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This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, nor any of their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency,
contractor or subcontractor thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency,
contractor or subcontractor thereof.

This is a technical report that does not take into account the contractual limitations under
the Standard Contract for Disposal of Spent Nuclear Fuel (SNF) and/or High-Level
Radioactive Waste that DOE has in place with nuclear utilities (10 CFR 961.11). Under
the Standard Contract, DOE is obligated to accept only bare SNF, also sometimes
referred to as used nuclear fuel (UNF). Acceptance of canistered SNF would require a
mutual agreement to modify the contract.
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Project Glossary

Bare Fuel Cask—A metal cask with a bolted lid and a fuel basket inside designed for UNF
storage and/or transportation. A bare fuel cask performs the confinement function during
storage and the containment function during transportation. A bare fuel cask does not employ
a canister.

Canister—A fully welded and inerted metal cylinder with a fuel basket inside that is placed
inside an overpack for storage at an ISFSI or CSF, and into a transport cask for off-site
transportation. The canister performs the confinement function during storage at the ISFSI or
CSF.

Cask Handling Building (CHB)—A building at the CSF dedicated to receiving transport
casks upon arrival, preparing transport casks for off-site shipment, and transferring loaded
used fuel canisters among containers, including transfer casks, transport casks, and
overpacks.

Cask—A colloquial term that can mean a bare fuel cask, a transport cask, or an overpack.
The term “cask,” in the context of the 10 CFR Part 72 regulations applies to bare fuel casks
and dry fuel storage systems.

Cask Handling Crane (CHC)—The crane used to lift and move the transfer cask, transport
cask, overpack, and/or canister.

Cask Vendor—The entity that is the design authority and supplier of a bare fuel cask, dry
fuel storage system, or transportation package. The vendor is usually, but not always the CoC
holder.

Certificate of Compliance (CoC)—A 10 CFR Part 72 CoC is the document issued by the
NRC that indicates the acceptability of a cask or cask system for use at an ISFSI under a 10
CFR Part 72 general license or by incorporation of the design by reference into a Part 72
specific license. A 10 CFR Part 71 CoC is the document issued by the NRC that indicates the
acceptability of a transportation package for use in transporting radioactive material,
including used nuclear fuel, outside the area controlled by the licensee responsible for the
radioactive material. The CoC contains the terms, specifications, and conditions for using the
cask, DFSS, or transportation package.

CoC Holder—The entity that holds the NRC-issued Certificate of Compliance under 10
CFR Part 72 and/or 10 CFR Part 71 for a bare fuel cask, dry fuel storage system, or
transportation package design.
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Consist—The rolling stock, exclusive of the locomotive, making up a train.

Consolidated Interim Storage (CIS)—The concept of transporting UNF from various
locations around the country to one or more interim storage facilities to await further
disposition.

Consolidated Storage Facility (CSF)—A facility designed, licensed and constructed for
consolidated interim storage.

Construction Specification—A document developed for the purpose of defining
construction requirements for various activities.

Design Life—The minimum duration for which the CSF and/or structures, systems, and
components within the CSF are engineered to perform their intended function set forth in the
design bases for the facility, if operated and maintained appropriately.

Dry Fuel Storage System (DFSS)—A UNF storage technology comprised of a canister
inside an overpack or horizontal storage module used at an ISFSI or CSF.

Dual Purpose Canister (DPC)—The canister component of a cask and canister system that
is dual purpose certified.

Dual Purpose Certified—The concept of designing and licensing a component, or
combination of components for both UNF storage in accordance with 10 CFR Part 72 and
transportation in accordance with 10 Part CFR 71. Dual purpose designs become dual
purpose certified upon NRC issuance of the second of the two required approvals. For
storage and transportation, both the component design and the contents to be stored or
transported must be approved by the NRC in a 10 CFR Part 72 specific license or CoC, and a
10 CFR Part 71 CoC.

General License—A general license is a license that has been given to 10 CFR Part 50
power licensees by regulation to store UNF from a reactor at an ISFSI on the site of that
reactor. The general license requires the use of a cask or DFSS that has received a CoC from
the NRC in accordance with 10 CFR Part 72, Subpart L for the cask/DFSS design and
contents.

Greater than Class C (GTCC) Waste—Low-level radioactive waste that exceeds the
concentration limits of radionuclides established for Class C waste in 10 CFR 61.55.

Horizontal Storage Module (HSM)—A ventilated concrete structure used to store a
canister in the horizontal orientation at an ISFSI or CSF.
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Impact Limiter—Engineered device designed to attach to a radioactive material
transportation package and limit the deceleration loads on the package, if dropped during
transportation, to within design values.

Important to Safety (ITS)—A term used to describe an item, function, or condition
required:

e To maintain the conditions required to safely store UNF, high-level radioactive
waste, or reactor-related greater than class C (GTCC) waste;

e To prevent damage to the UNF, the high-level radioactive waste, or reactor-related
GTCC waste container during handling and storage; or

e To provide reasonable assurance that UNF, high-level radioactive waste, or reactor-
related GTCC waste can be received, handled, packaged, stored, and retrieved
without undue risk to the health and safety of the public or workers.

Independent Spent Fuel Storage Installation (ISFSI)—A complex designed and
constructed for the interim storage of UNF, solid reactor-related GTCC waste, and other
radioactive materials associated with used fuel and reactor-related GTCC waste storage.

Intermodal Transfer (IMT)—The process of transferring a transport cask to/from different
modes of transport (i.e., rail, barge or truck).

Not Important to Safety—An item, function, or condition related to the ISFSI, or its
activities, that does not meet the definition of “Important to Safety.”

Operating Plant Site—A nuclear plant site with at least one operating reactor.

Overpack—A bolted lid metal cask or ventilated concrete cask used for storage of UNF in a
canister at an ISFSI or CSF. Certain bolted-lid, metal overpack designs may also serve as
transport casks for the UNF canisters if licensed to do so.

Plant (or Plant Site)—A current or former nuclear generating station that has UNF stored
on site and has, or had one or more reactors on the site.

Protected Area (PA)—The area encompassed by physical barriers and to which access is
controlled.

Safe Shutdown Earthquake (SSE)—The earthquake that produces the ground motion for
which those features of the CSF necessary for continued operation do not need to function,
but must remain standing without significant damage.
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Safety Analysis Report (SAR)—A document that contains the complete licensing basis for
a 10 CFR Part 72 specific license, a 10 CFR Part 72 cask certification, or a 10 CFR Part 71
transport package certification.

Shutdown Reactor—A reactor that has permanently ceased operating. A shutdown reactor
may be located on an operating plant site or a shutdown plant site.

Shutdown Plant Site—A nuclear plant site where all reactors have permanently ceased
operating.

Single-Failure-Proof Lifting System—A lifting system designed such that a single failure
will not result in the loss of the capability of the system to prevent an uncontrolled lowering
of the load. A “lifting system,” comprised of the crane, lifting devices, and interfacing lifting
points, must meet the guidance of NUREG-0612, “Control of Heavy Loads at Nuclear Power
Plants,” Section 5.1.6, to be considered single-failure-proof.

Specific License—A license granted by the NRC to a specific entity to construct and operate
an Independent Spent Fuel Storage Installation at a specific geographic location in response
to an application submitted for review in accordance with 10 CFR Part 72.

Spent Nuclear Fuel (SNF)—Irradiated nuclear fuel removed from a nuclear reactor (also
“used nuclear fuel”).

SSC—Structure, System, or Component.

Start Clean Stay Clean—An over-arching facility design concept wherein the UNF
assemblies are not handled individually and remain inside a sealed canister from receipt at
the facility to placement on the storage pad.

Stranded Fuel—UNF stored at a shutdown plant site.

Transportation (or Transport) Cask—A bolted-lid, metal container certified by the NRC
in accordance with 10 CFR Part 71 for the off-site transportation of UNF. The transport cask
may be a bare fuel cask or may contain a canister as part of a combined transportation
package. The transport cask provides the 10 CFR Part 71 containment function for the
transportation package.

Transportation Package—Any container certified by the NRC in accordance with 10 CFR
Part 71 for the off-site transportation of radioactive material.

Transfer Cask—A bolted-lid metal cask used to provide temporary shielding and structural
protection for the used fuel canister during UNF loading in a spent fuel pool and during
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transfer of the loaded canister to or from the storage overpack or transport cask. The transfer
cask has lifting trunnions to permit engagement with other components such as a transfer
trailer and cask handling crane lift yoke.

Used Nuclear Fuel (UNF)—Irradiated nuclear fuel removed from a nuclear reactor (also
“spent nuclear fuel”).

Vault Storage System (VSS)—An alternative storage system to using casks to store the
fuel-loaded canister whereby the canisters are stored in partially or fully subterranean
individual silos with lids.

| SHAW ENVIRONMENTAL & INFRASTRUCTURE, INC. | XV | PROJECT GLOSSARY |




TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS
THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

This page intentionally left blank.

| SHAW ENVIRONMENTAL & INFRASTRUCTURE, INC. | xvi ] PROJECT GLOSSARY |




TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS

THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

Acronyms and Abbreviations

AAR
AC&T
ACD
ACS
ALARA
ASLB
BFS
BRC
BWR
CAS
CCTV
CEC
CFR
CHB
CHC
CIS
CMF
CoC
CSF
CTF
DBTT
DE
DFSS
DOE
DPC
DSC
D&D
ECP
EIA
EIS
EMAD
EPA
EPRI
ER
FDS
FMF
FR
FRA
F-R-A
FSAR
GISF
GNSI
GTCC

Association of American Railroads
American Cranes & Transport

alarm communications and display
access control system

as low as reasonably achievable
Atomic Safety and Licensing Board
BNFL Fuel Solutions

Blue Ribbon Commission on America’s Nuclear Future
Boiling Water Reactor

Central Alarm Station

closed-circuit television

Cavity Enclosure Container

Code of Federal Regulations

Cask Handling Building

Cask Handling Crane

Consolidated Interim Storage

Cask Maintenance Facility

Certificate of Compliance
Consolidated Storage Facility
Cask/Canister Transfer Facility
ductile-to-brittle transition temperature
destructive examination

Dry Fuel Storage System

U.S. Department of Energy

Dual Purpose Canister

Dry Shielded Canister
Decontamination and Decommissioning
Electronically Controlled Pneumatic
Energy Information Agency
Environmental Impact Statement (NRC)
Engine Maintenance and Disassembly
Environmental Protection Agency
Electric Power Research Institute
Environmental Report (applicant)
Final Delivery Schedule

Fleet Management Facility

Federal Register

Federal Railroad Administration
Functional-Requirements-Architecture
Final Safety Analysis Report

Generic Interim Storage Facility
General Nuclear Systems, Inc.
Greater-than-Class C
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HAC

HBU

HHT
HI-STAR
HI-STORM

HLW
HSM
HVAC
IAEA
ICCPS
ICS

IDS
IMT
INL
ISFSI
ISG

ITS
L&A
LEED
LLEA
LLRW
LWT
MPC
MRS
MTU
MWd/MTU
NCT
NDE
NEPA
NNSS
NMSS
NRC
NUHOMS
NWPA
OCA
occ
OCRWM
OWT
PA

PFS
PNL
PWR
QA
R&D
RA
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Hypothetical Accident Conditions

High Burnup

Heavy-Haul Truck

Holtec International-Storage, Transport, and Repository
Holtec International-Storage and  Transfer  Operation
Reinforced Module

High-Level Radioactive Waste

Horizontal Storage Module

Heating, ventilation, and air conditioning
International Atomic Energy Agency

Impressed Current Cathodic Protection System
Incident Command System

Intrusion Detection System

Intermodal Transfer

Idaho National Laboratory

Independent Spent Fuel Storage Installation
Interim Staff Guidance

Important to Safety

Longenecker & Associates

Leadership in Energy and Environmental Design
local law enforcement agency

low-level radioactive waste

Legal-Weight Highway Truck

Multi-Purpose Canister

Monitored Retrievable Storage

Metric Tons Uranium

megawatt-day per metric ton uranium

Normal Conditions of Transport

nondestructive examination

National Environmental Policy Act of 1969, as amended
Nevada National Security Site

Nuclear Material Safety and Safeguards (NRC)
U.S. Nuclear Regulatory Commission

Nuclear Horizontal Modular Storage

Nuclear Waste Policy Act

Owner Controlled Area

Operations Control Center

Office of Civilian Radioactive Waste Management
overweight truck

Protected Area

Private Fuel Storage

Pacific Northwest Laboratory

Pressurized Water Reactor

quality assurance

Research and Development

Radiation Area
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RCRA
SAR
SAS
SCC
SER
SFP
Shaw
SNF
SRP
SSC
SSE
STAD
STB
STC
TAD
TLD
TOM
TSC
TSF
TSP
TTCI
u.S.
UMS
UMS-T
UNF
UPS
USCG
USDOT
uTC
VBS
VCT
VVM
WBS
YM

TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS

THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

Resource Conservation and Recovery Act
Safety Analysis Report (applicant)
Secondary Alarm Station

Shipment Control and Coordination Center
Safety Evaluation Report (NRC)

Spent Fuel Pool

Shaw Environmental & Infrastructure, Inc.
Spent Nuclear Fuel

Standard Review Plan

Structure, System, and Component

Safe Shutdown Earthquake

Standardized Transportable Aging Disposable
Surface Transportation Board

Storage Transport Cask

Transportation, Aging, and Disposal
Thermo-luminescent Dosimeter
Transportation Operations Model
Transportable Storage Canister
Transportation Security Force

Top Surface Pad

Transportation Technology Center Inc.
United States

Universal MPC System
UMS-Transportation

Used Nuclear Fuel

Uninterruptable Power Supply

U.S. Coast Guard

U.S. Department of Transportation
Universal Transport Cask

Vehicle Barrier System

Vertical Cask Transporter

Vertical Ventilated Module

Work Breakdown Structure

Yucca Mountain
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1.0 SUMMARY

This report has been prepared by the industry team of Shaw Environmental & Infrastructure,
Inc. (Shaw) and Longenecker & Associates (L&A) in response to the Department of Energy
(DOE) Statement of Work, “Development of Consolidated Storage Facility Design
Concepts,” indefinite delivery/indefinite quantity Task Order No. 11, as specified by the
DOE’s Office of Nuclear Energy.

The overall results of this report are presented in this Summary. For historical and policy
context, the next section (Section 2.0, Introduction) provides an overview of the report
content, relying heavily on key quotes from the recent “Report of the Blue Ribbon
Commission on America’s Nuclear Future (BRC)” (January, 2012). The BRC report was
directed by President Barack Obama and prepared over a 2-year period by a distinguished
12-member commission for the Secretary of Energy. The BRC report has strong bipartisan
support in Congress, particularly regarding its recommendations for “prompt efforts to
develop one or more consolidated storage facilities” and for a consent-based process for
siting both consolidated storage sites and permanent repositories, forging a consensus among
federal and state governments and local communities. The BRC also recommended “early
preparation for the eventual large-scale transport of spent nuclear fuel and high-level waste
to consolidated storage and disposal facilities.” The close alignment between the
recommendations in this report and these BRC recommendations, as displayed in Section
2.0, is due largely to the close alignment between the DOE’s Statement of Work for this
project and the BRC report. Section 2.0 also quotes from the recently issued “Strategy for the
Management and Disposal of Used Nuclear Fuel and High-Level Radioactive Waste” (DOE,
January 2013). That Strategy report addresses several important needs, including the
Administration’s response to the BRC report (with which it largely agrees). Thus, this Task
Order No. 11 report is also well aligned with the DOE’s latest thinking on consolidated
storage matters.

As discussed in Section 2.0, the Consolidated Storage Facility (CSF) concept developed by
the Shaw-L&A team is based on an integrated system analysis and engineering approach that
optimizes interfaces between reactor sites, transportation logistics, and CSF processes and
storage features. Consistent with BRC recommendations, the CSF is constructed in a
stepwise manner,* based on four unique operational phases of fuel shipment to efficiently
transport used nuclear fuel (UNF) to a CSF that starts operation as a simple, relatively small
“pilot” facility that expands over time in three unique construction stages to accommodate
increased shipments in later phases, as shown in Figure 1.0-1.

! This concept is based on a single CSF. The BRC report and the recent DOE Strategy report both discuss the possibility of
multiple CSFs. That option is examined in this report, but its baseline assumption is a single CSF.
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Figure 1.0-1
CSF Site Plan

Figure 1.0-1 illustrates a flexible approach for the construction and operation of the CSF.
The following is a description of the operational phases and associated construction stages
depicted in Figure 1.0-1:

e Operational Phase 1/Construction Stage 1 (Blue)—Construct a basic CSF with
storage pads, rail, and facilities to receive and store stranded UNF. The focus of
Phase 1 is acceptance of stranded UNF from shutdown plant sites.

e Operational Phase 2/Construction Stage 2 (Red)—Expand CSF storage pad capacity
to receive and store UNF in transportable canisters.

e Operational Phase 3/Construction Stage 3 (Green)—Add UNF pools to receive UNF
in bare fuel transport casks and store UNF either in pools or in dry storage in
standardized canisters. This phase provides an alternative method of receipt and
initial storage of UNF from Phase 2. Construct hot cell and research and development
(R&D) capability to enable on-site testing of UNF, long-term packaging reliability
and remediation, and complete dry storage build-out.

As discussed in Section 7.0 (Project Planning) of this report, three stages of CSF construction
are planned to support four phases of fuel and Greater-than-Class-C (GTCC) waste
shipments to the CSF. (An operational Phase 4 will be implemented with Construction Stage
3, as discussed later.) Each fuel shipment phase is described in more detail below.
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CSF Operational Phase 1/Construction Stage 1—Retrieval of Stranded UNF

In Phase 1, the CSF is designed to be capable of retrieving all UNF from shutdown plant
sites, each of which have “stranded” UNF on site. It is currently anticipated that there will be
11 sites with a total of about 4,100 metric tons uranium (MTU) of UNF in this category by
2020. Retrieval of this fuel represents about 3 percent of the total anticipated UNF that will
eventually be stored at one or more CSFs to await final disposition. To achieve this highest
priority objective, consistent with the BRC recommendation that “...stranded fuel should be
first in line for transfer to a CSF...,” the Phase 1 CSF is recommended to be a small facility,
designed for future growth, with minimum essential structures and components for receiving
transport casks from these shutdown plant sites (Construction Stage 1). This approach makes
the initial facility design simpler and the licensing process less complex, essentially allowing
Phase 1 to be a pilot process with a well-defined success path.? It uses a “start clean, stay
clean” approach. Phase 1 is projected to be implemented between years 0 through 6 of the
CSF’s operation, which will start construction in about 2019 and achieve operational status
in 2021.

Currently, there are nine shutdown plant sites with stranded UNF. By 2021, it is anticipated
that the Kewaunee and Oyster Creek plant sites will join this category. All of the shutdown
plant sites currently have—or will have—UNF stored in dry fuel storage systems (DFSSSs),
which have dual purpose canisters (DPCs) that can be shipped to the CSF in a transport cask
as a transportation package without having to be reopened. All of the shutdown plant sites
will require additional equipment to transfer the canisters from storage overpacks or
horizontal storage modules (HSMs) to transport casks and to ready the packages for transport
off site (ranging from impact limiters, mobile cranes, and/or vertical cask transporters to
transfer casks and equipment).

All but four of the shutdown plant sites have had their reactors and associated structures
dismantled as of this writing, eliminating the permanently installed plant cranes and
equipment that could have been used to transfer the canisters from storage overpacks to
transport packages. Among the four remaining shutdown plant sites, Humboldt Bay is in the
process of dismantling the reactor and associated structures and is expected to complete
reactor decommissioning in 2015. Rancho Seco has decommissioned the reactor, spent fuel
pool, and associated equipment, but the containment building and cooling towers remain.
While Trojan has dismantled the reactor and associated structures, a canister transfer facility
remains at the Independent Spent Fuel Storage Installation (ISFSI) site that could be used to
transfer their DPCs into transport casks.® Some equipment needed for transferring the
canister from a vertical storage cask to the transport cask, such as transfer casks, lifting

2 Note that the DOE Strategy (January 2013) embraces this priority for UNF from shutdown plants, and refers to CSF Phase
1/Construction Stage 1 as a “pilot interim storage facility.”
® DOE, 2012. Preliminary Evaluation of Removing Used Nuclear Fuel From Nine Shutdown Sites, Draft, October 31.

[ SHAW ENVIRONMENTAL & INFRASTRUCTURE, INC. [ 13 ] 1.0 SUMMARY |




TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS
THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

yokes, and/or vertical cask transporters, may be available. However, canister transfer
facilities and cranes may need to be used at nearly all of the shutdown plant sites to enable
the transfer of loaded canisters from storage overpacks and HSMs into transport casks for
shipment to the CSF.

The R&D up until Phase 3 operations in 2033 will be performed at the National Laboratories.
Rods will be extracted from assemblies in utility fuel pools to provide test specimens to
benchmark test data. Later in the test program canisters will be opened in the pools to obtain
additional UNF for testing and evaluation. After the commencement of Phase 3 operations,
testing and evaluation will continue at the National Laboratories and at the CSF laboratory
facilities. The testing and evaluation of UNF will support predictive modeling of the UNF
confinement systems and support the design of monitoring systems to prevent and mitigate
any potential releases. The R&D program will be included as part of the Aging Management
Program to continually monitor and enhance the safe storage of UNF.

The following is summary of estimated Operational Phase 1 and Construction Stage 1 costs:

e Capital Cost Estimate for Construction Stage 1 in 2012 Dollars—$1,012,000,000
e Operational Costs for Phase 1 in 2012 Dollars—$282,000,000
e Transportation Costs for Phase 1 in 2012 Dollars—$187,000,000

e Total Cost for Operational Phase 1/Construction Stage 1 in 2012 Dollars—
$1,481,000,000

(Escalation costs are excluded. Period of performance is 2013 through 2026.)

CSF Operational Phase 2/Construction Stage 2—Retrieval of Dual Purpose Canister
Systems

Currently, nearly all commercial reactor sites utilize DPCs at their ISFSIs. DPCs are the
components of those DFSSs that are licensed for both storage (in a vertical cask or horizontal
module) under 10 Code of Federal Regulations (CFR) Part 72 and transportation under 10
CFR Part 71 (in a separate transport cask). A large majority of operating plant sites utilize a
DPC-based DFSS and the few remaining sites yet to build an ISFSI plan to use DPC
systems.

As of mid-2012, approximately 11,200 MTU of UNF are stored in DPC designs that are
already licensed for transportation under 10 CFR Part 71*, which represents approximately
59 percent of the total UNF in dry cask storage. Another 2,100 MTU of UNF are stored in

41t is important to note that while the DPC designs may be licensed for transportation, not all contents currently stored in
those DPC designs are included in the approved contents of the transportation Certificates of Compliance (CoCs) for those
packages. Approval of all contents will require additional licensing efforts by the CoC holders.
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canister designs intended to be licensed for transportation at some point in the future.
Further, 3,150 MTU of UNF are currently stored in canisters not designed or licensed for
transportation. The balance of UNF currently stored at ISFSIs is stored in bare fuel casks,
both transportable and non-transportable.

Of the total 140,000 MTU estimated to be discharged by commercial reactor sites, a large
majority of the UNF is likely to be stored in DPC systems. Therefore, retrieving DPCs from
plant sites and storing them at the CSF is necessary to address the government’s UNF
collection burden, notwithstanding whether a standardized storage system is implemented at
a later date that would decrease the use of DPC-based systems. Phase 2 is projected to be
implemented in 2026 and continuing through approximately 2055.

In Phase 2, the CSF can continue operating with the same structures constructed in
Construction Stage 1 by simply expanding the number of storage pads. In Construction Stage
1, the CSF would be constructed with the minimum essential structures and components
needed for receiving transport casks from the shutdown plant sites. The same “minimum
essential equipment” used in Phase 1 will serve the needs in Phase 2. Since the DPCs (which
are welded closed) do not need to be opened, the CSF in both Phase 1 and Phase 2 would
operate as a “start clean, stay clean” facility.

Unlike Phase 1 however, the UNF in Phase 2 originates from operating plant sites, so the
cask handling equipment, including cask handling cranes inside the plant, will be available.
This allows postponing the need to use a significant amount of temporary equipment to load
transport casks at the plant sites. Some plant sites have dismantled or abandoned their rail
access and/or have no viable barge access, so some heavy-haul truck transport and
intermodal transfer from a truck trailer to a railcar or barge will still be required. The
following is a summary of the Operational Phase 2 and Construction Stage 2 costs:

e Capital Cost Estimate for Construction Stage 2 in 2012 Dollars—$953,000,000
e Operational Costs for Phase 2 in 2012 Dollars—$2,080,000,000
e Transportation Costs for Phase 2 in 2012 Dollars—$742,000,000

e Total Cost for Operational Phase 2/Construction Stage 2 in 2012 Dollars—
$3,775,000,000

(Escalation costs are excluded. Period of performance is 2026 through 2055.)

[ SHAW ENVIRONMENTAL & INFRASTRUCTURE, INC. [ 15 ] 1.0 SUMMARY |




TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS
THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

CSF Operational Phase 3/Construction Stage 3—Retrieval of Dual Purpose Casks and Bare
Fuel

Phase 3 is intended to offset the rising flood of current-generation, commercially available,
DPCs used at the operating nuclear plants with one or more standardized canister systems
that would be compatible with a future geological repository. Standardized systems could be
implemented at the operating plant sites if they were available in lieu of their current canister
systems. This would be an enormous and expensive task that could require substantial
modifications at more than 60 plant sites and their dry cask storage facilities. A better path is
to implement the standardized canister operating process at one location, the CSF, and ship
bare fuel from the operating nuclear plants to the CSF where the UNF could be packaged
into the standardized system.

This phase also would remove UNF from the Spent Fuel Pools (SFPs) rather than the ISFSIs,
which the reactor owners may prefer since its objective would be to decrease the amount of
UNF that must be transferred to on-site ISFSIs. This, in turn, creates available pool space for
upcoming UNF discharges during reactor outages. It would also lower or totally eliminate
the number of DPCs that the owner would need to load and place into interim storage at the
plant ISFSI. The UNF from the SFP would need to cool for the required licensed period
specified in the 10 CFR Part 71 (transport) Certificate of Compliance for the bare fuel casks.

