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Executive Summary

Per the requirements of the Task Order G&neric Design for Small Standardized

Transportation, Aging, and Disposal Canister Systedtatement of Work (SOW),

EnergySolutionsand its team partners: NAC International, Exelon Nuclear Partners, Talisman

Il nternational, and Peter senhéed nTceamo,r #iese dp r dchweirc
U.S.Department of Energy (DOE) a Final Report, which documenénarg design of a small
capacityStandardized Transportation, Aging angsal (STAD) canister system faufr

Pressurized Water ReactorP¥WR) Spent Nuclear Fuel (SNF) assemblies or nine Boiling Water
Reactor (3BWR) SNF assemblies

The Team hagleveloped an integrated transfer, storage and loading process for the small STAD
canisters, which utilizes a firstf-a-kind carrier to allow four small STAD canisters to be loaded,
welded, dried and handled in parallel from the spent fuel pool throwgbrage or

transportation. Figure EE provides an overview of the system components.

INTEGRATED TRANSFER, STORAGE AND TRANSPORTATION

V6 #
\
Small (4- PW/R or 9-BWWR)
STAD Canisters Transportation Cask

\ \
Transfer Cask

Pravides shielding during fuel

loading and canister closure,

and during ransfer of the
loaded carrier for storage or
fransport
Carrier Above Ground Storage Cask

Figure ES-1. Overview of the Small STAD Canister System

The STAD canisters have been developed in accordance with théB@Emance

Specification for Small and Mean Transportation, Aging and Disposal Canister Systems

FCRD-NFST-2014000579. The proposed STAD desigviich can be handled with the

125ton pool crane found at most nuclear power station sieg@iccommodate the entire US

spent PWR and BWR fuel invary, with the exception of South Texas Project fuel and

Combustion Engineering (CE) 16x16 fuel with control components (whose length exceeds that
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of the cask cavity). Some future assembly types, including AP1000 fuel, will also be too long

for the propoed cask and basket design. Longer versions of the proposed STAD designs, which
can be used with a 150 ton plant crane, could be designed; with the South Texas Project site, as
well as the AP1000 plant design, having 150 ton pool cranes.

The proposed system will require a plant spent fuel pool crane capacity of 125 tons. Most US
nuclear plant sites have a crane capacity of 125 tons or more. Some sites, however, have crane
capacities between 100 and 125 tons. Plants with 100 ton cizeagtes may be

accommodated by designing transfer casks with less shielding, or by placing three (vs. four)
STAD canisters inside the transfer and storage casks (should shielding analyses show that
acceptable exterior dose rates carbeatbtained with dransfer cask with a loaded hook weight
under 100 tons)Noting that loading three STAD canisters will require the use of a different
carrier design, in order to avoid balance problems.

A fact sheet detailing the key features of the systermigqgied inAppendix H, and datasheets
detailing thekey parameters for the system previded in Appendix F. A summary of the work
performed by th&eam and the results obtainaeprovided below.

DESIGN CONCEPT

STAD Canisters

Two different STAD canister assembly designs have been developefdr the 4PWR and
one for the-BWR SNF assemblies. Figure 2Shows an expanded view of the STAD canister
assembly andvith the exception athe internal
basketjdentifies the major features discussed below

ey O LIFTING RING

TOP PLATE ASSEMBLY

Both STAD canister designs consist of a shell
assembly (identical for both) and an internal basket R
assembly (different designs). The shell assembly ==

VENT/SIPHON PORT COVERS

SHIELD PLUG

VENT/SIPHON BLOCK AND

includes an openeip shell body assebly that = PORT TOPS
contains the internal basket assembly. ABNIFis
placed inside the STAD canister, a shield plug is SHIELD PLUG SUPPORT RING

placed into the top end of the STAD canister body
assembly to provide radiation shielding for workers
during the subsequent canister closurerapons.

The shell body assembly includes a vent/siphon blg
and ports that are used to drain andtdeySNF and BOTTON PLATE
inside ofthe canister during loading operations. Thg .
shell body also includes a ring at the top end that i Figure ES-2. Expanded View of
used to temporarily suppotté shield plug within the | sTAD Canister Assembly
canister shell prior to welding the shield plug to the
canister shell. The shield plug has two holes throug
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which the vent and siphon port tops fit. After a small amount of water is drained from the STAD
canister cavity, the &id plug is welded to the canister shell and the vent and siphon port tops to
form the inner closure pressure boundary. Following canister draining and drying operations,
small circular covers are welded over the vent and siphon port tops to complatesthe
confinement boundary. The top plate assembly, which includes an integral lifting ring, is then
placed on the shield plug and welded to the canister shell, forming a sedondant seal

boundary.

Canister Transfer System

The canister transfersgsin ut i | i zes a fAcarriero type STAD
locates and supports four small STAD canisters, during loading operations, storage wodition
transport conditions. Use of the carrier is based on reducing the number of priadémg land
handling operations and it also provides opportunities for parallel weldingjestructive
examination, and drying operations to be performed. In this role, the carrier is the primary
transfer component when loading the STAD canisters. Teanatk equipment, similar to that

used for the ultrdnigh capacity canister based systems, is used to load, pracddsansferite

STAD canisters. Figure Ef aboveprovides an overview of how the carrier is integrated into

the processes of loadingtorage and transportation.

