure
must only be verified once prior to the re-flood.

If verifying the MPC pressure using direct measurement only
the SR requires checks prior to the re-flood and every hour
during re-flood. The direct measurement schedule is sufficient
to prevent overpressurization of the MPC cavity as the rate of
pressure rise is relatively slow compared to increase in re-
flood rate.

REFERENCES 1. FSAR, Section 4.5, 8.3.2 and 8.3.3.
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Supplemental Cooling System
B 3.1.4

B 3.1 SFSC Integrity

B 3.1.4 Supplemental Cooling System

BASES

BACKGROUND The Supplemental Cooling System (SCS) is an active cooling
system that provides augmented heat removal from the MPC
to ensure fuel cladding temperatures remain below the
applicable limit during onsite transport operations in the
TRANSFER CASK. The system is required for all MPCs
meeting the burnup, heat load, and TRANSFER CASK
orientation combinations specified in the Applicability of the
LCO.

APPLICABLE
SAFETY
ANALYSIS For MPCs containing all moderate burnup fuel (< 45,000

MWD/MTU), SCS operation is not required, because the fuel
cladding temperature does not exceed the limit of 10580F for
moderate burnup fuel (Refs. 1, 2, and 3).

For MPC-68M containing high burnup fuel (>45,000
MWD/MTU) up to design basis heat load, SCS operation is not
required because the fuel cladding temperature does not
exceed the limit of 752°F for high burnup fuel (Refs. 1, 2, and
3).

(continued)
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Supplemental Cooling System
B 3.1.4

BASES

LCO The Supplemental Cooling System must be operable if the
MPC/TRANSFER cask assemblage meets one of the following
conditions in the Applicability portion of the LCO in order to
preserve the assumptions made in the thermal analysis.

APPLICABILITY This LCO is not applicable to MPC-68M.

The LCO is applicable within 4 hours after completion of MPC
drying operations in accordance with LCO 3.1.1 or within 4
hours of transferring the MPC into the TRANSFER CASK if the
MPC is to be unloaded, and the following conditions are met:

MPCs having one or more fuel assemblies with an average
burnup greater than 45,000 MWD/MTU.

MPCs having a decay heat load > 28.74 kW.

ACTIONS A.1

If the SCS has been determined to be inoperable, the thermal
analysis shows that the fuel cladding temperature would not
exceed the short term temperature limit applicable to an off-
normal condition, even with no water in the TRANSFER CASK-
to-MPC annulus. Actions should be taken to restore the SCS
to operable status in a timely manner. Because the thermal
analysis is a steady-state analysis, there is an indefinite period
of time available to make repairs to the SCS. However, it is
prudent to require the actions to be completed in a reasonably
short period of time. A Completion Time of 7 days is
considered appropriate and a reasonable amount of time to
plan the work, obtain needed parts, and execute the work in a
controlled manner.

(continued)
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Supplemental Cooling System
B 3.1.4

BASES

ACTIONS
(continued) B._1

If, after 7 days, the SCS cannot be restored to operable status,
actions should be taken to remove the fuel assemblies from
the MPC and place them back into the spent fuel pool storage
racks. Thirty days is considered a reasonable time frame given
that the MPC will be adequately cooled while this action is
being planned and implemented, and certain equipment for
this infrequent evolution (e.g., weld cutting machine) may take
some time to acquire.

SURVEILLANCE
REQUIREMENTS SR 3.1.4.1

The long-term integrity of the stored fuel is dependent on the
ability of the SFSC to reject heat from the MPC to the
environment, including during short-term evolutions such as
on-site transportation in the TRANSFER CASK. The SCS is
required to ensure adequate fuel cooling in certain cases. The
SCS should be verified to be operable every two hours. This
would involve verification that the coolant flow rate and
temperatures are within expected ranges. This is a reasonable
Frequency given the typical oversight occurring during the on-
site transportation evolution, the duration of the evolution, and
the simple equipment involved.

