Preliminary Evaluation of
Removing Used Nuclear Fuel
from Shutdown Sites

Prepared for

U.S. Department of Energy
Nuclear Fuels Storage and
Transportation Planning Project
Steven J. Maheras (PNNL)
Ralph E. Best (PNNL)
Steven B. Ross (PNNL)
Kenneth A. Buxton (PNNL)
Jeffery L. England (SRNL)
Paul E. McConnell (SNL)
Lawrence M. Massaro (FRA)
Philip J. Jensen (PNNL)

October 1, 2014
FCRD- NFST-2014-000091 Rev. 1
PNNL-22676 Rev. 4



DISCLAIMER

This information was prepared as an account of work
sponsored by an agency of the U.S. Government. Neither the
U.S. Government nor any agency thereof, nor any of their
employees, makes any warranty, expressed 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. References herein to any
specific commercial product, process, or service by trade
name, trade mark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement,




Preliminary Evaluation of Removing Used Nuclear Fuel from Shutdown Sites
October 1, 2014 iii

EXECUTIVE SUMMARY

This report fulfills the M2 milestone M2FT-14PN0912021, “Revision 2 of Shutdown Sites
Report.” Changes from Revision 1 (September 2013) of the report include updating of Google
Earth imagery; incorporating revisions to transportation certificates of compliance; updating the
number of canisters stored at the Humboldt Bay site; revising the estimated number of canisters
stored at the Crystal River and Kewaunee sites; adding a discussion of the Kewaunee Harbor;
adding discussions of mixed oxide used nuclear fuel stored at the Big Rock Point and San Onofre
sites; expanding the discussion of steam generator shipments to and from the San Onofre site;
adding a heavy haul truck to barge to rail transportation option for the San Onofre site; adding
information about the site-specific licenses for Humboldt Bay, Rancho Seco, and Trojan; adding
an appendix that discusses rail infrastructure assessments conducted during site visits to the
Humboldt Bay, Big Rock Point, Rancho Seco, Trojan, La Crosse, and Zion sites; and adding an
appendix that presents a summary of state permitting requirements for oversize and overweight
truck shipments in California, Oregon, Michigan, Massachusetts, Connecticut, and Wisconsin.

In January 2013, the U.S. Department of Energy (DOE) issued the Strategy for the Management
and Disposal of Used Nuclear Fuel and High-Level Radioactive Waste (DOE 2013). Among the
elements contained in this strategy are siting, designing, licensing, constructing and operating a
pilot interim storage facility with an initial focus on accepting used nuclear fuel from shutdown
reactor sites. This focus is consistent with the recommendations of the Blue Ribbon Commission
on America’s Nuclear Future, which identified removal of stranded used nuclear fuel at
shutdown sites as a priority so that these sites may be completely decommissioned and put to
other beneficial uses (BRC 2012). The strategy also includes a phased, adaptive, and
consent-based approach to siting. New statutory authority would be required to construct an
interim storage facility, but DOE’s existing authorities would allow the DOE to begin a
consent-based siting process. Shutdown sites are defined as those commercial nuclear power
reactor sites where the nuclear power reactors have been shut down and the site has been
decommissioned or is undergoing decommissioning. In this report, a preliminary evaluation of
removing used nuclear fuel from 12 shutdown sites was conducted. The shutdown sites evaluated
were Maine Yankee, Yankee Rowe, Connecticut Yankee, Humboldt Bay, Big Rock Point,
Rancho Seco, Trojan, La Crosse, Zion, Crystal River, Kewaunee, and San Onofre.! These sites
have no operating nuclear power reactors at their sites and have also notified the U.S. Nuclear
Regulatory Commission that their reactors have permanently ceased power operations and that
nuclear fuel has been permanently removed from their reactor vessels. Shutdown reactors at sites
also having operating reactors are not included in this evaluation.

The evaluation was divided into four components:

e characterization of the used nuclear fuel and greater-than-Class C (GTCC) low-level
radioactive waste inventory?

1 To the extent the discussions or recommendations in this report conflict with the provisions of the Standard Contract for
Disposal of Spent Nuclear Fuel and/or High-Level Radioactive Waste, 10 C.F.R. § 961.11, the Standard Contract provisions
prevail.

2 Removal of GTCC low-level radioactive waste at shutdown sites was analyzed in this report because the Court of Appeals for
the Federal Circuit has held that because the U.S. Nuclear Regulatory Commission (NRC) has determined by rule that, unless the
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e a description of the on-site infrastructure and conditions relevant to transportation activities

e an evaluation of the near-site transportation infrastructure and experience relevant to
shipping transportation casks containing used nuclear fuel from the shutdown sites, including
gaps in information

¢ an evaluation of the actions necessary to prepare for and remove used nuclear fuel and GTCC
low-level radioactive waste from the shutdown sites.

Using these evaluations, the authors developed time sequences of activities and time durations
for removing the used nuclear fuel and GTCC low-level radioactive waste from a single
shutdown site and from the Maine Yankee, Yankee Rowe, Connecticut Yankee, Humboldt Bay,
Big Rock Point, Rancho Seco, Trojan, La Crosse, and Zion sites. The Crystal River, Kewaunee,
and San Onofre sites were not included because these sites only recently shut down. Because
these three sites are at the beginning stages of the decommissioning process, they generally do
not have fully developed irradiated fuel management plans or post-shutdown decommissioning
activities reports, making estimates of time durations for removing the used nuclear fuel and
GTCC low-level radioactive waste from these sites less certain.

The 12 shutdown sites use designs from 4 different suppliers, including 9 different (horizontal
and vertical) storage systems that would require 8 different transportation cask designs. At the
12 shutdown sites, a total of 14,083 used nuclear fuel assemblies and a total of 5519.3 metric
tons heavy metal (MTHM) of used nuclear fuel are forecast to be stored in 462 storage canisters
(actual plus estimated). In addition, 24 canisters (actual plus estimated) containing GTCC
low-level radioactive waste are forecast to be stored at these sites. Several issues were identified
during the characterization of the used nuclear fuel and GTCC low-level radioactive waste
inventory at the shutdown sites. The most important of the issues was at the Rancho Seco site,
where six damaged fuel assemblies in five of the storage canisters were not placed in failed fuel
dry shielded canisters (FF-DSCs). Further evaluation would be needed to determine if the
canisters containing this damaged fuel can be shipped in the MP187 transportation cask without
repackaging.

The lists of approved contents in the certificates of compliance for the TS125, HI-STAR HB, and
MP187 transportation casks do not include GTCC low-level radioactive waste. For GTCC
low-level radioactive waste to be shipped from the Humboldt Bay, Rancho Seco, and San Onofre
sites in these transportation casks, changes to the certificates of compliance would be required.
Also, the certificates of compliance for the TS125 and MP187 transportation casks would need
to be updated from a -85 to a -96 designation before the casks or impact limiters could be
fabricated. In addition, the used nuclear fuel that would be stored in 32PTH2 canisters at San
Onofre would not be transportable without changes to the list of approved contents in the
certificate of compliance for the MP197HB transportation cask.