The STAD canister carrier provides operational alignment, fraaltihandling and shielding

during fuel loading operations. The STAD canister carrier is also a multipurpose frame which
functions as a heat transfer device atrdctural component during storage and transportation.

The STAD carrier may be preloaded into a transfer cask or staged with STAD canisters and then
loaded into the transfer cask.

The transfer cask contaisapports and shields the STAD canisters anfll3¢arrier during fuel
loading, lid welding, closure operatiqrad subsequent transfer to storage or transport casks.

The transfer cask has integrated pneumatic seals at the top and bottom to provide a boundary for
clean water to be maintained withirettransfer cask during fuel loading. The transfer cask is

also equipped with multiple inlet and outlets whereby the clean water boundary can be
filled/drained. It is expected that the canisters will be filled with pool water (particularly PWR
loading) awnl the interstitial area within the transfer cask filled with clean water prior to placing

the system in the fuel pool. The seals are to be inflated after the carrier and STAD canisters are
properly loaded and positioned within the transfer cask. The aealnflated with air or inert

gas and expand to make contact with the upper shield disk and the lower support plate of the
carrier. This develops the boundary for the clean water fill. To ensure adequate contamination
control, the clean water systermnde overpressuredwiper ringscould be used in the carrier to
provide seal around each canisiea sealing ring assembdan benstalled on the carrier that

uses inflatable seals for each STA&nister Inherent in the clean water boundary is thiits

to provide auxilary cooling to the STAD canisteifghe need is determinedRecirculation of
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the water througkhe upper ath lower ports can be routed througheat exchanger or cooler
and returned to the transfer cask.

For storage in an overpack, a concrete cask is positioned and a transfer adapter is placed over the
cask opening. This adapter is used to both position the transfer cask and provide the actuation of
the transfer caskars(located at the bottom of the transfer caskhe transfer cask containing

the STAD canisters is positioned on the transfer adapter {sfgakn the top of the concrete

cask. Once the carrier has been lowered into the storage overpdbk agging removed, the

transfer adapter is removed and the
concrete cask lid is placed and bolte| Sa
down. The process of transferring a =
loaded carrier to a Transportation
Cask is very similar and both transfe
operations can be seen in
FigureES3.

3

4"\

f@

Although the STAD canister carrier i
primarily designed for handling smal
STAD canisters in groups of four,
each STAD canister remains
independently accessible.
Development of addition@TAD
canister handling equipment can Figure ES-3. Transfer Stack-up to Storage
allow for single STAD canister or Transport

removal and placement for variationg:
in transport and storage
configurations. Figure E&

describs systems for loading and
unloading single STAD canisters
from both storage and transgetion
casks. Note that a single STAD
canister transfer cask can be design
to be capable of being laid down,
transported and positioned for
potential horizontal placement.

Storage Options

For storing the loaded STAD carrier
in an aboveground verticatoncrete
cask, a design concept has been

developed based on the Figure ES4. Single STAD Transfer Concept for

Transport and Storage
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MAGNASTOR ultrahigh capacity fuel canister licensed technology. Utilization of a horizontal
storage option may require further design modifications to accommodate the horizontal bearing
of a loaded carrier into the storage module. Currently licensed technology utilizes a combination
of lubrication and a material resistant to galling for both the transfer cask and the storage module
horizontal structural supports. For the transfer of aleifudl canister, this is adequate. For the
STAD carrier design approach presented in this report, the intermittent disks could be
problematic in a horizontal transfer if there is a gap greater than the thickness of a support disk.
Possible alternatives resolve this issue would require the carrier to be positioned and

controlled in a predetermined orientation in which continuous supports can be incorporated over
the entire length of the carrier assembly. The current horizontal technology is based on a
canister wall contact with a twin rail support system. A similar concept may be developed if a
horizontal system is determined to be more effective for the package.

Utilization of an irground or above ground bunker storage option can addresstiedlwrrier

concept or the individual STAD canister concept. Either option can be designed to utilize the

STAD carrier or the individual STAD canister approach for storage. Shielding is predominantly
provided by the embedmersthimatoe rcioaripso nveintth ctome r
cover or lid. The irground application is essentially the same as an above ground component

with respect to materials.

Transportation Options

With the utilization of the mukBTAD carrier concept, the transportation cask will be a ralil
transport sized component. The transportation cask for the STAD would utilize similar transport
cask technology as that developed for the TaskiQrde
SNF Transportation Cask Design Study. The signific
difference in the two transport casks would be the ca
diameter (78jinside Diameter (IDjor the STAD
transport caskersus 7@jID) and the cavity length
(194njversus 186j. The increased szof the cask
cavity drives the outside diameter and subsequently {
weight. The length increase is required to compensg
for the STAD canisters shield plugs, closure lids and
canister bases. In addition to the increase in cask
weight, the increasedalneter of the transportation cag
i mpacts the transport q _. nt er f
by rel?jucing the stroke distance of the Sackage imgac Figure ESS.’ Cutaway_ P
. . ) e _ Transportation Cask with
limiters. This is because the impact limiter Outside | sTAD Canisters and Carrier
Diameter (OD) is limited to a maximum of 18
Figure ES5 shows a carrier loaded into a transportation cask, which does not have the impact
limiters installed.
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DESIGN AND ANALYSIS

Shielding, criticality, thermalnd structural analyses have been performed for the design
concepts. Key points from this work are provided below noting that, in addition to the regulatory
storage and transportation requirements pertaining to the STAD canister, the carrier will also be
subject to these same requirements due to it being utilized to support and retain the STAD
canisters in both storage and transportation modes.