REFERENCES 1. FSAR Sections 4.5 and 4.111.5
2. NRC Interim Staff Guidance 11, Rev. 3
3. NRC Memorandum, C. Brown to M.W. Hodges, January

29, 2004
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Impressed Current Cathodic Protection System
B 3.1.5

B 3.1 SFSC Integrity

B 3.1.5 Impressed Current Cathodic Protection System (ICCPS)

BASES

BACKGROUND The Impressed Current Cathodic Protection System (ICCPS) is
an active corrosion mitigating system, which uses anodes plus
a source of electric current that is forced to flow from the
anodes to the Cavity Enclosure Container (CEC) to oppose
corrosion currents. The user may elect to either extend an
existing ICCPS to protect the installed ISFSI or establish an
autonomous ICCPS. The ICCPS is designed on a site-specific
basis for a particular ISFSI installation in accordance with the
design criteria established in FSAR Supplement 3.1, Subsection
3.1.4.1.

APPLICABLE
SAFETY
ANALYSIS

The ICCPS provides reasonable assurance that corrosion
will not promote degradation of the CEC Container Shell and
Bottom Plate to the extent of challenging its structural function
or initiate through-wall in-leakage of water into the storage
cavity.

The ICCPS is required for all HI-STORM 1OOU WM's that are
installed in environments with aggressive corrosivity. FSAR
Supplement 3.1, Subsection 3.1.4.1 provides the design criteria
for an ICCPS and more details on the evaluation procedure to
determine if the environment corrosivity is mild or aggressive.

The ICCPS is classified as an interfacing System, Structure or
Component (SSC) to the HI-STORM 10OU WM and is
designated as not important- to- safety. The ICCPS is not
required to maintain subcriticality, control radiation doses to
workers and public, assure fuel retrievability or maintain the
confinement barrier.

(continued)
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Impressed Current Cathodic Protection System
B 3.1.5

BASES

LCO Although corrosion is expected to be a generally slow process
even in the majority of subterranean environments determined
to have aggressive corrosivity, the ICCPS will ensure corrosion
will be kept to a minimum for the duration of storage
operations. In order to be effective at mitigating degradation of
the CEC due to corrosion, the ICCPS must be operable as
soon as practicable after installation of the first HI-STORM
1 O0U WVM and remain operable as much as practicable during
storage operations.

APPLICABILITY The LCO is applicable during STORAGE OPERATIONS.
Once the first VVM to be protected by a particular ICCPS is
installed the ICCPS must remain operable at all times to the
extent practicable.

ACTIONS A.1

If the ICCPS has been determined to be inoperable, Actions
should be taken to restore the ICCPS to operable status in a
timely manner. Because corrosion is an intrinsically slow
process, there is sufficient time available to perform repairs
and other corrective actions. However, it is prudent to require
the actions to be completed in a reasonably short period of
time. A Completion Time of 6 months is considered appropriate
and a reasonable amount of time to plan the work, obtain
needed parts, and execute the work.

(continued)
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Impressed Current Cathodic Protection System
B 3.1.5

BASES

ACTIONS
(continued) A.2

In lieu of Action A.1, the user may opt to perform an
engineering evaluation to establish reasonable assurance that
CEC Container Shells and Bottom Plate are maintaining
adequate integrity and have adequate corrosion reserve for
continued storage operation for at least four more years or until
the expiration of the license, whichever comes first. This action
may include a more detailed review of the subterranean
environment corrosivity, experience with corrosion of other
buried systems at the site, past performance of the ICCPS
and/or thickness measurements (e.g. ultrasonic inspection) of
selected CEC Container Shells and Bottom Plates. Because
corrosion is generally a slow process, there is sufficient time
available to perform the engineering evaluation. In addition, the
engineering evaluation if successful provides reasonable
assurance that the CEC is experiencing minimal corrosion and
will continue to perform its primary function during storage
operations. However, it is prudent to require the actions to be
completed in a reasonably short period of time. A Completion
Time of 1 year is considered appropriate and reasonable.