Two of the sites, Maine Yankee and Zion, have high burnup (>45 gigawatt-day per metric ton
heavy metal [GWd/MTHM]) used nuclear fuel assemblies in storage. These high burnup used
nuclear fuel assemblies are packaged, or will be packaged in damaged fuel cans, which
eliminates the concern over the transportability of this high burnup fuel. Crystal River,

NRC approves an alternative method, GTCC low-level radioactive waste requires disposal in a geologic repository, such waste is
considered high-level radioactive waste under the terms of the Standard Contract.
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Kewaunee, and San Onofre are also estimated to have high burnup used nuclear fuel. High
burnup used nuclear fuel stored in 32PTH1 canisters at Crystal River and 24PT4 canisters at San
Onofre would be transportable in the MP197HB transportation cask; high burnup used nuclear
fuel stored in 32PT canisters at Kewaunee site and 32PTH2 canisters at the San Onofre site
would not be transportable without changes to the list of approved contents in the certificate of
compliance for the MP197HB transportation cask.

All sites were found to have at least one off-site transportation mode option for removing their
used nuclear fuel and GTCC low-level radioactive waste, and some sites have multiple options.
Table S-1 provides a summary of these transportation mode options for the shutdown sites.
Experience with large component removals during reactor decommissioning provided an
important source of information in developing Table S-1. In addition, it is assumed that any
refurbishment or upgrade of on-site infrastructure required prior to receipt of equipment for
loading and transportation would be performed by the shutdown site organization to facilitate
timely shipping of used nuclear fuel and GTCC low-level radioactive waste from the site.

The actions necessary to prepare for and remove the used nuclear fuel and GTCC low-level
radioactive waste from the shutdown sites are listed as tasks in Table S-2. These identified
actions are based on the assumption that DOE or another management and disposal organization
would be responsible for shipping to, and the operation of, the pilot interim storage facility, and
might differ if a private entity were responsible for shipping to, or the operation of, the pilot
interim storage facility. Based on these tasks, the characteristics of the sites’ inventories of used
nuclear fuel and GTCC low-level radioactive waste, the on-site conditions, and the near-site
transportation infrastructure and experience, time sequences of activities and time durations were
developed to prepare for and remove the used nuclear fuel and GTCC low-level radioactive
waste from a single shutdown site and from nine of the shutdown sites. Figure S-1 presents the
ranges in the estimates of time durations for the single-shutdown site scenario. For a single
shutdown site, the estimated time to prepare for and remove the used nuclear fuel and GTCC
low-level radioactive waste ranged from 6.2 to 11.2 years. These estimates were based on a
range of time durations for tasks, and on varying numbers of available transportation casks,
which combine to yield the upper and lower estimates in Figure S-1.

Figure S-2 presents the representative durations and sequence of activities to prepare for and
remove all used nuclear fuel and GTCC low-level radioactive waste from the nine shutdown
sites. In Figure S-2 the cumulative duration of 11.5 to 14.5 years was based on staggered
shipping campaigns and optimistic estimates of time durations for tasks and includes the
schedule uncertainty associated with procurement of casks and railcars and coordination of
shipping campaigns. As mentioned previously, the representative durations and sequence of
activities shown in Figure S-2 do not include Crystal River, Kewaunee, and San Onofre.

The estimated durations presented in Figures S-1 and S-2 were most affected by the time
required to load and transport the used nuclear fuel and GTCC low-level radioactive waste;
procure casks, components, and campaign kits; and the time required to procure railcars that
meet Association of American Railroads (AAR) Standard S-2043 (AAR 2008). While the latter
two activities could take place in parallel, they still represent a significant fraction of the time it
would take to prepare for and remove the used nuclear fuel and GTCC low-level radioactive
waste from the shutdown sites.
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Table S-1. Summary of Transportation Mode Options for Shipments from Shutdown Sites

Transportation Mode

Site Options Comments

Maine Direct rail Barge to The on-site rail spur is not being maintained. The condition
Yankee rail of the Maine Eastern Railroad would need to be verified.
Yankee Heavy haul - The shortest heavy haul would be 7.5 miles to the east portal
Rowe truck to rail of the Hoosac Tunnel.

Connecticut Barge torail Heavy haul The on-site barge slip has not been used since

Yankee truck to rail  decommissioning but remains intact. It is uncertain whether

Humboldt Heavy haul ~ Heavy haul
Bay truck torail  truck to
barge to rail

Big Rock Heavy haul  Barge to
Point truck to rail  rail

Rancho Seco Direct rail

Trojan Direct rail Barge to
rail

La Crosse Direct rail Barge to
rail

Zion Direct rail Barge to
rail

Crystal Direct rail Barge to

River rail

Kewaunee Heavy haul ~ Heavy haul
truck torail  truck to

barge to rail

San Onofre  Direct rail Heavy haul
truck to

barge to rail

the cooling water discharge canal is deep enough to
accommaodate barges without dredging. The shortest heavy
haul would be about 12.5 miles to the end of the Portland rail
spur. The rail infrastructure at the end of the Portland rail
spur would need to be evaluated.

The heavy haul distance to a rail siding or spur would be in
the range of 160 to 260 miles. The condition of the Fields
Landing Terminal located 2 miles from the Humboldt Bay
site would need to be verified for barge transport.

The heavy haul would probably be about 52 miles to
Gaylord, Michigan. A shorter heavy haul of 13 miles to
Petoskey, Michigan may be possible. The rail infrastructure
at these locations would need to be evaluated.

The rail spur is not being maintained. Weight restrictions on
the lone Industrial Lead would require route clearance by the
railroad or a track upgrade.

The on-site rail spur was removed.

An on-site rail spur was used to ship the reactor pressure
vessel. The location and method for loading the
transportation cask and moving the transportation cask to a
rail spur is uncertain.

The rail spur was recently refurbished to support reactor
decommissioning waste shipments.

Extensive on-site rail system serves co-located fossil fuel
plants.

Condition of potential heavy haul truck routes, transload
locations, and rail infrastructure would need to be evaluated.

The rail spur was recently refurbished to support reactor
decommissioning waste shipments for San Onofre-1.
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Table S-2. Activities to Prepare for and Remove Used Nuclear Fuel from Shutdown Sites

Task

Task Activity Description

Programmatic Activities to Prepare for Transport Operations from a Shutdown Site

1 — Assemble Project
Organization

2 — Acquire Casks,
Railcars, Ancillary
Equipment and Transport
Services

3 — Conduct Preliminary
Logistics Analysis and
Planning

4 — Coordinate with
Stakeholders

5 — Develop Campaign®
Plans

Assemble management teams, identify shutdown site existing infrastructure,
constraints, and transportation resource needs and develop interface
procedures.

Develop specifications, solicit bids, issue contracts, and initiate preparations
for shipping campaigns. Includes procurement of transportation casks and
revisions to certificates of compliance as may be needed, procurement of
AAR Standard S-2043 railcars, and procurement of off-site transportation
services.

Determine fleet size, transport requirements, and modes of transport for
shutdown site.

Assess and select routes and modes of transport and support training of
transportation emergency response personnel.

Develop plans, policies, and procedures for at-site operational interfaces
and acceptance, support operations, and in-transit security operations.

Operational Activities to Prepare, Accept, and Transport from a Shutdown Site

6 — Conduct Readiness
Activities

7 — Load for Off-site
Transport

8 — Accept for Off-site
Transport

9 — Transport

Assemble and train at-site operations interface team and shutdown site
workers. Includes readiness reviews, tabletop exercises and dry run
operations.

Load and prepare casks and place on transporters for off-site transportation.

Accept loaded casks on transporters for off-site transportation.

Ship shutdown site casks.