1 Investigative structural and thermal analyses for both the storage and transport of a loaded
carrier in a vertial concrete cask or a transportation cask, respectively, have been performed
and documented within this Final Report. Although the use of a carrier is seen aefagfirst
kind for dry cask storage, the design is reflective of earlier dry cask stord@g thasigns
t er me danddti stked basket s.

The current carrier design is essentially the blending of a typical dry cask storage design and
the tube and disk fuel basket design. Instead of an array of fuel assemblies, there are
essentially four (4) véical casks (sleeves), one for each of four Small STAD canisters,
integrated into a single package. These four sleeves are bound together by upper and lower
plates and supported radially by additional gusset type supports. The current design
addresses &hrequirements for shielding, lifting, processing, storage and transportation and is
the current representation of an iterative path of inspection, balancing the structural and
thermal needs of the STAD canister itself and integration into a safe opala@ackage.

1 The thermal analyses performed for the STAD canisters during storage concluded that
acceptable fuel rod cladding and STAD canister fuel basket structure temperatures will occur
for payloads of four PWR or BWR STAD canisters within the storagk,aiven that the
STAD canister heat load does not exceed 8.0 kW/STéister

1 The thermal analyses performed for the STAD canisters during transportation concluded that
the fuel cladding and STAD canister basket structures meet their respective terapera
limits by wide margins, assuming a STABnisterheat generation level of 6.0 kW/STAD
canister This corresponds to heat generation levels®k®V per PWR assembly and
0.667kW per BWR assembly, and an overall transportatask dieat generationel of
24 kW.

1 The results of the small STAD canister shell assembly structural analysis demonstrate that
the small STAD canister shell assembly will satisfy the allowable stress design criteria for
storage conditions.

1 A structural evaluation was perfoed of the small STAD canister for a postulated vertical
free drop of 23 feet onto an essentially unyielding horizontal surface. Two impact
orientations were considered: (1) Flat bottom end impact, andd@yree rotation from
vertical. The purpose dfiis evaluation was to provide results that DOE can use for
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comparison to drop analyses that have been performed for other proposed canister designs,
including the Transportation, Aging and Disposal (TAD) canister.

For STAD canisters in the transportaticask, the shielding analysis results show that all
cask exterior dose rates are under the applicable 10 CFR 71 limits (for any assembly payload
that meets the cooling time requirements showrainle4-4 (on Page 58)).

The shielding analyses for STAD canisters during storage determined that the peak dose rates
on the cask side surface are between 80 and 90 mrem/hr, for PWR and BWR fuel. This is
not significantly highethan that of other storage cask systems, given the bounding nature of
the analyzed (62.5 GWd/MTU, 5 year cooled) assembly payload. The 25 mrem/year limit at
the site boundary is the only 10 CFR 72 limit that applies for the storage cask. The
maximum cak side surface dose rate necessary to meet this limit will be a function of the
number of casks in tHadependent Spent Fuel Storage Installati&f§)), the ISFSI
arrangement, the actual fuel payload (and source terms) loaded into the casks, and the
distance to the site boundary. Roansfer operationghe shielding analysis results show

peak dose rates under 1.0 Rem/hr on the cask side surface under dry conditions, and dose
rates under 100 mrem/hr on the cask side surface when the cask anadc&iigdd cavities

are filled with water. The peak dose rates occur at the axial elevation of the peak burnup
region of the fuel. These dose rates are acceptable and in line with industry experience.

It is likely that moderator exclusion will be employed as phimary means of criticality

control for the transportation cask system. The double seal weld of the &inddders

would be credited as the second barrier to water ingress (an approach for which there is
precedent in cask system licensing). The trartsgask containment boundary would be the

first barrier to water ingress. However, criticality analyses that model water within the STAD
canister inteors as well as between the STABnisterdave been performed. The purpose

of these analyses is to pide a backup (defense in depth) to moderator exclusion. The
criticality analyses model the STAD canisters inside the transportation cask and as the (outer)
cask configuration does not significantly affect reactivity, and the transfer cask and transport
cask materials are similar, the results of the criticality analyses are applicable for the transfer
(loading) configuration as well.