Another advantage of standardized canisters that are compatible with a future repository is
that they reduce the accumulation of low-level radioactive waste (LLRW). The longer that
nondisposable commercial types of DPCs are used to store UNF, the more LLRW will be
created, if and when they are eventually replaced by a disposable canister. Once a
standardized canister program is implemented, the CSF could begin to receive UNF
assemblies in bare fuel casks that are licensed for both storage under 10 CFR Part 72 and
transportation under 10 CFR Part 71. The concept is that a bare fuel cask could be dispatched
to a nuclear plant, loaded with UNF in the spent fuel pool, and shipped back to the CSF
where the UNF assemblies would be repackaged into a standardized canister and placed into
storage in a storage overpack. To initiate Phase 3, bare fuel casks will need to be procured
and UNF pools (separate pools for Boiling Water Reactor [BWR] and Pressurized Water
Reactor [PWR] assemblies) for the UNF would be constructed at the CSF as part of
Construction Stage 3. There are a number of bare fuel casks designed for storage and
transport already in service at existing nuclear plants. This estimate assumes that
approximately 9000 disposal canisters, similar to Yucca Mountain Project Transportation,
Aging and Disposal Canisters will be used to package UNF from the CSF UNF pools. Phase
3 would be implemented in year 12 of facility operation and would continue through the end
of the retrieval period. In addition to the UNF pools, Construction Stage 3 would also include
the addition of a hot cell and the associated laboratory hot cells to support the on-site testing
of UNF and UNF storage systems, and dry remediation of storage systems.
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Phase 3 will also enable UNF to begin to be removed from the Morris Wet Storage ISFSI
located in Illinois. The Morris ISFSI stores approximately 700 MTU and is not allowed to
receive any additional UNF. All of the fuel that is stored at the facility has been in storage
and cooling for more than 20 years.

e Capital Cost Estimate for Construction Stage 3 in 2012 Dollars—$1,465,000,000

e Operational Costs for Phase 3 in 2012 Dollars—$13,704,000,000 (note that this total
operational cost includes $11,500,000,000 for canisters and overpacks, and
$2,204,000,000 for pool-to-pool operations)

e Transportation Costs for Phase 3 in 2012 Dollars—$627,000,000
e Total Cost for Phase 3 in 2012 Dollars—$15,796,000,000

(Escalation costs are excluded. Period of Performance is 2033 through 2055.)

CSF Operational Phase 4—Retrieval of Non-Transportation Dry Canister Storage Systems
Phase 4 will retrieve the remaining storage inventory—only about 2.2 percent of the total
anticipated MTU in the full-capacity CSF. Note that all the CSF construction work needed to
support Phase 4 will have already been completed during Construction Stages 1, 2, and 3, in
support of Phase 3 shipments (i.e., hot cell and laboratory facilities to enable on-site research
and development of DFSSs and UNF are constructed during Phase 3). Hence, Phase 4
shipments could proceed any time after Phase 3 shipments begin.

When dry fuel storage was first introduced, there were no DFSSs developed that were
designed and licensed for both storage and transportation. A few nuclear plants needed to
remove inventory from their SFPs in order to continue operating until the DOE began waste
acceptance of UNF. These plants opted to use DFSS designs that were available at the time.
Some of these DFSSs were bolted metal cask designs and others were canister-based
systems. Most of these non-transportable DFSSs are no longer manufactured in the United
States (U.S.), which has resulted in a limited number of non-transportable DFSSs applicable
to this phase.

As of mid-2012, there were 29 non-transportable bolted bare fuel casks and 288 non-
transportable canisters in storage, representing about 17 percent of the current dry cask
storage inventory. The overall impact to the CSF in terms of required storage space for 317
storage units is small, so there would be few changes to the CSF for Phase 4.

The purpose of Phase 4 is to retrieve UNF in non-transportable bare fuel casks or non-
transportable canisters. Although the addition of these DFSSs has a small impact on the CSF,
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retrieval of these DFSSs or the UNF inside them will be one of the most challenging
objectives of the CSF.

There are two basic options available to retrieve UNF stored in non-transportable DFSSs: (1)
obtain a one-time transportation license exemption from the Nuclear Regulatory Commission
(NRC) to ship the casks or canisters within certified transport casks to the CSF or (2)
repackage the UNF into a transportable system at the originating nuclear plant site. If a one-
time exemption is obtained, then the CSF would need to be equipped to receive, process, and
place into storage these types of systems. If the UNF is repackaged into a transportable
system, the effort to receive, process, and place the UNF from these systems into storage at
the CSF would be the same as the work in Phase 2 or Phase 3.

e Capital Cost Estimate for Phase 4 in 2012 Dollars (no construction stage)—3$0
e Operational Costs for Phase 4 in 2012 Dollars—$441,000,000

e Transportation Costs for Phase 4 in 2012 Dollars—$125,000,000

e Total Cost for Phase 4 in 2012 Dollars—$566,000,000

(Escalation costs are excluded. Period of Performance is 2033 through 2055.)

(Operational costs beyond 2055 and escalation costs are presented in the detailed cost data in
the appendices to this report.)

Transportation Systems

This report models throughput for three different UNF acceptance scenarios after start-up
and ramp-up to 3,000, 4,500, and 6,000 MTU/year. This report also models three sub-
scenarios for UNF pickup priority: Oldest Fuel First (OFF), shutdown plants first, and an
“OFF-Plus” option. The recommended priority ranking is “OFF-Plus at 4500 MTU per
year—an enhanced UNF pickup priority queue that starts with acceptance of stranded UNF,
followed by shipments of UNF from operating plant sites in dedicated shipping campaigns.
That is, the priority ranking for UNF would still be based on the OFF methodology;
however, annual acceptance allocations would be grouped with the goal of having fewer
shipping campaigns over a specified time period, while maintaining the total UNF accepted
from any utility being maintained over that time period (i.e., 5-year shipping campaigns or
reducing the number of sites shipping annually while preserving current Standard Contract
priority provisions). All the scenarios envision picking up the UNF at shutdown sites first.

It is also recommended that consideration be given to the strategic acquisition of existing
transportable overpacks for dual purpose canisters and of dual purpose casks to build an
initial transport fleet for retrieving canisters (Phases 1 and 2) and bare UNF (Phase 3). Bare
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fuel transport (pool-to-pool transfers) will accommodate a transition to standardized
packaging, which will reduce nondisposable canister waste buildup. This report also
discusses alternatives for accepting UNF with high decay heat. This report also recommends
an approach to deliver all rolling stock required to support the start of transportation
operations for all phases of operation. This estimate for all rolling stock ($342 million) is
included in the capital cost of the CSF and is not included as a transportation cost, nor are
cask, canister and escalation costs.

e Total Transportation Cost Estimate in 2012 Dollars—$2,191,000,000

Life Cycle Costs

The life cycle costs for the facility include assumes a 100-year operating life for the CSF and
an average forward inflation rate of 2 percent. The life cycle cost is as follows:

e Total Capital Cost—$3.4 billion

e Operation Cost—$19.0 billion

e Transportation—$2.2 billion

e Decontamination and Decommissioning Cost—$3.8 billion

e Total Life Cycle Cost—$28.4 billion (2012 Dollars)

Applying an annual 2 percent forward escalation rate over the 100-year operating life of the
plant, the total project cost is $52.5 billion.
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2.0 INTRODUCTION

2.1 Background

The concept of consolidated interim storage of UNF has been considered one of the three key
elements of an integrated UNF management strategy for decades, complementing (1) one or
more permanent geologic repositories and (2) the longer-term option of reprocessing UNF.
Various concepts for UNF storage were being evaluated in the 1980s to support language in
the Nuclear Waste Policy Amendments Act of 1987 that called for the creation of the Office
of Nuclear Waste Negotiator to assist in finding a site for a Monitored Retrievable Storage
(MRS) facility. Failure to identify a willing site for an MRS was viewed at the time as
largely due to the requirement in the 1987 Act that allowed the DOE to construct one
consolidated storage facility with limited capacity, but only after construction of a nuclear
waste repository had been authorized.

As explained in the BRC Report, the situation has fundamentally changed, with waning
confidence in the federal government’s capability to deliver on nuclear waste management
obligations, earlier federal decisions to defer UNF processing, and a more recent
administration decision to terminate the licensing of the Yucca Mountain repository. Storage
of UNF has become more important and is the only currently functioning element of the
nation’s integrated UNF management system, albeit dispersed at various sites.

This situation prompted the BRC to offer a strong recommendation in favor of consolidated
storage, as follows:

“5. Prompt Efforts to Develop One or More Consolidated Storage Facilities

“Safe and secure storage is another critical element of an integrated and flexible national
waste management system. Fortunately, experience shows that storage—either at or away
from the sites where the waste was generated—can be implemented safely and cost-
effectively. Indeed, a longer period of time in storage offers a number of benefits because it
allows the spent fuel to cool while keeping options for future actions open. °

“Developing consolidated storage capacity would allow the federal government to begin the
orderly transfer of spent fuel from reactor sites to safe and secure centralized facilities
independent of the schedule for operating a permanent repository. The arguments in favor of
consolidated storage are strongest for “stranded” spent fuel from shutdown plant sites.
Stranded fuel should be first in line for transfer to a consolidated facility so that these plant
sites can be completely decommissioned and put to other beneficial uses. Looking beyond the
issue of today’s stranded fuel, the availability of consolidated storage will provide valuable
flexibility in the nuclear waste management system that could achieve meaningful cost
savings for both ratepayers and taxpayers when a significant number of plants are shut down

® The BRC uses the term “spent fuel” throughout its report, while DOE uses the term “used fuel” in its Statement of Work.
For purposes of this report, the two terms are synonymous.
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in the future, can provide backup storage in the event that spent fuel needs to be moved
quickly from a reactor site, and would provide an excellent platform for ongoing R&D to
better understand how the storage systems currently in use at both commercial and DOE sites
perform over time.

“For consolidated storage to be of greatest value to the waste management system, the current
rigid legislative restriction that prevents a storage facility developed under the NWPA from
operating significantly earlier than a repository should be eliminated. At the same time,
efforts to develop consolidated storage must not hamper efforts to move forward with the
development of disposal capacity. To allay the concerns of states and communities that a
consolidated storage facility might become a de facto disposal site, a program to establish
consolidated storage must be accompanied by a parallel disposal program that is effective,
focused, and making discernible progress in the eyes of key stakeholders and the public.
Progress on both fronts is needed and must be sought without further delay. (BRC Executive
Summary)”

In Section 5 of its report, the BRC made the following “Case for Consolidated Storage™:

“The fundamental policy question for spent fuel storage in the United States today is whether
the federal government should proceed to develop one or more consolidated storage facilities
as a way to begin the orderly transfer of the fuel to federal control pending its ultimate
disposition through reuse or disposal. The Commission concludes that there are several
compelling reasons to move as quickly as possible to develop safe, consolidated storage
capacity on a regional or national basis.

1. Consolidated Storage Would Allow for the Removal of “Stranded” Spent Fuel from
Shutdown Reactor Sites

2. Consolidated Storage Would Enable the Federal Government to Begin Meeting Waste
Acceptance Obligations

3. Consolidated Storage Would Provide Flexibility to Respond to Lessons Learned from
Fukushima and Other Events

4. Consolidated Storage Would Support the Repository Program

5. Consolidated Storage Offers Technical Opportunities for the Waste Management
System

6. Consolidated Storage Would Provide Options for Increased Flexibility and Efficiency
in Storage and Future Waste Handling Functions

The DOE’s Statement of Work that preceded development of this report mirrors well the
recommendations of the BRC. It envisions an aggressive schedule for constructing a facility
and emphasizes flexibility and innovation. It calls for optimization of both the CSF and its
associated transportation system “...to identify the most efficient and economical
methods...” and “...the most efficient storage system and means for improving efficiency...”
for the transportation and storage options evaluated. The Statement of Work also
accommodates the BRC’s recommendation to give priority to shutdown sites in developing
the overall plan and priorities for transfer of UNF from plant sites to a CSF.
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This approach is also supported by the recently-issued “Strategy for the Management and
Disposal of Used Nuclear Fuel and High-Level Radioactive Waste” (DOE, January 2013).

“The Administration supports an approach to system design that integrates consent-based
siting principles and makes progress in demonstrating the federal commitment to addressing
used nuclear fuel and high-level radioactive waste disposal, including building the capability
to begin executing that commitment within the next 10 years. The Administration supports a
nuclear waste management system with the following elements:

e A pilot interim storage facility with limited capacity capable of accepting used nuclear
fuel and high-level radioactive waste and initially focused on serving shut-down reactor
sites;

e A larger, consolidated interim storage facility, potentially co-located with the pilot
facility and/or with a geologic repository, that provides the needed flexibility in the waste
management system and allows for important near-term progress in implementing the
federal commitment; and

e A permanent geologic repository for the disposal of used nuclear fuel and high-level
radioactive waste.

“The objective is to implement a flexible waste management system incrementally in order to
ensure safe and secure operations, gain trust among stakeholders, and adapt operations based
on lessons learned...[T]he Administration agrees with the Blue Ribbon Commission that a
consent-based siting process offers the promise of sustainable decisions for both storage and
disposal facilities.

“This system would initially be focused on acceptance of used nuclear fuel from shut-down
reactors; such fuel provides an opportunity to build waste handling capability as well as to
relieve surrounding communities and utility contract holders of the burdens associated with
long-term storage of used nuclear fuel at a shut-down reactor. Following these initial efforts,
capacity will be developed to enable the acceptance and transportation of used nuclear fuel at
rates greater than that at which utilities are currently discharging it in order to gradually work
off the current inventory...

“The BRC recommended that ‘one or more consolidated (interim) storage facilities be
developed to start the orderly transfer of used nuclear fuel from reactor sites to safe and
secure centralized facilities independent of the schedule for operating a permanent
repository.” The Administration agrees that interim storage should be included as a critical
element in the waste management system and has several benefits, including flexibility in
system planning and execution and the opportunity to move expeditiously to fulfill
government contractual responsibilities.

“The Administration also agrees with the BRC that a linkage between opening an interim
storage facility and progress toward a repository is important so that states and communities
that consent to hosting a consolidated interim storage facility do not face the prospect of a de
facto permanent facility without consent...”

2.2 Approach

This report embraces this emphasis on flexibility and efficiency. It uses a systems
engineering approach that relies heavily on a phased implementation of the CSF, and on an
integrated evaluation of options. Importantly, Phase 1 of the proposed approach is simple,
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flexible, and relatively low cost in comparison to the fully developed CSF. Phase 1 is
focused on moving the stranded fuel from shutdown plant sites first; and only includes the
necessary capabilities at the initial CSF needed to handle this canisterized stranded fuel in a
“start clean, stay clean” facility. This initial CSF would not include hot cells, wet storage
capability, R&D facilities, etc. These capabilities could be added as needed in later phases in
a modular approach to designing and licensing the facility.

This approach is fully consistent with the BRC’s encouragement for a cautious, stepwise
strategy:

“It should be emphasized that the development of one or more storage facilities does not
require, or even imply, an irreversible commitment to any particular long-term plan for
moving fuel to these facilities or performing any specific set of activities at these sites. All of
the capabilities that would ultimately be desirable do not have to be developed at once,
particularly since it is not clear at this time exactly what features will be needed over the
many decades such a facility or facilities would be in operation. A storage facility or system
of facilities can be developed in a stepwise manner, as the need for expansion of capacity and
capability becomes clearer. Furthermore, the initial cost to site, design, and license a storage
facility is relatively low (less than $100 million), so that the money put “at risk” in giving
future decision makers the option to proceed with construction and operation of a storage
facility is small compared to the potential benefits from having that option available. Siting,
licensing, building and operating a storage facility with even limited initial capabilities would
substantially resolve uncertainties about the costs and time required for these activities,
including associated transportation needs, thereby providing a firmer basis for future
decision-making with regard to potential expansion.”

The DOE Strategy fully embraces this approach:

“Consistent with legislation recently under consideration in Congress, the Administration
supports the development of a pilot interim storage facility with an initial focus on accepting
used nuclear fuel from shut-down reactor sites. Acceptance of used nuclear fuel from shut-
down reactors provides a unique opportunity to build and demonstrate the capability to safely
transport and store used nuclear fuel, and therefore to make progress on demonstrating the
federal commitment to addressing the used nuclear fuel issue. A pilot would also build trust
among stakeholders with regard to the consent-based siting process and commitments made
with a host community for the facility itself, with jurisdictions along transportation routes,
and with communities currently hosting at-reactor storage facilities if enabled by appropriate
legislation. The Administration would plan to undertake activities necessary to enable the
commencement of operations at this facility in 2021, including conducting a consent-based
siting process with interested parties, undertaking the requisite analyses associated with siting
such a facility, and initiating engineering and design activities as warranted. Full execution of
this plan depends on enactment of revised legislative authority.

“Beyond a pilot-scale facility, the Administration supports the development of a larger
consolidated interim storage facility with greater capacity and capabilities that will provide
flexibility in operation of the transportation system and disposal facilities. In addition, a
larger-scale facility could take possession of sufficient quantities of used nuclear fuel to make
progress on the reduction of long-term financial liabilities. Depending on the outcome of a
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consent-based process, this facility could have a capacity of 20,000 MTHM or greater, and
could be co-located with the pilot facility or the eventual geologic repository. In the context
of the overall waste management system, the Administration supports the goal of siting,
designing, licensing, constructing and commencing operations at a consolidated interim
storage facility by 2025.”

The systems engineering approach used in this report is a structured process, based on
hierarchical decomposition, that transforms the mission need for long-term management of
commercial UNF into a preferred storage concept which best satisfies the need. The basic
approach was to apply the functions-requirements-architecture (F-R-A) process (Figure
2.2-1). Functions define what the system must do, requirements specify how well it must be
done, and architecture (at the top levels of the hierarchy) identifies the preferred strategy for
accomplishing it. The F-R-A process was applied to each of the functions encountered over
the lifecycle of the CSF—accept UNF, transport UNF, and store UNF—with a recognition
that the CSF would eventually be decontaminated and decommissioned with the UNF going
to a permanent disposal facility (Figure 2.2-2).

This systematic approach ensured the following:

e All functions that are both necessary and sufficient to satisfy the mission were
identified.
e Important requirements associated with each function were specified.

e Specific strategies, technologies, and systems for performing the functions subject to
their requirements were formulated, consistently evaluated, and decisively
recommended.

e The preferred concept is a well-integrated system.
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Figure 2.2-1
Functional Analysis Approach
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Figure 2.2-2
Primary Activities Involved in the Consolidated Storage of Commercial Used Nuclear
Fuel
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2.3 Section Summaries

The long-range planning schedule in this report covers a 100-year operating life for the CSF
and identifies schedule milestones required to support the four CSF phases of UNF storage
described in Section 3.0, “Consolidated Storage Facility.” These four phases, discussed in
more detail later, are as follows:

e CSF Phase 1—Retrieval of Stranded UNF in DPCs

e CSF Phase 2—Retrieval of Operating Plant DPCs

e CSF Phase 3—Retrieval of Bare Fuel in Dual Purpose Casks and addition of R&D
facilities

e CSF Phase 4—Retrieval of Non-transportable Casks and Canisters

The phases defined above represent the minimum functional requirements and UNF storage
priority for the CSF. The phases do not necessarily exclude the previous or subsequent
modes of UNF receipt. For instance, in Phase 1 the facility may receive some DPCs from
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operating plants provided the focus and priority remains on stranded fuel removal. Likewise,
in Phases 3 and 4, the CSF may continue to receive fuel in DPCs from operating plants while
also receiving and re-packaging UNF in bare fuel casks.

As will be evident throughout this report, assumptions made on various key parameters and
the time sequencing of various processes and events have a major impact on the cost and
schedule for implementing the CSF. The phase sequencing accepts stranded UNF based on
transportation assumptions. Hence, many foundational assumptions are evaluated in Section
5.0, “Transportation,” where three different scenarios are evaluated, with throughputs
ramping up to 3,000, 4,500, and 6,000 MTU/year. Sub-scenarios examine OFF, shutdown
plants first, and an “OFF-Plus” option that accepts stranded UNF followed by efficient,
modified pickup of UNF from operating sites while preserving current Standard Contract
priority provisions.

These transportation assumptions serve as a foundation for the cost and schedule evaluations
for each of the CSF Phases evaluated in Section 3.0, culminating in the design basis
assumptions for the final CSF design (final storage capacity of 140,000 MTU, the maximum
projected capacity by 2087). Section 3.0 is organized around the four phases identified
above, and identifies the types of canisters, casks, overpacks, and ancillary equipment
required. It defines the infrastructure requirements for each phase, including buildings, cask
handling equipment, auxiliary systems, etc., along with site and building layout plans, etc. It
makes use of process flow diagrams to organize the steps for implementing each phase.

Note that Section 3.3 contains an evaluation of the tradeoffs between the lower costs of a
single CSF with higher transportation costs against one, two, or three smaller, regional
facilities that reduce transportation costs but result in increased capital costs for the facilities.
Section 3.3 also contains an evaluation of above ground versus underground storage.

Section 4.0 addresses security requirements for the CSF. It is based on the current NRC
regulations governing physical protection of stored spent fuel as set forth in 10 CFR Part 73
as well as U.S. Department of Transportation (USDOT) regulations. It covers controlled area
requirements, CSF protected area requirements, individual security facilities and equipment,
and security organization and staffing. It also addresses transportation security and security
interfaces with off-site agencies, transport companies, etc.

As noted in the BRC Report, the NRC is considering potential changes to security
requirements:

“The NRC is currently undertaking a rulemaking to revise existing security requirements that
apply to the storage of spent fuel at an ISFSI and to the storage of spent fuel and/or high level
waste at a monitored retrievable storage installation (it will not address requirements that
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apply to storage in reactor pools). The rulemaking is intended to (a) examine the effectiveness
of security orders imposed after the 9/11 terrorist attacks; (b) apply lessons learned from
previous NRC inspections; and (c) ensure regulatory clarity and consistency between general
and specific ISFSI licensees. The NRC issued a draft “regulatory basis” document in
December 2009 and has received numerous comments on proposed technical approaches.
Among other issues, the NRC is considering whether to require comprehensive “denial”
capability on site—that is, sufficient security forces and weaponry for facility personnel to
repel an attack on their own—or instead to require a detect/ assess/communicate strategy that
would rely on assistance from local, state and federal authorities.”

As noted above, Section 5.0 involves extensive planning and evaluations of various system
capacity assumptions and alternatives. It also addresses technical and regulatory issues
associated with transport of UNF that must be addressed, intermodal transport requirements,
and development of fleet management and cask maintenance facilities, etc. Since
transportation costs dominate the overall CSF system costs, Section 5.0 serves as a basis for
a careful evaluation of single versus multiple CSFs, as discussed in Section 3.0.

Note that the BRC identifies this transportation element as critical to the successful
management of spent fuel, with the following recommendation:

“6. Early Preparation for the Eventual Large-Scale Transport of Spent Nuclear Fuel
and High-Level Waste to Consolidated Storage and Disposal Facilities”

This report draws from BRC recommendations, BRC Subcommittee reports, the Energy
Resources International January 2011 report prepared for the BRC, Office of Civilian
Radioactive Waste Management (OCRWM) plans, and other studies. It also addresses
transportation planning and coordination with states, Native American tribes, and local
governments.

Section 6.0 of this report addresses R&D needs, which include initial UNF testing by
National Laboratories using rods pulled at plant sites, and standardized and consolidated
long-term monitoring of UNF and storage systems. It establishes a baseline prior to long-
term storage, including nondestructive and destructive examination of selected fuel rods
(focusing on cladding hydride morphology and mechanical properties). This will provide
confirmatory data for NRC licensing, with a focus on high-burnup UNF. The R&D plan
envisions periodic exams (every 10 to 20 years) to measure changes. The plan also includes
testing and analysis of cask seals and criticality control materials to assure long-term
performance, and will include testing and monitoring systems to support predictive
monitoring. The plan will include R&D to support design concepts to mitigate degraded
storage systems.

Section 7.0 addresses project planning; Section 8.0 addresses cost. These are “roll-up”
sections that tie all the other sections together for cost estimating. They use a work
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breakdown structure (WBS) approach and rely on DOE and AACE International ground
rules and methodologies for cost estimating. Both project cost estimates and life cycle cost
estimates are provided, with sensitivity analyses to establish high and low ranges.
Contingency and management reserve are included in cost estimates. Section 7.0 also
provides summary level schedules for the overall CSF phased construction program.

Section 9.0 addresses waste (contaminated waste generated and disposition pathways).
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3.0 CONSOLIDATED STORAGE FACILITY

3.1 Function and Purpose

The purpose of the CSF is to provide one or more centralized interim storage areas for the
commercial UNF. The CSF would be an away-from-reactor type Independent Spent Fuel
Storage Installation (ISFSI), which is not located at any of the current operating plant sites,
but rather located at a consent-based location, as recommended by the BRC.

This section provides the engineering and systems analysis for developing a design concept
for the CSF, including the design basis, regulatory requirements, design parameters and
assumptions, systems engineering, and UNF retrieval and storage processes. This section
also includes studies of different variations in the logistical layout of the CSF and how those
compare with the base case outlined in the four phases of the CSF implementation.

3.1.1 Design Basis

Specific conditions and needs that must be met by the engineering and systems CSF logistics
include the following:

e The CSF must be able to accept all UNF and GTCC produced from U.S. commercial
reactors, including decommissioned, operating, and future (planned) reactors.

e The CSF must be able to accept any transport casks licensed under 10 CFR Part 71
that are required for transportation of existing commercial UNF.

e The CSF must be able to process the various DFSSs, i.e., receive, configure for
storage, store, and monitor.

3.1.2 Regulatory Requirements for Siting an Away-From-Reactor ISFSI
3.1.2.1 Overview

10 CFR Part 72, “Licensing Requirements for the Independent Storage of Spent Nuclear Fuel
and High-Level Radioactive Waste and Reactor-Related Greater than Class C Waste,”
governs ISFSI licensing. There are two options for licensing an ISFSI: (1) a specific license
and (2) a general license. However, 10 CFR 72.210 only authorizes the use of a general
license at a power reactor site with a 10 CFR Part 50 or 10 CFR Part 52 license. Since it is
not anticipated that the CSF would be located at the site of a nuclear power plant, the CSF
would be governed by a 10 CFR Part 72 specific license.