AAR = Association of American Railroads
a. A campaign plan contains step-by-step, real-time instructions for completing a shipment from an origin

site.
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Figure S-1. Estimated Time Durations to Prepare for and Remove Used Nuclear Fuel and GTCC
Low-Level Radioactive Waste from a Single Shutdown Site
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Figure S-2. Estimated Durations of Key Activities to Prepare for and Remove Used Nuclear
Fuel and GTCC Low-Level Radioactive Waste from Maine Yankee, Yankee Rowe, Connecticut
Yankee, Humboldt Bay, Big Rock Point, Rancho Seco, Trojan, La Crosse, and Zion

Project activities that would precede shipments from all of the shutdown sites would require only
a slightly greater amount of time than that which would be required for one shutdown site. This
assumes that project resources (personnel, funding, and functions such as procurement and
quality assurance) would be adequate to support concurrent acquisitions of transportation casks
and associated components that would include several units of each of the seven transportation
casks that would be used at Maine Yankee, Yankee Rowe, Connecticut Yankee, Humboldt Bay,
Big Rock Point, Rancho Seco, Trojan, La Crosse, and Zion—the NAC-STC, NAC-UMS UTC,
MP187, TS125, HI-STAR 100, HI-STAR HB, and MAGNATRAN; and to acquire and certify
the fleet of cask, buffer, and escort railcars that would be needed. It also assumes that there
would be flexibility in making acquisitions such as limited constraints on procuring casks and
associated components from non-domestic suppliers.

As part of this preliminary evaluation, nine shutdown sites were visited: Maine Yankee, Yankee
Rowe, Connecticut Yankee, Humboldt Bay, Big Rock Point, Rancho Seco, Trojan, La Crosse,
and Zion. In order to refine the information in this report and to refine the estimates of activities
and task durations, the authors recommend that the three remaining shutdown sites (Crystal
River, Kewaunee, and San Onofre) be visited. As additional nuclear power reactor sites such as
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Vermont Yankee and Oyster Creek shut down, these sites should be included in updates to the
report.

The estimates of durations for project tasks presented here are preliminary and depend on the
many identified assumptions. Consequently, in preparing a comprehensive project plan to
prepare for and remove used nuclear fuel from the shutdown sites it will be necessary to refine
the estimates using improved information regarding each of the sites and their near-site
transportation infrastructure, and using methods that will allow managers to gauge the
importance of assumptions and project considerations. In this regard, it is recommended that
DOE or another management and disposal organization use a quantitative risk analysis tool to
provide estimates of project risks and opportunities. Such guantitative analyses would support
estimating, managing, and funding of contingencies, and would increase confidence that the
project would be successfully executed. Risk-informed estimates would also allow the project’s
managers to anticipate time and funding resources, and alternative courses of action that might
be needed to effectively respond to changing circumstances.

DOE or another management and disposal organization should also take advantage of improved
information regarding loading and transportation of used nuclear fuel from the shutdown sites to
refine the data used by the DOE Transportation Operations Model (TOM) to evaluate
optimizations that may be possible in acquiring and using transportation resources. TOM could
also be used to conduct sensitivity analyses and identify important gaps in information that could
be filled with additional data collected from the shutdown sites. Information developed using
TOM could also be used in case studies conducted using the quantitative analysis tools discussed
above.
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NUCLEAR FUELS STORAGE AND TRANSPORTATION
PLANNING PROJECT

Preliminary Evaluation of Removing Used Nuclear
Fuel from Shutdown Sites

1. INTRODUCTION

This report provides a preliminary evaluation of removing stranded used nuclear fuel from

12 shutdown sites.® Changes from the Revision 1 (September 2013) of the report include
updating of Google Earth imagery; incorporating revisions to transportation certificates of
compliance; updating the number of canisters stored at the Humboldt Bay site; revising the
estimated number of canisters stored at the Crystal River and Kewaunee sites; adding a
discussion of the Kewaunee Harbor; adding discussions of mixed oxide used nuclear fuel stored
at the Big Rock Point and San Onofre sites; expanding the discussion of steam generator
shipments to and from the San Onofre site; adding a heavy haul truck to barge to rail
transportation option for the San Onofre site; adding information about the site-specific licenses
for Humboldt Bay, Rancho Seco, and Trojan; adding an appendix that discusses rail
infrastructure assessments conducted during site visits to the Humboldt Bay, Big Rock Point,
Rancho Seco, Trojan, La Crosse, and Zion sites; and adding an appendix that presents a
summary of state permitting requirements for oversize and overweight truck shipments in
California, Oregon, Michigan, Massachusetts, Connecticut, and Wisconsin.

Shutdown sites are defined as those commercial nuclear power reactor sites where the nuclear
power reactors have been shut down and the site has been decommissioned or is undergoing
decommissioning. The shutdown sites evaluated are Maine Yankee, Yankee Rowe, Connecticut
Yankee, Humboldt Bay, Big Rock Point, Rancho Seco, Trojan, La Crosse, Zion, Crystal River,
Kewaunee, and San Onofre. These sites have no other operating nuclear power reactors at their
sites and have also notified the U.S. Nuclear Regulatory Commission (NRC) that their reactors
have permanently ceased power operations and that nuclear fuel has been permanently removed
from their reactor vessels. Shutdown reactors at sites having operating reactors are not included
in this evaluation. Reactors that have agreements to shut down in the future but that have not
notified the NRC that they have permanently ceased power operations and that nuclear fuel has
been permanently removed from their reactor vessels are also not included in this evaluation.

% To the extent the discussions or recommendations in this report conflict with the provisions of the Standard Contract for
Disposal of Spent Nuclear Fuel and/or High-Level Radioactive Waste, 10 C.F.R. § 961.11, the Standard Contract provisions
prevail.
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The locations of the shutdown sites are shown in Figure 1-1. The material to be removed from
the shutdown sites includes both the used nuclear fuel and the greater-than-Class C (GTCC)
low-level radioactive waste* that is stored, or will be stored, at the independent spent fuel storage
installations (ISFSIs) at each one of the sites.

Figure 1-1. Locations of Shutdown Sites

The preliminary evaluation of removing the used nuclear fuel and GTCC low-level radioactive
waste from the shutdown sites was divided into four components:

e characterization of the used nuclear fuel and GTCC low-level radioactive waste inventory
e a description of the on-site infrastructure and conditions relevant to transportation activities

e an evaluation of the near-site transportation infrastructure and experience relevant to
shipping transportation casks containing used nuclear fuel from the shutdown sites, including
gaps in information

e an evaluation of actions necessary to prepare for and remove used nuclear fuel and GTCC
low-level radioactive waste from the shutdown sites.

These evaluations are contained in Section 2. Section 3 contains an overview of the requirements
for off-site transportation infrastructure.