For PWR fuel, three different configurations were modeled, which reflect different licensing
contingencies: (1) IntactWR assemblies, (2) Optimum pitch cladded PWR rod arrays and
(3) Optimum PWR fuel pellet (rubble) array. For configurations (1) andt (as

concluded that the STAD canister could accommodate the entire U.S. spent PWR assembly
inventory, without any nekfor payload reduction. Configuration (3) presents a challenge in
that the initial results under these (extreme) assumptions (interior is compléelyviih

water with an optimum array of Westinghouse1H PWR fuel pellets) concluded that the
STAD canister would not be able to accommodate a significant fraction of the U.S. spent
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PWR assembly inventory. Another analysis was performed, which involved modifying the

fuel basket design to control reactivity under such extreme conditibpassumed that

borated stainless steel is placed around the periphery of the four basket cells and also that the
centr al Acruciformd stai nl es scarsstereaeity edgel at e s
With these modificationst was concluded thahe entire U.S. spent PWR assembly

inventory could be accommodated, without any need for payload reduction, even if it were
assumed that all the pellets escape the fuel rods and that water enters the cask and STAD
canistelnnteriors. Such a borated sti@gs steel configuration would significantly increase

the cost and weight of the STAD canistdrswever.

For BWR fue| the sameéhree different configurations weagainmodeled, which reflect
different licensing contingencies: (1) Int&MWR assemblies(2) Optimum pitch cladded

BWR rod arrays and (3) Optimum BWR fuel pellet (rubble) array. For configuration (1), it
wasconcluded that four BWR STAD canisters inside a transportation cask, each with a
payload of nine BWR assemblies, will meet 10 CFRriticality requirements for (planar
average) enrichment levels up to 5.0%; this covers the enfresphent BWR assembly
inventory. Thus, even if water ingress into the cask and STAD canister interiors were
deemed credible, the BWR STAdanisterconfiguration will be able to ship the entire®)

spent BWR assembly inventory, with no need for payload reduction, if the BWR assemblies
can be assumed to remain intact under 10 CFR 71 hypothetical accident conditions (HAC).
For configuration (2), itvas conclued that a reduction in the payload from nine to eight
BWR assemblies for each STAD canister would be required for BWR fuel assemblies with
planar average initial enrichment levbklstween 4.3% and 5.0% hat may constitute a
significant fraction of the 8 spent BWR fuel inventory in the future. If borated stainless
steel plates were placed around the periphery of the BWR STAD basket, payload reduction
would only be necessary for BWR assemblies with initial enrichment levels over 4.75%,
which is a very sl fraction of the current (or future).8 spent BWR assembly inventory.
Thus, if such a change to the BWR STA&nistetbasket design were made, payload
reductions would be insignificant. However, such a design change would significantly
increase theost and weight of the STADs. For configuration (3)vas concluded that the

BWR STAD canister would onllge able to accommodate BWR assemblies with initial
enrichment levels of 3.6% or less. It is also unlikely that any plausible STAD design changes
could significantly increase that allowable enrichment. In the future, most of the BWR
assembly inventory is expected to have initial enrichment levels over 3.6%.

REGULATORY COMPLIANCE

It was concluded that, subject to the considerations described h&Bwyuclear Regulatory
Commission (NRC) approval of the STAD system desugrbbth the initial 10 CFR1
transport Certificate of Complian¢€oC)and the initial 10 CFR 72 storag@Cwould be
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anticipated. The considerations that may present complexities to the applicant and to the NRC
staff review are:

1 Adqging Management To satisfy the DOE design specification, FCRIPST-2014000579,
that the design lifetime of the STAEnisterunder both 10 CFR 72 and 10 CFR 71 should
be fAlicensabl eo for 150 canistasyssem desineshoaldo pl i cant
consider developing and including in the initial application an aging management program as
described in NRC NUREG927, Stardard Review Plan for Renewal of Spent Fuel Dry Cask
Storage System Licenses and Certificates of Compliahlse aging management program
should be in place starting at day one in the lifetime of the STAD canister system design to
support and provide theture basis for possible renewal up to the-§&ar design lifetime.
The implemented aging management program would provide the technical basis for future
renewal application consideration.

91 High Burnup Fuel The STAD canister system design includes fpansand storage of high
burnup fuel withburnup up to 62.5 GWd/MTUThe NRC has much experience with review
and approval of applications for the dry cask storage of high burnup spent fuel, and has for
the past decade approved multiple dry cask storagierag for storage of high buumspent
fuel. The storage of high burnup fuel in the STédhistelis not anticipated to be a
significant challenge in the NRC review. However, the topic of transport of high burnup fuel
is presently under much study anabsis by both the NRC and the industry. The NRC
review of transport applications for high burnup figgbresently conducted on a
caseby-case review basis with the applicant demonstrating to the satisfaction of the NRC the
safety justification for assuptions on high burnup fuel reconfiguration under accident
conditions. Further devel opment of NRCO6s r €
is anticipated over the next few years. The applicant will need to confirm that the application
is consisent with the then current NRC guidance on transport of high burnup fuel. The
applicant should anticipate that the technical basis and the assumptions for transport of high
burnup fuel will receive close NRC scrutinfpepending on the status of the NR@la
industry studies at the time of application, perhaps further study/supporting analysis may be
necessary to justify the technical basis and assumptions for transport of high burnup fuel.