The process for obtaining a specific ISFSI license is similar to that for obtaining a license for
a fuel cycle facility under 10 CFR Part 70. The applicant submits a license application in
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accordance with 10 CFR 72.16 that includes the information required by 10 CFR 72.22
through 10 CFR 72.28. The primary documents comprising the application are as follows:

e A Safety Analysis Report (SAR) that assesses safety of the storage system and the
ISFSI facility

e The proposed technical specifications
e A quality assurance (QA) program

e A decommissioning plan

e An environmental report

e Anemergency plan

e A security plan

3.1.2.2 Licensing Process

Upon receipt of the application, the NRC establishes a docket number and reviews the
application for completeness. If the application is deemed complete, the NRC prepares and
publishes a notice of docketing in the Federal Register (FR). The notice of docketing
identifies the site of the CSF and includes either a notice of hearing or a notice of proposed
action and opportunity for hearing pursuant to 10 CFR 72.46. 10 CFR 72.46 provides the
regulations governing the hearing process with references to 10 CFR Part 2, as appropriate.

The NRC will request a hearing upon the notice of docketing if a statute specifically requires
it, or if they believe it to be in the public interest, notwithstanding any requests for hearing
submitted by parties who believe they having standing in the licensing action. 10 CFR
2.105(a)(7) specifies that if the NRC is not required by statute to conduct a hearing and does
not find that a hearing is in the public interest, a notice of proposed action is instead
published in the FR.

The notice of proposed action includes the time frame for any person whose interest may be
affected by the proceeding to file a request for a hearing or a petition for leave to intervene if
a hearing has already been requested. A request for hearing on a 10 CFR Part 72 license
application must be submitted, with the contentions upon which the hearing would be
litigated, within 60 days of the notice of docketing. It is worth noting that if the 10 CFR Part
72 specific license applicant is incorporating design information pertaining to a previously
NRC-certified spent fuel storage cask design by reference into the application, any hearing
held to consider the application will not include any cask design issues pursuant to 10 CFR
72.46(e).
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If any requests for hearing are received on the notice or proposed action, the NRC will
establish an Atomic Safety Licensing Board (ASLB) to review the hearing requests and
contentions for admittance. For the ASLB to admit a contention and grant a hearing, the
requestor needs to have standing in the proceeding per 10 CFR 2.309(d), and at least one
contention must meet the criteria in 10 CFR 2.309(f). The NRC may also permit
discretionary intervention of someone not having standing under the strict requirements of 10
CFR 2.309(e).

Admitted contentions are litigated through a review of documents submitted by the petitioner
and may require court testimony and/or documents to be submitted by the applicant, at the
discretion of the ASLB. Hearings would take place after issuance of the Final Environmental
Impact Statement (EIS). The ASLB may decide to start the hearings prior to completion of
the NRC staff Safety Evaluation Report (SER). A license would not be granted until all
hearings are completed and the contentions resolved in favor of the applicant. At that point,
the Director of the Office of Nuclear Material Safety and Safeguards would request
Commission authorization to issue the license pursuant to 10 CFR 72.46(d). While
petitioners may appeal the resolution of contentions in the courts, the license would likely be
issued without awaiting resolution of those court appeals.

The NRC reviews the application for a specific license, and generally there are several
rounds of requests for additional information.

10 CFR 72.42, Duration of License; Renewal, paragraph (a) states the following:

Each license issued under this part must be for a fixed period of time to be specified in the
license. The license term for an ISFSI must not exceed 40 years from the date of issuance.
The license term for an MRS must not exceed 40 years from the date of issuance. Licenses
for either type of installation may be renewed by the Commission at the expiration of the
license term upon application by the licensee for a period not to exceed 40 years and under
the requirements of this rule.

3.1.2.3 License Application
NUREG-1571, “NRC Information Handbook on Independent Spent Fuel Storage
Installations,” summarizes key requirements for a specific license application, as follows:

e Siting Evaluation Factors (10 CFR 72 Subpart E)—The site characteristics, including
external, natural, and manmade events, that may directly affect the safety or the
environmental impact of the ISFSI.

e General Design Criteria (10 CFR 72 Subpart F)—Applies to the design, fabrication,
construction, testing, maintenance, and performance requirements for structures,
systems, and components important to safety.
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e Quality Assurance (10 CFR 72 Subpart G)—The planned and systematic actions
necessary to provide adequate confidence that a structure, system, or component will
perform satisfactorily in service as applied to design, purchase, fabrication, handling,
shipping, storing, cleaning, assembly, inspection, testing, operation, maintenance,
repair, modification, and decommissioning.

e Physical Protection (10 CFR 72 Subpart H)—The detailed plans for ISFSI security.

e Personnel Training (10 CFR 72 Subpart 1)—The program for training, proficiency
testing, and certification of ISFSI personnel who operate equipment or controls
important to safety.

The NRC will review the specific license application and complete an evaluation of potential
environmental impacts of the ISFSI in accordance with the National Environmental Policy
Act of 1969 (NEPA), as amended. The NRC will prepare an EIS in accordance with 10 CFR
Part 51. Following its safety review and resolution of comments, the NRC issues a Materials
License along with its SER and final EIS. The SER describes the conclusions of the staff’s
safety review based on the applicant’s SAR and assesses the technical adequacy of the ISFSI
and the spent fuel storage system(s).

Safety Analysis Report

The level of effort associated with preparation of the ISFSI SAR for a specific license can be
reduced considerably by taking advantage of the permission granted in 10 CFR 72.46€ to
select storage systems with SARs that have been reviewed and approved by the NRC (with
Certificate of Compliances [CoC] having been issued for the storage systems), or storage
systems that are currently undergoing NRC review per 10 CFR 72, Subpart L. With this
approach, the NRC will focus its review on site-specific issues and storage system/site
interface issues. This helps streamline the specific licensing process. Should the applicant
select a storage system that has neither been reviewed and approved by the NRC nor is
currently undergoing NRC review, the NRC must review information associated with the
proposed spent fuel storage system as part of the specific license application, which would
extend the review time.

Detailed guidance as to information that needs to be included in the ISFSI SAR that is
submitted with the license application is provided by Regulatory Guide 3.48, “Standard
Format and Content for the Safety Analysis Report for an Independent Spent Fuel Storage
Installation or Monitored Retrievable Storage Installation (Dry Storage).” Additional
information to enable the NRC staff review in accordance with NUREG-1567, “Standard
Review Plan for Spent Fuel Dry Storage Facilities” should also be included in the SAR,
along with information from any applicable NRC Interim Staff Guidance (ISG). The SAR for
the CSF will need to identify and evaluate each of the storage systems that will be used at the
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CSF to store UNF. For each individual system, the CSF SAR will need to address the
following key topics specified in the NUREG-1567 Standard Review Plan:

e General description of the storage system

e Design criteria

e Structural evaluation

e Thermal evaluation

e Shielding evaluation

e Criticality evaluation

e Confinement evaluation

e Material evaluation

e Operating procedures

e Acceptance tests and maintenance program

e Radiation protection (occupational exposures, public exposures, ALARA measures)

e Accident analyses

e Operating controls (technical specifications)

e Quality assurance

e Decommissioning
The previous topics are addressed in the storage system vendors’ SARs that have been
approved by the NRC for general and specific ISFSI licenses; these documents can be
incorporated by reference into the CSF SAR. It is envisioned that the CSF SAR will have a
main body that describes and analyzes the CSF design and generic operations, with a
separate appendix that serves as the SAR for each individual storage system. The CSF SAR
will benefit in that it will primarily use UNF storage systems that have already been licensed
under the provisions of 10 CFR Part 72, Subpart K, and have existing Final Safety Analysis
Reports (FSARs) that have been approved by the NRC and can be referenced. A specific
revision of the vendors’ FSARs would need to be chosen for incorporation into the CSF
ISFSI SAR. Changes to the vendors’ FSARs thereafter would not automatically be

incorporated by reference into the CSF SAR, but would require evaluation by the CSF
license applicant for incorporation.

The SAR would include descriptions of the safety analyses and other technical evaluations
for the ISFSI in each SAR chapter, incorporating by reference any required information for
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the storage system designs. The format and content would coincide with the chapters of the
SRP in NUREG-1567 and any applicable Interim Staff Guidance documents amending that
guidance. Formatting the ISFSI SAR in this manner sets the stage for a more efficient NRC
technical review because the SRP establishes the format and content template for the NRC’s
SER.

Environmental Report

The Environmental Report (ER) that is submitted with the License Application is prepared to
address the requirements of Subpart E of 10 CFR Part 72, Siting Evaluation Factors, and
Subpart A of 10 CFR Part 51, National Environmental Policy Act - Regulations
Implementing Section 102(2), using the guidance provided in U.S. NRC NUREG-1748,
Environmental Review Guidance for Licensing Actions Associated with NMSS Programs.
The ER contains the following key topics:

e General description of the proposed activities and discussion of need for the facility

e Site interfaces with the environment, including geography, demography, land use,
ecology, climatology, hydrology, geology and seismology, historical and cultural
features, and background radiation levels.

e Description of the facility, including appearance, construction, operations and
effluent control

e Environmental effects of facility construction and operation, including transportation
of radioactive material, and effects of decontamination and decommissioning

e Environmental effects of accidents involving radioactive materials, including
transportation accidents

e Proposed environmental monitoring programs

e Economic and social effects of facility construction and operation, including cost
benefit analysis

e Facility siting (site selection process) and design alternatives

e Environmental approvals including federal, state, and local regulations and permits

As noted above, the NRC will need to prepare a complete EIS for the CSF based on the ER
submitted by the licensee, in accordance with 10 CFR Part 51 requirements.

3.1.2.4 Regulations of Special Interest for the CSF
The following is a summary of regulations considered to be of special interest, including
those that apply to an ISFSI for which the DOE is the license applicant and license holder. 10
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CFR Part 72 regulations permit an ISFSI to provide interim storage of power reactor spent
nuclear fuel (SNF), solid reactor-related GTCC waste, and other radioactive materials
associated with SNF and reactor-related GTCC waste storage.

The following are not, for the most part, direct quotes from the regulations, but instead
identify those requirements considered to be of particular interest for the CSF, an away-from-
reactor ISFSI that will use a 10 CFR Part 72 specific license issued to the DOE. Regulations
that are applicable for a specific license are identified in 10 CFR 72.13, “Applicability.”

10 CFR Part 72 Subpart A—General Provisions

§ 72.1 Purpose

This section states the purpose of 10 CFR Part 72, which is to establish requirements,
procedures, and criteria for the issuance of licenses to receive, transfer, and possess power
reactor SNF, power reactor-related GTCC waste, and other radioactive materials associated
with SNF storage in an ISFSI, and the terms and conditions under which the Commission
will issue these licenses.

8§ 72.2, Scope

§ 72.2(a)(1) states that licenses issued under 10 CFR Part 72 are limited to the receipt,
transfer, packaging, and possession of power reactor SNF to be stored in a complex that is
designed and constructed specifically for storage of power reactor SNF aged for at least one
year, other radioactive materials associated with SNF storage, and power reactor-related
GTCC waste in a solid form in an ISFSI. It is not clear that this permits R&D testing of UNF
such as could be conducted in a hot cell at the CSF.

§ 72.2(c) states that the requirements of this regulation are applicable, as appropriate, to both
wet and dry modes of storage of SNF in an ISFSI.

10 CFR Part 72 Subpart B—License Application, Form, and Contents
§ 72.22, Contents of Application, General and Financial Information

§ 72.22(d)(5)(i) states that if the DOE is the applicant for an ISFSI license, the DOE must
identify in the license application the DOE organization responsible for the construction and
operation of the ISFSI, including a description of any delegations of authority and
assignments of responsibilities. § 72.22(e) indicates that in cases where the DOE is the
applicant for a specific ISFSI license, the DOE is not required to demonstrate its financial
qualifications to the NRC for constructing, operating, and decommissioning the ISFSI (as
would be required for any other applicant).
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8§ 72.24 Contents of Application: Technical Information

A SAR evaluates safety of the proposed ISFSI for the receipt, handling, packaging, and
storage of SNF, and/or reactor-related GTCC waste as appropriate, including how the ISFSI
will be operated. The SAR needs to include the following items that may be of interest for
the CSF:

e A description and discussion of the ISFSI structures with special attention to design
and operating characteristics, unusual or novel design features, and principal safety
considerations.

e A description of the design of the ISFSI in sufficient detail to support the license
duration requested in the application in accordance with § 72.40 (up to 40 years for
the initial license duration). This section identifies applicable codes and standards and
demonstrates how the ISFSI complies with the general design criteria of 10 CFR Part
72, Subpart F, with identification and justification for any additions to or departures
from the general design criteria.

e The means for controlling and limiting occupational radiation exposures within the
limits given in 10 CFR Part 20, and for meeting the objective of maintaining
exposures as low as is reasonably achievable (ALARA).

e The features of ISFSI design and operating modes to reduce to the extent practicable
radioactive waste volumes generated at the installation.

e A plan for the conduct of operations, including the planned managerial and
administrative controls system, the applicant's organization, and program for training
of personnel pursuant to 10 CFR Part 72, Subpart I.

e If the proposed ISFSI incorporates Important to Safety (ITS) Structures, Systems and
Components (SSCs) whose functional adequacy or reliability have not been
demonstrated by prior use for that purpose or cannot be demonstrated by reference to
performance data in related applications or to widely accepted engineering principles,
the SAR will include an identification of these SSCs along with a schedule showing
how safety questions will be resolved prior to the initial receipt of SNF and/or
reactor-related GTCC waste for storage at the ISFSI.

e A description of the equipment to be installed to maintain control over radioactive
materials in gaseous and liquid effluents produced during normal operations and
expected operational occurrences. The description must identify the design objectives
and the means to be used for keeping levels of radioactive material in effluents to the
environment ALARA and within the exposure limits stated in § 72.104, including an
estimate of the quantity of each of the principal radionuclides expected to be released
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to the environment; a description of the equipment and processes used in radioactive
waste systems; and a general description of the provisions for packaging, storage, and
disposal of solid wastes.

e An analysis of the potential dose equivalent or committed dose equivalent to an
individual outside the controlled area from accidents or natural phenomena events
that result in the release of radioactive material to the environment or direct radiation
from the ISFSI.

e A description of the QA program that satisfies the requirements of 10 CFR Part 72,
Subpart G, to be applied to the design, fabrication, construction, testing, operation,
modification, and decommissioning of the ITS SSCs of the ISFSI. The description
must identify the ITS SSCs.

e For an application from the DOE for an ISFSI, the DOE needs to provide a
description of the physical protection plan for protection against radiological sabotage
as required by 10 CFR Part 72, Subpart H.

e A description of the program covering preoperational testing and initial operations.

§ 72.30 Financial Assurance and Recordkeeping for Decommissioning

§ 72.28 requires each application for a specific license under 10 CFR Part 72 to include a
proposed decommissioning plan that identifies those design features of the ISFSI that
facilitate its decontamination and decommissioning at the end of its life. The proposed
decommissioning plan must also include a decommissioning funding plan. For the DOE,
financial assurance for decommissioning must be provided by a statement of intent
containing a cost estimate for decommissioning, and indicating that funds for
decommissioning will be obtained when necessary. The licensee is required to keep records
of information important to the decommissioning of a facility in an identified location until
the site is released for unrestricted use, including records of spills or other unusual
occurrences that involve the spread of contamination; as-built drawings and modifications of
structures and equipment in restricted areas where radioactive materials are used and/or
stored; and of locations of possible inaccessible contamination, such as buried pipes.

§ 72.32 Emergency Plan

8§ 72.32(a) requires each application for a specific ISFSI license under 10 CFR Part 72, where
the ISFSI is not located on the site of a nuclear power reactor that has an operating license
(which will be the case for the CSF), to include an emergency plan that contains a
description of the facility, identification of the types of accidents that could occur,
classification of accidents, detection of accidents, mitigation of consequences, assessment of
releases, responsibilities, notification and coordination, training, and off-site assistance.
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8 72.32(b) provides similar requirements for an emergency plan for an ISFSI that may
process and/or repackage SNF, which is planned for the CSF in its later phases of operation.

§ 72.34 Environmental Report

Each application for an ISFSI under 10 CFR Part 72 must be accompanied by an
Environmental Report that meets the requirements of Subpart A of 10 CFR Part 51.

10 CFR Part 72 Subpart C—Issuance and Conditions of License
8§ 72.42 Duration of License; Renewal

§ 72.42(a) states that each license issued under 10 CFR Part 72 for an ISFSI (which includes
that for the CSF) must be for a fixed period of time, to be specified in the license. The license
term for an ISFSI must not exceed 40 years from the date of issuance. Licenses for an ISFSI
may be renewed by the Commission at the expiration of the license term upon application by
the licensee for a period not to exceed 40 years. Application for ISFSI license renewals must
include: 1) Time-Limited Aging Analyses that demonstrate that SSCs classified ITS will
continue to perform their intended function for the requested period of extended operation;
and 2) a description of the Aging Management Program for management of issues associated
with aging that could adversely affect SSCs classified ITS. § 72.42(b) states that applications
for renewal of a license should be filed in accordance with the applicable provisions of
Subpart B of 10 CFR Part 72 at least 2 years before the expiration of the existing license. §
72.42(c) states that when a licensee has filed an application in proper form for renewal of a
license, the existing license shall not expire until a final decision concerning the application
for renewal has been made by the Commission.

§ 72.44 License Conditions

§ 72.44 requires each application for a specific license under 10 CFR Part 72 to include
license conditions that are derived from the analyses and evaluations included in the SAR.
License conditions pertain to design, construction and operation. The Commission may also
include additional license conditions as it finds appropriate. Each ISFSI license must include
technical specifications that state the limits on the release of radioactive materials for
compliance with limits of 10 CFR Part 20. The technical specifications need to require that
operating procedures for control of effluents be established and followed, equipment in the
radioactive waste treatment systems be used and maintained to meet the requirements of §
72.104, an environmental monitoring program be established to ensure compliance with the
technical specifications for effluents; and an annual report be submitted with sufficient
information for the Commission to estimate maximum potential radiation dose commitment
to the public resulting from effluent releases.
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8§ 72.46 Public Hearings

§ 72.46(a) discusses the requirements for public hearings and states that with each
application for a license under 10 CFR Part 72, the Commission shall issue or cause to be
issued a notice of proposed action and opportunity for hearing. § 72.46(b)(2) states that the
Director, NRC’s Office of Nuclear Material Safety and Safeguards, or the Director's
designee may dispense with a notice of proposed action and opportunity for hearing or a
notice of hearing and take immediate action on an amendment to a license issued under this
part upon a determination that the amendment does not present a genuine issue as to whether
the health and safety of the public will be significantly affected. § 72.46 (e) states that if an
application for (or an amendment to) a specific license issued under 10 CFR Part 72
incorporates by reference information on the design of a SNF storage cask for which NRC
approval pursuant to subpart L of 10 CFR Part 72 has been issued or is being sought, the
scope of any public hearing held to consider the application will not include any cask design
issues.

§ 72.54 Expiration and Termination of Licenses and Decommissioning of Sites and Separate
Buildings or Outdoor Areas

§ 72.54(d) states that when the licensee has decided to permanently cease principal activities
defined under 10 CFR Part 72 at the entire site or any separate building or outdoor area that
contains residual radioactivity, the licensee shall notify the Commission and submit within
12 months of this notification a final decommissioning plan, and begin decommissioning
upon approval of the plan. § 72.54(j) states that except as provided in 8§ 72.54(k), each
licensee shall complete decommissioning of the site or separate building or outdoor area as
soon as practicable but no later than 24 months following approval of the final
decommissioning plan by the Commission. § 72.54(k) states that the Commission may
approve a request for an alternate schedule for completion of decommissioning of the site or
separate building or outdoor area, and license termination if appropriate, if the Commission
determines that the alternate schedule is warranted by consideration of the following: (1)
Whether it is technically feasible to complete decommissioning within the allotted 24-month
period; (2) Whether sufficient waste disposal capacity is available to allow completion of
decommissioning within the allotted 24-month period; (3) Whether a significant volume
reduction in wastes requiring disposal will be achieved by allowing short-lived radionuclides
to decay; (4) Whether a significant reduction in radiation exposure to workers can be
achieved by allowing short-lived radionuclides to decay; and (5) Other site-specific factors
that the Commission may consider appropriate on a case-by-case basis. Per § 72.54(m),
decommissioning is not completed until a radiation survey has been performed that
demonstrates that the premises are suitable for release in accordance with the criteria for
decommissioning in 10 CFR Part 20, Subpart E.
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10 CFR Part 72 Subpart D—Records, Reports, Inspections, and Enforcement
§ 72.70 Safety Analysis Report Updating

8 72.70(c) requires each licensee to submit an original FSAR to the Commission within 90
days after issuance of the license, and submittal of FSAR updates every 24 months that
reflect the effects of changes to the facility and procedures as described in the FSAR, and
safety analyses performed by the licensee.

8§ 72.72 Material Balance, Inventory, and Records Requirements for Stored Materials

§ 72.72(a) states that each licensee shall keep records showing the receipt, inventory
(including location), disposal, acquisition, and transfer of all special nuclear material with
quantities as specified in 10 CFR 74.13(a) and for source material as specified in 10 CFR
40.64. The records must include as a minimum the name of shipper of the material to the
ISFSI, the estimated quantity of radioactive material per item (including special nuclear
material in SNF and reactor-related GTCC waste), item identification and serial number,
storage location, on-site movements of each fuel assembly or storage canister, and ultimate
disposal. § 72.72(b) requires each licensee to conduct a physical inventory of all SNF and
reactor-related GTCC waste containing special nuclear material at intervals not to exceed 12
months unless otherwise directed by the Commission.

§ 72.82 Inspections and Tests

§ 72.82(c) requires each licensee to provide rent-free office space for the exclusive use of the
Commission inspection personnel, upon request by the Director, Office of Nuclear Material
Safety and Safeguards or the appropriate NRC Regional Administrator. For a site with a
single storage installation, the space provided shall be adequate to accommodate a full-time
inspector, a part-time secretary, and transient NRC personnel and will be generally
commensurate with other office facilities at the site. For sites containing multiple facilities,
additional space may be requested to accommodate additional full-time inspectors.

10 CFR Part 72 Subpart E—Siting Evaluation Factors
§ 72.90 General Considerations

§ 72.90 requires proposed sites for the ISFSI to be examined with respect to the frequency
and the severity of external natural and man-induced events that could affect the safe
operation of the ISFSI. Design basis external events must be determined for each
combination of proposed site and proposed ISFSI.

§ 72.96 Siting Limitations

§ 72.96(a) states that an ISFSI that is owned and operated by the DOE must not be located at
any site within which there is a candidate site for a high-level radioactive waste (HLW)
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repository. This limitation applies until such time as the DOE decides that such candidate site
is no longer a candidate site under consideration for development as a HLW repository.

§ 72.102 Geological and seismological characteristics for applications before October 16,
2003 and applications for other than dry cask modes of storage.

If the CSF uses wet storage of UNF and not exclusively dry storage, this regulation is
applicable.

§ 72.102 states that east of the Rocky Mountain Front (east of approximately 104° west
longitude), except in areas of known seismic activity, including but not limited to the regions
around New Madrid, Missouri; Charleston, South Carolina; and Attica, New York, sites will
be acceptable if the results from on-site foundation and geological investigation, literature
review, and regional geological reconnaissance show no unstable geological characteristics,
soil stability problems, or potential for vibratory ground motion at the site in excess of an
appropriate response spectrum anchored at 0.2g. For those sites that are east of the Rocky
Mountain Front, and that are not in areas of known seismic activity, a standardized design
basis earthquake (DBE) described by an appropriate response spectrum anchored at 0.25g
may be used. Alternatively, a site-specific DBE may be determined by using the criteria and
level of investigations required by 10 CFR Part 100, Appendix A. West of the Rocky
Mountain Front (west of approximately 104° west longitude), and in other areas of known
potential seismic activity, seismicity will be evaluated by the techniques of 10 CFR Part 100,
Appendix A. Sites that lie within the range of strong near-field ground motion from historical
earthquakes on large capable faults should be avoided.

§ 72.103 Geological and Seismological Characteristics for Applications for Dry Cask Modes
of Storage on or After October 16, 2003

This regulation has the same requirements as 8 72.102 for sites east of the Rocky Mountain
Front and that are not in areas of known seismic activity. For sites west of the Rocky
Mountain Front (west of approximately 104° west longitude), and in other areas of known
potential seismic activity east of the Rocky Mountain Front, seismicity must be evaluated by
the techniques presented in paragraph (f) of this section. § 72.102(f) indicates that
uncertainties are inherent in the estimates of DBE horizontal and vertical seismic ground
accelerations and these must be addressed through an appropriate analysis, such as a
probabilistic seismic hazard analysis or suitable sensitivity analyses.

§ 72.104 Criteria for Radioactive Materials in Effluents and Direct Radiation from an ISFESI

§ 72.104(a) requires that during normal operations and anticipated occurrences, the annual
dose equivalent to any real individual who is located beyond the controlled area must not
exceed 25 mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any other
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critical organ as a result of exposure to: (1) Planned discharges of radioactive materials and
radon and its decay products released to the general environment, (2) Direct radiation from
ISFSI operations, and (3) Any other radiation from uranium fuel cycle operations within the
region.

§ 72.106 Controlled area of an ISFSI

8§ 72.106 provides restrictions on doses that could result from credible accident conditions. In
addition, this regulation states that the minimum distance from the SNF, HLW, or reactor-
related GTCC waste handling and storage facilities to the nearest boundary of the controlled
area must be at least 100 meters.

10 CFR Part 72 Subpart F—General Design Criteria
§ 72.120 General Considerations

§ 72.120(b) requires that reactor-related GTCC waste may not be stored in a cask that also
contains SNF. This restriction does not include radioactive materials that are associated with
fuel assemblies (i.e., control rod blades or assemblies, thimble plugs, burnable poison rod
assemblies, or fuel channels). If the ISFSI is a water-pool type facility, the reactor-related
GTCC waste must be in a durable solid form with demonstrable leach resistance. § 72.120(e)
indicates that the NRC may authorize exceptions, on a case-by-case basis, regarding the
commingling of SNF and reactor-related GTCC waste in the same cask.