(continued)

HOLTEC INTERNATIONAL COPYRIGHTED INFORMATION
HI-STORM FSAR Rev. 9
REPORT HI-2002444 B 3.1.5-3

HI-STORM 100 FSAR, NON-PROPRIETARY
REVISION 11
August 1, 2013



Impressed Current Cathodic Protection System
B 3.1.5

BASES

ACTIONS
(continued) B.1

If after 8 years the ICCPS has been determined to be operable
for less than 70% of the time since initial startup, Actions
should be taken to establish reasonable assurance that CEC
Container Shells and Bottom Plates are maintaining adequate
integrity and have adequate corrosion reserve for continued
storage operation of at least three more years or until the
expiration of the license, whichever comes first. This action
may include a more detailed review of the subterranean
environment corrosivity, experience with corrosion of other
buried systems at the site, past performance of the ICCPS
and/or thickness measurements (e.g. ultrasonic inspection) of
selected CEC Container Shells and Bottom Plates. Because
corrosion is generally a slow process, there is sufficient time
available to perform the engineering evaluation. In addition, the
engineering evaluation, if successful, provides reasonable
assurance that the CEC is experiencing minimal corrosion and
will continue to perform its primary function during storage
operations. However, it is prudent to require the actions to be
completed in a reasonably short period of time. A Completion
Time of 1 year is considered appropriate and a reasonable
amount of time to perform the Action. A 70% operable status
is determined by engineering judgment to be the minimum
duration of cathodic protection that will provide reasonable
assurance the CEC will maintain its integrity during storage
operations.

(continued)
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Impressed Current Cathodic Protection System
B 3.1.5

BASES

ACTIONS
(continued) B.2

If an engineering evaluation does not establish adequate
integrity of the CEC Container Shells and Bottom Plates,
Actions should be taken to re-establish their integrity. This may
entail performing thickness measurements (e.g. ultrasonic
inspections) and repair of CEC components. Welding repairs
require the transfer of the MPC into a transfer cask. Other
types of repairs shall be evaluated to determine whether
removal of the MPC from the WM is necessary. Repairs with
the potential to adversely affect safety functions shall be
evaluated to ensure system functionality is maintained. If
reasonable assurance is provided that the integrity of the CEC
Container Shell and Bottom Plate has been adequately re-
established, the initial start-up period shall be reset. Because
corrosion is generally a slow process, there is sufficient time
available to perform repairs. However, it is prudent to require
the actions to be completed in a reasonably short period of
time. A Completion Time of 3 years ensures that there is
sufficient time to perform the Action.

C..1

If an engineering evaluation cannot conclude adequate integrity
of the CEC Container Shells and Bottom Plates or if repairs are
not performed to re-establish integrity, Actions should be taken
to transfer the MPC's from affected WM's to unaffected WM's
or other approved and compatible casks. Because corrosion is
generally a slow process there is sufficient time available to
perform the MPC transfers, including supply of additional
storage casks and storage pad(s) if needed. A Completion
Time of 3 years is considered appropriate and a reasonable
amount of time to perform the Action.
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Impressed Current Cathodic Protection System
B 3.1.5

SURVEILLANCE
REQUIREMENTS SR 3.1.5.1

The long-term integrity of the CEC Container Shell and Bottom
Plate is dependent on the ability of the ICCPS to cathodically
protect all surfaces contacting the subgrade. The ICCPS
should be verified to be operable one year after installation of
the first VVM and every month thereafter. This may involve
verification that the current and voltage requirements are in
accordance with the site-specific design as well as ensuring
that rectifiers are in working order. The surveillance intervals
follow the guidance provided in the standards and publications
listed in the design criteria provided in FSAR Supplement 3.1,
Subsection 3.1.4.1. This is a reasonable Frequency given the
generally slow process of corrosion. This surveillance is
suspended for 1 year if Action A.2 is met.

SR 3.1.5.2

The long-term integrity of the CEC container shell and Bottom
Plate is dependent on the ability of the ICCPS to cathodically
protect all surfaces contacting the subgrade. The ICCPS
should be verified to be operable for at least 70% of the time
on a cumulative basis between 8 and 10 years after initial
startup (whether or not initial startup was successful) to allow
sufficient operating history. This verification will involve review
of records that support the operable status of the ICCPS, which
may include review of current and voltage measurements, and
other site-specific design data. The surveillance intervals follow
the guidance of engineering judgment. This is a reasonable
Frequency given the generally slow process of corrosion.