1 Multiple Storage ConfigurationsThe STAD canister storage systeesign requirements
provides for storage at a utility site in accordance with 10 CFR 72 in either a horizontal or
vertical orientation. Typically, storage applications identify and analyze one storage
configuration, vertical or horizontal. The inclusiohboth a vertical and horizontal storage
system configuration does noécessarilypresent a technical review challenge, but
represents an added level of complexity to the NRC review and possibly added NRC review
resources to review the structural, thelmesaterials, shielding, operational, and accident
considerations for the two separate vertical and horizontal storage systems.
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The additional STAxanisterstorage design requirement added byStaVto address an
above or below grade vault storageteys clearly adds an additional level of complexity to
the STADcanistersystem design and application, with an increase in the NRC review
resources needed for the review. The NRC has prior experience with the review of an
underground vault storage systeand therefore there may not necessarily be technical
challenges but the vault storage system design adds to the review complexity and needed
resources.

1 Multiple STAD Canisters in Storage and Transport Overpadke transport and storage
STAD canisteroverpack desigawill allow for the storage and/or transport of either a single
STAD canister or 4 STAD canisters. The applicant and the NRC review must analyze the
performance of the storage system and the transport package under accident conditions with
a transport overpack and storage overpack containingreitsingle STAD canister or
4 STAD canisters. While there do not appear to be any technical challenges for this aspect of
the NRC review, the complexity of the overpack and internal contents aiuph aeay
represent an added level of NRC review time and resources.

1 Moderator Exclusion The STAD canister system design includes use of moderator
exclusion to demonstrate the capability of the STAD to maintain subcriticality under accident
conditions. ©nsideration and use of IST®, Moderator Exclusionhas been successfully
demonstrated in other spent fuel transport applications. The use-GBI8Ghe STAD
canister system application should not introduce any new technical challenges. However, the
complexity of the analysis and justification for demonstrating moderator exclusion may
require an added level of NRC resources for the review.

ABILITY TO FABRICATE

An evaluation of the ability to fabricate the small STAD canister system components has been
performed by a member of the TedpPetersen Incorporated, whperate a 600,000 sq. ft.
stateof-the-art precision machining and fabrication facilitgshbeen in business for over
53years, and has fabricated components for the nuclear industrgoagbusiness for the last
15years. They have provided N@Acompliant components for a wide range of customers in
the nuclear industry, including supplying canister and cask systems to the designs of
Energysolutionsand NAC International for the last 15 ysa Theevaluationconcluded that the
components are able to be fabricated within current facilities and capabilities. They also have
features that allow for uncomplicated manufacturing, which were arrived at following a
Afabricabi l it yanworkshop,evinchdesulted im gomachdnges to the STAD
canister fuel basket designs.
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COST ESTIMATES

Utilizing cost estimating assumptions provided by the DOE (see Section 3.3), cost estimates (for
planning purposes only) have been developed for thetstes and components of the small
STAD canister systerand are summarized in Table-ESbelow.

Table ES1. CostEstimatesfor Small STAD Canister System Structureand Components

Quantity Description Price/Each ($) Totals ($)
300 4-PWR STADCanister 91,273 27,381,900
300 9-BWR STAD Canister 116,717 35,015,100
150® | STAD Canister Carrier 355,657 53,348,550
150° | Vertical Concrete Storage Cask 300,006" 45,000,000
109 | Transfer Cask 687,1572 6,871,570
307 | Transportation Cask 2,51751339@ 75,525,390

Notes:

1. Price is comprised of $120,000 for the liner and supporting structure and an estimate of $180,000
for the labor and materials to construct the concrete shielding.

2. Price includes an estimated $147,000 to cover the proemteand installation of the neutron
shielding, which is an epoxy resin (MSFR).

Price excludes impadimiters.

. Price includes an estimated $175,000 to cover the procurement and installation of the neutron
shielding, which is an epoxy resin (MSFR).

Per year over a 30 year period.
Per year over a 3 year period.
Per year over a 5 year period.
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1 INTRODUCTION

On September 16, 2014, under the U.S. Department of Energy (DOE) Advisory and Assistance
Services (A&AS)contract an integrated team headed by En&agutionswvas the sole awardee

for Task Order 18:fiGeneric Design for Small Standardized Transportation, Aging, and

Di sposal ( STAD) TKsatask osderagsistsStye DO Offcedof Nuclear Energy
to develop a generic design of small capacity STADs far Ryessurized Water Reac

(4-PWR) Spent Nuclear Fuel (SNF) assembliesine Boiling Water Reactor (BWR) SNF
assembliesThe generic design developed under this procurement will provide important
information to system analysts and planners on the storage and transpattebates of small
STAD canister system designs, including operational impacts and limitations and estimated
costs.

The background to Task Order [BO 18)is that in2012,the DOE issued Task Order 12 under
theexisting A&AS contract to study the feasibility of developing and licensing STAD canister
systems for generic disposal mediche purpose of Task Order s to provide technical

ideas and recommendations, supported by evaluations/system analyses, on approaties to bet
integrate STAD canister concepts into the nuclear waste management sjkteDOE

awarded contracts to tnteams led by AREVA and Energglutions Based on comprehensive
analyses and industry/utility input, detailed reports were produced, by batk,tpresenting

feasible STADcanisterdesign concepts and recommendations for a path forward:

1 AREVA Standardized Transportation, Aging, and Disposal Canisters Feasibility Study
A&AS DENE-0000291

1 Energysolutionsi Standardized Transportation, Aging, aDéposal Canisters
Feasibility Study A&AS DERIE-0000293

Task Order 18 is required to further develop the design for the syfR&liR or 9BWR STAD
canister; focusingn the unique and novel aspects of the canister and its associated multi
canister storagand transportation overpack configurations.