§ 72.120(d) states that the ISFSI must be designed, made of materials, and constructed to
ensure that there will be no significant chemical, galvanic, or other reactions between or
among the storage system components, SNF, reactor-related GTCC waste, and/or HLW,
including possible reaction with water during wet loading and unloading operations or during
storage in a water-pool type ISFSI. The behavior of materials under irradiation and thermal
conditions must be taken into account.

§ 72.122 Overall Requirements

§ 72.122(h) “Confinement barriers and systems,” states that the SNF cladding must be
protected during storage against degradation that leads to gross ruptures, or the SNF must be
otherwise confined such that degradation of the SNF during storage will not pose operational
safety problems with respect to its removal from storage. This may be accomplished by
canning of consolidated SNF rods or unconsolidated assemblies or other means as
appropriate. For underwater storage of SNF, or reactor-related GTCC waste in which the
pool water serves as a shield and a confinement medium for radioactive materials, systems
for maintaining water purity and the pool water level must be designed so that any abnormal
operations or failure in those systems from any cause will not cause the water level to fall
below safe limits. The design must preclude installations of drains, permanently connected
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systems, and other features that could, by abnormal operations or failure, cause a significant
loss of water. Pool water level equipment must be provided to alarm in a continuously
manned location if the water level in the storage pools falls below a predetermined level.
Ventilation systems and off-gas systems must be provided where necessary to ensure the
confinement of airborne radioactive particulate materials during normal or off-normal
conditions. Storage confinement systems must have the capability for continuous monitoring
in a manner such that the licensee will be able to determine when corrective action needs to
be taken to maintain safe storage conditions. For dry SNF storage, periodic monitoring is
sufficient provided that periodic monitoring is consistent with the dry SNF storage cask
design requirements. The monitoring period must be based upon the SNF storage cask design
requirements. Instrumentation and control systems for wet SNF and reactor-related GTCC
waste storage must be provided to monitor systems that are important to safety over
anticipated ranges for normal operation and off-normal operation.

§ 72.122(k) states that each utility service system must be designed to meet emergency
conditions. The design of utility services and distribution systems that are important to safety
must include redundant systems to the extent necessary to maintain, with adequate capacity,
the ability to perform safety functions assuming a single failure. Emergency utility services
must be designed to permit testing of the functional operability and capacity, including the
full operational sequence, of each system for transfer between normal and emergency supply
sources; and to permit the operation of associated safety systems. Provisions must be made
so that, in the event of a loss of the primary electric power source or circuit, reliable and
timely emergency power will be provided to instruments, utility service systems, the central
security alarm station, and operating systems in amounts sufficient to allow safe storage
conditions to be maintained and to permit continued functioning of all systems essential to
safe storage.

§ 72.122(l) Retrievability, states that storage systems must be designed to allow ready
retrieval of SNF and reactor-related GTCC waste for further processing or disposal.

§ 72.124 Criteria for Nuclear Criticality Safety

§ 72.124(b) Methods of criticality control, states that when practicable, the design of an
ISFSI must be based on favorable geometry, permanently fixed neutron absorbing materials
(poisons), or both. Where solid neutron absorbing materials are used, the design must
provide for positive means of verifying their continued efficacy. For dry SNF storage
systems, the continued efficacy may be confirmed by a demonstration or analysis before use,
showing that significant degradation of the neutron absorbing materials cannot occur over the
life of the facility. 8 72.124(c) requires that criticality monitoring systems shall be
maintained in each area where special nuclear material is handled, used, or stored which will
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energize clearly audible alarm signals if accidental criticality occurs. Underwater monitoring
is not required when special nuclear material is handled or stored beneath water shielding.
Monitoring of dry storage areas where special nuclear material is packaged in its stored
configuration under a license issued under this subpart is not required.

8§ 72.126 Criteria for Radiological Protection

§ 72.126(b) requires that radiological alarm systems must be provided in accessible work
areas as appropriate to warn operating personnel of radiation and airborne radioactive
material concentrations above a given setpoint and of concentrations of radioactive material
in effluents above control limits. 8§ 72.126(c) requires that means for measuring the amount
of radionuclides in effluents during normal operations and under accident conditions must be
provided for these systems. A means of measuring the flow of the diluting medium, either air
or water, must also be provided. Areas containing radioactive materials must be provided
with systems for measuring the direct radiation levels in and around these areas. § 72.126(d)
states that analyses must be made to show that releases to the general environment during
normal operations and anticipated occurrences will be within the exposure limit given in §
72.104. Analyses of design basis accidents must be made to show that releases to the general
environment will be within the exposure limits given in § 72.106. Systems designed to
monitor the release of radioactive materials must have means for calibration and testing their
operability.

§ 72.128 Criteria for Spent Fuel, High-Level Radioactive Waste, and Other Radioactive
Waste Storage and Handling

8 72.128(a) states that SNF storage, reactor-related GTCC waste storage and other systems
that might contain or handle radioactive materials associated with SNF or reactor-related
GTCC waste, must be designed with (1) A capability to test and monitor components
important to safety, (2) Suitable shielding for radioactive protection under normal and
accident conditions, (3) Confinement structures and systems, (4) A heat-removal capability
having testability and reliability consistent with its importance to safety, and (5) Means to
minimize the quantity of radioactive wastes generated. 8 72.128(b) states that provisions
must be made for the packing of site-generated low-level wastes in a form suitable for
storage onsite awaiting transfer to disposal sites.

§ 72.130 Criteria for Decommissioning

§ 72.130 requires that the ISFSI be designed for decommissioning.
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10 CFR Part 72 Subpart H—Physical Protection
§ 72.180 Physical Protection Plan

8 72.180 requires the licensee to establish, maintain, and follow a detailed plan for physical
protection as described in 10 CFR 73.51. The plan must describe how the applicant will meet
the requirements of 10 CFR 73.51 and provide physical protection during on-site
transportation to and from the proposed ISFSI, and include within the plan the design for
physical protection, the safeguards contingency plan, and the security organization personnel
training and qualification plan. The plan must list tests, inspections, audits, and other means
to be used to demonstrate compliance with the requirements.

10 CFR Part 72 Subpart I—Training and Certification of Personnel
8§ 72.190 Operator Requirements

Operation of equipment and controls that have been identified as important to safety in the
SAR and in the license must be limited to trained and certified personnel or be under the
direct visual supervision of an individual with training and certification in the operation.
Supervisory personnel who personally direct the operation of equipment and controls that are
important to safety must also be certified in such operations.

§ 72.192 Operator Training and Certification Program

The applicant for a license under this part shall establish a program for training, proficiency
testing, and certification of ISFSI personnel. This program must be submitted to the
Commission for approval with the license application.

3.1.3 Engineering Parameters and Assumptions
Table 3.1-1 lists the various design basis parameters and assumptions that are used in
development of the CSF.

Table 3.1-1
CSF Design Basis
Description Design Basis or Reference
UNF
PFS Size ISFSI Storage Capacity 40,000 MTU PFS FSAR
Current Max. ISFSI Storage Capacity 70,000 MTU Waste Policy Act Limits
Projected Commercial UNF Qty 140,000 MTU Section 5.0
Annual UNF Discharged 2,200 MTU ERI Report, 2011
BWR/PWR Ratio 38% BWR/62% PWR 2008 YMP UNF Disposal Estimates
DFSSs
Annual UNF Acceptance Rate 4,500 MTU Section 5.0
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Description Design Basis or Reference
Annual No. DFSS Received 350 to 650 Section 5.0
Annual No. Trains Expected 60 Section 5.0
Transport Casks per Train 5 Section 5.0

Transport Casks to be Received

Fuel Solutions TS125

Gutherman Technical Services

HOLTEC HI-STAR 100

Gutherman Technical Services

HOLTEC HI-STAR 190

Gutherman Technical Services

NAC STC Gutherman Technical Services
NAC UMS-T Gutherman Technical Services
NAC MAGNATRAN Gutherman Technical Services
Transnuclear MP187 Gutherman Technical Services

Transnuclear MP197 & MP197HB

Gutherman Technical Services

Small Capacity Rail Cask

Section 5.0

Truck Casks (limited quantities)

Section 5.0

DFSS to be Processed

HOLTEC

HI-STAR 100/HI-STAR HB/HI-STORM 100

Gutherman Technical Services

- MPC-24 series

Gutherman Technical Services

- MPC-32 series

Gutherman Technical Services

- MPC-68 series

Gutherman Technical Services

- MPC-HB

Gutherman Technical Services

HI-STORM FW / HI-STAR 190

Gutherman Technical Services

- MPC-37 series

Gutherman Technical Services

- MPC-89 series

Gutherman Technical Services

NAC

- MPC series Gutherman Technical Services
- UMS- 24 Gutherman Technical Services
MAGNASTOR Gutherman Technical Services

- TSC with 37 PWR assembly basket

Gutherman Technical Services

- TSC with 82 or 87 BWR assembly basket

Gutherman Technical Services

TRANSNUCLEAR

- TN series Gutherman Technical Services
- NUHOMS 24P/24PT series Gutherman Technical Services
- NUHOMS 32P/32PT series Gutherman Technical Services
- NUHOMS 37PT series Gutherman Technical Services
- NUHOMS 52B series Gutherman Technical Services
- NUHOMS 61BT series Gutherman Technical Services
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Description

Design

Basis or Reference

Fuel Solutions W74

Gutherman Technical Services

Cask Handling Building

DFSS Process Rate 1.2 Transport Casks/day Section 5.0

Access Rail and Truck Section 5.0

Contamination Control Truck/Rail Cleaning Awning 10 CFR 20

Crane Capacity 200 tons Transport Package Weight
Vertical Canister Transfer Canister Transfer Area Vertical Canister FSAR

Horizontal Canister Transfer

Storage Pad Area

Horizontal Canister FSAR

Min. BWR Pool Capacity

3400 BWR Assemblies

~50 Transport Cask Quantity

Min. PWR Pool Capacity

1600 PWR Assemblies

=50 Transport Cask Quantity

CSF Boundaries

Security Boundaries

Protected Area

10 CFR Part 73.51

Radiation Boundary

Radiation Area

10 CFR Part 20

Dry Fuel Storage Systems

There are currently four companies that provide DFSSs: Holtec International, Inc.,
EnergySolutions, LLC., NAC International, Inc., and Transnuclear Inc. Of the four,
EnergySolutions only maintains systems from legacy companies Sierra Nuclear and
Westinghouse and does not provide new systems at this time.

There are two types of technologies that consist of cask-based DFSSs and canister-based
DFSSs. The canister-based systems are further broken into vertical configuration and
horizontal configuration.

Cask-Based Systems

Cask-based systems are designed to meet storage requirements of 10 CFR Part 72 or storage
and transportation requirements of 10 CFR Part 72 and 10 CFR Part 71. Cask—based systems
are very robust being constructed of a thick steel shell for confinement and radiological
gamma shielding. The casks typically have additional materials for neutron shielding
incorporated into their design. The cask shell provides the primary confinement boundary.
The casks typically have a basket permanently mounted into the cask interior for UNF
assembly support and geometry control. Cask-based systems utilize a bolted lid with double
metallic seals. Since they employ a bolted lid, the UNF assemblies can be loaded or unloaded
from the cask with relative ease. Therefore, for this report, they are referred to as bare fuel
casks.
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Canister-Based Systems

Canister-based systems are licensed under 10 CFR Part 72 for storage as well as 10 CFR Part
71 for transportation. They use DPC, which is a thin-walled metal container that is welded
closed after the UNF assemblies have been loaded. The DPC provides the primary
confinement boundary. The DPC can be placed into three different containers. During
handling or transfer operations within a plant, the DPC is placed in a transfer cask; during
transport, the DPC is placed in a transport cask; and during storage the DPC resides in a
storage overpack or module.

The transfer cask is a metal container with trunnions that provides physical protection of the
DPC, radiation shielding to personnel, and a means to be lifted and handled by the crane. The
transport cask is a metal container with trunnions that protects the DPC from any credible
accident that might occur during shipping. The metal cask is fitted with impact limiting
devices for additional protection during transit.

The storage overpack or module is a thick concrete or metal container that provides physical
protection of the DPC while resting on a concrete pad and radiation shielding to personnel
and off-site persons. Two design variations of the storage container are vertical storage of the
DPC inside a concrete or metal storage overpack and horizontal storage of the DPC inside a
concrete horizontal storage module. The only significant difference between the two
variations is the overpack or module design, DPC orientation, and DPC transfer process. In
vertical systems, the DPC is transferred from the transfer cask into the storage overpack by
stacking the transfer cask on top of the overpack and lowering the DPC into the overpack.
This is typically done in a building with a large overhead crane. The DPC is also transferred
into the transport cask using the same stack-up method by placing the transfer cask on top of
the transport cask and lowering the DPC into the transport cask. In horizontal systems, the
DPC is transferred from the transfer cask or transport cask outside at the storage module. The
transfer or transport cask is placed horizontal on a special trailer with a hydraulic ram. The
trailer is backed up against the storage module opening and the hydraulic ram pushes the
DPC into the storage module.

Both concrete storage overpacks and storage modules provide a means for passive heat
transfer by natural convection from the DPC through air vents built into the overpack or
module. The metal storage overpacks provide passive heat transfer by conduction through
the overpack body.

3.1.4 Systems Engineering
3.1.4.1 Store UNF

Figure 3.1 1 shows the results of applying the systems engineering approach described in
Section 2.0 to the “Store UNF” function, which will take place at the CSF. In addition to the
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relevant requirements imposed by the Code of Federal Regulations and recommendations of
NRC NUREGS and other guidance documents (which are treated as requirements),
additional requirements, such as the amount of UNF to be stored and the nature of the UNF
packages to be received, must be considered and satisfied by the preferred preparation
concept/strategy. A set of feasible alternatives has been formulated that could potentially
satisfy the “Accept UNF” function and its allocated requirements. Trade studies were
conducted to evaluate, compare, and recommend the preferred alternatives.

Figure 3.1-1
Requirements and Architecture for the “Store UNF” Function

3.1.4.2 Process Flow at the CSF

Upon receipt of the UNF at the CSF, horizontal DFSSs will flow through the top path in
Figure 3.1-2, while vertical DFSSs (dual purpose canisters [DPCs] and bare fuel casks) will
flow through the lower level path. Both horizontal and vertical systems will be placed in
interim long-term storage. After storage, UNF that has been stored in systems that can be
placed in a disposable waste package will be loaded directly into a transport cask for
shipment to the repository, whereas UNF in non-disposable waste packages will be subjected
to additional process steps and loaded into a disposable canister as shown in Figure 3.1-3.
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Figure 3.1-2
Process Flow at the CSF
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Figure 3.1-3
Process Flow at the CSF (continued)
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3.2 Consolidated Storage Facility Operational Phases

The CSF concept is based on an integrated system analysis and engineering approach that
optimizes interfaces between reactor sites, transportation logistics, and CSF processes and
storage features. Implementation of the CSF is conducted in four unique operational phases
that address the various types of UNF packaging that the CSF will need to process. The
phases start operation as a simple, relatively small and inexpensive “pilot” facility that
expands over time through three unique construction stages to accommodate increased
shipments and UNF package issues as follows:

e Operational Phase 1 / Construction Stage 1—Construct a basic CSF with storage
pads, rail, and facilities to receive and store stranded UNF. The focus of Phase 1 is
acceptance of stranded UNF from shutdown plant sites (as discussed in Section 1.0,
“Summary”, acceptance of stranded UNF at the CSF is top priority).

e Operational Phase 2 / Construction Stage 2—Expand CSF storage pad capacity to
receive and store UNF in transportable canisters from operating plant sites.

e Operational Phase 3 / Construction Stage 3—Expand CSF to add UNF pools (UFPs)
to receive UNF in bare fuel transport casks and store UNF either in pools or in dry
storage in standardized canisters. This phase provides an alternative method of receipt
and storage of UNF from Phase 2. This construction stage includes construction of a
hot cell and research and development (R&D) facility to enable on-site testing of
UNF, long-term packaging reliability and remediation, and complete dry storage
build-out.

e Operational Phase 4 (no construction)—Receive and store UNF that is currently
stored in non-transportable storage canisters or casks. The phase requires that
shipping UNF currently stored in non-transportable storage systems be addressed
which could require licensing, engineering, or repackaging solutions.

3.2.1 Phase 1—Stranded UNF at Shutdown Plant Sites

3.2.1.1 Phase 1 Overview

Currently, there are nine shutdown plant sites with stranded UNF. By 2020, it is anticipated
that Kewaunee and Oyster Creek will join this category. All of the shutdown plant sites
currently have, or will have, UNF stored in DFSSs that have canisters that can be shipped to
the CSF in a transport cask that together comprise a transportation package. All of the
shutdown plant sites will require additional equipment to transfer the canisters from vertical
storage overpacks or horizontal storage modules (HSMSs) to transport casks® and ready the
packages for transport off site (ranging from impact limiters, mobile cranes, and/or vertical

® This activity is not required for the HI-STAR HB System.
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cask transporters to transfer casks and equipment). All but four of these shutdown plant sites
have been dismantled as of this writing, eliminating permanently installed plant cranes and
equipment that is no longer available to transfer the canisters from storage overpacks to
transport packages. Some equipment needed for transferring the canister from a vertical
storage cask to the transport cask, such as transfer casks, lifting yokes, and/or vertical cask
transporters, may be available. However, canister transfer facilities and cranes may need to
be used at nearly all of the shutdown plant sites to enable transfer of loaded canisters from
storage overpacks or HSMs into transport casks for shipment to the CSF. (Canisters inside
HSMs do not require transfer casks to move the canister from the HSM to the transport
cask.)

Some of the canisters contain GTCC waste. The GTCC waste is loaded into canisters similar
to those used for the UNF and will need to be removed from the reactor site along with the
UNF in order to allow for decommissioning of each site. Transport cask designs utilized at
these shutdown plant sites have been certified to transport both UNF and GTCC waste.

In Phase 1, the CSF can be designed for future growth, yet constructed with minimum
essential structures and components for receiving transport casks from the 11 shutdown plant
sites and placing the canisterized UNF into long-term interim storage. Because the DPCs
(which are welded closed) do not need to be opened, the CSF in Phase 1 would operate as a
“start clean, stay clean” facility. Before UNF can be retrieved, specific schedules for removal
of UNF under the existing Standard Contract will need to be developed with input from the
owners. This would include development of site surveys, site-specific plans, status of
government-furnished equipment, local permits, subcontractor contracts, etc. This could take
several months or longer depending on the complexity of the task.

Also within this initial phase, a number of potential cost-saving measures are identified,
which include collecting the existing storage overpacks to be shipped as
overweight/oversized loads via railroad to the CSF for reuse, collecting remaining vehicles to
start the necessary fleet at the CSF, and collecting remaining equipment to build a base of
equipment to perform transfer operations and reduce potential waste at the stranded UNF
sites. HSMs can also be disassembled at the plant sites, shipped to the CSF, and re-assembled
for use there. The reduction of fabrication needs on site at the CSF will ultimately reduce
costs and potential waste created and requiring disposal at the shutdown plant sites.

3.2.1.2 Stranded UNF Sites

The 11 sites that have been identified as having stranded UNF by the year 2020 are Big Rock
Point, Haddam Neck (Connecticut Yankee), Humboldt Bay, Kewaunee, LaCrosse, Maine
Yankee, Oyster Creek, Rancho Seco, Trojan, Yankee Rowe, and Zion.
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Nuclear power plants that have permanently ceased operation and have been dismantled may
no longer have on-site capability to lift heavy loads, such as a transfer cask or canister, to
accomplish the operations required to transfer a canister from a storage overpack to a transfer
cask and from the transfer cask to the transport cask. It will be necessary to install temporary
cranes or canister transfer facilities at these sites or to bring in mobile cranes to enable loaded
canisters to be transferred from the storage overpacks and HSMs to transport casks, and to
lift the loaded transport casks and impact limiters onto the railcar or heavy-haul vehicle in
preparation for shipment off site.

It should be noted that some of these sites still maintain equipment that may or may not be
useful at the CSF. Humboldt Bay currently has a vertical cask transporter (VCT) used to
move the site-specific DFSS, Trojan has a freestanding outdoor canister transfer structure,
and other sites have transport casks. By sequencing the collection from shutdown plant sites,
the CSF may be able to gain essential equipment for the initial operation of transferring
canisters or maneuvering casks at sites and storing the DFSS at the CSF. Although some of
the identified equipment might be site-specific, assessing if this equipment could be modified
to accommodate more of the current DFSSs that exist may provide additional cost savings.

Table 3.2-1 shows all 11 sites that are either currently shutdown plant sites or will be by
2020, as well as their plant and ISFSI licensing status in order of year the last UNF can be
shipped. The UNF from all but two of these reactors is already cooled adequately for
transportation. Oyster Creek will be the last reactor to be shut down, planned for late 2019.
In order to ship the last UNF from Oyster Creek, it is assumed that the fuel will need to be
stored in the plant spent fuel pool (SFP) for at least 6 years before it is cooled sufficiently to
be loaded into a transport cask, based on heat load limitations. Therefore, it is estimated that
final UNF loading operations at Oyster Creek cannot proceed until the beginning of 2025.
Depending on the start date for the CSF, this will likely be the last UNF placed in storage
during Phase 1. While this analysis assumes that the UNF from Oyster Creek can be
transported to a CSF during the first 6 years of operation, it will depend upon the actual
burnup and decay heat of UNF discharged in the final cycles of reactor operation. As
discussed in Section 5.0, it may be necessary for some UNF to be shipped from the Oyster
Creek SFP in smaller-capacity transport packages that can accommodate high-decay-heat
UNF.
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Table 3.2-1
Stranded UNF Sites and Status
. Year all UNF
Year of Initial Plant
. Year of Plant | Type of ISFSI Transportable ST
Plant Site Shutdown License ISFSI (Based on 10- Decommissioning
Operation . Status
year Cooling)
Humboldt Bay 1985 Specific 2005 1995 In progress
LaCrosse 1987 General 2012 1997 In progress
Rancho Seco 1989 Specific 2000 1999 Complete
Yankee Rowe 1991 General 2002 2001 Complete
Trojan 1992 Specific 1999 2002 Complete
Haddam Neck 1996 General 2004 2006 Complete
Maine Yankee 1996 General 2002 2006 Complete
Big Rock Point 1997 General 2002 2007 Complete
Zion 1 1997 In progress
General ~2013 2007
Zion 2 1996 In progress
Kewaunee 2013* General 2009 2023 Future
Oyster Creek 2019* General 2002 2029 Future
References:

1. Plant Shutdown: Ref. NRC Information Digest (NUREG-1350, Volume 24), Appendix B: U.S. Commercial Nuclear Power
Reactors Formerly Licensed to Operate.

2. ISFSl license type and year of operation: Gutherman Technical Services, LLC
*Dominion announcement, Dominion to Close and Decommission Kewaunee Nuclear Station, October 22, 2012.
**Exelon announcement 2010, NJ Nuke Plant Closing 10 Years Early January 15, 1998.

3.2.1.3 Origination of UNF and Applicable Storage Systems

There are expected to be approximately 367 canisters containing stranded UNF needing
retrieval in Phase 1, depending on how many canisters are ultimately required at Zion,
Kewaunee, and Oyster Creek. Table 3.2-2 identifies each of the shutdown reactor sites, types
and numbers of dry storage casks currently located or planned at their respective on-site
ISFSIs, total number of UNF assemblies in dry cask storage, and total quantity of fuel in
MTU in storage.

Table 3.2-2
Stranded UNF Locations, DFSS Types, and Quantities
DFSS/Canister Number of Number of UNF
Reactor Ssi D€r 0 ot Total MTU
Model Canisters Assemblies

Big Rock Point Fuel Solutions 7 UNF, 1 GTCC 441 58

Haddam Neck NAC MPC-26/TSC 40 UNF, 3 GTCC 1,019 422

Humboldt Bay Holtec HI-STAR HB 5 UNF, 1 GTCC 390 31
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MPC-HB
Kewaunee TN NUHOMS-32PT 42 UNF, 1GTCC 1333 520
LaCrosse NAC MPC-68 5 UNF, No GTCC 333 38
Maine Yankee NAC UMS-24 60 UNF, 4 GTCC 1,438 542
Oyster Creek TN NUHOMS-61BT 77 UNF, 1 GTCC 4,692 815
Rancho Seco TN NUHOMS-24PT 21 UNF, 1 GTCC 493 228
Trojan TranStor/Holtec HI- 34 UNF, No GTCC 801 345
STORM MPC-24E
Yankee Rowe NAC MPC-36 15 UNF, 1 GTCC 533 122
Zion NAC MAGNASTOR-37 61 UNF, 4 GTCC 2,226 1,019
Total 367 UNF, 17 GTCC 13,699 4,140
References:

1. Storage model: NRC Information Digest (NUREG-1350, Volume 24), Appendix O: Dry Spent Fuel Storage Licensees.

2. Cask and Assembly Quantities: Gutherman Technical Services and Energy Resources International, Inc.

Table 3.2-2 shows that the total quantity of uranium that would be retrieved in this phase is
4,140 MTU. This represents approximately 3 percent of the total MTU that will ultimately
need to be retrieved from all the commercial reactors, assuming the total is 140,000 MTU. In
addition, there are 17 canisters containing GTCC waste to be retrieved.

Figures 3.2-1 through 3.2-7 illustrate the types of DFSS that are present at the various
shutdown reactor sites.
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Figure 3.2-1
Fuel Solutions W150 System at the Big Rock Point ISFSI

Figure 3.2-2
NAC MPC System at the Yankee Rowe ISFSI

(Similar systems at Haddam Neck and LaCrosse)
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Figure 3.2-3
Holtec HI-STAR HB at the Humboldt Bay ISFSI
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Figure 3.2-4
NAC UMS System at the Maine Yankee ISFSI

Figure 3.2-5
Transnuclear NUHOMS System at the Rancho Seco ISFSI
(Similar systems at Kewaunee and Oyster Creek)
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Figure 3.2-6
Holtec MPC-24E Canister in a TranStor Storage Overpack at the Trojan ISFSI
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Figure 3.2-7
NAC MAGNASTOR System that will be used at the Zion ISFSI

3.2.1.4 UNF Retrieval and CSF Design Strategy

The retrieval process must consider not only a timely collection, but also identify if the
various transport casks will have future uses. Consideration should also be given to the
available equipment at operating plants, such as transfer casks, cask transporters, and transfer
trailers, which could be harvested for use at the CSF. Retrieval of this existing equipment
will reduce the initial investment required to establish the CSF and begin the fuel removal
process.