REFERENCES 1. FSAR Supplement 3.1, Subsection 3.1.4.1
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Deleted
B 3.2.1

B 3.2 SFSC Radiation Protection

B 3.2.1 Deleted
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TRANSFER CASK Surface Contamination
B 3.2.2

B 3.2 SFSC Radiation Protection

B 3.2.2 TRANSFER CASK Surface Contamination

BASES

BACKGROUND A TRANSFER CASK is immersed in the spent fuel pool in
order to load the spent fuel assemblies. As a result, the
surface of the TRANSFER CASK may become contaminated
with the radioactive material in the spent fuel pool water. This
contamination is removed prior to moving the TRANSFER
CASK to the ISFSI, or prior to transferring the MPC into the
OVERPACK, whichever occurs first, in order to minimize the
radioactive contamination to personnel or the environment.
This allows dry fuel storage activities to proceed without
additional radiological controls to prevent the spread of
contamination and reduces personnel dose due to the spread
of loose contamination or airborne contamination. This is
consistent with ALARA practices.

APPLICABLE
SAFETY
ANALYSIS

The radiation protection measures implemented during MPC
transfer and transportation using the TRANSFER CASK are
based on the assumption that the exterior surfaces of the
TRANSFER CASKs have been decontaminated. Failure to
decontaminate the surfaces of the TRANSFER CASKs could
lead to higher-than-projected occupational doses.

LCO Removable surface contamination on the TRANSFER CASK
exterior surfaces and accessible surfaces of the MPC is limited
to 1000 dpm/100 cm 2 from beta and gamma sources and 20
dpm/1 00 cm2 from alpha sources. These limits are taken from
the guidance in IE Circular 81-07 (Ref. 2) and are based on the
minimum level of activity that can be routinely detected under a
surface contamination control program using direct survey
methods. Only loose contamination is controlled, as fixed
contamination will not result from the TRANSFER CASK
loading process.

(continued)
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TRANSFER CASK Surface Contamination
B 3.2.2

BAS ES

LCO

(continued)

Experience has shown that these limits are low enough to
prevent
the spread of contamination to clean areas and are significantly
less than the levels which would cause significant personnel
skin dose. LCO 3.2.2 requires removable contamination to be
within the specified limits for the exterior surfaces of the
TRANSFER CASK and accessible portions of the MPC. The
location and number of surface swipes used to determine
compliance with this LCO are determined based on standard
industry practice and the user=s plant-specific contamination
measurement program for objects of this size. Accessible
portions of the MPC means the upper portion of the MPC
external shell wall accessible after the inflatable annulus seal is
removed and before the annulus shield ring is installed. The
user shall determine a reasonable number and location of
swipes for the accessible portion of the MPC. The objective is
to determine a removable contamination value representative
of the entire upper circumference of the MPC, while
implementing sound ALARA practices.

APPLICABILITY The applicability is modified by a note that states that the LCO
is not applicable to the TRANSFER CASK if MPC transfer
operations occur inside the FUEL BUILDING. This is consistent
with the intent of this LCO, which is to ensure loose
contamination on the loaded TRANSFER CASK and MPC
outside the FUEL BUILDING is within limits. If the MPC
transfer is performed inside the FUEL BUILDING the empty
TRANSFER CASK remains behind and is treated like any other
contaminated hardware under the user=s Part 50
contamination control program.

Verification that the surface contamination is less than the LCO
limit is performed during LOADING OPERATIONS. This
occurs before TRANSPORT OPERATIONS, when the LCO is
applicable. Measurement of surface contamination is
unnecessary during UNLOADING OPERATIONS as surface
contamination would have been measured prior to moving the
subject TRANSFER CASK to the ISFSI.

(continued)
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TRANSFER CASK Surface Contamination
B 3.2.2

BASES (continued)

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each
TRANSFER CASK. This is acceptable since the Required
Actions for each Condition provide appropriate compensatory
measures for each TRANSFER CASK not meeting the LCO.
Subsequent TRANSFER CASKs that do not meet the LCO are
governed by subsequent Condition entry and application of
associated Required Actions.