Section 4 contains time sequences of activities and their durations developed from the lists of
actions that are necessary to prepare for and remove used nuclear fuel and GTCC low-level
radioactive waste from the shutdown sites. Total time durations for a single-site scenario are
developed for conservative and optimistic estimates of the time durations for tasks, and assuming

* In the used nuclear fuel litigation, the Court of Appeals for the Federal Circuit has held that because the NRC has determined by
rule that, unless the NRC approves an alternative method, GTCC low-level radioactive waste requires disposal in a geologic
repository, such waste is considered high-level radioactive waste under the terms of the Standard Contract. Accordingly, for
purposes of this report, the removal of GTCC low-level radioactive waste along with used nuclear fuel at shutdown reactor sites
was analyzed.
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varying numbers of available casks. Representative durations and sequences of activities to
prepare for and remove all used nuclear fuel and GTCC low-level radioactive waste from nine of
the shutdown sites are also presented, and include the schedule uncertainty associated with
procurement of casks and railcars and coordination of shipping campaigns. Crystal River,
Kewaunee, and San Onofre were not included because these sites only recently shut down and
are at the beginning stages of the decommissioning process. These sites generally do not have
fully developed irradiated fuel management plans or post-shutdown decommissioning activities
reports, making estimates of time durations for removing the used nuclear fuel and GTCC
low-level radioactive waste from these sites less certain.
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2. SITE INVENTORY, SITE CONDITIONS, NEAR-SITE
TRANSPORTATION INFRASTRUCTURE AND EXPERIENCE, AND
GAPS IN INFORMATION

This section describes the inventory of used nuclear fuel and GTCC low-level radioactive waste,
site conditions, near-site transportation infrastructure and experience, and gaps in information for
the shutdown sites. The primary sources for the inventory of used nuclear fuel and GTCC
low-level radioactive waste are the RW-859 database (EIA 2002), industry sources such as
StoreFUEL and SpentFUEL, and government sources such as the NRC. The primary sources for
the information on the site conditions and near-site transportation infrastructure and experience
include site visits to the Maine Yankee, Yankee Rowe, Connecticut Yankee, Humboldt Bay, Big
Rock Point, Rancho Seco, Trojan, La Crosse, and Zion sites; information provided by managers
at the shutdown sites; Facility Interface Data Sheets compiled for the U.S. Department of Energy
(DOE) in 2005 (TriVis Incorporated 2005); Services Planning Documents prepared for DOE in
1993 and 1994; industry publications such as Radwaste Solutions; and Google Earth (Google
2013). Where on-site infrastructure upgrades or refurbishments are needed or where specialized
equipment is required, they are assumed to be known by the shutdown site organization and that
the shutdown site organization will complete the necessary tasks by the time of the delivery of
transportation casks and equipment.

Table 2-1 lists the characteristics of the commercial nuclear power reactors that operated at the
shutdown sites. These reactors operated between the years 1961 and 2013. Three of the reactors
(Humboldt Bay, Big Rock Point, and La Crosse) were boiling water reactors and twelve of the
reactors were pressurized water reactors (Maine Yankee, Yankee Rowe, Connecticut Yankee,
Rancho Seco, Trojan, Zion 1 and 2, Crystal River, Kewaunee, and San Onofre-1, -2, and -3). The
licensed capacities for these reactors ranged from 165 to 3438 MW1 (48 to 1130 MWe).
Decommissioning has been completed for five of the sites and is ongoing at Humboldt Bay,
Rancho Seco, La Crosse, Zion, and San Onofre-1. Decommissioning activities are commencing
at Crystal River, Kewaunee, and San Onofre-2 and -3. At these three sites, the used nuclear fuel
that was in the reactor vessels at shutdown has been removed from the reactor vessels and
transferred to spent fuel pools.

Figure 2-1 illustrates the number of canisters and type of storage canisters containing used
nuclear fuel and GTCC low-level radioactive waste that are stored or will be stored at each of the
shutdown sites. The number of canisters stored at Maine Yankee, Yankee Rowe, Connecticut
Yankee, Humboldt Bay, Big Rock Point, Rancho Seco, Trojan, and La Crosse represent actual
canisters in storage. The number of used nuclear fuel canisters at Zion, Crystal River, Kewaunee,
and San Onofre represents an estimate of the number of canisters that will be stored at the
conclusion of canister loading and the number of canisters at Zion, Crystal River, Kewaunee, and
San Onofre containing GTCC low-level radioactive waste represents an estimate of the number
of canisters generated during decommissioning. There are expected to be a total of 486 canisters
in storage at the 12 sites (actual plus estimated). The number of canisters ranges from 5 at

La Crosse to 142 at San Onofre.
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Table 2-1. Characteristics of Shutdown Site Reactors®

Reactor MWe  Operating

Site Location Type MWt (net) Period® Current Status

Maine Yankee, Wiscasset, PWR 2700 860 1972-1996 DECON° completed

Maine

Yankee Rowe, Rowe, PWR 600 167 1961-1991 DECON completed

Massachusetts

Connecticut Yankee, Meriden, PWR 1825 560 1968-1996 DECON completed

Connecticut

Humboldt Bay, Eureka, BWR 200 63 1963-1976  DECON in progress

California

Big Rock Point, Charlevoix, BWR 240 67 1963-1997 DECON completed

Michigan

Rancho Seco, Herald, PWR 2772 913 1975-1989 DECON in progress

California

Trojan, Rainier, Oregon PWR 3411 1130 1976-1992 DECON completed

La Crosse, Genoa, Wisconsin ~ BWR 165 48 1969-1987 SAFSTOR‘

Zion 1, Zion, lllinois PWR 3250 1040 1973-1997 DECON in progress

Zion 2, Zion, lllinois PWR 3250 1040 1974-1996 DECON in progress

Crystal River, Crystal River, PWR 2609 860 1977-2009  SAFSTOR in progress

Florida UNF removed from
reactor vessel 05/28/2011

Kewaunee, Kewaunee, PWR 1772 574 1974-2013  SAFSTOR in progress

Wisconsin UNF removed from
reactor vessel 05/14/2013

San Onofre-1, San Clemente, PWR 1347 436 1968-1992 SAFSTOR

California

San Onofre-2, San Clemente, PWR 3438 1070 1983-2013  SAFSTOR in progress

California UNF removed from
reactor vessel 07/18/2013

San Onofre-3, San Clemente, PWR 3438 1080 1984-2013 SAFSTOR in progress

California

UNF removed from
reactor vessel 10/05/2012

a. Sources: NRC (2013) and IAEA (2012)
b. The operating period represents the date of commercial operation to the date of shutdown.

c. DECON is a method of decommissioning in which structures, systems, and components that contain radioactive
contamination are removed from a site and safely disposed of at a commercially operated low-level radioactive
waste disposal facility or decontaminated to a level that permits the site to be released for unrestricted use shortly
after it ceases operation (NRC 2013).
d. SAFSTOR is a method of decommissioning in which a nuclear facility is placed and maintained in a safe and
stable condition, and subsequently decontaminated (deferred decontamination) to levels that permit release for

unrestricted use (NRC 2013).
PWR= pressurized water reactor
BWR= boiling water reactor
UNF= used nuclear fuel
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Figure 2-2 illustrates the number of used nuclear fuel assemblies stored at each site. There are a
total of 14,083 used nuclear fuel assemblies present at the shutdown sites. These assemblies are
composed of 12,919 pressurized water reactor assemblies and 1164 boiling water reactor
assemblies. The number of assemblies ranges from 333 at La Crosse to 3855 at San Onofre. The
majority (12,421) of the used nuclear fuel assemblies are zirconium alloy-clad;® but Yankee
Rowe, Connecticut Yankee, La Crosse, and San Onofre-1 have 1662 stainless steel-clad used
nuclear fuel assemblies in storage.

Figure 2-3 illustrates the same information in terms of the metric tons of heavy metal stored at
each site. A total of 5519.3 metric tons heavy metal (MTHM) of used nuclear fuel at the
shutdown sites consists of 5394.5 MTHM of pressurized water reactor used nuclear fuel and
124.8 MTHM of boiling water reactor used nuclear fuel. The number of assemblies and MHTM
of used nuclear fuel at each shutdown site were obtained from the RW-859 database (EIA 2002),
from information provided by the shutdown sites, and from projections made using the
TSL-CALVIN computer code (Nutt et al. 2012), and may not include material such as fuel
debris and failed fuel rods that may also be present in the storage canisters at the shutdown sites.