The UNF and GTCC waste at Humboldt Bay is stored in six canister-based metal cask
systems that are relatively easy to retrieve, making this one of the sites that should be
targeted for initial fuel removal. The Humboldt Bay ISFSI consists of a below-grade storage
vault, an on-site cask transporter, and a dual purpose dry cask storage and transportation
system. The owner used a modified version of the dual purpose Holtec International-Storage,
Transport, and Repository (HI-STAR) 100 System, called the HI-STAR HB System. The on-
site handling of the HI-STAR HB System is accomplished using a tracked transporter, which
is used to handle the storage vault lid and move the HI-STAR HB cask into and out of the
storage vault. Because the HI-STAR HB System is already dual purpose certified, no canister
transfer operation is required. Each HI-STAR HB System may be retrieved directly from the
storage vault and placed on a railcar using a mobile crane. Impact limiters and the transport
cask rail skid will need to be fabricated in order to place the loaded HI-STAR HB cask on a
railcar and prepare it for off-site transportation, after pre-transportation checkout and testing
as required by the 10 CFR Part 71 CoC have been performed. Upon receipt at the CSF, the
impact limiters and the dual purpose casks can be offloaded from the railcar by a crane at the
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Cask Handling Building (CHB)’, and the casks can be transported to the storage area by a
VCT and placed on a storage pad. No additional storage overpacks will be needed for storage
of Humboldt Bay UNF at the CSF.

There are shutdown plant sites that use a DFSS design employing a Nuclear Horizontal
Modular Storage (NUHOMS) HSM. The canister can be transferred from the NUHOMS
HSM into the transport cask at the ISFSI pad without the need to use a transfer cask or to
rely on plant equipment for the canister transfer operation. A mobile crane may be needed to
assist with the transfer operations by lifting the door from the HSM to allow removal of the
canister, but the canister transfer itself is accomplished without a crane. A hydraulic ram
located on the NUHOMS trailer grapples the canister inside the HSM and pulls it directly
into the transport cask. Likewise, some type of mobile crane will be needed to install the
transport cask top lid and transfer the transport cask from the NUHOMS transfer trailer to a
railcar and prepare it for transport operations (i.e., install impact limiters, install personnel
barrier, etc.). Upon receipt at the CSF, the impact limiters can be removed and the transport
cask can be transferred to a NUHOMS transfer trailer by a crane at the CHB. The NUHOMS
trailer can be towed to the storage area and the canisters can be transferred directly into
HSMs by the hydraulic ram on the NUHOMS trailer. HSMs are fabricated as components
that are shipped to an ISFSI and assembled for storage use. Therefore, the HSMs can be
disassembled at the shutdown plant site and shipped to the CSF to save the cost of fabricating
new HSMs at the CSF, if desired.

Rancho Seco uses the NUHOMS-24PT1 storage system for which the canister and its
MP187 transport cask are licensed for transport under 10 CFR Part 71. Rancho Seco
currently has one MP187 transport cask available on site. Impact limiters and a transport
cask rail skid will need to be fabricated. Three additional MP187 transport casks and
associated equipment should be procured to retrieve the 22 canisters at Rancho Seco. The
MP187 transport casks can be used at a later date in Phase 2 to retrieve 17 similar canisters
containing San Onofre Unit 1 UNF.

Kewaunee UNF will be stored on site in NUHOMS-32PT canisters and HSMs. The canisters
can be retrieved and placed directly into transport casks like the Ranch Seco canisters. To
date, Kewaunee has already loaded 8 canisters with 256 UNF assemblies and has placed
them into dry storage. The rest of the Kewaunee UNF is still in the SFP. Since Kewaunee
will not be shut down until 2013, the infrastructure to load canisters is still in place and is
likely to remain in place for some time. Dominion Energy estimates that the SFP will remain

" Note that once the impact limiters are removed, the transport cask is no longer configured to withstand a drop event. Thus,
lifts of a transport cask without its impact limiters installed will require a lifting system designed for single-failure-proof
lifts per NUREG-0612 or equivalent. Alternatively, drop events incorporating impact limiting devices under the cask could
be analyzed to show that the consequences are acceptable.
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operational for 7 years following shutdown, during which time the fuel will be transferred to
dry storage. Kewaunee has barge access and should be able to ship the transport casks via
waterway to an intermodal site in order to transfer the transport casks to railcars for shipment
to the CSF. At least five MP197HB transport casks should be procured to efficiently retrieve
the Kewaunee canisters plus the canisters at Oyster Creek (see next paragraph). These
transport casks can be used at a later date during Phase 2 to ship NUHOMS 61BT canisters
from Brunswick, Cooper, Duane Arnold, Monticello, Nine Mile Point, and Susquehanna.

The UNF from Oyster Creek will be stored on site in NUHOMS-61BT or 61BTH canisters
and HSMs. The canisters can be retrieved and placed directly into transport casks like the
Ranch Seco and Kewaunee canisters. The five MP197HB transport casks procured for
Kewaunee can also be used to efficiently retrieve the 78 canisters at Oyster Creek. Because
Oyster Creek will not be dismantled until after reactor shutdown in 2019, the facilities
necessary to lift heavy casks at the plant should remain in place long enough to load all the
canisters in transport casks onto a heavy-haul truck (HHT) trailer or barge (Oyster Creek has
no rail access) for shipping to a nearby intermodal site.

The remainder of the shutdown reactor sites (Big Rock Point, Haddam Neck, LaCrosse,
Maine Yankee, Trojan, Yankee Rowe, and Zion) use canisters stored in ventilated vertical
storage overpacks at their on-site ISFSIs. As discussed previously, it will be necessary to
employ temporary cranes and canister transfer facilities at these sites, to differing degrees, to
enable loaded canisters to be transferred from the storage overpacks to transport casks, and to
lift the loaded transport cask and impact limiters onto the railcar or heavy-haul vehicle in
preparation for shipment off site. Likewise at the CSF, cask handling equipment will need to
be in place to remove impact limiters, offload and upright the transport casks from the
railcar, transfer the canisters from the transport casks to a transfer cask, and transfer the
canisters from the transfer cask to a storage overpack so that they can be transported to a
storage pad. The steps in this process should be performed in a controlled environment, the
CHB, which will contain appropriately designed handling equipment to ensure an accidental
canister drop is not credible. Therefore, the canister transfer cells of the CHB must be
operational at this time.

Like Humboldt Bay and LaCrosse, Big Rock Point has fewer than 10 canisters and should be
considered one of the initial sites to target so that it can be quickly eliminated from further
retrieval operations. Big Rock Point has eight canisters currently at the ISFSI. One Fuel
Solutions TS-125 transport cask should be procured to remove the canisters. Since the Big
Rock Point DFSS is not used at any other plant site, the TS-125 transport cask cannot be
used for future UNF canister retrieval, but it could be used for future GTCC waste retrieval,
if desired, to maximize its use. Big Rock Point does not have any rail or barge access;
therefore, a mobile crane will be needed to lift the loaded transport cask(s) to a HHT trailer.
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Similar measures will need to be in place to transfer the transport cask(s) to a railcar at an
intermodal site for shipment to the CSF. The W150 vertical storage overpack manufactured
by Fuel Solutions at Big Rock Point is fabricated as three donut-shaped concrete segments
that can be disassembled and shipped to the CSF to save the cost of fabricating new
overpacks at the CSF, if desired.

The NAC MPC transportable storage canisters (TSCs) at Haddam Neck (Connecticut
Yankee), LaCrosse, and Yankee Rowe use a NAC-STC transport cask. These three sites
represent a total of 65 canisters. Four NAC-STC transport casks should be procured to
efficiently remove all the canisters from these sites. None of these sites have rail access, but
Haddam Neck and LaCrosse have barge access. Therefore, a temporary canister transfer
facility will need to be erected to transfer the canisters from the storage overpacks to
transport casks, and to load transport casks onto a HHT trailer or barge. An intermodal point
will also need to be in place to transfer the transport cask to a railcar for shipment to the CSF.

At least four NAC UMS-Transportation (UMS-T) transport casks should be procured to
make up a single train consist, which can efficiently retrieve the 64 canisters at Maine
Yankee. These transport casks can be used at a later date in Phase 2 to retrieve NAC
Universal MPC System (UMS) canisters at Catawba, McGuire, and Palo Verde. Maine
Yankee still has rail access; therefore, no intermodal transfer site will be required for that
site. However, a temporary canister transfer facility at the ISFSI site will be required to
transfer all the canisters from the storage overpacks to transport casks.

The canisters at Trojan are nine inches shorter than the standard Holtec-designed MPC and
will require HI-STAR 100 transport casks fitted with spacers for shipment. To accomplish
this, the seven HI-STAR 100 casks at Dresden and Plant Hatch, which are licensed for both
storage and transport, can be strategically retrieved through agreements with Exelon and
Southern Nuclear in order to start building a HI-STAR 100 transport cask fleet. Impact
limiters, spacers, and transport cask shipping skids would need to be procured. At the CSF,
the HI-STAR 100 overpacks containing Dresden or Hatch canisters can be offloaded and
moved to a transfer cell where the canisters can be transferred to Holtec International-
Storage and Transfer Operation Reinforced Module (HI-STORM) storage overpacks and
shuttled to a storage pad. Alternatively, arrangements could be made with Exelon and
Southern Nuclear to move the Dresden and/or Hatch canisters into HI-STORM overpacks for
continued storage at those plant ISFSIs, freeing up the HI-STAR 100 overpacks for
transportation use. The HI-STAR 100 transport casks fitted with appropriately sized spacers
can then be used to ship the 34 canisters at Trojan to the CSF. The Trojan canisters can then
be placed into storage in shorter height HI-STORM overpacks, or the TranStor concrete
casks could be shipped to the CSF for re-use. Trojan still has rail access; therefore, no
intermodal site will be required. The existing canister transfer facility located at the Trojan
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ISFSI, which was designed to permit transfer of a canister from a storage overpack into a HI-
STAR 100 transport cask, will be used to transfer all the canisters from the storage overpacks
to transport casks.

The projected 65 canisters at Zion will need at least four NAC MAGNATRAN transport
casks to efficiently ship the MAGNASTOR TSCs. These transport casks can be used later in
Phase 2 for shipping MAGNASTOR TSCs at McGuire, Catawba, and any other future
MAGNASTOR users. It should be noted that the MAGNATRAN transport package that will
be used to ship the UNF canisters from Zion Units 1 and 2 has not yet been licensed under 10
CFR Part 71. However, NAC has submitted an application to the NRC for Part 71
certification of the MAGNATRAN transportation package, which includes a MAGNASTOR
canister. That CoC is expected to be in place by the time all of the MAGNASTOR canisters
and concrete casks are deployed at the Zion ISFSI. Zion still has rail access; therefore, no
intermodal site will be required. However, a temporary canister transfer facility will be
required.

There are six DFSS models that use Holtec- or NAC-manufactured vertical storage
overpacks. These overpacks are partially fabricated off site as a steel shell and then shipped
to the site for concrete placement. Once on site, the shells are completed by either placing
reinforcement and cast-in-place concrete between a form and inner shell (i.e., NAC concrete
cask) or by filling the space between shells with concrete (i.e., HI-STORM overpack) to
complete the shield barrier. These finished overpacks could be shipped as
overweight/oversized loads via railroad to the CSF for reuse, if there are cost savings to be
achieved. A cost analysis would need to be performed to determine if it would cost less to
ship these finished overpacks to the CSF than it would to finish fabrication at the CSF and
simply dispose of the used overpacks at the plant sites.

Phase 1 will require fabrication of approximately 21 transport casks and retrieval of eight
existing transport casks.

3.2.1.5 UNF Retrieval Schedule

The stranded UNF can be moved from the shutdown plant sites to the CSF beginning the first
year of CSF operation, with most of the effort complete within 4 years from the current
shutdown sites and full completion in the sixth year of operation, with the CSF receiving
stranded UNF from Kewaunee and Oyster Creek as shown in more detail in Table 5.2-3.

3.2.1.6 Consolidated Storage Facility

CSF Requirements

A CSF designed to store UNF from the shutdown plant sites will need to receive, handle, and
store 11 different types of DFSSs, as shown in Table 3.2-3. All of these DFSSs are
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transportable, canister-type systems that will require similar types of equipment to process.
The CSF must consist of the following:
e Rail yards to receive incoming train consists and prepare for outgoing train consists

e A CHB that can offload transport casks and provide canister transfer operations for
vertical-type, canister-based DFSSs (except Humboldt Bay)

e A storage area with concrete storage pads to support the storage overpacks

e Support buildings, such as an office building, maintenance building, and security
building

e Various fenced areas to provide radiation and security protection

The latest DFSS FSARs that have been submitted to the NRC were reviewed to determine
the needs for CSF processing. Each of the DFSS FSARs and CoCs contain the general design
information for their respective DFSSs and associated equipment. Table 3.2-3 presents the
critical dimensions and weights of each DFSS.
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Table 3.2-3

Stranded UNF DFSS Dimensions and Weights

Dry Cask Canister e Transport Cask Ty Storage Overpack

g;osr;?ne oFss) | Model Height (in.) Dia. (in) (Losded) Model Height (in) | Dia. (in) }’I‘gght Loaded | Model Height (in.) (Lm’§ Wor D | yeight (bs) | Y9N bs)

(Ibs.) (Ibs.)

Fuel Solutions (Big Rock Point)

SFMS FS Canister 192 66 81,129 TS-125 210.4 94.1 285,000 366,129 W-150 230 138 253,200 253,200

Holtec International (Trojan and Humboldt Bay)

TranStor/MPC-24 MPC-24E/EF 190.3125 68.5 90,000 HI-STAR 100 203.125 96 153,710 243,710 HI-STORM 100S Ver. B 210.5 133.875 291,000 270,000

aig‘?l'sAR HB MPC-HB 114 68.5 59,000 HI-STAR HB 122 96 109,984 168,984 Same as transport cask

NAC International (Connecticut Yankee, Yankee Rowe, LaCrosse, Maine Yankee and Zion)

NAC-CY-MPC CY-MPC 151.75 79 51,766 NAC-STC 190.5 99 157,540 209,306 VCC (CY-MPC) 190.6 128 186,000 237,766

NAC-YANKEE- YANKEE-MPC 122.5 79 45,200 NAC-STC 190.5 99 157,540 202,740 VCC (YANKEE-MPC) 160 128 155,000 200,200

mig-MPC- MPC-LACBWR 116.3 70.64 54,650 NAC-STC 190.5 99 157,540 212,190 VCC (MPC-LACBWR) 160 128 141,200 195,850

hi((::Bl\JAlﬁS 24 NAC-TSC 191.75 67 72,900 UMS-T 209.3 92.9 153,500 226,400 VCC (NAC-UMS) 225.88 136 239,700 312,600

NAC-MAGNASTOR | TSC-37 191.8 72 102,000 MAGNATRAN 202 88 113,000 215,000 MAGNASTOR 225 136 321,000 326,000

Transnuclear (Rancho Seco, Kewaunee and Oyster Creek)

NUHOMS-24PT1 24PT-1-DSC 186.5 67 82,000 MP187 203 92.7 158,580 240,580 AHSM 247 101 320,000 320,000

NUHOMS-BZPT 32PT DSC 193 67 108,800 MP197HB 208 91.5 148,610 257,410 HSM-102 180 116.4 364,400 364,400

EEr:gMS-6lBT 61BT/61BTH-DSC 196 67 88,930 MP197HB 208 915 148,610 237,540 HSM-102 180 116.4 364,400 364,400
eries

Reference: Characteristics of Spent Fuel Storage Casks, http://www.nrc.gov/pbadupws.nrc.gov/docs/ML1025/ML102580285.pdf - 2010-09-26.
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CSF Site Layout

A 3D model view of the CSF is depicted in Figure 3.2-8. The site layout showing a CSF that
could store the stranded UNF is shown in Figure 3.2-9 and Figure 3.2-10. The principal
areas of the CSF consist of the Radiation Area (RA), where UNF is stored to limit personnel
access; an access-controlled security area, typically called a Protected Area (PA),
encompassing the RA where UNF shipments are received and processed; and the Owner
Controlled Area (OCA), encompassing the PA that consists of the CSF property boundaries.
These areas would be constructed under Construction Stage 1.

Figure 3.2-8
3D Model View of the Phase 1 Consolidated Storage Facility

| SHAW ENVIRONMENTAL & INFRASTRUCTURE, INC. | 3-41 | 3.0 CONSOLIDATED STORAGE FACILITY |




TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS
THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

This page intentionally left blank.

| SHAW ENVIRONMENTAL & INFRASTRUCTURE, INC. | 342 | 3.0 CONSOLIDATED STORAGE FACILITY |




5280' (1 MILE)

/ OWNER CONTROLLED AREA BOUNDARY

PERIMETER
L — ROAD

FLEET STORAGE YARD

-

FLEET MANAGEMENT
L [

RAIL INTERCHANGE SIDING YARD

W
=
=
>~ z
= L )
O @) o
&) <Z( I
il o
L
[
=z
<
>
=t
x
0o
<<
ow

NUISANCE

CASK
~ HANDLING

X BUILDING FIRE WATER
\‘\E 85 TANKS AND
PUMP HOUSE
e PR i e
|__— PROTECTED AREA BOUNDARY e e e - CONCRETE
BATCH PLANT
(FUTURE)
— ELECTRICAL /
‘ CONCRETE SUBSTATION| [\
800 UNF DELIVERY RAIL YARD / STAGING AREA BATCH PLANT /14
I | U.S. Department of Energy
['SECURITY

T SGLONG. ~ Shaw' Task Order #11
Ervenmentlk inlrostructure e Development of Consolidated

IS Lk o h& Storage Facility Design Concepts

7:J‘77 N CENTER ST
EMPLOYEE | CONSOLIDATED STORAGE FACILITY LAYOUT

\
\
\
\
\
\
\
\
\
\
\
\
| FENCE
‘ ]
\
\
\
\
\
\
\
\
\
\
\
\
\

PARKING
| FIGURE 3.2-9, STAGE 1 OVERALL CSF SITE LAYOUT

...\Drawings\CSF_3.2-9.dgn 1/9/2013 2:53:32 PM



TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS
THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

This page intentionally left blank.

| SHAW ENVIRONMENTAL & INFRASTRUCTURE, INC. | 3-44 | 3.0 CONSOLIDATED STORAGE FACILITY |




K NUISANCE FENCE

Z PROTECTED
AREA BOUNDARY

[T

‘OOOOOOOOOOOOOOOOO
OO0000O00000O0000OJ

‘OOO

[eXeXeXeXeXeJoJeoJoJoJoJoXeJeoXeoXe] OO0O000000000000O0

©O000000000000
©O00000000000

|
|
I H
|

[eXe]e]e)e)e)o)o)o)ofo)oYe o e o]e]

[eXeXe)
[eXe)e]

0000000000
0000000000

[e]eXe)e] ‘
Q000

OO0O00000000000O00Q
OO0O0O000000O00O0OJ

©0000000000000009 |ooooooooooooooooo
| DRY STORAGE PADS -

OOOO‘ ‘OOOOOOOOOOOOOOOOO
[eJe)e)e) k

\ DRY STORAGE PADS -
|w44 HORIZONTAL MODULES 241 VERTICAL OVERPACKS
X \\\~\\ VERTICAL CASK
| ~ TRANSPORTER
| ~ HAUL ROUTE
> O
RADIATION FIRE WATER
HORIZONTAL CASK AREA BOUNDARY S~ — — | CASK O
TRANSPORT TRAILER 4//////W S~ — ] HANDLING TANKS AND
PUMP HOUSE
HAUL ROUTE \ BUILDING
N~
| CONCRETE
! BATCH PLANT
\ (FUTURE)
[:::::::}Ezzzzzzzzzzzzzzf7T ELECTRICAL -
CONCRETE | SUBSTATION | | |
UNF DELIVERY RAIL YARD / STAGING AREA BATCH PLANT 4: il
S ‘ | !
PROTECTED AREA ‘ | }
K BOUNDARY | J—
| \
I < |
%: SECURITY ‘
T BUILDING !
K PERIMETER ROAD NUISANCE FENCE i (80'x120")
,,,,,,,,,,,,,,,,,,,,,,, N
Z OWNER CONTROLLED
OFFICE
AREA BOUNDARY SR -
(82'x152") — |
MTTTTTENTITI VISITOR'S
— CENTER
(56'x56")
\
\
EMPLOYEE ‘
P ARKING \
\
\

A U.S. Department of Energy
aw: Task Order #11

remm————_— Development of Consolidated
h‘ Storage Facility Design Concepts

CONSOLIDATED STORAGE FACILITY LAYOUT

FIGURE 3.2-10, STAGE 1CSF SITE FEATURES

...\Drawings\CSF_3.2-10.dgn 1/9/2013 2:55:32 PM




TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS
THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

This page intentionally left blank.

| SHAW ENVIRONMENTAL & INFRASTRUCTURE, INC. | 3-46 | 3.0 CONSOLIDATED STORAGE FACILITY |




TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS
THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

Radiation Area

The purpose of the RA is to limit personnel movements in the vicinity of the storage
overpacks and HSMs that house the UNF. The RA boundary would be designed to
encompass areas with a radiation dose rate of 5 mrem/hr. or more in accordance with
10 CFR 20.1902 and 10 CFR 20.1003. A commercial ISFSI site may not require such a
radiation zone due to the low dose of each storage overpack. However, during Phase 1 the
CSF will house hundreds of storage overpacks such that the expected dose rate could
potentially exceed five mrem/hr in the cask array. The UNF storage pads and a portion of the
CHB, as well as areas of major UNF activities, would be located within the RA. The RA
would expand in size as the number of storage pads increases to accommodate more UNF.
The boundary of the RA would consist of a chain-link fence with gates requiring authorized
access.

Protected Area

The purpose of the PA is to prevent unauthorized persons from entering the CSF where UNF
is processed and stored in accordance with 10 CFR Part 73. The PA provides physical
protection of UNF and consists of an area large enough to encompass the CSF rail yards,
CHB, and storage pads. The PA would expand in size as required to accommodate new
storage pads. As a minimum per 10 CFR Part 73, the PA would be bounded by a chain-link
security fence with a 20-foot isolation zone on either side of the fence, a chain-link nuisance
fence to prevent entry into the outer isolation zone, an intrusion detection system (IDS) to
detect any unauthorized entry into the outer isolation zone, closed-circuit television (CCTV)
cameras and yard lighting to assess IDS alarms, and a vehicle barrier system to prevent any
unauthorized vehicle entry into the PA. Additional fences and features could be added to
enhance the capability of the PA boundary. A Central Alarm Station (CAS) and Secondary
Alarm Station (SAS) where security staff would monitor access to the SA and control all
CSF activities would be located somewhere within the PA. Additional details regarding
features of the CSF security are provided in Section 4.0.

Security equipment is typically powered from normal off-site power supplies. However, in
the event of a loss of off-site power, an Uninterruptable Power System (UPS) consisting of
batteries would be used to provide seamless power to all electronic security equipment. The
UPS and site lighting (as well as other CSF-important functions) would be backed up by an
emergency diesel-powered generator located within the PA.

Access to the PA would be controlled at the security building where all incoming persons
would be screened to ensure no unauthorized personnel or materials are brought into the site.
The PA boundary would also need to contain at least one vehicle gate or sally port large
enough to accommodate either a truck or a train of railcars loaded with UNF transport casks,
where they would be inspected prior to entry.
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The rail yard and the CHB would be located within the PA.

Owner Controlled Area

The purpose of the OCA s to establish a minimum distance of 100 meters (328 feet) from
storage and handling operations to the owner-controlled boundary in accordance with
10 CFR 72.106. The site property boundary typically serves as the OCA boundary. To
illustrate land usage for the CSF through the various phases, a 1-square-mile perimeter is
established around the site to serve as the OCA or property boundary. All CSF functions are
contained within this boundary. The storage area for a fully built out CSF will require
approximately 0.51 square miles. Adding a railroad yard, structures and other features will
require a similar amount of land. Note however, that the actual land requirements for the
CSF could exceed the 1 square mile perimeter depending on the needs desired for the site.

The Office Building, Parking Area, and Visitors Center is shown just outside the OCA and
PA. The Cask Maintenance Facility and Fleet Management Facility could be located near the
site or anywhere between the CSF and mainline access point. They are shown next to the
CSF in Figure 3.2-9 for convenience.

CSF Principal Features and Descriptions

The principal features of the CSF required for Phase 1 include the storage pads, rail yards, a
CHB, security building, maintenance building, and office building. The site will also include
a number of other utilities and structures, electrical switch gear and transformers, chillers,
mechanical cooling towers, a fire suppression system, underground utilities, meteorological
tower, security equipment, yard lighting, a concrete batch plant, drainage structures and
systems, etc. Depending on the location and cost versus benefit, solar panels or other “green
energy” LEED-certified components could be employed to enhance the site. A Visitors
Center at the CSF could also be constructed to allow the public to learn and understand the
purpose of the CSF.

Storage Pads

The CSF would have reinforced concrete storage pads to support all of the vertical storage
overpacks and horizontal storage modules that are loaded with UNF canisters. The storage
pads are designed to ensure adequate safety and to mitigate the effects of site environmental
conditions, natural phenomena, and accidents in accordance with 10 CFR Part 72. This
includes stability and liquefaction prevention under earthquake conditions and settling over
the life of the facility.

A typical storage pad design is a 2.5- to 3-foot-thick reinforced concrete slab with
longitudinal and transverse horizontal reinforcing bars each way at the top and bottom of the
pad. Vertical storage overpacks and storage pads are designed so that under any condition,
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the storage overpack cannot tip over. However, since tip-over is a hypothetical accident that
is considered, the pads are often designed with lower-strength concrete so that they would
provide a soft landing in the event a vertical-type storage overpack tipped over, in order to
minimize the deceleration of the overpack and UNF and ensure their integrity.

The size of the storage pad depends on the type of storage system (horizontal or vertical), the
number of storage units to support, and the shape and limitations of the physical space where
the pad is to be placed. Horizontal storage systems use a concrete module with a rectangular
footprint, while vertical storage systems use a concrete or steel cylinder-shaped overpack that
stands on end.