A. 1

If the removable surface contamination of a TRANSFER CASK
or MPC, as applicable, that has been loaded with spent fuel is
not within the LCO limits, action must be initiated to
decontaminate the TRANSFER CASK or MPC and bring the
removable surface contamination within limits. The Completion
Time of 7 days is appropriate given that sufficient time is
needed to prepare for, and complete the decontamination once
the LCO is determined not to be met.

SURVEILLANCE
REQUIREMENTS

SR 3.2.2.1

This SR verifies that the removable surface contamination on
the TRANSFER CASK and/or accessible portions of the MPC
is less than the limits in the LCO. The Surveillance is
performed using smear surveys to detect removable surface
contamination. The Frequency requires performing the
verification during LOADING OPERATIONS in order to confirm
that the TRANSFER CASK or OVERPACK can be moved to
the ISFSI without spreading loose contamination.

REFERENCES 1. FSAR Sections 8.1.5 and 8.1.6.
2. NRC IE Circular 81-07.
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Boron Concentration
B 3.3.1

B 3.3 SFSC Criticality Control

B 3.3.1 Boron Concentration

BAS ES

BACKGROUND A TRANSFER CASK with an empty MPC is placed in the spent
fuel pool and loaded with fuel assemblies meeting the
requirements of the Certificate of Compliance. A lid is then
placed on the MPC. The TRANSFER CASK and MPC are
raised to the top of the spent fuel pool surface. The
TRANSFER CASK and MPC are then moved into the cask
preparation area where the MPC lid is welded to the MPC shell
and the welds are inspected and tested. The water is drained
from the MPC cavity and drying is performed. The MPC cavity
is backfilled with helium. Then, the MPC vent and drain cover
plates and closure ring are installed and welded. Inspections
are performed on the welds. The TRANSFER CASK bottom
pool lid is replaced with the transfer lid to allow eventual
transfer of the MPC into the OVERPACK.

For those MPCs containing PWR fuel assemblies of relatively
high initial enrichment, credit is taken in the criticality analyses
for boron in the water within the MPC. To preserve the
analysis basis, users must verify that the boron concentration
of the water in the MPC meets specified limits when there is
fuel and water in the MPC. This may occur during LOADING
OPERATIONS and UNLOADING OPERATIONS.

APPLICABLE
SAFETY
ANALYSIS

The spent nuclear fuel stored in the SFSC is required to re-
main subcritical (keff < 0.95) under all conditions of storage.
The HI-STORM 100 SFSC is analyzed to store a wide variety
of spent nuclear fuel assembly types with differing initial
enrichments. For all PWR fuel loaded in the MPC-32 and
MPC-32F, and for relatively high enrichment PWR fuel loaded
in the MPC-24, -24E, and -24EF, credit was taken in the
criticality analyses for neutron poison in the form of soluble
boron in the water within the MPC. Compliance with this LCO
preserves the assumptions made in the criticality analyses
regarding credit for soluble boron.

(continued)
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Boron Concentration
B 3.3.1

BASES (continued)

LCO Compliance with this LCO ensures that the stored fuel will
remain subcritical with a keffr< 0.95 while water is in the MPC.
LCOs 3.3.1.a and 3.3.1.b provide the minimum concentration
of soluble boron required in the MPC water for the MPC-24,
and MPC-24E/24EF, respectively, for MPCs containing all
INTACT FUEL ASSEMBLIES. The limits are applicable to the
respective MPCs if one or more fuel assemblies to be loaded in
the MPC had an initial enrichment of U-235 greater than the
value in Table 2.1-2 of Appendix B to the CoC for loading with
no soluble boron credit.

LCO 3.3.1.e provides the minimum concentration of soluble
boron required in the MPC water for the MPC-24E and MPC-
24EF containing at least one DAMAGED FUEL ASSEMBLY or
one fuel assembly classified as FUEL DEBRIS.

LCO 3.3.1.f provides the minimum concentration of soluble
boron required in the MPC water for the MPC-32 and MPC-32F
based on the fuel assembly array/class and the classification of
the fuel as a DAMAGED FUEL ASSEMBLY or FUEL DEBRIS.

All fuel assemblies loaded into the MPC-24, MPC-24E, MPC-
24EF, MPC-32, and MPC-32F are limited by analysis to
maximum enrichments of 5.0 wt.% U-235.