The Energ$olutionsteam assembled for this task consists of the following members:

A EnergySolutions- Full nuclear fuel cycle company with interests in Federal and
commercial nuclear waste treatment, cle@rand disposition, nuclear reactor and
legacy facility decommissioning, SNF treatment, storage and disposition, and SNF
recycling.

A NAC International - Specialties include nuclear materials transport, and spent fuel
storage and transport technologies. NAC has provided transportable SNF storage
canisters and casks for a significant proportion of the commercial nuclear reactor
utilities in the U.S.
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A Exelon Nuclear Partners- A business unit of Exelon Generation. Operates 22
nuclear units and two retired units, with 11 Independent Spent Fuel Storage
Installations (ISFSIs) at both BWR aptessurized water reactd?\(VR) sites.
Maintains over 10,000 Metritons Uranium (MTU) oSNF in pool storage and has
moved over 3,500 MTU dBNF into approximately 320 dry cask systems.

A Talisman International - A consulting company specializing in nuclear regulatory
issues, covering safety and security of nuclearifes] regulation and classification
of nuclear facilities and the wastes they produce. Talisman has a number of former
seniorU.S. Nuclear Regulatory CommissiddRC) managers on its staff.

A Petersen Incorporated- Operates a 600,000 sq. ft. stafethe-art precision
machining and fabrication facility, has been in business for over 53 years, and has
fabricated components for the nuclear industry asre business for the last
15years. Has providedNQA-1 compliant components for a wide range of
customes in the nuclear industry, including supplyicanister and cask systems to
the designs of Ener@plutionsandNAC International for the last 15 years

2 PURPOSE AND SCOPE

The purpose of this report is to document the generic design-BéRlor 9BWR capacity
STAD* canister system, which has been developed by ESefgyonsand its team partners:
NAC International, Petersen Incorporated, Talisman InternatiandlExelon Nuclear Partners;
hereafter referred to as fithe Teamo.

The Task Order 18tatenment of Work (SOW)provided by the DOEs provided inAppendix |
To meet he SOWrequirementsthe Teanhas followeda five-phase approach to develthye
generic design for theeBWR or 9 BWR STAD canister systemrlhe five phases are:

1 Phase 1- As a prerequisite to a first facilitated workshop, past wortherdesign of
small STAD canister systenasid information from ongoing Used Fuel Disposition
(UFD) campaign work was reviewedn addition, the requirements of tBOE
PerformanceSpecification for Small and Medium Standardized Transportation, Aging,
and Disposal Canister Systenti)<CRD NFSTi 2014 000579 were evaluated and,
together with the SOW requirements, were used to create a technical framework. At the
workshop which was heldrom October 30 31, 2014 following a process of
identification (brainstorming), evaluation and desalection, a shortlist of options, ideas
and recommendations was produced. This shortlist was used as the basis for the
development oinitial design oncepts, including concepts of operation, storage,

'n this report the terms fS3%ARNda md TAADT AR nd sntiestsedr ta,r ea
interchangeably.
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transportabity, and equipment, which were presented at the 30% Task Completion
Reviewmeeting with the DOE

1 Phase 2 The design concepts were further developed ahead of a second facilitated
workshop, irluding the development of &iTAD canistetoading process flowheet and
an animation of th&TAD canistetoad processAt the workshopwhich was held from
January 27 28, 2015 the design concepts for the STAD canigtecluding the loading
processpnd the storage and transportation equipment were reviewed by the team,
including a crossheck against the requirements of the technical framework and a
preliminary review of the ability to fabricate the equipment. Theagghes,
assumptions and constraints for the criticality and shielding analyses were also agreed
upon.

1 Phase 3 The end goal of thiphase was the productionabraft Final Report. Design
drawings were developed for thdPAWR and BWR STAD canistersrad the storage
and transportation equipment, including a carrier system for the S@AiSters.
Structural, thermal, criticalityand shielding analyses were performedinderpin the
designsand a review of the ability to fabricate the equipment wapedd, in
conjunction with developing unit cost estimates for the canister, storage and
transportation overpackand all associated components. The concept of operations was
finalized in conjunction with the loading process flsheet and the loading mess
animation. Phase 3 culminates in the 90% Task Completion Review meeting with the
DOE.

1 Phase 4 The purpose of this phas&sto address DOE comments on the Draft Final
Report, address any remaining work, and issue the Final Report and provide a Fina
Report Briefing to the DOE.

1 Phase 5 The purpose of this phases to develop and issue to the DOE a Closeout
report for Task Order 18.

This report documents the output from the above approach and is structured, as follows.