The horizontal modules are placed on a storage pad in a row and require an apron in front of
the modules so that the transfer trailer and transport cask can be maneuvered to line up with
the module and the canister can be pushed into and pulled out of the module with a hydraulic
ram. The modules are approximately 10 feet in width by 21 feet in length so that a storage
pad approximately 100 feet long could support 10 modules placed side by side. These
systems use concrete end shield walls 2 to 3 feet thick to reduce radiation; therefore, a
storage pad supporting 10 modules would actually need to be at least 4 feet longer. A transfer
trailer is 22 feet long, so the apron needs to be approximately 25 feet wide to allow the trailer
to be evenly supported. The trailer requires a tow vehicle, so the space in front of the
modules (apron plus access path) must be even wider. Transnuclear has stated that a distance
of 50 feet is desired. In theory, a single, very large pad could be used to support all the
modules. However, due to ground elevation irregularities and construction limitations,
multiple smaller pads are often the general practice. For this report, a storage pad sized for a
double row of modules (back-to-back) is assumed to be 306 feet long (30 modules with 2 end
shield walls) by 42 feet wide, with two adjoining aprons, one on each side of the storage pad,
that are each 25 ft wide and 306 ft long. For efficiency, HSMs are placed back-to-back so
that modules back up to each other to provide additional shielding at the back of the
modules, while the aprons create a total width of 50 feet between module faces to allow
room for the transfer trailer to maneuver in either direction (see Figure 3.2-11).
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Figure 3.2-11
Horizontal Module Storage Pad
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The vertical storage overpacks are typically placed on a storage pad in a regular array
(2 by 10, 4 by 8, 7 by 9, etc.). Any array wider than two overpacks prevents a VCT from
ready access to all the overpacks. Many reactor sites with very limited space use high-density
arrays when real estate is unavailable. If a canister or overpack located away from the outer
edge of the array had a problem, the VCT would need to remove a few overpacks to access
the inner overpack. Since no canister to date has experienced a leak, this scenario has little
risk. However, given adequate real estate, it is preferred to group the overpacks in arrays no
wider than two (in a “two by N” pattern) so that they are all readily accessible. Additionally,
this allows ready access to the canisters once a geological waste repository has been opened.
An overpack requires a prescribed spacing from adjacent overpacks for heat rejection and
must be located far enough from the adjacent overpacks so that a VCT can maneuver
between overpacks. Overpacks are typically spaced from 14 to 18 feet center to center.
Therefore, the quantity of concrete in the storage pad per overpack is roughly the same
regardless of the array size or configuration. For this report, a storage pad sized for an array
of 2 by 17 overpacks spaced 18 feet apart center to center (typical maximum spacing) is 306
feet long by 36 feet wide with a total capacity of 34 overpacks. Storage pads are spaced at
least 40 feet apart to provide ample room for VCT travel and turning between pads (see
Figure 3.2-12).
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Figure 3.2-12
Vertical Overpack Storage Pad
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For Phase 1, the total storage area capacity inside the RA must accommodate 384 storage
overpacks and horizontal modules for the stranded UNF and GTCC comprised of 143
horizontal storage modules and 241 vertical storage overpacks (235 vertical concrete casks
and 6 bolted lid, unventilated metal overpacks). UNF and GTCC waste from the current fleet
of shutdown plants sites is comprised of 263 of these units and 121 more are required for
Oyster Creek and Kewaunee UNF and GTCC waste. Three horizontal-type DFSS storage
pads are required using the horizontal-type DFSS pad model that support 60 modules each.
Eight vertical-type DFSS storage pads are required using the vertical-type DFSS storage pad
model that can accommodate up to 34 overpacks each.

Horizontal transport trailers and VCTs are necessary to move the horizontal transport casks
and storage overpacks loaded with canisters from the CHB to the storage pads. For stranded
UNF operations (Phase 1), at least one of each kind is required, although two of each should
be procured so that breakdowns and routine maintenance activities do not inhibit UNF
canister processing throughput. While the storage pads for horizontal storage modules have
concrete aprons that extend between the sides of the pads, the access roads around the
storage pads for vertical storage overpacks, and the access roads around the ends of the
storage pads for horizontal storage modules, would be surfaced with compacted structural
gravel and be wide enough to accommodate travel of a horizontal transport trailer or a VCT
(approximately 30 feet).

There are other transporters that have been produced in the last few years that can transport
and align the NUHOMS casks to the HSM in much less space than 50 feet, such as the
WheelLift transporter. This transporter is unique in that it is self-propelled, can travel in any
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direction (including side-to-side or diagonal) and is radio-controlled so that the operator can
drive the transporter at a distance using remote controls to minimize radiation exposure. If
the CSF utilizes this type of transporter, the storage aprons for NUHOMS HSMs can be
constructed with a smaller footprint to save concrete costs.

There are at least three manufacturers of VCTs: (1) JR Engineering, (2) Lift Systems, and (3)
Kone Cranes. These transporters are shaped like a horizontal fork with a lifting mechanism,
designed to straddle the vertical overpack, lift it slightly above the ground and transport it to
its destination. These transporters are extremely versatile. They are self-powered and can
move forward, backward, and auto-rotate in place to put storage overpacks precisely where
necessary. The operator sits on the fork frame either in front of or behind the vertical storage
overpack to guide it to its destination. The VCTs can be either tracked or wheeled.

All transporters travel very slowly with top speeds typically around 1 mile per hour (mph).
This ensures maximum safety of the UNF container being transported so that it does not
drop, tip over, run away, or perform any other movement that is not strictly controlled.
Transporters also can require considerable maintenance due to the significant loads they must
lift and move, and because they have both a diesel engine and a hydraulic system, as well as a
number of mechanical and electrical parts and control systems. It is very likely that near-
continuous use at the CSF will require more robust designs than are currently used.

Rail Yard

The purpose for the rail yard is to provide adequate railcar storage for incoming and outgoing
UNF train consists, and access to the CHB and the Cask Maintenance Facility (CMF). The
rail yard must be designed to allow flexibility for maneuvering locomotives, transport cask
railcars, buffer cars, and escort cars. The rail yard shown in Figure 3.2-10 shows five siding
tracks comprised of two inbound sidings, two outbound sidings, and one miscellaneous
siding to sort cars. This configuration was laid out to accommodate three to four inbound
trains arriving the same week due to variations in the schedule (trains may arrive in a cluster
instead of uniformly staggered). A smaller yard configuration (one inbound and one
outbound siding, each designed with a capacity for two trains) could be built initially to
accommodate Phase 1 shipments only to reduce the initial CSF capital cost.

The yard siding tracks must have a capacity for one or more train consists. Each train consist
is expected to have one or two locomotives, up to five UNF transport cask cars, two buffer
cars, and one escort car (see Figure 3.2-13, with five cask cars in place of the three cask cars
shown in the figure).
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Figure 3.2-13
UNF Train Consist

For the purposes of this study, the double-bolster depressed-bed railcar developed by Private
Fuel Storage (PFS) and tested by the American Association of Railroads is used as the basis
for the CSF. This railcar was specifically designed with newer railcar components that enable
it to travel on mainline routes at regular mainline speeds. This railcar is 88 feet long by
9 feet, 4 inches wide and has a capacity of 150 tons. The deck would be approximately 30
inches above the floor of the CHB (see Figure 3.2-14).
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Figure 3.2-14
UNF Cask Railcar
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The maximum weight of the transport cask with impact limiters and shipping cradle on the
railcar is approximately 142 tons, which would be within the allowable load for a 150 ton-

railcar.

The estimated lengths and weights of each railcar are shown in Table 3.2-4.

Table 3.2-4
UNF Train Consist Car Data
Quantity Weight Height Overall Truck Center Axle Total
: : from Top Length .
Unit per (estimated) of Rail | (estimated) Length Spacing | Number
Consist (tons) . (estimated)(ft.) | (ft.-in.) of Axles
(ft-in.) (ft.)
Locomotive | 2 200 15-6" 75 50 6-10" 6
4000 HP
Cask Car 5 195 15-0" 88’ 12’ (bolster) 5-10” 8
Buffer Car 2 40 40" 54 40 6-0" 4
(excluding
ballast)
Escort Car 1 85 <15-6" 85’ 60’ 8-6" 4

Based on this information, one train consist would be approximately 783 feet long. The
miscellaneous and shortest outbound siding has a length that can accommodate a single train
consist. The longer outbound track can accommodate two train consists, the shortest inbound
track can accommodate three trains consists, and the longest inbound track can accommodate
up to four train consists. This arrangement is suitable for a CSF undergoing maximum
projected full operations (all four phases in operation). The yard layout assumes No. 9
turnouts (rail switches), which are smaller than mainline turnouts, but typical for industrial
applications.
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Cask Handling Building

The purpose of the CHB is to accommodate the transfer of transport casks from railcars to
transfer trailers (horizontal-type DFSSs) and the transfer of canisters from transport casks to
storage overpacks (vertical-type DFSSs). The building will also provide physical protection
of the canisters and radiation shielding to the workers. The CHB will include 2 rail bays, 1
truck bay, a 200-ton overhead bridge crane, 2 canister transfer cells, a laydown area for
impact limiters, personnel barriers, and a holding area for up to 2 train consists (10 loaded
transport casks) awaiting canister transfer (see Figure 3.2-15 and Figure 3.2-16). A 3D
model view of the CHB is shown in Figure 3.2-17. The CHB would be a reinforced concrete
structure with thick walls to protect all UNF casks, canisters and overpacks, and cask-
handling equipment housed within the building from the effects of earthquakes, tornado
winds, tornado-generated missiles, fire, and explosions in accordance with 10 CFR 72.122.

Specific CHB functions include the following:
e Provide single-failure-proof crane capability to offload or load UNF transport casks
from railcars or truck trailers.

e Provide a radiation shielded area with the equipment to perform canister transfer
operations.

e Provide weather, tornado, and earthquake protection for transfer operations.

e Provide laydown space for impact limiters, personnel barriers, and associated
components.

e Provide a staging area for loaded transport casks awaiting canister transfer operations.

e Provide the support structure for the single-failure-proof crane.

The CHB has three bays comprised of two railcar bays and one truck bay. The railcar bays
enable offloading of up to two transport casks from railcars (or loading of empty transport
casks). The truck bay is primarily used for transferring a NUHOMS transport cask from a
railcar to a NUHOMS trailer, which is truck-towed. The truck bay would also accommodate
incoming supply shipments to the CSF by truck.
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To offload (or load) transport casks from the railcars, the CHB would contain a single-
failure-proof overhead bridge crane. The crane should have a capacity of at least 200 tons to
be able to safely lift a transport cask fitted with impact limiters and the cask cradle. Normal
operations would typically remove the impact limiters before offloading the cask, but there
always is the potential of some mishap that requires off-normal lifting. The crane would have
three primary functions as follows:

1. Removal of the transport cask personnel barrier and impact limiters from the railcar
and placement to a pallet where they can be rolled into short term storage

2. Offloading and uprighting of a vertical-type DFSS transport cask to the canister
transfer area

3. Transfer of a horizontal-type transport cask from the railcar to a NUHOMS transfer
trailer at the truck bay

The crane would be designed as single-failure-proof in accordance with ASME NOG-1 so
that it could perform its intended functions under all loading conditions, including off-normal
and accident conditions, without dropping a load. It would also be designed to withstand any
seismic loads to ensure it would remain in place and support the load during and after an
earthquake.
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Figure 3.2-17
3D Model View of the Cask Handling Building

The CHB would be designed to provide radiological shielding during canister transfer
operations. A portion of the building is divided into two canister transfer cells where canister
transfer operations between a transport cask and a storage overpack are performed for
vertical-type DFSSs. The cells are surrounded by concrete shield walls that would be
designed to limit the radiation doses from the canister transfer operations to personnel
outside of the cell. One cell could handle a throughput rate of one canister transfer every
other day, but two cells are provided for times when several shipments arrive at the CSF in
the same week or if one of the cells is unavailable for some reason.

Because the CSF must perform canister transfer operations every week, it is recognized that
consistency while performing the activity will ensure safety, save time, and reduce radiation
doses. For horizontal-type systems, canister transfer occurs at the storage pad and is well
understood based on significant industry experience with this activity. For vertical-type
systems, processing several different DFSSs would be cumbersome at best. Rather than
employ individual transfer casks, lifting yokes, and associated handling equipment from each
system, it is preferred to establish a fixed canister transfer vessel that can perform the
canister transfer operation for all storage systems processed through the CSF. See a 3D
model cutaway view of the transfer operation in Figure 3.2-18.
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Figure 3.2-18
3D Model Cutaway View of the Canister Transfer Cell and Vessel

While such a system is not absolutely necessary for processing stranded UNF canisters alone,
it would become invaluable once full-scale canister processing operations occur. Therefore,
within the CHB, two canister transfer cells are provided with a number of components that
will ensure canister transfer process consistency.

First, the overhead crane will not be used for further canister transfer operations. This frees
up the overhead crane for offloading impact limiters, placing the incoming transport casks
onto the shuttle carts, and transferring NUHOMS transport casks to the horizontal transport
trailer. If the overhead crane was required for canister transfer, then two cranes would be
necessary to meet the required throughput. Limiting overhead crane use also allows the crane
span to be relatively short since it does not need to span the transfer cell.

Second, the lid to the transport cask (and the storage overpack outside the building) would be
removed using a wall-mounted jib crane sized for the lid weight, and the lid would then be
stored temporarily outside of the transfer cell. This keeps the transfer cell area free from lids,
which consume valuable floor space.

Third, both the transport cask and storage overpack would be moved into and out of the
transfer cell with rail-guided shuttle carts that would keep the casks on a prescribed path and
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enable the transfer cell to be fully enclosed to limit radiation dose exposure. If a building
overhead crane were used, the top of the cell would need to be open, introducing unnecessary
radiation doses.

Finally, and most importantly, a universal transfer cask or “sleeve” (open on top and bottom)
could be positioned on the floor above to roll over a hole located directly above the transport
cask and storage overpack to retrieve and place (raise and lower) the canister. The transfer
sleeve would be rail-guided and operate remotely. It would be constructed with a steel and
lead gamma shield and neutron shield, like any other transfer cask, so as not to preclude
personnel from being near it when it contains a UNF canister. But it could operate remotely
to vastly reduce radiation doses to personnel during canister transfer operations. Reactor sites
can contend with the higher radiation doses associated with personnel performing activities
in the vicinity of their transfer casks because canister transfer is an occasional activity.
However, the CSF will be performing this activity every other day (on average), so it is
essential that the canister transfer radiation doses are mitigated to the maximum extent
possible.

To prevent radiation streaming, a shielding collar designed to fit each cask design could be
placed on the cask and used to close the gap at the cell ceiling, or a shielding curtain could be
mounted to the ceiling of the transfer cell that could be lowered over the casks during
canister movements. The use of the transfer sleeve would also eliminate the cask “stack-up”
configuration, in which the transfer cask is placed on top of a storage or transport cask to
facilitate canister transfer between the casks. The issue of stacked cask stability during a
seismic event is eliminated with use of a transfer sleeve. Some reactor sites have had to
install elaborate seismic restraints or cages to ensure cask stack-up stability and prevent a tip-
over event. Erection of these components can extend the duration of canister transfer
operations for several hours. Use of such equipment at a CSF with ongoing canister transfer
operations would be cost-prohibitive. A single-failure-proof hoist would be mounted to the
top of the transfer sleeve to raise and lower the canisters.

The CHB would include a laydown storage area where impact limiters removed from
transport casks could be loaded onto pallets by the overhead bridge crane and stored until
reuse. Impact limiters are approximately 10 feet in diameter. Receipt of several transport
casks could quickly tie up storage space, so consideration should be given to stacking two
impact limiters on a pallet to conserve space.

The CHB would also include a holding area for several loaded transport casks awaiting
canister transfer. This is because it is anticipated that up to four trains could arrive at the CSF
during the same week. The holding area would allow the loaded transport casks to be
removed so that the railcars could be loaded with empty transport casks and returned to

| SHAW ENVIRONMENTAL & INFRASTRUCTURE, INC. | 3-63 | 3.0 CONSOLIDATED STORAGE FACILITY |




TASK ORDER NO. 11 - DEVELOPMENT OF CONSOLIDATED STORAGE FACILITY DESIGN CONCEPTS
THE DEPARTMENT OF ENERGY — OFFICE OF NUCLEAR ENERGY

service. Section 5.0 of this report has shown that cask loading at the reactor sites could take
considerable time, so it is important to get the railcars back into service as soon as possible.

A backup diesel-powered generator would be located somewhere near the CHB to provide
backup power for the crane, equipment important for safety activities, and future electrical
loads (such as UNF pool cooling systems). This diesel-powered generator would be separate
from the security building’s diesel-powered generator in order to keep their functions
separated.

Security Building

The purpose of the security building is to provide the access point for entry into the PA and
to house the security force personnel for the CSF. The security building would be located at
the entrance to the PA. The security building would also house security records and security
equipment, as well as communications and electrical equipment required for the operation of
security systems. The backup diesel-powered power generator for security equipment would
be located further inside the PA at a location central to the security system’s needs.

Perimeter Intrusion Detection and Assessment System

The CSF Perimeter Intrusion Detection and Assessment System (PIDAS) will be installed
during the Construction Stage 1. The PIDAS installation will include site lighting, security
cameras, vehicle portals, and design features to permit staged construction inside the security
fence while minimizing impacts on CSF operations. Construction Stage 1 will include a
Central Alarm Station (CAS) and a Secondary Alarm Station (SAS) sized to accommodate
all equipment and operating space required for all Phases of operations.

Fleet Management Site

The Fleet Management Site will consist of a Fleet Management Facility (FMF), a Cask
Maintenance Facility (CMF), and outdoor storage areas for rolling stock, truck cask trailers,
and transport casks. The structures and associated infrastructure on the Fleet Management
Site will be constructed during Construction Stage 1. Refer to Section 5.4 for the details of
the Fleet Management Site.

Balance of Plant

The balance of plant equipment and systems, including fire protection, potable water,
sanitary drains, electrical power and distribution, diesel fueling station, and communications,
are included in Construction Stage 1. Construction Stage 1 will also include a concrete batch
plant and concrete trucks. The local batch plant will provide a quality source of concrete for
all stages of CSF construction.
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Office Building

The purpose of the Office Building, located just outside the PA, would be to house all
personnel not required for operations inside the PA. This would include management,
administrative, engineering, licensing, and health physics personnel. In addition, the Office
Building would house the facility records management center.

Visitors Center

If desired, a Visitors Center could be constructed outside the PA to allow members of the
public to view the facility from a distance and learn about its operations. The center could
include visual displays and information providing opportunities for the DOE to educate
visitors of the importance of the facility. The Visitors Center could also include a large
lecture room for meetings open to the public.

3.2.1.7 Operation Description

The following sections describe the operating steps for receiving transport casks, transferring
canisters from transport casks to vertical storage overpacks and horizontal storage modules,
UNF storage surveillance, and transport cask maintenance.

Shipment Receipt, Handling and Placement into Storage

The steps for receiving, handling, and placing into storage a DFSS are shown in Table 3.2-5
and Table 3.2-6. The tables also show the staff requirements and anticipated radiological
dose associated with each step.

Table 3.2-5
Operation Steps at the CSF for a Horizontal DFSS
L Dose Dose
Timein Area
Number | Task (man- (man-
. . Dose Dose
Operation Step of Duration mrem) mrem)
Area Rate .
People | (hours) Bounding Normal
(hours) (mr/hr) .
Value Operation
Move NUHOMS trailer to CHB 2 0ps 0.5 0.5 0 0.0 0.0
truck bay.
Move loaded railcar under CHB | 2 Ops 0.5 0.5 0 0.0 0.0
awning.
Measure dose rates on railcar 2 Ops 0.5 0.25 5 25 0.7
and perform receipt inspection. 1HP 0.25 5 13 0.3
Move railcar into CHB. 30ps 0.5 0 0 0 0
Remove personnel barrier using | 2 Ops 0.5 0.5 5 5.0 14
CHB crane.
Measure dose rates and perform [ 1 HP 0.5 0.5 10 5.0 14
contamination survey.
Remove impact limiters and 2 Ops 15 15 5 15.0 4.1
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L Dose Dose
Time in Area
Number | Task (man- (man-
. X Dose Dose
Operation Step of Duration mrem) mrem)
Area Rate .
People | (hours) (hours) (mrfhr) Bounding Normal
Value Operation
tiedowns using CHB crane.
Place impact limiters on pallet
and roll into storage.
8.  Sample enclosed cask gas. If ok | 1 Ops 0.5 0.5 25 12.5 34
vent gas. 1HP 0.5 1 0.5 0.1
9. Install trunnions and place 2 0.5 0.5 200 10.0* 2.7*
slings.
10. Raise transport cask up off of 20P 0.5 0.5 152 152 415
railcar and transfer cask to 1HP
NUHOMS trailer using CHB
crane.
11. Move transport cask to open 2 Ops 2 0 0 0.0 0.0
HSM, positioning in close
proximity.
12.  Remove transport cask lid. 2 Ops 1 1 68 136.0 871
1HP 0 68 0.0 0.0
13. Alignand dock the caskupto | 20ps | 0.25 0.25 87 435 119
HSM. 1HP 25 6.3 1.7
14. Position and align ram with 20ps |05 05 173 173.0 412
transport cask. 1HP 0 0 0.0 0.0
15.  Remove ram access cover plate | 1 Ops 0.25 0.25 21 5.3 14
and connect ram to canister
grapple ring.
16. Transfer canister from transport | 3 Ops 0.5 0.5 0 0.0 0.0
cask to HSM.
17. Retract ram from the canister 2 Ops .083 .083 29 4.8 13
and undock cask from HSM. 1HP 0 0 0.0 0.0
18. Install HSM front access door 10ps 0.5 0.5 21 10.5 29
and install vent duct shields, 1HP 0.0 0.0

screens, and temperature
monitoring instrumentation..

Source: MP197 FSAR and NUHOMS HD System FSAR.
Evolution time: 9.33 hours.

Total Dose per single operation, Bounding Value: 583.1 person-mrem.

Total Dose per single operation, Normal Operation: 159.0 person-mrem.
*Note: Dose lowered by installing transport cask trunnions with manipulator arm located in the CHB rail bay.
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Table 3.2-6

Operation Steps at the CSF for a Vertical DFSS

Time in Area Dose Dose
Number | Task (man- (man-
. . Dose Dose
Operation Steps of Duration Area Rate mrem) mrem)
People | (hours) 5years 15 years
(hours) (mr/hr)
cooled cooled
1. Remove lid from an empty 2 Ops 1.0 0 0 0.0 0.0
storage cask and position in
canister transfer area.
2. Move loaded railcar to cleaning | 1 Ops 0.25 0 0 0.0 0.0
awning.
3. Measure dose rates and perform | 2 Ops 0.27 0.25 14.1 7.1 22
receipt inspection. 1HP 0.25 35 11
4. Move railcar into CHB. 30ps 0.5 0 0 0.0 0.0
5. Remove personnel barrier using | 2 Ops 0.17 0.17 215 7.3 2.3
CHB crane.
6. Measure dose rates and perform | 1 HP 0.02 0.02 215 04 0.1
contamination survey.
7. Remove impact limiters and 2 0ps 0.37 0.37 14.1 10.3 33
tiedowns using CHB crane. 1HP 0.37 1 04 0.1
8.  Upright transport cask. 2 Ops 0.33 0.33 9.0 5.9 19
1HP 0.33 30 1.0 0.3
9. Sample enclosed cask gasand | 10Ops 0.01 0.01 7.1 0.1 00
vent. 1HP 0.01 71 0.1 0.0
10. Transfer transport cask to a 30ps 0.5 0.5 9.0 13.5 43
shuttle cart using CHB crane.
11. Remove transport cask lid using | 2 Ops 0.75 0.75 7.1 10.7 34
wall mounted jib crane. 1HP 0.0 0.0
12. Install lifting hardware on top of | 2 Ops 0.75 0.75 339.84 51.0* 16.2*
canister. 1HP 0.0 0.0
13. Install Shielding Collar. 2 0ps 0.17 0.17 7.1 24 08
1HP 0.17 71 12 0.4
14. Move loaded shuttle cart to 20ps | 025 0.25 71 36 11
Canister Transfer Cell. 1HP 0.25 7.1 118 0.6
15.  Check and adjust cask 2 Ops 0.25 0.25 7.1 3.6 11
alignment, if necessary,
matching transfer sleeve to top
of Shielding Collar.
16. Lift canister out of transport cask | 2 Ops 0.7 0.7 7.1 9.9 32
up into transfer sleeve. 1HP 0.7 7.1 5.0 1.6
17. Move transfer sleeve to opening | 2 Ops 0.25 0.25 7.1 3.6 11
above storage overpack. 1HP 0.25 7.1 118 0.6
18. Lower canister into storage 2 0ps 0.5 0.5 7.1 7.1 23
overpack below. 1HP 0.5 7.1 136 11
19. Remove lifting hardware from 2 Ops 0.17 0.17 487.4 16.6* 5.3*
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o Dose Dose
Timein Area
Number | Task (man- (man-
. X Dose Dose
Operation Steps of Duration Area Rate mrem) mrem)
People | (hours) (hours) (mrfhr) 5 years 15 years
cooled cooled
top of canister.
20. Move shuttle cart outside CHB. 10ps 0.17 0.17 7.1 12 04
21. Install lid on top of storage 2 Ops 0.48 0.48 7.1 46.8 2.2
overpack.
22. Move VCT out to cask pad. 10ps 0.67 0.67 69.7 46.7 14.9
23. Place storage overpack on pad 10ps 0.55 0.55 122.7 67.5 215
and install vent duct shields,
screens, and temperature
monitoring instrumentation..

Source: HOLTEC HI-STORM FSAR.

Evolution time: 10.36 hours.

Total Dose per single Operation, 5 years cooled: 293.2 person-mrem.
Total Dose per single Operation, 15 years cooled: 93.3 person-mrem.

*Note: Dose lowered by using manipulator arm for installing and removing hardware on the top of the canister just outside the
transfer cell.

Surveillance

All incoming transport casks and cask railcars would require an inspection and swipe
samples upon arrival at the CSF to determine if there is any radioactive contamination. In the
event contamination above the acceptance criteria is discovered, the transport cask or railcar
would be decontaminated in the CHB weather enclosure. Any equipment that handled the
canisters would also need radioactive contamination surveillance after each canister transfer
operation to maintain ALARA conditions.