Table 2-2 lists the storage systems used at the shutdown sites and the corresponding
transportation casks that are certified to ship the storage canisters containing used nuclear fuel
and GTCC low-level radioactive waste at each of the sites.® Out of the eight transportation cask
designs listed in Table 2-2, only three types have been fabricated for U.S. use: the HI-STAR HB,
the MP187, and the HI-STAR 100.” The HI-STAR HB can only be used to ship used nuclear fuel
from the Humboldt Bay site. The MP187 can be used to ship used nuclear fuel from the Rancho
Seco and San Onofre sites. The HI-STAR 100 casks that have been fabricated are already being
used as storage casks at the Dresden and Hatch sites (Ux Consulting 2014a). For these

HI-STAR 100 casks to be used to ship used nuclear fuel from the Trojan site, they would need to
be unloaded, their contents placed in other storage overpacks, and the casks transported to the
Trojan site. It would also be necessary to procure impact limiters and spacers for these

HI-STAR 100 casks. Two NAC-STC transportation casks have been fabricated for use in China
(Washington Nuclear Corporation 2003), but not for use in the United States. In addition, an
MP197HB transportation cask is being fabricated in Japan (Vanderniet 2012). Fabrication is
expected to be completed in 2015. Currently, there is no transportation cask certified to ship used
nuclear fuel stored in NUHOMS 32PTH2 canisters.

® The term zirconium alloy clad encompasses Zircaloy-2, Zircaloy-4, ZIRLO, and M5 clad assemblies.

6 Appendix A lists the docket number, package identification number, revision number, certificate of compliance expiration date,
and the Agencywide Documents Access and Management System (ADAMS) accession number for the transportation casks
certified to transport used nuclear fuel from the shutdown sites; the docket number, certificate of compliance number issue date,
certificate of compliance expiration date, amendment number, amendment effective date, and ADAMS accession number for the
general licensed storage systems used at the shutdown sites; and the license number, docket number, license issue date, license
expiration date, amendment number, amendment date, and ADAMS accession number for the Humboldt Bay, Rancho Seco, and
Trojan site-specific licenses. Appendix B discusses rail infrastructure assessments conducted during site visits to the Humboldt
Bay, Big Rock Point, Rancho Seco, Trojan, La Crosse, and Zion sites. Appendix C presents a summary of state permitting
requirements for oversize and overweight truck shipments in California, Oregon, Michigan, Massachusetts, Connecticut, and
Wisconsin.

! Impact limiters have not been fabricated for these transportation casks.
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2.1 Maine Yankee

This section describes the inventory of used nuclear fuel and GTCC low-level radioactive waste,
site conditions, near-site transportation infrastructure and experience, and gaps in information for
the Maine Yankee site. The Maine Yankee site is about 25 miles south of Augusta and about

45 miles north of Portland, Maine (TOPO 1993a).

2.1.1  Site Inventory

Sixty canisters containing 1432 used nuclear fuel assemblies, 2 consolidated fuel rod containers,
and 2 failed fuel rod containers (i.e., damaged fuel cans®) and 4 canisters of GTCC low-level
radioactive waste are stored at Maine Yankee. Figure 2-4 shows the ISFSI at Maine Yankee. The
storage system used at Maine Yankee is the NAC-UMS system (Docket No. 72-1015), which
consists of a transportable storage canister, a vertical concrete storage cask, and a transfer cask.
The transportable storage canister holds 24 pressurized water reactor used nuclear fuel
assemblies. The fuel assemblies from Maine Yankee were loaded into transportable storage
canisters from August 2002 through March 2004 (Leduc 2012). The fuel assemblies have
zirconium alloy-clad fuel rods. The transportation cask that is certified to transport the canisters
containing this used nuclear fuel or GTCC low-level radioactive waste is the NAC-UMS
Universal Transport Cask (UTC) Package (Docket No. 71-9270). No NAC-UMS UTC
transportation casks have been fabricated.

Figure 2-5 illustrates the number of used nuclear fuel assemblies at Maine Yankee based on their
discharge year. The oldest fuel was discharged in 1974 and the last fuel was discharged in 1996.
The median discharge year of the fuel is 1984.

Figure 2-6 illustrates the number of used nuclear fuel assemblies at Maine Yankee based on their
burnup. The lowest burnup is 2.8 gigawatt-day per metric ton heavy metal (GWd/MTHM) and
the highest burnup is 49.2 GWd/MTHM. The median burnup is 32.1 GWd/MTHM. Used nuclear
fuel with a burnup greater than 45 GWd/MTHM is termed as high burnup used nuclear fuel by
the NRC. There are 90 of these high burnup used nuclear fuel assemblies at Maine Yankee.
These high burnup used nuclear fuel assemblies were packaged in Maine Yankee Fuel Cans (i.e.,
damaged fuel cans, see Figures 2-7 through 2-9) and were loaded in the four basket corner
positions in the transportable storage canisters. Twenty-three transportable storage canisters
containing high burnup used nuclear fuel are stored at Maine Yankee. There are also

12 transportable storage canisters containing 43 damaged fuel assemblies in damaged fuel cans
stored at Maine Yankee.

8 A damaged fuel can is a stainless steel container that confines damaged used nuclear fuel. A damaged fuel can is closed on its
end by screened openings. These screened openings allow gaseous and liquid media to escape but minimize the dispersal of gross
particulate material.
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Photo courtesy of Maine Yankee

Figure 2-4. Maine Yankee Independent Spent Fuel Storage Installation
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Figure 2-5. Maine Yankee Number of Assemblies versus Discharge Year (EIA 2002)
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Photo courtesy of NAC International

Figure 2-7. Damaged Fuel Cans

Photo courtesy of NAC International

Figure 2-8. Ends of Damaged Fuel Cans with Lids
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Photo courtesy of NAC International

Figure 2-9. Damaged Fuel Can Lid with Screened Openings

2.1.2 Site Conditions

Figure 2-10 provides an aerial view of the Maine Yankee site, where the Maine Yankee reactor
and associated structures have been removed. Electrical power is available at the Maine Yankee
ISFSI. However, mobile equipment such as cranes to unload the NAC-UMS vertical concrete
storage casks used at Maine Yankee and to load the NAC-UMS UTC transportation cask that is
certified to transport the Maine Yankee used nuclear fuel and GTCC low-level radioactive waste,
IS not present at the site. In addition, a transfer cask, which is used to transfer the transportable
storage canister from a NAC-UMS vertical concrete storage cask to a NAC-UMS UTC
transportation cask, is not present at the site.
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An on-site rail spur exists at Maine Yankee (Figure 2-11). This spur is designated as track

class 1° and connects to the Rockland branch of the Maine Eastern Railroad at milepost 46.66,
which is designated as track class 2. The distance from the Maine Yankee ISFSI to the Rockland
branch is about 2.2 miles. The Rockland branch connects to the Pan Am Railways in Brunswick,
Maine. The distance from the Rockland branch to the Pan Am Ways in Brunswick, Maine is
about 25 miles. Pan Am Railways is a Class Il regional railroad.*® During decommissioning,

238 radioactive and nonradioactive waste shipments were made over the period 2000 to 2005
using this rail spur (EPRI 2005). There appears to be sufficient room within the Owner
Controlled Area to permit staging of railcars. However, the rail spur has been paved over in spots
(see Figure 2-12) and is not being maintained.