1 Section 3, System&ngineering Approach, outines the process which has been
followed to complete theeguirements of the Task Order $®W and includes
discussion on the design concepts and concepts of openagioagemerthat havebeen
developed and evaluated

1 Section 4,Description of Small (4PWR/9-BWR) STAD Canister Systemdescribes
the designs for the canister, transfer, storage and transportation elements of the system
and addresses the SNF parameters and loading specifications. The approaches and
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results for the stictural, thermal, shielding and criticality analyses are also described in
this section.

1 Section 5,Concept of Operations describes thiading process for the STAD canister
and describes how the loaded STAD canistersransferred to/from storage and
transportation overpacks, including describing how the STAD canisters may be loaded
and unloaded in groups of four utilizingarrier system, or individually.

1 Section 6,Concept of Fabrication,documents an assessment of the ability to fabricate
thesystem equipment within current facilities and capabilities.

1 Section 7, Usability,documentsan assessment of the ability of the system equipment to
be used by nuclear utilities within their various physical and operational constraints.

1 Section 8 Regulatay Compliance, documents an assessment of the ability to license
the system equipmetttirough the NRC.

1 Section 9, Cost Estimatesjocuments the unit cost estimates for the canister, storage and
transportation equipment and all associated companents

1 Sectin 10, Research and Development Recommendatioms¢ludes a discussion on
the potential use of square STAD canisters versus the right circular cylinder shape, which
is the basis for the STAD canister design provided in this repbit section also
discuses features to facilitate aging management monitoring activities.

1 Section1l, Conclusion provides the key results from the study

3 SYSTEMS ENGINEERING APPROACH

As indicated in the Technical Proposal submitted to the DOE on August 6, 2014, the intent was
to follow a five phase approach in order to perform the scope of work to develop a generic
design for small STAD canisteystems.Figure3-1 shows a logic diagram of the systems
engineering approach used by the Team.

Page26 of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report
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Final recommendations and present the
Report Phase 4 results at the 30% Task Completion
: : \Review meeting. /
DOE l
Review / \
* Develop design concepts, includinga
loading process flow sheet and
Draft Einal animation.
Report + Second workshop to review the design
concepts and perform a preliminary Phase 2
HL—J review of the ability to fabricate the
equipment.
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of operation for the canister,
storage and transportation
equipment.

+ Complete structural, thermal,
criticality and shielding analyses. <

+ Perform ability to fabricate
review.

\0 Develop cost estimates

J

Figure 3-1. Logic Diagram Showing Systems Engineering Approach

3.1 PHASE1

Subsequent to the award of Task Order 18 on September 16, 2014, the Team prepared for
Workshop # 1 byeviewing past work on developing design concepts for small STAD canisters
by AREVA? and Energ$olutions and information from ongoingsed fuel dispositiot{FD)

work. The requirements of tHeOE Performance Specification for Small and Medium
Standardized Transportation, Aging, and Disposal Canister SyskDi NFSTi 2014

000579, weralso evaluated and, together with the SOW requirements, werdaseeke a
technical framework; the most current version of whscprovided in Appendix D.

2Task Order 12 AREVA i Standardized Transportation, Aging, and Disposal Canisters Feasibility Study A&AS
DE-NE-0000291, Task Order 12

% Task Order 12 EnergySolutionsi Standardized Transportation, Aging, and Disposal Canisters Feasibility Study
A&AS DENE-0000293, Task Order 12
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A facilitated workshop was held October-381, 2014, which was attended by representatives
from each company within the Team and the DOE Task Order 18 Technical Monitor. A
description of the workshop results is provided in Appendix A and the key outputs from the
workshop are described below:

1 From the information gathering, expected regulatory ssue:

o TheNRC will likely expect that the Aging Management Plan implementation
would provide assurance for safe transport, after a period of extended ;storage

o Material condition of cladding and assembly

0 Maintaining cover gas inventofjor the duration bthe DOE Performance
Specificationrrequired 156year design life)

o Package design for damaged fuel

1 Regarding Aging Management, there needs to be a forward looking pragréme f
150year design life that is required by the DOE Performance Specificatiomexample
of such a program iGuidance for OperationBased Aging Management for Dry Cask
Storage NEI 14-03, which was submitted to the NRC in September 2014. It proposes a
tollgate approach to take advantage of advanced inspection technologies and operation
experience as they become available in the future. One examydmgbperation
experiencas the extended storage application for Calvert Cliffs, which offers a good
source of data for how issues have been addressed and the lessonsAeaienal
information on review of aging management considerations can be found in NRC
NUREG- 1927,Stardard Review Plan for Renewal of Spent Fuel Dry Cask Storage
System Licenses and Certificates of Compliance

1 During the review of the technical framewpitems requiring additional input from the
DOE were identified and the following inputs were subsedyeateived:

o0 The current STAD canister design will be for undamaged fuel only.

o For the fuel length it was agreed that the following A&AS contract Task Order 17
DOE guidance will be usedfhe STADxanisterconcepts will be able to
accommodate fuel assend@diwith an assumed pastadiation fuel assembly
length of up to 180 inches without nfarel components (NFCs). STABnister
concepts will also be capable of accommodating shorter length fuel assemblies
containing NFCs which do not require special hamgl| provided the total post
irradiation length (assembly with NFC) does not exceed 180 inches.
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0 The loaded STALZanistersieed to be capable of being handled in both the
vertical and horizontal orientation. They also need to be capable of being loaded
into storage modules both horizontally and verticaldOE is willing to accept
engineering judgment wheappropriatehowever, analyses should be performed
for areas having greater uncertainty, such as thermal performahee.