Canister-based dry storage systems are passively cooled and therefore have minimal
surveillance requirements. The storage overpack or module employs top and bottom air vents
and dissipates heat by the vertical distance between the vents (stack effect). Therefore, it is
required that the vent screens be inspected daily to ensure they are never blocked. Some
ISFSI sites use a temperature monitoring system that can remotely monitor the thermal
performance of the storage system that, in effect, accomplishes the same task as inspecting
the vent screens.

At an ISFSI at a reactor site, vent inspection is not too difficult because of the few overpacks
or modules that require inspection. However, vent inspection at a site such as the CSF, which
would store thousands of storage overpacks or modules, would be a daunting task. Therefore,
the CSF would need to use a temperature monitoring system for storage system performance
surveillance. A remote system would also effectively reduce dose received by lowering the
amount of time workers would be in the RA.
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The purpose of the temperature monitoring system is to provide continuous surveillance of
each storage system’s temperature to ensure proper operation. For vertical systems, the
cooling air temperature rise through the cask is measured, while concrete temperature is
typically measured for the horizontal systems. In the event that the temperature acceptance
criterion is not met, an alarm would inform personnel of a potential cask temperature
problem (i.e., vent blockage). Vent blockage would result in an increase of the cooling air
temperature or concrete temperature over several hours, which would give operations
personnel time to assess and resolve the problem.

The CSF would also utilize direct radiation monitors and thermo-luminescent dosimeters
(TLDs) to ensure safe working conditions for on-site personnel and the general public
outside the CSF property. The purpose of the direct radiation monitors would be to detect
and alarm any high radiation conditions in the storage area or CHB. The purpose of TLDs
would be to record radiation doses received at the RA boundary fence and OCA boundary
fence. Since the canisters are welded closed, airborne monitors are unnecessary. However,
airborne monitors would likely be used to assure that no airborne radioactivity is present
during canister transfer operations in the CHB even though the canisters are sealed.

Maintenance

Routine maintenance would be performed on transport casks and railcars. Minor
maintenance or repair activities would be conducted at the CMF and FMF. If extensive
maintenance or repair activities are required, they may need to be performed at an off-site
vendor facility.

No special contamination control measures are anticipated for repair or maintenance
activities since the UNF is contained within sealed canisters. Likewise, canisters, storage
overpacks, and storage modules are passive; therefore, there are very little maintenance
requirements other than occasional inspections to ensure surfaces, such as paint or concrete,
are not chipped or damaged from environmental conditions. The temperature monitoring
system will also require normal maintenance and occasional replacement of components.

There would also be maintenance requirements on equipment throughout the CSF. Major
components requiring ongoing maintenance would include the CHB overhead bridge crane,
canister transfer equipment, cask transport vehicles (NUHOMS transfer trailers and vertical
cask transporters), heavy-haul tow vehicles, backup diesel-powered generators, temperature
monitoring equipment, fire protection equipment, etc. The maintenance would need to be
performed in accordance with manufacturer’s standards.
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3.2.2 Phase 2—Transportable Canisters

3.2.2.1 Phase 2 Overview

Currently, nearly all commercial plant sites utilize transportable canisters at their ISFSIs.
Transportable canisters are components of those DFSSs that are licensed for both storage
under 10 CFR Part 72 and transportation under 10 CFR Part 71, either with the same
overpack used for storage or in a separate transport cask. These canisters are referred to as
DPCs. Nearly all plants storing UNF at an on-site ISFSI currently use DPC-based systems
and the few remaining sites yet to build an ISFSI plan to use DPC-based systems. As of mid-
2012, approximately 11,200 MTU of UNF is stored in 979 DPCs of various designs that are
already licensed for transportation under 10 CFR Part 718, which represents approximately
59 percent of the total UNF in dry cask storage. Another 2,200 MTU of UNF are stored in
166 DPCs of canister designs intended to be licensed for transportation at some point in the
future and 3,150 MTU are currently stored in 288 canisters not designed for transportation.
The balance of UNF currently stored at ISFSIs is stored in bare fuel casks, both transportable
and non-transportable.

Of the total 140,000 MTU estimated to be discharged by commercial plants, a large majority
of the UNF is likely to be stored in DPC-based systems. Therefore, retrieving DPCs from
plant sites and storing them at the CSF is necessary to address the government’s UNF
collection burden, notwithstanding whether a standardized storage system is implemented at
a later date that will decrease the use of DPC-based systems.

In Phase 2, the CSF can continue operating with the Phase 1 design by simply expanding the
number of storage pads. In Construction Stage 1, the CSF would be constructed with
minimum essential structures and components for receiving transport casks from the
shutdown plant sites. The same “minimum essential equipment” used in Phase 1 will serve
the needs in Phase 2. Because the DPCs (which are welded closed) do not need to be opened,
the CSF in Phase 2 would continue to operate as a “start clean, stay clean” facility.

Unlike Phase 1 however, the UNF in Phase 2 originates from operating plant sites, so the
cask handling equipment, including cask handling cranes inside the plant, will be available
(until such time that the reactor is shut down and decommissioning commences). This allows
postponing the need for the use of a significant amount of temporary equipment to load
transport casks at the plant sites. Many plant sites have dismantled or abandoned their rail
access and/or have no viable barge access; therefore, some HHT transport and intermodal
transfer from a HHT trailer to a railcar will still be required.

8 It is important to note that while the DPC designs may be licensed for transportation, not all contents currently stored in
those DPC designs are included in the approved contents of the transportation CoCs for those packages. Approval of all
contents will require additional licensing efforts by the CoC holders.
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Until the operating plant sites shut down all of the reactors on the site, no canisters
containing GTCC waste will be shipped in Phase 2. When all of the plant sites shut down,
there could be a total of 400 canisters filled with GTCC that will need to be stored at the
CSF.°

As with the stranded UNF retrieval, site-specific plans for removal of UNF will need to be
established with the UNF owners before it can be removed from the site. Site surveys, site-
specific plans, government-furnished equipment, local permits, and subcontractor contracts
will need to be put in place. The process for development of site-specific plans will have
been established to remove UNF during Phase 1. While there will be more plant sites from
which UNF will be accepted during Phase 2, the overall time required to develop each site-
specific plan would be expected to be shorter than needed for the site plans in Phase 1.

Within Phase 2, a number of potential cost-saving measures are identified, which include
continuation of Phase-1-type operations with little or no cask processing changes, the reuse
of overpacks and modules shipped as overweight/oversized loads via railroad to the CSF, and
additional collection of plant equipment no longer needed at the plant sites.

3.2.2.2 Transportable Canister Plant Sites

Table 3.2-7 shows the 41 plant sites that have already implemented at least a portion of their
dry cask storage using DPCs as of June 30, 2012, including the reactor and ISFSI initiation
dates and the planned reactor shutdown dates. Table 3.2-8 shows the 16 additional plant sites
that are either in the process or planning to implement dry fuel storage after June 30, 2012
(D.C. Cook, Nine Mile Point, and Perry will have moved UNF to the ISFSI in DPCs for the
first time as of this writing). Table 3.2-9 shows the 18 planned new reactors that could go
online in the next 20 years and add to the current UNF storage burden. Fourteen of these
reactors are located at existing plant sites and four are new plant sites. It is possible that the
14 reactors could be built in the future, based on applications pending before the NRC, but
the schedule for construction and operation of these additional 14 reactors is not certain at
this time. The projected UNF discharges assumed in this report that contribute toward the
total assumed UNF inventory of 140,000 MTU include UNF that will be discharged from the
five new reactors that are currently undergoing construction as described in Section 5.2.2.1:
Watts Bar 2, Vogtle 3 and 4, and V.C. Summer 2 and 3 (the additional potential reactors
included in Table 3.2-9 are identified for information only and are not assumed to contribute
UNF). New reactors located at existing sites may be able to utilize dry cask storage and
associated equipment used by their predecessors thereby reducing their UNF pickup impacts.

® Supko, E.M. and M.H. Schwartz, 2011. Overview of High-Level Nuclear Waste Materials Transportation: Processes,
Regulations, Experience and Outlook in the U.S., Section 2.1.3, ERI-2030-1101, Energy Resources International, Inc.,
January.
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UNF stored in DPCs would be retrieved from all of the operating plant sites. However, since
the plants are in operation, much of the UNF is freshly out of the reactor and must cool for a
prescribed time as outlined in the CoC for the package being used before it can be loaded for
storage or transportation. As discussed in Section 5.0, there may be a difference between the
required cooling times to load UNF for storage and transport, with transport packages
generally requiring longer cooling times than those required for storage. In addition, many
reactors are discharging fuel with increasingly high-burnup (HBU) fuel and very few
transport cask systems are presently licensed to ship HBU fuel, though transport cask
vendors are currently pursuing licensing of their transport cask systems for HBU fuel. This is
an ongoing effort between the industry and the NRC, and the technical issues inhibiting
widespread licensing of HBU fuel for transportation are expected to be resolved prior to the
opening of the CSF. As discussed in Section 6.2, additional R&D is likely to be needed to
qualify HBU fuel for transport in order to provide NRC with data to support a technical basis

for transport of this UNF.

Table 3.2-7
Operating Plant Sites with an ISFSI Currently Using DPCs
i | MReaor | gt S| et e | e e

ANO1&2 1974, 1978 1996 2034, 2038 2054, 2058
Braidwood 1 & 2 1988 2011 2046, 2047 2066, 2067
Browns Ferry 1,2 & 3 1973, 1974, 1976 2005 2033, 2034, 2036 2052, 2053, 2055
Brunswick 1 & 2 1976, 1974 2010 2036, 2034 2051, 2049
Byron 1 &2 1984, 1986 2010 2044, 2046 2064, 2066
Catawba 1 & 2 1984, 1986 2007 2043, 2046 2063, 2066
Columbia Gen. Sta 1983 2002 2043 2062
Comanche Peak 1&2 | 1990, 1993 2012 2050, 2053 2070, 2073
Cooper 1974 2010 2034 2049
Diablo Canyon 1 & 2 1981, 1985 2009 2041, 2045 2061, 2065
Dresden 1***,2 & 3 1960, 1969, 1971 2000 1978 (Act.), 2029, 2031 | 1997, 2048, 2050
Duane Amold 1974 2003 2034 2049
Farley 1& 2 1977, 1980 2005 2037, 2041 2057, 2061
FitzPatrick 1974 2002 2034 2053
Fort Calhoun 1973 2006 2033 2053+
Ginna 1969 2010 2029 2049*
Grand Gulf 1982 2006 2044 2063
Hatch 1 & 2 1974, 1978 2000 2034, 2038 2053, 2057
HB Robinson 2 1970 1986 2030 2050%*
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Plant/Reactor Initial Regctor Initial ISFSI Planned Reactor Date all UNF
Operation Operation Shutdown Transportable
Indian Point 1%, 2 & 3* | 1962, 1971, 1975 2008 1974 (Act.), 2033, 2035 | 1994, 2053, 2055
LaSalle 1 &2 1982, 1983 2010 2042, 2043 2061, 2062
Limerick 1 & 2 1984, 1989 2008 2044, 2049 2059, 2064
McGuire 1 & 2 1981, 1983 2001 2041, 2043 2061, 2063+
Millstone 1#+*, 2 & 3 1970, 1975, 1985 2005 1998 (act.), 2035, 2045 | 2018, 2055, 2065+
Monticello 1970 2008 2030 2045
North Anna 1 & 2 1977, 1980 1998 2038, 2040 2058, 2060**
Palisades 1971 1993 2031 2051*
Palo Verde 1,2 & 3 1984, 1985, 1987 2003 2045, 2046, 2047 2066, 2067, 2068
Point Beach 1 & 2 1970, 1971 1995 2030, 2033 2050, 2053+
Quad Cities 1 & 2 1971,1972 2005 2032, 2032 2051, 2051
River Bend 1985 2005 2045 2064
St. Lucie 1 &2 1976, 1983 2008 2036, 2043 2056, 2063
Salem 1 & 2/Hope 1976, 1980, 1986 2006 2036, 2040, 2046 2056, 2060, 2065
Creek
San Onofre 1**,2&3 | 1967, 1982, 1982 2003 1992 (Act.), 2042, 2042 | 2012, 2062, 2062+
Seabrook 1986 2008 2046 2066**
Sequoyah 1 & 2 1980, 1981 2004 2040, 2041 2060, 2061
Suny1&2 1972, 1973 1986 2032, 2033 2052, 2053
Susquehanna 1 & 2 1982, 1984 1999 2042, 2044 2057, 2059
Turkey Point 3 & 4 1972, 1973 2011 2032, 2033 2052, 2053+
Vermont Yankee 1972 2008 2032 2051
Waterford 3 1984 2011 2044 2064
References:

1. Reactor License and Shutdown Dates: U.S. Energy Information Administration (www.eia.gov/nuclear/reactors).

2. ISFSI Initial Operation Dates: Gutherman Technical Services, LLC.

* Assumes 20-year license renewal for all operating reactors. Operating license renewal has not yet been approved for all reactors.

**These plants use DPC designs that are not yet licensed for transportation. Because the DPCs are not licensed, the 10 CFR Part
71 CoCs are not part of the public record, and the Cooling Time remains proprietary information. A Cooling Time of 20 years has

been assumed.

**These plants are shutdown reactors that are not included in Phase 1 because they are located at an operating plant site.
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Plant/Reactor

Initial Reactor

Estimated ISFSI

Planned Reactor

Date all UNF

Operation Operation Shutdown* Transportable

Beaver Valley 1 & 2 1976, 1987 2014 2036, 2047 2056, 2067
Callaway 1984 2015 2044 2064+
Clinton 1986 2015 2046 2065
Crystal River 3 1976 2015 2036 2056**
D.C. Cook 1&2 1975, 1978 2012 2034, 2037 2054, 2057
Fermi 2 1985 2014 2045 2064

Nine Mile Point 1 & 2 1969, 1987 2012 2029, 2046 2044, 2061
Perry 1986 2012 2046 2065
Pilgrim 1972 2013 2032 2051
Shearon Harris*** 1986 later 2046 2066
South Texas 1 & 2 1987, 1988 2016 2047, 2048 2067, 2068
Three Mile Island 1*** 1974 later 2034 2054

VC Summer 1982 2015 2042 2062+
Vogtle 1 & 2 1987, 1989 2013 2047, 2049 2067, 2069
Watts Bar 1 1995 2014 2055 2075*
Wolf Creek** 1985 2016 2045 2065

Reference: Reactor License and Shutdown Dates: U.S. Energy Information Administration (www.eia.gov/nuclear/reactors).
* Assumes 20-year license renewal for all operating reactors. Operating license renewal has not yet been approved for all reactors.

** These plants use DPC designs not yet licensed for transportation. Because the DPCs are not licensed, the 10 CFR Part 71 CoCs
are not part of the public record, and the cooling time remains proprietary information. A cooling time of 20 years has been

assumed.

*** These plants have not yet chosen the canister system they plan to use. A cooling time of 20 years has been assumed.

Table 3.2-9

Future Plant Sites Assuming Will Use DPCs

Est. Plant

Plant/Reactor MWe Est Plz_:mt Shutdown (60-year Date all UNF
Operation Operation) Transportable
Bellefonte 1* 1263 2020 2080 2100
Comanche Peak 3 & 4* | 3400 Late 2020s Late 2080s Early 2100s
Fermi 3* 1500 Late 2020s Late 2080s Early 2100s
Lee 1l & 2* 2400 2021, 2023 2081, 2083 2101, 2103
Levy County 1 & 2* 2400 2024, 2025 2084, 2085 2104, 2105
North Anna 3* 1700 Late 2020s Late 2080s Early 2100s
Shearon Harris 2 & 3* 2400 Late 2020s Late 2080s Early 2100s
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Est. Plant Est. Plant Date all UNF
Plant/Reactor MWe Of)eration Shutgsggtgg(r)]-)year Transportable
Turkey Point 6 & 7* 2400 2022, 2023 2082, 2083 2102, 2103
VC Summer 2 & 3 2400 2017, 2018 2077, 2078 2097, 2098
Vogtle 3& 4 2400 2016, 2017 2076, 2077 2096, 2097
Watts Bar 2 1218 2015 2075 2095
References:

1. NEI Table on New Nuclear Plant Status,
http://www.nei.org/resourcesandstats/documentlibrary/newplants/graphicsandcharts/newnuclearplantstatus/.

2. TVA Approval of Bellefonte 1, http://www.tva.gov/power/nuclear/bellefonte.htm, Aug 18, 2011.
*These plants are not included in the overall projection of commercial UNF due to their uncertain status.

Table 3.2-7, Table 3.2-8, and Table 3.2-9 show that retrieval of UNF, from either dry
storage at an ISFSI or the plant SFP storage, could need to continue into the late 2090s or
early 2100s. As noted above, this analysis includes new plant UNF discharges only from
those plants currently under construction. However, as noted in Section 5.0, additional
transport capacity would be available by approximately 2070 (or earlier, depending upon the
overall acceptance rate) to transport UNF from additional new reactors or from further
extension of licenses for existing reactors.

3.2.2.3 Origination of UNF and Applicable Storage Systems

Table 3.2-10 identifies each of the operating plant sites that currently use DPCs to store UNF
at their ISFSI, the storage technology used, and the approximate numbers of DPCs in dry
storage as of June 30, 2012™°. Data may not exactly match that from other sources, such as
the DOE. As of mid-2012, approximately 11,200 MTU of UNF is stored in 979 DPCs of
various designs that are already licensed for transportation under 10 CFR Part 71 , which
represents approximately 59 percent of the total UNF in dry cask storage. Another 2,200
MTU of UNF is stored in 166 DPC of canister designs intended to be licensed for
transportation at some point in the future.

Table 3.2-10
Current Operating Plant Site ISFSI UNF Storage Using DPCs*

Storage Technology and DPC

Plant/Reactor*

No. of DPCs (June 30, 2012)

Model
ANO1&2 HI-STORM 37
MPC-24/MPC-32 (20/117)
Braidwood 1 & 2 HI-STORM MPC-32 3

10 Oyster Creek and Kewaunee are not included because these plants intend to shut down permanently prior to the end of
their respective operating licenses and are included in Phase 1 of this report.
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Plant/Reactor*

Storage Technology and DPC
Model

No. of DPCs (June 30, 2012)

Browns Ferry 1, 2, & 3 HI-STORM MPC-68 31
Brunswick 1 & 2 STD NUHOMS 61BTH 8
Byron1&2 HI-STORM MPC-32 14
Catawba 1 & 2 UMS TSC-24 24
Columbia Gen. Station HI-STORM MPC-68 27
Comanche Peak 1 & 2 HI-STORM MPC-32 9
Cooper STD NUHOMS 61BT 8
Diablo Canyon 1 & 2 HI-STORM 23
MPC-24/MPC-32 (0/23)
Dresden1,2,&3 HI-STAR/HI-STORM 51
MPC-68 (4147)
Duane Arnold STD NUHOMS 61BT 20
Farley 1 & 2 HI-STORM MPC-32 15
FitzPatrick HI-STORM MPC-68 15
Fort Calhoun STD NUHOMS 32PT 10
Ginna STD NUHOMS 32PT 6
Grand Gulf HI-STORM MPC-68 17
Hatch 1 &2 HI-STAR/HI-STORM 48
MPC-68 (3/45)
H.B. Robinson STD NUHOMS 24PTH 14
Indian Point 1, 2, & 3 HI-STORM MPC-32 19
LaSalle1&2 HI-STORM MPC-68 6
Limerick 1 & 2 STD NUHOMS 61BT 17
McGuire 1 & 2 UMS/MAGNASTOR 28
TSC-24/TSC-37 (28/0)
Millstone 1, 2, & 3 STD NUHOMS 18
61BT/32PT (0/18)
Monticello STD NUHOMS 61BT 10
North Anna 1 & 2 NUHOMS HD 32PTH 13
Palisades STD NUHOMS 24
24PTHI32PT (13/11)
Palo Verde 1, 2, & 3 UMS TSC-24 94
Point Beach 1 & 2 STD NUHOMS 32PT 17
Quad Cities 1 & 2 HI-STORM MPC-68 35
River Bend HI-STORM MPC-68 15
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Plant/Reactor* Storage Tec’\r}lr;?jlggy and DPC No. of DPCs (June 30, 2012)
St. Lucie 1 & 2 NUHOMS HD 32PTH 14
Salem 1 & 2/Hope Creek HI-STORM 27
MPC-32/MPC-68 (11/16)
San Onofre 1,2 & 3 ADVANCED NUHOMS 50
24PT1/24PT4 (17/33)
Seabrook NUHOMS HD 32PTH 6
Sequoyah 1 & 2 HI-STORM MPC-32 32
Surry1&2 NUHOMS HD 32PTH 18
Susquehanna 1 & 2 STD NUHOMS 61BT 40
Turkey Point 3 & 4 NUHOMS HD 32PTH 18
Vermont Yankee HI-STORM MPC-68 13
Waterford 3 HI-STORM MPC-32 9
Totals 903

Reference: StoreFUEL and Decommissioning report. Used by permission from Ux Consulting, www.uxc.com.
* DPC count does not include GTCC canisters.

In addition to accepted UNF already loaded into DPCs from plant sites, it is also possible
that DPC systems could be used to accept UNF directly from SFPs. As discussed in Section
3.2.3, under Phase 3 of the CSF, UNF could also be accepted using bare fuel transport casks.
It is projected that approximately 44,000 MTU of UNF would be in dry storage by 2025, the
approximate time that Phase 2 operations would begin. If, during the 2025 to 2035 time
period, all of the UNF accepted from operating plants is transported in DPC systems that are
loaded directly from SFPs, then an additional 30,000 MTU of UNF would be loaded into
DPCs, for a total of 74,000 MTU in DPCs. Table 3.2-10 shows that as of June 2012, 903
DPCs have been loaded for storage at plant sites (approximately 11,000 MTU). This
represents about eight percent of the total of approximately 140,000 MTU discharged from
just the current fleet of shutdown and operating commercial reactors. This percentage is
likely to be more than half of the total UNF if all of the remaining UNF is stored in DPCs.

Figures 3.2-19 through 3.2-25 illustrate the types of DPC-based storage systems that are
present at the various operating plant sites.
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Figure 3.2-19
Holtec HI-STAR 100 Storage System at the Hatch ISFSI

Figure 3.2-20
Holtec HI-STORM 100 Storage System at the Hatch ISFSI
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Figure 3.2-21
NAC UMS Storage System at the Catawba ISFSI

Figure 3.2-22
NAC MAGNASTOR Storage System at the McGuire ISFSI
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Figure 3.2-23
Transnuclear Std. NUHOMS Storage System at the Ft. Calhoun ISFSI

Figure 3.2-24
Transnuclear HD NUHOMS Storage System at the North Anna ISFSI
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Figure 3.2-25
Transnuclear Advanced NUHOMS Storage System at the San Onofre ISFSI

3.2.2.4 UNF Retrieval and CSF Design Strategy

The equipment needed to transfer the DPCs from storage overpacks (existing dry storage) or
from SFPs (freshly loaded canisters) at operating plant sites to transport casks is available at
the plant.

Eighteen of the 41 operating plant sites with an ISFSI in operation as of June 30, 2012 use a
DFSS design employing a NUHOMS horizontal storage module (HSM) with a DPC. The
DPC can be transferred directly from the HSM into the transport cask at the ISFSI pad
without the need to use a transfer cask or to rely on plant equipment for the canister transfer
operation. A mobile crane will be needed to lift the HSM door and transfer the transport cask
from the NUHOMS transfer trailer to a railcar or heavy-haul truck (HHT) and to prepare it
for transport operations (i.e., install impact limiters, install personnel barrier, etc.).

The other 23 operating plant sites involved in Phase 2 operations use canisters stored in
vertical storage overpacks at their on-site ISFSIs. Operations at these plants will require that
the storage overpack be moved to a location where the DPC can be transferred into a transfer
cask and then transferred from the transfer cask into a transport cask. The 10 CFR Part 72
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storage CoCs contain requirements for the performance of this activity that must be followed,
which could be satisfied by moving the overpack back into the power plant facility to allow
use of the cask handling crane. As noted previously for the Phase 2 plant sites, it is
considered likely that the facilities associated with fuel movement will be available for use to
conduct the canister transfer operation. Alternatively, it would be possible to use an outdoor
cask/canister transfer facility (CTF). Like the horizontal system, a mobile crane may be
needed to place the transport cask on a railcar or HHT and prepare it for transport. The
mobile crane or CTF will need to lift the transport cask and down-end it onto the railcar or
HHT.

In order to accept UNF from an operating plant in a DPC system, the UNF does not need to
have already been loaded into a DPC. In Phase 2, UNF can also be loaded directly into DPC
from the SFP for transport off site. As discussed in Section 5.2.6, during at least the first 10-
15 years of acceptance from operating plants, the nuclear operating companies are likely to
prefer to have UNF accepted directly from SFPs since their objective would be to lessen the
UNF that must be transferred to dry storage at their plants. Acceptance of UNF from SFPs,
would, in turn, create available pool space for upcoming UNF discharges during refueling
outages. In addition, it would lower the number of DPCs that the owner would need to load
and place into interim storage at the ISFSI. Some of the UNF from SFPs may not qualify for
transport off site in accordance with existing 10 CFR Part 71 transport cask CoCs, because
longer cooling times are typically required for transport than for storage. However, as
discussed in Section 5.2.6, one alternative for acceptance of UNF with high decay heat
directly from SFPs would be to develop smaller capacity transport casks, with a smaller DPC
that could be used in Phase 2. If existing DPC designs were to be used, these systems could
also be short-loaded, although this approach would likely not be cost effective over the long
term. Utilizing a range of options for accepting UNF from SFPs, a UNF loading strategy
could be established that would optimize the number of DPCs that could be shipped directly
to the CSF and minimize the number of DPCs that would need to be placed in a storage
overpack and stored on site at the ISFSI once Phase 2 acceptance begins.

A second alternative would be to deliver new DPCs to plant sites. Already loaded DPCs, in
which the UNF has cooled sufficiently to qualify for transport, could be loaded into a
transport cask for shipment to the CSF. The new DPCs would then be loaded from SFPs with
UNF that is has cooled sufficiently and is qualified for storage, and the loaded DPC would be
transferred to the onsite ISFSI for further cooling (perhaps re-using the storage overpack or
HSM from which a DPC has been removed for transport). At some point in the future, these
“new” DPCs would also be sufficiently cooled to enable transport. The ability to exercise
this alternative would depend on whether a plant site has UNF in dry storage that has been
sufficiently cooled to qualify for transport.
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If the plant site no longer has direct rail access, the transport cask would be delivered to the
plant site via HHT trailer or barge that would be loaded to and from rail transport at an
intermodal transfer location as discussed in Section 5.3.3.5. Transfer of the DPC from the
transport cask to the DFSS on the storage pad will be conducted as described for Phase 1
using the CHB.