The LCO also requires that the minimum soluble boron
concentration for the most limiting fuel assembly array/class
and classification to be stored in the same MPC be used. This
means that the highest minimum soluble boron concentration
limit for all fuel assemblies in the MPC applies in cases where
fuel assembly array/classes and fuel classifications (intact vs.
damaged) are mixed in the same MPC. This ensures the
assumptions pertaining to soluble boron used in the criticality
analyses are preserved.

(continued)
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Boron Concentration
B 3.3.1

BASES

APPLICABILITY The boron concentration LCO is applicable whenever an MPC-
24, -24E, -24EF, -32, or -32F has at least one PWR fuel
assembly in a storage location and water in the MPC, For the
MPC-24 and MPC-24E/24EF, when all fuel assemblies to be
loaded have initial enrichments less than the limit for no soluble
boron credit as provided in CoC Appendix B, Table 2.1-2, the
boron concentration requirement is implicitly understood to be
zero.

During LOADING OPERATIONS, the LCO is applicable
immediately upon the loading of the first fuel assembly in the
MPC. It remains applicable until the MPC is drained of water

During UNLOADING OPERATIONS, the LCO is applicable
when the MPC is re-flooded with water after helium cooldown
operations. Note that compliance with SR 3.0.4 assures that
the water to be used to flood the MPC is of the correct boron
concentration to ensure the LCO is upon entering the
Applicability.

ACTIONS A note has been added to the ACTIONS which states that, for
this LCO, separate Condition entry is allowed for each MPC.
This is acceptable since the Required Actions for each
Condition provide appropriate compensatory measures for
each MPC not meeting the LCO. Subsequent MPCs that do
not meet the LCO are governed by subsequent Condition entry
and application of associated Required Actions.

A.1 and A.2

Continuation of LOADING OPERATIONS, UNLOADING
OPERATIONS or positive reactivity additions (including actions
to reduce boron concentration) is contingent upon maintaining
the SFSC in compliance with the LCO. If the boron
concentration of water in the MPC is less than its limit, all
activities LOADING OPERATIONS, UNLOADING
OPERATIONS or positive reactivity additions must be
suspended immediately.

(continued)
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Boron Concentration
B 3.3.1

BASES

ACTIONS A.3
(continued)

In addition to immediately suspending LOADING
OPERATIONS, UNLOADING OPERATIONS and positive
reactivity additions, action to restore the concentration to within
the limit specified in the LCO must be initiated immediately.

One means of complying with this action is to initiate boration
of the affected MPC. In determining the required combination
of boration flow rate and concentration, there is no unique
design basis event that must be satisfied; only that boration be
initiated without delay. In order to raise the boron
concentration as quickly as possible, the operator should begin
boration with the best source available for existing plant
conditions.

Once boration is initiated, it must be continued until the boron
concentration is restored. The restoration time depends on the
amount of boron that must be injected to reach the required
concentration.

SURVEILLANCE
REQUIREMENTS SR 3.3.1.1
(continued)

The boron concentration in the MPC water must be verified to
be within the applicable limit within four hours prior to entering
the Applicability of the LCO. For LOADING OPERATIONS,
this means within four hours of loading the first fuel assembly
into the cask.

For UNLOADING OPERATIONS, this means verifying the
source of borated water to be used to re-flood the MPC within
four hours of commencing re-flooding operations. This
ensures that when the LCO is applicable (upon introducing
water into the MPC), the LCO will be met.

(continued)
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Boron Concentration
B 3.3.1

BASES

SURVEILLANCE
REQUIREMENTS

(continued) Surveillance Requirement 3.3.1.1 is modified by a note which
states that SR 3.3.1.1 is only required to be performed if the
MPC is submerged in water or if water is to be added to, or
recirculated through the MPC. This reflects the underlying
premise of this SR which is to ensure, once the correct boron
concentration is established, it need only be verified thereafter
if the MPC is in a state where the concentration could be
changed.