A barge dock that exists at Maine Yankee (Figure 2-13) would provide access to the Atlantic
Ocean. The distance from the Maine Yankee ISFSI to the barge dock is about 0.5 mile. The
Maine Yankee steam generators, pressurizer, and reactor pressure vessel were shipped off-site
using this barge dock (Wheeler 2002, Feigenbaum 2005). The three steam generators weighed
356 tons each (491 tons each when the shielding and carriage assembly are included) and the
pressurizer weighed 100 tons (Radwaste Solutions 2000). These components were transported to
Memphis, Tennessee for decontamination (Radwaste Solutions 2000). The reactor pressure
vessel package weighed 1175 tons and was transported to the Barnwell, South Carolina low-level
radioactive waste disposal facility (Feigenbaum 2005). In addition, EPRI (2005) states that the
site’s main power transformers were shipped off-site by barge. The barge dock is approximately
10 feet above the water and the depth of the water is about 6 feet at high tide (TOPO 1993a). The
barge dock and access road were last used in 2003 (TriVis Incorporated 2005) and are not being
maintained.

® Track class is a measure of track quality. In 49 CFR Part 213, the Federal Railroad Administration has categorized all track into
nine classes (1-9), segregated by maximum allowable operating speed.

19 Railroads are classified by the Surface Transportation Board based on their annual operating revenues. The class to which a
carrier belongs is determined by comparing its adjusted operating revenues for three consecutive years to the following scale:
Class | - $250 million or more, Class Il - $20 million or more, and Class 111 - $0 to $20 million. The following formula is used to
adjust a railroad's operating revenues to eliminate the effects of inflation: Current Year's Revenues x (1991 Average Index +
Current Year's Average Index). The average index (deflator factor) is based on the annual average Railroad Freight Price Index
for all commodities (STB 2012). The U.S. Class I railroads in 2013 are the BNSF Railway, CSX Transportation, Grand Trunk
Corporation, Kansas City Southern Railway, Norfolk Southern Combined Railroad Subsidiaries, Soo Line Corporation, and
Union Pacific Railroad.
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Figure 2-12. Paved-over Railroad Tracks at the Maine Yankee Site

Figure 2-13. Barge Dock at the Maine Yankee Site
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2.1.3 Near-site Transportation Infrastructure and Experience

As discussed in Section 2.1.2, Maine Yankee has direct rail access to the Maine Eastern Railroad
via an on-site rail spur (see Figure 2-14). This rail spur was used for radioactive and
nonradioactive waste shipments during decommissioning. There is sufficient room at Maine
Yankee for a long on-site rail spur that should be able to accommodate trains having eight or
more railcars (two buffer cars, a security escort car, and five or more cask cars).

The Maine Yankee site is located on Bailey Point on the Back River and has access to the
Atlantic Ocean through the Sheepscot River. The Back River and Sheepscot River are navigable
waterways and Maine Yankee has an on-site barge dock (see Figure 2-13) and therefore could be
accessible by barges that would transport used nuclear fuel transportation casks to nearby ports
served by railroads or to barge-accessible rail sidings or spurs. The nearest port with rail access
is in Portland, Maine (DSI1 2004).

As discussed in Section 2.1.2, during decommissioning at Maine Yankee, three steam generators,
the pressurizer, and reactor pressure vessel were transported off-site using barges. Figures 2-15
and 2-16 show the Maine Yankee reactor pressure vessel being loaded onto a barge and being
transported by barge, respectively.

For a site such as Maine Yankee that is directly accessible by barge, transportation casks could
be loaded, prepared for off-site transportation, and placed onto transport skids/cradles. Because
the location of the Maine Yankee ISFSI is not immediately adjacent to the barge dock, heavy-lift
equipment could be used to place the casks and transport skids/cradles onto heavy haul vehicles
for transport from the ISFSI to the on-site barge dock. Heavy-lift equipment could then transfer
the casks from the heavy haul vehicles onto the deck of the transporting barges. Alternatively,
the heavy haul transport vehicles with their transport casks could roll onto the barge, thereby not
requiring heavy-lift capability at the barge dock to move the casks from the heavy haul truck to
the barge.
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Photo courtesy of Maine Yankee

Figure 2-15. Maine Yankee Reactor Pressure Vessel Being Loaded onto Barge

Photo courtesy of Maine Yankee

Figure 2-16. Maine Yankee Reactor Pressure Vessel Being Transported on Barge
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2.1.4  Gapsin Information

The principal question for the Maine Yankee site regarding the capability of the off-site
transportation infrastructure to accommodate shipments of large transportation casks is whether
the Maine Eastern Railroad is capable of accepting and moving used nuclear fuel railcars. An
assessment by the Federal Railroad Administration’s track safety engineers and of the Maine
Eastern Railroad’s maintenance-of-way staff would be necessary. If the railroad’s infrastructure
cannot accommaodate the shipments, it would be necessary to ship casks on barges from the site
to a port where they would be transferred to railcars. Because the Maine Yankee reactor pressure
vessel was shipped from the site by barge, there is substantial confidence that barges could be
used to move used nuclear fuel casks from the site. Nonetheless, it would be necessary to obtain
a marine engineer’s assessment of the condition of the channel leading to the Maine Yankee
barge siding and to do any dredging and restoration of navigation aids in the channel that may be
necessary.

2.2 Yankee Rowe

This section describes the inventory of used nuclear fuel and GTCC low-level radioactive waste,
site conditions, near-site transportation infrastructure and experience, and gaps in information for
the Yankee Rowe site. The Yankee Rowe site is in the northwest corner of Massachusetts, about
0.5 mile south of the Vermont border, 3.5 miles northwest of the town of Rowe, and 48 miles
north of Pittsfield, Massachusetts (TOPO 1993b).

2.2.1  Site Inventory

There are 15 canisters containing 533 used nuclear fuel assemblies and 1 reconfigured fuel
assembly,™ and 1 canister of GTCC low-level radioactive waste stored at Yankee Rowe. The
15 canisters contain 7 damaged used nuclear fuel assemblies, which have been placed in
damaged fuel cans.

Figure 2-17 shows the ISFSI at Yankee Rowe. The storage system used at Yankee Rowe is the
NAC Multi-Purpose Canister system (NAC-MPC) (Docket No. 72-1025), which consists of a
transportable storage canister, a vertical concrete storage cask, and a transfer cask. The
transportable storage canister used for the Yankee Rowe used nuclear fuel is the Yankee-MPC,
which holds 36 Yankee Rowe pressurized water reactor used nuclear fuel assemblies. The
Yankee Rowe fuel assemblies were loaded into NAC-MPC canisters from June 2002 through
June 2003 (Leduc 2012). The fuel rods in the fuel assemblies at Yankee Rowe are either
zirconium alloy-clad (457 assemblies) or stainless steel-clad (76 assemblies). The NAC-STC
transportation cask (Docket No. 71-9235) is certified to transport the Yankee-MPC canisters,

1 A Yankee Rowe reconfigured fuel assembly is a stainless steel container having approximately the same external dimensions
as a used nuclear fuel assembly that ensures criticality control geometry and permits gaseous and liquid media to escape while
preventing the dispersal of gross particulates. A Yankee Rowe reconfigured fuel assembly may contain intact fuel rods, damaged
fuel rods, and fuel debris. The Yankee Rowe reconfigured fuel assembly consists of a shell (square tube with end fittings) and a
basket assembly that supports 64 tubes in an 8 x 8 array, which hold the intact fuel rods, damaged fuel rods, or fuel debris. The
shell, basket assembly and tubes are stainless steel. The spent fuel rods are confined in the fuel tubes, which are closed with end
plugs. The shell is closed with top and bottom end fittings. The tube end plugs and the shell end fittings have drilled holes to
permit draining, drying, and helium backfilling (NAC 2006).
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including canisters containing GTCC low-level radioactive waste. Figure 2-18 illustrates the
NAC-STC transportation cask. No NAC-STC transportation casks have been fabricated for use
in the United States. Two NAC-STC transportation casks have been fabricated for use in China
(Washington Nuclear Corporation 2003).