In Phase 1, a number of transport casks will have been acquired that can be used in Phase 2
as follows:

e Four TN MP187 transport casks used to retrieve UNF at Rancho Seco can be used to
retrieve the 18 NUHOMS 24PT DPCs at San Onofre 1.

e Five TN MP197HB transport casks used to retrieve UNF at Kewaunee and Oyster
Creek can be used to retrieve NUHOMS 61BT, 24PT series, and 32PT series DPCs
from various NUHOMS-user plants around the nation.

e Five NAC-UMS-T transport casks used to retrieve UNF from Maine Yankee can be
used to retrieve NAC-UMS canisters at Catawba, McGuire, and Palo Verde.

e Seven Holtec HI-STAR 100 transport casks from Dresden and Plant Hatch used to
retrieve UNF from Trojan can be used to retrieve Holtec MPC-24 series, MPC-32
series, and MPC-68 series DPCs at various Holtec-user plants around the nation.

e Four NAC MAGNATRAN transport casks used to retrieve UNF from Zion can be
used to retrieve MAGNASTOR DPCs at McGuire and Catawba.

Section 5.0 of this report analyzes several overall acceptance rates ranging from 3,000 MTU
to 6,000 MTU accepted annually. Assuming a base case rate of 3,000 MTU being accepted
annually after a five-year ramp up period, an average of approximately 330 cask shipments
per year would result. If the system capacity is later increased to enable the acceptance of
4,500 MTU annually as discussed in Section 5.2.4.2, the average number of casks shipped
annually would increase to approximately 495 casks. The overall acceptance rate of 3,000
MTU will require approximately 100 to 115 casks and railcars to transport UNF. A 4,500
MTU acceptance rate would require 145 to 170 casks and railcars. Therefore, more transport
casks, in addition to the casks fabricated to accept stranded UNF from shutdown plants in
Phase 1, will need to be procured and fabricated. The exact mix of cask designs to be utilized
will depend upon: (1) the number and types of dry storage technologies deployed at reactor
sites at the time Phase 2 acceptance begins, (2) whether UNF is accepted directly from SFPs
or from already loaded DPCs in onsite ISFSIs, and (3) the availability of new transport cask
designs capable of transporting HBU UNF with relatively short cooling times. Tables 5.2-4,
5.2-6, 5.2-9, and 5.2-11 in Section 5.0 summarize the recommended number of transport
casks that should be procured for the CSF, assuming both a 3,000 MTU and a 4,500 MTU
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annual rate of acceptance and based on the current mix of DFSSs in commercial use. Note
that as discussed above, additional lower capacity 7-MTU DPCs with transport casks would
also be needed to transport high decay heat UNF directly from SFPs.

As discussed in Section 3.2.1, Phase 1, storage overpacks or storage modules used at the
originating plant sites could be shipped via railroad to the CSF for reuse to save cost. In
Phase 2, as hundreds of DPCs are moved from their originating plant sites to the CSF, this
option becomes much more important. Not only will reuse of the storage overpacks/modules
save millions of dollars in fabrication costs, it will save waste disposal quantities and their
associated costs. Currently, there are about 900 storage overpacks/modules in service at plant
ISFSIs. Hundreds more will need to be fabricated to store future DPCs. Reuse of storage
overpacks/modules can occur in two ways; 1) at the CSF by shipping the overpacks/modules
from the plant site to the CSF, or 2) to house new DPCs at the originating ISFSI when
existing DPCs are removed from the ISFSI and shipped to the CSF. In this second
possibility, the storage overpacks/modules that are emptied when their DPC is shipped to the
CSF could be used to store newly loaded DPCs that still have a high heat loading and may
not be eligible for transport until further cooling. Once the DPC meets the transport heat
requirements, it could be shipped to the CSF and the overpack/module would be ready for a
DPC with new UNF from the SFP.

Even with reuse of the storage overpacks/modules from originating plant sites, there will be a
need to fabricate overpacks/modules at the CSF. Section 3.2.2.6 discusses the concrete
requirements for fabrication of the storage overpacks/modules and the construction of new
storage pads.

3.2.2.5 UNF Retrieval Schedule

This report assumes the UNF in transportable canisters can be moved from operating plants
to the CSF beginning with the fourth year of CSF operation after most of the stranded UNF
is placed in storage at the CSF. Depending on the future storage technology, shipment of
transportable canisters could continue until the final UNF is delivered to the CSF, in
approximately 2087.

3.2.2.6 Consolidated Storage Facility

CSF Requirements

In Phase 2, the CSF will need to continue to receive, handle, and store DPCs as in Phase 1.
The Phase 1 CSF will contain most of the facilities necessary for Phase 2, including rail
yards to receive incoming train consists and prepare for outgoing train consists, a CHB that
can offload transport casks and provide canister transfer operations for vertical-type canister-
based DFSSs, a storage area with concrete storage pads to support the storage overpacks, an
office building, a cask maintenance facility, a FMF, a security building, and various fenced
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areas to provide radiation and security protection. The primary difference will be in the
increased volume of shipments arriving at the CSF and the number of storage pads to support
thousands of incoming DPCs.

Table 3.2-11 provides the dimensions and weights for the DPCs and their associated
transport cask and storage overpack/modules to be received in Phase 2.
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Table 3.2-11
Transportable Canister DFSS Dimensions and Weights
Dry Fuel Canister Transport Cask Storage Overpack
Storage System
(DFSS) Model Height Dia. Weight Model Height Dia. Weight Weight Model Height LxW or Weight Weight
(in.) (in.) Loaded (in.) (in.) (Ibs.) Loaded (in.) Dia. (Ibs.) Loaded
(Ibs.) (Ibs.) (in.) (Ibs.)
Holtec International
HI-STAR/HI-STORM MPC-24 190.3125 68.5 90,000 HI-STAR 100 203.125 96 145,726 235,726 HI-STORM 210.5 133.875 320,000 410,000
MPC-24 Series 100S Ver. B
HI-STORM MPC-32 190.3125 68.5 90,000 HI-STAR 100 203.125 96 145,726 235,726 HI-STORM 210.5 133.875 320,000 410,000
MPC-32 Series 100S Ver. B
HI-STAR/HI-STORM MPC-68 190.3125 68.5 90,000 HI-STAR 100 203.125 96 145,726 235,726 HI-STORM 2105 133.875 320,000 410,000
MPC-68 Series 100S Ver. B
HI-STORM FW MPC-37 182 755 116,400 HI-STAR 190 203.125 96 N/A N/A HI-STORM FW 207.75 140 228,100 425,700
MPC-37 Series
HI-STORM FW MPC-89 182 755 116,400 HI-STAR 190 203.125 96 N/A N/A HI-STORM FW 207.75 140 228,100 425,700
MPC-89 Series
NAC International
NAC-UMS 24 NAC-TSC 191.75 67 72,900 UMS-T 209.3 92.9 161,700 234,600 VCC (NAC- 225.88 136 239,700 312,600
UMS)
NAC-MAGNASTOR NAC-TSC 1918 72 102,000 MAGNATRAN 202 88 113,000 215,000 MAGNASTOR 225 136 326,000 428,000
Transnuclear
NUHOMS-24PT1 24PT1-DSC 186.5 67 82,000 MP187 203 92.7 158,580 240,580 AHSM 247 101 320,000 402,000
NUHOMS-24 Series 24P-DSC N/A N/A N/A N/A N/A HSM-102 180 116.4 364,400 442,529
(except PT1) 186 67 78,129
NUHOMS-32PT 32PT/H-DSC 193 62.2 98,400 MP197HB 208 91.5 154,220 252,620 AHSM 247 101 320,000 418,400
Series
NUHOMS-61BT 61BT/H-DSC 196 67 88,930 MP197HB 208 91.5 154,220 243,150 HSM-102 180 116.4 364,400 453,330
Series
References:
1. HI-STORM 100 Updated Final Safety Analysis Report, Docket Number 72-1014.
2. HI-STAR 100 Updated Final Safety Analysis Report, Docket Number 72-1008.
3. NAC MAGNASTOR Updated Final Safety Analysis Report, Revision 1, Docket Number 72-1031.
4.  NAC UMS Updated Final Safety Analysis Report, Revision 9, Docket Number 72-1015.
5. Transnuclear NUHOMS HD Updated Final Safety Analysis Report, Docket Number 72-1030.
6.  Transnuclear Advanced NUHOMS Updated Final Safety Analysis Report, Docket Number 72-1029.
7. Transnuclear Standardized NUHOMS Updated Final Safety Analysis Report, Revision 10, Docket Number 72-1004.
8. HI-STORM FW Updated Final Safety Analysis Report, Docket Number 72-1032.
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CSF Site Layout

The site layout for a CSF that could store all of the UNF in DPCs is shown in Figure 3.2-27.
A 3D model view of the site is shown in Figure 3.2-26. In Construction Stage 2, the RA and
PA would be expanded over time to encompass the growing number of storage pads. The
OCA would remain unchanged.

Figure 3.2-26
3D Model View of Phase 2 CSF

Radiation Area

The RA, designated to limit personnel movements in the vicinity of the storage overpacks
that house the UNF, would need to grow as new storage systems are placed on the storage
pads. The storage of additional UNF will bring additional radiation in the RA. The radiation
to an individual in the RA will not change significantly due to the fact that the storage
systems will be spread out over a large area. However, a substantial increase in storage
overpacks or modules will result in an overall increase in direct radiation and sky-shine seen
at the CSF yard and buildings and around the CSF OCA.. Analysis of the on-site and off-site
radiation doses will need to be performed to determine that the occupational doses remain
within 10 CFR Part 20 limits and show that any individual member of the public outside of
the OCA will not experience an annual radiation dose of more than 25 mrem in accordance
with 10 CFR 72.104.
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Protected Area

The PA would also need to be increased in area to encompass the larger RA to prevent
unauthorized persons from entering the CSF where UNF is handled and stored. Construction
techniques will need to be employed to accommodate construction of new storage pads with
minimal security interference, yet allow the PA to expand around new storage pads before
they can be used. This might be accomplished by constructing groups of pads followed by
the construction of new chain-link security fencing, intrusion detection systems, closed-
circuit television cameras, vehicle barrier systems, and yard lighting around the groups.

A different option is to build the PA that would be required to encompass all the UNF
planned to be stored and construct all the storage pads inside the PA. While this minimizes
the need to construct new security boundaries every few years, it will require construction
workers, incoming and outgoing construction equipment, and trucks to undergo constant
security inspections. Some plant sites have assigned security personnel to travel with the
construction equipment to avoid constant inspections. This is convenient for short-term
projects, but could be prohibitive for a construction project that occurs over many years.

As the security boundary grows, the CAS and SAS will need to add video equipment and
computers. The number of security personnel required would also grow to ensure that the
larger CSF site can be adequately monitored.

Normal off-site power will need to be assessed at every construction stage of expansion to
ensure adequate power is available. Unless overall security requirements are deemed too
large, the Uninterruptable Power System (UPS) and security backup emergency diesel-
powered generator should be sized with expansion in mind before being sized in Phase 1. An
alternative is to add a second UPS and backup emergency diesel-powered generator as site
growth demands. This allows for new state-of-the-art equipment to be incorporated into the
CSF, which may provide higher energy efficiencies.

Owner Controlled Area

The OCA of 1 square mile assumed in Phase 1 will not change for Phase 2. However, the
new storage pads will need to be constructed so that they maintain a minimum distance of
100 meters (328 feet) from the OCA in accordance with 10 CFR 72.106.

CSF Principle Features and Descriptions

The principle features of the CSF required for Phase 2 include the same features in Phase 1
(storage pads, rail yards, CHB, security building, maintenance building, office building, and
associated utilities and structures).
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Storage Pads

As in Phase 1, the Phase 2 CSF would have reinforced concrete storage pads to support all of
the HSMs and storage overpacks that are loaded with UNF canisters. For Phase 2, the total
storage area capacity inside the RA would need to accommodate thousands of additional
overpack/modules depending on the licensed quantity of UNF for the CSF. For example, the
CSF would need to store an estimated 4,000 storage overpack/modules for 40,000 MTU
based on a mix of low capacity DPCs (approximately 10 MTU per DPC) already in service
and high capacity DPCs (approximately 13 MTU per DPC) expected to be used in the near
future. Extending the estimate out further, it will take slightly less than 6,000
overpack/modules for 70,000 MTU, the current MTU limit in the Nuclear Waste Policy Act
and slightly more than 11,000 storage overpack/modules to store the projected 140,000
MTU.

As in Phase 1, the horizontal-type DFSS storage pads would have a capacity of 60 modules
per pad and the vertical type DFSS storage pads would have a capacity of 34 overpacks. The
exact number of each of these pads will be dependent upon future dry storage decisions by
nuclear operating companies. For this analysis, a breakdown of 50 percent horizontal storage
pads and 50 percent vertical storage pads is assumed since this is the approximate breakdown
of systems currently in storage. A typical arrangement is shown in Figure 3.2-27 which
highlights the CSF storage area land useage by the three MTU levels discussed above.

For Phase 2, the CSF will need to procure additional NUHOMS transfer trailers and VCTs to
accommodate the growth of the site. During this time, the CSF will experience its maximum
canister process rate of one canister per day. Although one NUHOMS trailer and one VCT
could handle the flow, it is recommended that the CSF should employ at least three of each
type of transporter. With the continual work, it is very likely one transporter (on average)
could be in maintenance status at all times. The second transporter would alleviate any
backups that occur.

All access roads around the vertical storage pads and along the ends of the horizontal storage
pads added beyond Construction Stage 1 would be 30 ft. wide to accommodate travel of a
NUHOMS trailer or a VCT and be surfaced with compacted structural gravel. The storage
pads for horizontal storage modules have concrete aprons that extend between the sides of
the adjacent pads.

Another consideration for a storage area where thousands of vertical storage overpacks will
be stored is the use of a more automated system with fewer moving parts that can replicate
travel paths numerous times with minimal operator involvement and can be operated by
programmed input or radio control. A track-guided, remotely operated gantry crane could be
mounted on tracks straddling a single row of vertical storage overpack positions of a storage
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pad. The pads could be arranged in a series of contiguous slabs so that the gantry could
transport storage overpacks from an area near the CHB and access hundreds of storage
positions. When a row is filled, the gantry could be repositioned onto the next row until it is
fully loaded. This would also eliminate the need for VCT access roads and temporary storage
pads for accessing inner casks, which would reduce the overall footprint of the CSF. The
aisles between storage pad rows would need to be wider to accommodate the gantry legs. In
addition, if ready access to all storage overpacks is required, the gantry would need to raise
overpacks high enough so that it could pass over other overpacks in that row. This would
necessitate a single-failure-proof type hoist on the gantry to prevent any possibility of a
dropped overpack.

Concrete Batch Plant

In Phase 2, the number of concrete storage pads required to be constructed would need a
regular supply of concrete. A permanent concrete batch plant (if not installed in Construction
Stage 1) is mandatory during Phase 2 to provide the continual supply of concrete for the
storage pads (and potential overpacks/module fabrication) at the CSF.

The maximum incoming UNF to the CSF is assumed to be 4,500 MTU/yr. If all the DFSS
units housed only 10 MTU, then there would be about 450 casks added to the CSF storage
area every year. Assuming the split between horizontal type systems and vertical type
systems is 50/50, then the number of pads added per year would be 450x50%-+60 modules
per pad = 3.7 (horizontal type) and 450x50%+34 overpacks per pad = 6.6 (vertical type).
From Section 3.2.1.6 of this report, a horizontal-type system pad would be 306 ft. long by 42
ft. wide by 3 ft. thick, which equates to 38,556 cu ft. per year (1,428 cy per year). The apron
would be 306 ft long by 50 ft wide by 1.5 ft thick, which equates to 22,950 cu ft per year
(850 cy per vyear). Therefore, horizontal-type system pad construction requires
(1,428+850)x3.7 = 8,429 cy of concrete per year. A vertical-type system pad would be 306
ft. long by 36 ft. wide by 3 ft. thick, which equates to 33,048 cu ft per year (1,224 cy per
year). Therefore, vertical-type system pad construction requires 1,224x6.6 = 8,078 cy of
concrete per year. Total required concrete is 8,429+8,078 = 16,507 = 18,000 cy per year
(with 10 percent waste allowance).

Assume concrete will only be placed during warmer months, 6 months at 5 days/week, day
shift only. The concrete batch plant will only operate part of a day and will require time to
warm up in the morning and shut down in the evening. It is assumed that it is only in
operation for 5 hours per day. The total operating time would be 5 hours x 5 days x 26 weeks
= 650 hours per year. Therefore, the required batch plant capacity is 18,000+650 = 28 cy/hr.

Concrete batch plants typically have a capacity between 30 and 130 cy/hr which will satisfy
the annual concrete requirements calculated above. Two concrete batch plants should be
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installed to allow for maintenance and inadvertent shutdowns and to allow for DFSS
overpack/module fabrication. Four concrete trucks should be procured so there can be two
delivering concrete while the other two are being reloaded. Two concrete pumper trucks
should be procured to facilitate construction. A dual-batch plant operation is shown in
Figure 3.2-28.

Figure 3.2-28
Typical Dual-Batch Plant Arrangement

The storage pad concrete pour at Perry performed on November 11, 2009, is shown in
Figure 3.2-29. These photos show two concrete pumper trucks and two concrete trucks in
operation. A variety of other equipment was used for pad construction, including a mobile
crane to lift rebar and pad components, backhoes for excavation and placing drainage
components, a front-end loader and dump truck for moving soil, a vibratory roller for
compacting subgrade under the pad and structural fill around the pad, a laser screed to
vibrate and level the concrete, a power float to provide a smooth finish, a cutting machine to
cut control joints, and several operators and hand tools. Concrete pads are constructed with
large (#10 to #14) steel reinforcing placed on 12-inch centers (approximate) running both
directions and at the top and bottom of the pad. They can also contain conduit and electrical
boxes if temperature or pressure monitoring equipment is required. Long pads are divided
into roughly square sections so that each pour can be easily managed. These sections are
separated by a construction joint, allowing each section some flexibility so that they can
move independently of each other. They are doweled together with reinforcing so that they
will settle the same and so that there are no uneven surfaces. A pad 306 ft. long would be
divided into about six sections. Pours would typically be performed on every other section
(1, 3,5and 2, 4, 6) and staggered over a few days to accommodate concrete shrinkage. Pours
on consecutive sections on the same day would result in a large gap between the pads.

Each of the CSF layouts for the different phases shows one batch plant inside the PA for
facility, initial pads and overpack construction. A second concrete batch plant is shown
outside the PA in Phases 2 and 3 so that new storage pads can be constructed without
affecting security. Once the new pads are completed, the security fence would be relocated
around the new pads.
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Figure 3.2-29
Pad Pour at the Perry ISFSI

Rail Yard

If minimal rail yard tracks were installed for Phase 1, then additional yard tracks would need
to be constructed for Phase 2, since this phase would experience the highest number of
inbound and outbound trains. The rail yard shown in Figure 3.2-27 shows five siding tracks
comprised of two inbound sidings, two outbound sidings, and one miscellaneous siding to
sort cars. This configuration was laid out to accommodate three to four inbound trains
arriving the same week to accommodate variances in the schedule (trains may arrive in a
cluster instead of uniformly staggered). This arrangement is suitable for a CSF undergoing
maximum projected full operations.

Cask Handling Building

The CHB constructed for Phase 1 can accommodate all canister processing for Phase 2,
including receipt of the transport cask/railcar, transfer of transport casks from railcars to
transfer trailers (horizontal-type canisters), and the transfer of canisters from transport casks
to storage overpacks (vertical-type canisters). The Phase 2 canisters will not change the
physical protection or radiation shielding aspects of the CHB. As in Phase 1, the CHB will
include two rail bays, one truck bay, a 200-ton overhead bridge crane, two canister transfer
cells each consisting of a transport cask and overpack transfer room (see 3D model view in
Figure 3.2-30), a laydown area for impact limiters, personnel barriers, and a holding area for
up to 2 train consists (10 loaded transport casks) awaiting canister transfer (see 3D model
view in Figure 3.2-31). For a full description of the CHB and its canister transfer
capabilities, refer to Section 3.2.1.6.
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Figure 3.2-30
3D Model View of the CHB Canister Transfer Area
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Figure 3.2-31
3D Model View of the CHB Transport Cask Holding Area

Security Building

No changes to the security building are anticipated in Phase 2. Although the PA will increase
in size, the access point for entry into the PA should remain the same unless new regulations
redirect the security building parameters. The backup emergency diesel-powered generator
that provides power for security equipment may need to be supplemented with a second
diesel-powered generator if the first unit cannot adequately handle the new loads from the
expanding storage area’s lighting and security equipment.

Fleet Management Site

Routine maintenance on transport casks, rolling stock, and truck cask trailers would continue
to be performed at the FMS as in Phase 1. The railcar fleet will expand to well over 100 cars
in Phase 2; however, major overhauls and maintenance of railcars should continue to be
performed at a commercial railroad equipment servicing shop approved for such activities
and inspections. Commercial facilities service thousands of railcars yearly. The cost for the
equipment (high-capacity cranes, truck overhaul workshops, transfer tables, and special
tools) to provide self-servicing does not justify this activity on site for the CSF railcar fleet.
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Office Building
The Office Building, located just outside the SA, would continue to service the CSF and is
not expected to need modifications for Phase 2.

Visitors Center
The Visitors Center would remain unchanged in Phase 2.

3.2.2.7 Operation Description

The following sub-sections describe the operating steps for receiving transport casks,
transferring canisters from transport casks to storage overpacks, UNF storage surveillance,
and transport cask maintenance.

Plant Site Shipment Requirements

Plant site procedures are already in place at operating plant sites to remove a DPC from its
storage overpack or horizontal module, or to load a DPC in the SFP and transfer it into a
transport cask. However, procedures may need to be revised or new procedures created (and
pre-operational testing performed), to demonstrate the capability to transfer a DPC from the
storage overpack to a transfer cask, and from a transfer cask to the transport cask (or in the
case of the NUHOMS System, directly from the storage module to the transport cask).
Additional procedures will need to be created to prepare the package for transportation and
intermodal transfer from a site transporter to a railcar or barge to a railcar.

Horizontal-Type System

For UNF already in storage in a NUHOMS System, DPC transfer from a storage module to a
transport cask is a relatively seamless process in which the DPC is transferred directly from
the storage module to the transport cask without the need for an intermediate transfer cask to
facilitate the canister transfer process. The key operations for canister transfer operation are
as follows:

e Removing the storage module door.

e Placing the transport cask in front of the storage module cavity opening using the
NUHOMS transfer trailer.

e Positioning the transfer trailer so the transport cask cavity is lined up with the DPC
that is supported by rails in the storage module.

e Pulling the DPC from the storage module into the transport cask (the Transnuclear
transport cask is designed with a port in the bottom, sealed by a bolted ram closure
plate with O-ring during shipping operations that enables a hydraulic ram to pull the
DPC from the storage module into the transport cask).
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e Bolting the top closure lid and bottom ram port closure in place.
e Filling the transport cask cavity with helium and leak testing.
e Performing radiation and contamination surveys.

e Fastening the impact limiters to both ends of the transport cask and placing the
personnel barrier over the cask for shipment.

A high-capacity crane will be needed to lift the transport cask to and from the horizontal
transfer trailer and remove and replace it onto the railcar. This could be done using the cask-
handling crane since the building will be designed with rail access.

Vertical-Type System
For UNF already in dry storage in a vertical-type cask storage system, the DPC will need to
be transferred from a storage overpack into the transport cask using a transfer cask. This
involves the following key operations, which include cask stack-up configurations:

e Removing the storage overpack lid

e Placing the transfer cask on top of the storage overpack (typically with a mating
device between the casks)

e Lifting the DPC from the storage overpack into the transfer cask and installing the
bottom lid of the transfer cask

e Lifting the transfer cask off the storage overpack and placing it on top of the transport
cask (again with a mating device typically used between the casks)

e Removing the bottom lid of the transfer cask and lowering the DPC from the transfer
cask into the transport cask

e Removing the transfer cask from the mating device that connects it to the transport
cask

e Bolting the closure lid onto the top of the transport cask
e Filling the transport cask cavity with helium and leak testing

e Lifting the loaded transport cask onto the cask skid and lowering it from a vertical to
horizontal position

e Performing radiation and contamination surveys

e Fastening the impact limiters to both ends of the transport cask and placing the
personnel barrier over the cask for shipment
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A high-capacity crane will be needed to lift the transfer cask and DPC during the canister
transfer operation, and seismic restraints may be needed to support the casks during the cask
stackup configurations. A crane would also be needed to lift the loaded transport cask onto
its cask skid and conveyance vehicle (either a railcar or heavy-haul trailer). A single-failure-
proof crane is much preferable to ensure that a DPC drop accident is not a credible event. If a
single-failure-proof crane is not available, impact limiters and/or analyses of cask/DPC drop
accidents will be necessary.

Direct Pool Loading
For UNF in SFP storage, an empty DPC in a transfer cask will need to be placed in the SPF
and loaded with UNF before it can be transferred into the transport cask™. The key
operations for this process include the following:

e Removing the DPC lid

e Placing the DPC/TC into the fuel SFP

e Loading the UNF assemblies into the DPC

e Placing the DPC lid back on the DPC

e Lifting the DPC out of the SFP

e Welding the lid onto the DPC

e Draining, drying, and inerting the DPC

e Welding the vent and drain ports closed.
Welding the DPC redundant boundary (i.e., top cover, closure ring, etc.)

Once the DPC is at this stage, it can be transferred into a transport cask by either of the
methods described above for the horizontal-type system or vertical-type system.

CSF Processing of DPCs

Transport casks arriving at the CSF will be received and processed in accordance with the
applicable 10 CFR Part 71 CoC, just as they were in Phase 1. The personnel barrier and
impact limiters would be removed from an incoming transport cask and the transport cask
moved to the canister transfer area of the CHB. The CHB will be equipped with cranes
capable of lifting and p