There is no need to re-verify the boron concentration of the
water in the MPC after it is removed from the spent fuel pool
unless water is to be added to, or recirculated through the
MPC, because these are the only credible activities that could
potentially change the boron concentration during this time.
This note also prevents the interference of unnecessary
sampling activities while lid closure welding and other MPC
storage preparation activities are taking place in an elevated
radiation area atop the MPC. Plant procedures should ensure
that any water to be added to, or recirculated through the MPC
is at a boron concentration greater than or equal to the
minimum boron concentration specified in the LCO

REFERENCES 1. FSAR Chapter 6.
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SUPPLEMENT 12.1

OPERATING CONTROLS AND LIMITS
FOR THE HI-STORM 100U SYSTEM

12.1.0 INTRODUCTION

Operation of the HI-STORM 100 System with the underground HI-STORM 1 OOU overpack is
identical to operation of the HI-STORM 100 System with the aboveground overpacks up to the
point where MPC transfer from the HI-TRAC transfer cask takes place. The loaded MPC is
stored in the vertical orientation in the HI-STORM 1OOU for long-term storage operations.
Operating controls and limits described in FSAR Chapter 12 are implemented for the HI-
STORM 100U to the extent they are applicable. This supplement describes the unique operating
controls and limits, including training requirements and technical specifications, required for the
HI-STORM 100U.

12.1.1 OPERATING CONTROLS AND LIMITS

Like the aboveground overpacks, the HI-STORM 100U overpack is completely passive in
performing its design functions. It provides for long-term interim storage of the spent fuel
without any modifications to the MPC or HI-TRAC transfer cask designs used with the
aboveground overpacks. The operating controls and limits established for the MPC and HI-
TRAC transfer cask are not altered for use with the HI-STORM I OOU.

Operating controls and limits pertaining to movement of the overpack do not apply to the HI-
STORM 100U because it is an integral component of the ISFSI and is not able to be moved once
installed. It is not required to establish a lift height limit or to evaluate a drop event because the
HI-STORM 100U cannot be lifted. It is not required to measure dose rates on the side of the HI-
STORM 1OOU because it is located underground and is, therefore, inaccessible by plant
personnel and because side dose rates are limited by shielding from the surrounding soil and
provide a negligible contribution to the dose rate at the controlled area boundary.

12.1.2 TRAINING MODULES

The classroom and dry run training programs described in FSAR Subsections 12.2.1 and 12.2.2
must be modified to address the differences between the use of an aboveground, moveable
overpack and the belowground, immovable HI-STORM 100U. Specifically, procedures and dry
runs must be created or modified to address the operational differences in using the HI-TRAC
transfer cask and mating device with the HI-STORM 1OOU versus the aboveground overpack.
These procedures and dry run training shall be based upon the operations of the HI-STORM
100U described in Supplement 8.1.
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12.1.3 TECHNICAL SPECIFICATIONS

LCO 3.1.2, which requires periodic surveillance to ensure operability of the cask heat removal
system, can be implemented with HI-STORM 100U more easily than for the aboveground
overpacks because the outlet air ducts are located at approximately ground level. New LCO
3.1.5, for periodic confirmation of operation of the Impressed Current Cathodic Protection
System, is added.
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SUPPLEMENT 12.111

OPERATING CONTROLS AND LIMITS FOR THE MPC-68M

The main body of this chapter remains fully applicable for the HI-STORM 100 System using an
MPC-68M with the exception that a supplemental cooling system is not required during
loading/unloading operations of the MPC-68M in a HI-TRAC transfer cask.
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CHAPTER 13t: QUALITY ASSURANCE

13.0 QUALITY ASSURANCE PROGRAM

13.0.1 Overview

This chapter provides a summary of the quality assurance program implemented for
activities related to the design, qualification analyses, material procurement, fabrication,
assembly, testing and use of structures, systems, and components of the HI-STORM 100
System and HI-TRAC transfer cask designated as important to safety.

Important-to-safety activities related to construction and deployment of the HI-STORM
100 System are controlled under the NRC-approved Holtec Quality Assurance Program.
The Holtec QA program manual (Reference [13.0.2]) is approved by the NRC (Reference
[13.0.4]) under Docket 71-0784. The Holtec QA program satisfies the requirements of 10
CFR 72, Subpart G and 10 CFR 71, Subpart H. In accordance with 10 CFR 72.140(d),
this approved 10 CFR 71 QA program will be applied to spent fuel storage cask activities
under 10 CFR 72. The additional recordkeeping requirements of 10 CFR 72.174 are
addressed in the Holtec QA program manual and must also be complied with.