Figure 2-19 illustrates the number of used nuclear fuel assemblies at Yankee Rowe, based on
their discharge year. The oldest fuel was discharged in 1972 and the last fuel was discharged in
1991. The median discharge year of the fuel is 1984.

Figure 2-20 illustrates the number of used nuclear fuel assemblies at Yankee Rowe based on
their burnup. The lowest burnup is 4.2 GWd/MTHM and the highest burnup is

36.0 GWd/MTHM. The median burnup is 28.0 GWd/MTHM. There are no high burnup used
nuclear fuel assemblies (burnup greater than 45 GWd/MTHM) stored at Yankee Rowe.

Photo courtesy of Yankee Rowe

Figure 2-17. Yankee Rowe Independent Spent Fuel Storage Installation
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Photo courtesy of NAC International
Figure 2-18. NAC-STC Transportation Cask
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Figure 2-19. Yankee Rowe Number of Assemblies versus Discharge Year (EIA 2002)
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Figure 2-20. Yankee Rowe Number of Assemblies versus Burnup (EI1A 2002)

2.2.2 Site Conditions

Figure 2-21 provides an aerial view of the Yankee Rowe site, where the reactor and associated
structures have been removed. Electrical power is available at the Yankee Rowe ISFSI.
However, mobile equipment such as cranes to unload the NAC-MPC vertical concrete storage
casks used at Yankee Rowe and to load the NAC-STC transportation cask that is certified to
transport the Yankee Rowe used nuclear fuel and GTCC low-level radioactive waste is not
currently present at the site. In addition, a transfer cask, which is used to transfer the
Yankee-MPC transportable storage canister from a NAC-MPC vertical concrete storage cask to a
NAC-STC transportation cask, is not currently present at the site. There are two compatible
transfer casks without doors or hydraulic components stored at the Connecticut Yankee site and
one compatible transfer cask at the La Crosse site.

There is no barge access or direct rail access at the Yankee Rowe site. The nearest off-site barge
facility is located in Albany, New York, a distance of 50 miles from Yankee Rowe

(TriVis Incorporated 2005). Yankee Rowe had direct rail service, but the rail spur to the site was
removed in the early 1970s and cannot be reinstalled because the construction of the Cockwell
(formerly Bear Swamp) Pumped Storage Plant resulted in submersion of the rail line to Yankee
Rowe (TOPO 1993b). The nearest rail access is at the east end of the Hoosac Tunnel, a distance
of about 7.5 miles from the Yankee Rowe site. Heavy haul truck transport would be required to
move NAC-STC transportation casks containing used nuclear fuel or GTCC low-level
radioactive waste to this location.
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2.2.3 Near-site Transportation Infrastructure and Experience

The Yankee Rowe site does not have an on-site rail spur or a railroad that passes near to the site
or along the site boundary. For Yankee Rowe, heavy haul trucks could be used to move
transportation casks over public highways to a rail siding or spur that provides access to a
railroad that can accommodate the loaded transportation casks.

For shipments of casks containing used nuclear fuel that require the use of heavy haul trucks, the
casks would be prepared for shipment at the Yankee Rowe ISFSI site and loaded onto a transport
cradle that would be loaded onto the transport trailer of a heavy haul truck. The truck, led and
followed by technical and security escorts, would move over an approved, designated highway
route to a nearby rail siding or spur. Heavy lift equipment would be used to transload the cask
and its cradle as a unit from the truck to a railcar at the rail siding or spur.

Heavy haul trucks were used to move the reactor pressure vessel and steam generators from the
Yankee Rowe site. For example, in 1997, the Yankee Rowe reactor pressure vessel was moved
7.5 miles on an improved county road by a heavy haul truck from the Yankee Rowe site to a rail
siding (now removed) at the east portal of the Hoosac Tunnel in western Massachusetts (see
Figures 2-22 and 2-23). The siding connected to a rail line that is operated by the Pan Am
Southern Railroad, a partnership of the Norfolk Southern Railroad and the Pan Am Railroad
Company, a northeastern U.S. Class Il regional railroad. The Pan Am Southern rail line at the
Hoosac Tunnel is designated as track class 3. To reach the east portal of the Hoosac Tunnel, the
heavy haul truck and reactor pressure vessel had to cross the Sherman Dam. EPRI (1998) states
that the spillway bridge on the Sherman Dam was replaced prior to shipping the reactor pressure
vessel and the slope stability along the roadway, as well as the roadway culverts, were assessed
for the loaded transport conditions. The reactor pressure vessel package weighed 365 tons with
saddle and tie downs (EPRI 1998). At the Hoosac Tunnel rail crossing, the reactor pressure
vessel package was transloaded from the roadway transporter to a TransAlta CAPX 1001 railcar.
The railcar was equipped with a lateral shift mechanism that enabled handlers to move the cargo
left or right up to 12 inches (Lessard 2000). The loaded gross weight of the railcar and reactor
pressure vessel package was 1,122,700 Ib. (EPRI 1998). The reactor pressure vessel was then
transported to the Barnwell, South Carolina low-level radioactive waste disposal facility (Lessard
2000). During the trip to Barnwell, South Carolina, the lateral shift mechanism had to be used on
Six separate occasions to maneuver around structures or other railcars along the route

(Lessard 2000). These shifts ranged from 3 to 12 inches (Lessard 2000).

Figure 2-24 shows the rail line at the east portal of the Hoosac Tunnel and Figure 2-25 shows the
east portal of the Hoosac Tunnel. Figure 2-26 shows the Yankee Rowe reactor pressure vessel on
the railcar used to transport it to the Barnwell, South Carolina low-level radioactive waste
disposal facility. Figure 2-27 shows the route taken from the Yankee Rowe site to the east portal
of the Hoosac Tunnel.