The Holtec QA program is implemented through a hierarchy of procedures and
documentation, listed below.

1. Holtec Quality Assurance Program Manual

2. Holtec Quality Assurance Procedures

3. a. Holtec Standard Procedures

b. Holtec Project Procedures

Quality activities performed by others on behalf of Holtec are governed by the supplier's
quality assurance program or Holtec's QA program extended to the supplier. The type
and extent of Holtec QA control and oversight is specified in the procurement documents
for the specific item or service being procured. The fundamental goal of the supplier
oversight portion of Holtec's QA program is to provide assurance that activities
performed in support of the supply of safety-significant items and services are performed
correctly and in compliance with the procurement documents.

t This chapter has been prepared in the format and section organization set forth in Regulatory Guide 3.61.
However, the material content of this chapter also fulfills the intent of NUREG-1536. Pagination and
numbering of sections, figures, and tables are consistent with the convention set down in Chapter 1,
Section 1.0, herein. Finally, all terms-of-art used in this chapter are consistent with the terminology of
the glossary (Table 1.0.1) and component nomenclature of the Bill-of-Materials (Section 1.5).
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13o0.2 Graded Approach to Quality Assurance

For the HI-STORM 100 System, a graded approach to quality assurance is used by
Holtec. This graded approach is controlled by Holtec Quality Assurance (QA) program
documents as described in Section 13.0.1.

NUREG/CR-6407 [13.0.1] provides descriptions of quality categories A, B and C. Using
the guidance in NUREG/CR-6407, Holtec International assigns a quality category to each
individual, important-to-safety component of the HI-STORM 100 System and HI-TRAC
transfer cask. The categories assigned to the cask components are identified in Table
2.2.6. Quality categories for ancillary equipment are provided in Table 8.1.6 on a generic
basis. Quality categories for other equipment needed to deploy the HI-STORM 100
System at a licensee's ISFSI are defined on a case-specific basis considering the
component's design function.

Activities affecting quality are defined by the purchaser's procurement contract for use of
the HI-STORM 100 System at an independent spent fuel storage installation (ISFSI)
under the general license provisions of 1OCFR72, Subpart K. They may include any or all
of the following: design, procurement, fabrication, handling, shipping, storing, cleaning,
assembly, inspection, testing, operation, maintenance, repair and monitoring of HI-
STORM 100 structures, systems, and components that are important to safety.

The quality assurance program described in the QA Program Manual fully complies with
the requirements of 10CFR72 Subpart G and the intent of NUREG-1536 [13.0.3].
However, NUREG-1536 does not explicitly address incorporation of a QA program
manual by reference. Therefore, invoking the NRC-approved QA program in this FSAR
constitutes a literal deviation from NUREG-1536 and has accordingly been added to the
list of deviations in Table 1.0.3. This deviation is acceptable since important-to-safety
activities are implemented in accordance with the latest revision of the Holtec QA
program manual and implementing procedures. Further, incorporating the QA Program
Manual by reference in this FSAR avoids duplication of information between the
implementing documents and the FSAR and any discrepancies that may arise from
simultaneous maintenance to the two program descriptions governing the same activities.

13.1 through 13.5 INTENTIONALLY DELETED
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13.6

[13.0.1]

[13.0.2]

[13.0.3]

[13.0.4]
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SUPPLEMENT 13.1

QUALITY ASSURANCE PROGRAM FOR THE HI-STORM 100U SYSTEM

The quality assurance program described in Chapter 13 is implemented for activities related to
the design, qualification analyses, material procurement, fabrication, assembly, testing and use of
structures, systems, and components of the -HI-STORM 1OOU System designated as important-
to-safety.
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SUPPLEMENT 13.111

QUALITY ASSURANCE FOR THE MPC-68M

The main body of this chapter remains fully applicable for the HI-STORM 100 System using an
MPC-68M.
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