2.24  Gapsin Information

The Yankee Rowe site is located inland in the western part of Massachusetts and thus does not
have access to a navigable waterway. In addition, the Yankee Rowe site does not have direct rail
access.
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Photo courtesy of Yankee Rowe

Figure 2-22. Yankee Rowe Reactor Pressure Vessel Being Transported by Heavy Haul Truck

Photo courtesy of Yankee Rowe

Figure 2-23. Yankee Rowe Reactor Pressure Vessel on Heavy Haul Truck Moving Under Power
Lines
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Figure 2-24. Rail Line at East Portal of the Hoosac Tunnel

Figure 2-25. East Portal of the Hoosac Tunnel
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Photo courtesy of Yankee Rowe

Figure 2-26. Yankee Rowe Reactor Pressure Vessel on Railcar

Consequently, it would be necessary to use heavy haul trucks to transport casks containing used
nuclear fuel from the site for a distance of about 7.5 miles over a local, improved road to the
nearest location for a rail siding at the eastern portal of the Hoosac Tunnel. This would require
constructing an on-site access road from the Yankee Rowe ISFSI to the Sherman Dam and
obtaining authorization for the heavy haul vehicles to cross the dam. The Sherman Dam is owned
and operated by TransCanada Hydro Northeast, Inc. Based on the experience during
decommissioning, TransCanada would need to be notified of the intent to use the roadway and
bridge to move heavy loads across the dam; the load evaluation used for the removal of the
reactor pressure vessel and steam generators would have to be verified and modified if
necessary, and an engineering walk down of the roadway and bridge would be needed to confirm
that there had been no changes or deterioration that would invalidate the previous load
evaluation.

The heavy haul truck route from Yankee Rowe to the Hoosac Tunnel can be ice covered at times
during the winter and could need treatment to prepare it for shipments. A route survey and load
evaluation for the heavy haul truck route would also be required. The siding that was installed at
the tunnel for the purpose of loading the reactor pressure vessel onto a railcar has been removed
and would need to be reinstalled before shipments of casks to this location could take place.
Alternative routing for heavy haul trucks that would lead to North Adams, Massachusetts, where
casks could be loaded onto railcars, would require travel north over mountainous local roads into
VVermont then south to the North Adams area, a distance of about 20 miles.

There is sufficient land in the Hoosac Tunnel area to stage handling equipment. This is based on
the use of this area to load the reactor pressure vessel from the transporter to the railcar.
However, site preparation work would most likely be required. The available space is limited for
a rail siding at the Hoosac Tunnel location, making it likely that only one or two railcars could be
placed for loading. It would be necessary to move loaded railcars from the siding to a staging
area, possibly in North Adams, where trains with possibly two locomotives, buffer cars, and an
escort car could be assembled. A staging location has not been identified.
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2.3 Connecticut Yankee

This section describes the inventory of used nuclear fuel and GTCC low-level radioactive waste,
site conditions, near-site transportation infrastructure and experience, and gaps in information for
the Connecticut Yankee site. The Connecticut Yankee site is located on the eastern shore of the
Connecticut River near Haddam Neck, Connecticut, about 13 miles southeast of Middletown and
25 miles southeast of Hartford, Connecticut (TOPO 1993c).

2.3.1  Site Inventory

Forty canisters containing 1019 used nuclear fuel assemblies and 5 fuel rod storage containers,
and 3 canisters of GTCC low-level radioactive waste are stored at Connecticut Yankee. The
40 canisters contain 71 damaged fuel cans, which contain 66 damaged used nuclear fuel
assemblies and 5 fuel rod storage containers.

Figure 2-28 shows the ISFSI at Connecticut Yankee. The storage system used at Connecticut
Yankee is the NAC Multi-Purpose Canister system (NAC-MPC) (Docket No. 72-1025), which
consists of a transportable storage canister, a vertical concrete storage cask, and a transfer cask.
The transportable storage canister used for the Connecticut Yankee (CY) used nuclear fuel is the
CY-MPC. This canister may be configured to hold 24 or 26 pressurized water reactor used
nuclear fuel assemblies. The fuel assemblies from Connecticut Yankee were loaded into
CY-MPC canisters from May 2004 through March 2005 (Leduc 2012). The fuel rods in the fuel
assemblies at Connecticut Yankee are either zirconium alloy-clad (161 assemblies) or stainless
steel-clad (858 assemblies). The NAC-STC transportation cask (Docket No. 71-9235) is certified
to transport the CY-MPC canisters, including canisters containing GTCC low-Ilevel radioactive
waste. No NAC-STC transportation casks have been fabricated for use in the United States. Two
NAC-STC transportation casks have been fabricated for use in China (Washington Nuclear
Corporation 2003).
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Photo courtesy of Connecticut Yankee

Figure 2-28. Connecticut Yankee Independent Spent Fuel Storage Installation

In addition to the 43 canisters of used nuclear fuel and GTCC low-level radioactive waste stored
at the Connecticut Yankee ISFSI, two transfer casks are stored at the Connecticut Yankee ISFSI.
These transfer casks could also be used at the Yankee Rowe site.

Figure 2-29 illustrates the number of used nuclear fuel assemblies at Connecticut Yankee, based
on their discharge year. The oldest fuel was discharged in 1971 and the last fuel was discharged
in 1996. The median discharge year of the fuel is 1984.

Figure 2-30 illustrates the number of used nuclear fuel assemblies at Connecticut Yankee, based
on their burnup. The lowest burnup is 8.2 GWd/MTHM and the highest burnup is

43.0 GWd/MTHM. The median burnup is 33.1 GWd/MTHM. There is no high burnup used
nuclear fuel (burnup greater than 45 GWd/MTHM) stored at Connecticut Yankee.
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Figure 2-29. Connecticut Yankee Number of Assemblies versus Discharge Year (EIA 2002)

600

g

Number of Assemblies

2

100

40-45

0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40
Burnup (Gwd/MTHM)

Figure 2-30. Connecticut Yankee Number of Assemblies versus Burnup (EIA 2002)
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2.3.2 Site Conditions

Figure 2-31 provides an aerial view of the Connecticut Yankee site, where the reactor and
associated structures have been removed. Electrical power is available at the Connecticut Yankee
ISFSI. However, mobile equipment such as cranes to unload the NAC-MPC vertical concrete
storage casks used at Connecticut Yankee and to load the NAC-STC transportation cask that is
certified to transport the Connecticut Yankee used nuclear fuel and GTCC low-level radioactive
waste is not currently present at the site. Two transfer casks without doors or hydraulic
components are stored at the Connecticut Yankee ISFSI. These transfer casks could also be used
at the Yankee Rowe site.

There is no on-site rail access at Connecticut Yankee. The nearest rail access is in Portland,
Connecticut near Middletown, Connecticut, about 12 miles from the Connecticut Yankee ISFSI.
To reach this location, heavy haul truck transport would be required. The rail line at Portland is
designated as track class 1 and connects to the Providence and Worcester Railroad in
Middletown, Connecticut after crossing the Connecticut River. The condition of this bridge is
unknown. The Providence and Worcester rail line in Middletown, Connecticut is designated as
track class 2.

An on-site barge slip at Connecticut Yankee is located in an area of the shoreline along the
northeast end of the coolant water discharge canal (see Figures 2-31 and 2-32) and is about

0.9 miles from the Connecticut Yankee ISFSI. This slip provides access to the Connecticut River
and Atlantic Ocean (TOPO 1993c). The barge slip and cooling water discharge canal were used
to ship the reactor pressure vessel, steam generators, and transformer off-site (EPRI 2006,
Connecticut Yankee 2012). At the time that the reactor pressure vessel was shipped, the cooling
water discharge canal had silted up, and the canal was dredged before the reactor pressure vessel
was shipped (EPRI 2006). The on-site barge slip has not been used since decommissioning but
remains intact. It is uncertain at this time whether the cooling water discharge canal is deep
enough to accommodate barges without dredging.

2.3.3  Near-site Transportation Infrastructure and Experience

The Connecticut Yankee site does not have an on-site rail spur or a railroad that passes near to
the site or along the site boundary. For Connecticut Yankee, heavy haul trucks could be used to
move transportation casks over public highways to a rail siding or spur that provides access to a
railro