Contractor may focus analysen vertical storage in a muttanister storage
overpack and on horizontal storage of indual STAD canisters in an
abovegrade vault.Demonstrating the capability for horizontal vault storage of a
multi-canister carrier system, in lieu of individwanisters, is also acceptable

o Requirement 3.5.7, Item 3C, in the D@Erformance Spectfation, which
addresses trunnion locations, is basically to ensure maximum As Low As
Reasonably Achievable (ALARA) benefits. If a different location is more
suitablefrom operational considerations, it will be acceptable as long as ALARA
benefits are ensured and dose levels are justifiable.

1 A shortlist of options was confirmed, which isaiéed in Appendix A, Table A&, and
can be summarized as follows:

o Forthe STAD anistes, it was confirmed that &y need to bpackaged,
i.e, loaded, weldedjried and transferredn parallel inmultiples of up tdour
using a purposéuilt transfer systemlt was also noted that changing their shape
from the Aradwlrarcyglringlketr d{eg,eparghii rr egul
offers benefits regarding packing efficiencies.

o Thedesigns for thetorageoverpacksand transportationasks need to be fully
integrated with the equipment that is usegdokagehe multiple STAD canisters
in parallel. Thus, the transfer system will allow STAD canisters to be transferred
to a storage overpack in groups of ufdior. The transfer will also allow STA
canisters in groups of up to fotar be transferred from a stme overpack to a
transportation cask. In addition, the transfer system will peothd capability for
STAD canisters to bmdividually extracted from a storage overpack and
transferred to a transportation cask.

Following the workshopthe team deveped the design concepts ahead of the 30% Task

Completion Review meeting with the DOE on January 6, 20h&hwconcluded Phase 1. For

this review meetingmeeting notes were issued to BP@®E; however due to the irprogress

work presented during this meng being subsequently advanced and presented in théathin

of this report, theyare not reproduced in this report. An item of note wasthigatesults from an

evaluationof square STAD canisters were presented, which showed that square STADs were

feasible; albeit with double the shell thicknesses of the right circular cylinder STAD canisters.

The increased shell thickness for the square STAD canister is required to maintain the shell
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stresses and deformations within allowable limits, given thatgbare shape is less efficient in
resisting internal pressure loading that the cylindrical shipeas agreed with the DOE that for
square STAD canisters,ahesults of the evaluation woube documented in the final reparid
they can be found in $#on 10 (Research and Development).

3.2 PHASE?2

Subsequent to the 30% task completion review meeting, the design concepts were further

developed, including theevelopment of a loading process fleheet, which is provided in

Appendi x G and i-isCaremrimerdo tlhea dghet gnDpmranimagicns f | 0\
of the STADiIn-Carrier canister loading process. A second facilitated workshop was held

January Z - 28, 2015, which was attended by representatives from each company within the

Team and the DOE Task Order 18 Technical Monitor. A description of the workshop results is
provided in Appendix B and the key outputs from the workshop are described below:

1 The Technical Framework provided in Appendix D was reviewed and the following
points noted:

o For aging management, as long as the inert atmosphere is maintained inside the
canister then there should be no galvanic or corrosion issues. Weld treatments, in
order to remove stresses, are a requirement and for a majority of the welds this
will be performed in the fabrication facility. The exceptions are the closure welds
for the canister shield plugs, vent and drain port coeers the top plate, which
will be performed in the field.

0 The loaded transfer cask will be subject to the maximum capacity of the facility
spent fuel pool crane, e,g.75% of operating facilities have 125 ton cranes.
However, the transportation cask does not have the same weightiogstric

1 The STAD canister design concepts were reviewed and the following key points noted:

o The vent and drain ports amade as large as possille order to achieve
optimum drying.

o0 The maximum weight of a loaded canister is around 14,000 Ibs.

0 The intenal pressure loads thate used fodesign are driven by regulatory
requirementsand blowdown and reflood pressureast be considered

1 The STAD canister transfer, storaged transportation design concepts were reviewed
and the following key points ned:
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o0 Regarding abovgrade vault storage it was agreed 8tating single STAD
canisters in &ransnuclear INANUHOMS® type system will not be a challenge
and the canisters will be designed to be pushed and pulled. What is of particular
interest to the DE is the concept of operations for how individual canisters can
be extracted from a carrier and placed horizontally into a storage module, noting
that for vertical storage the canisters will be stored in the carrie

o Itwas agreed that storing four STARrasters in a carrier within a vertical
overpack is th@athforward, but making this configuration work for
transportation will be a challenge due to the cavity size that is required for the
carrier. The maximum widtfor the impact limitersround the iccumference of
the casks restricted tdl2 in.and as the thickness of the shielding around the
cavity is reducedand hence, the amount of strqkeear distancedo reduce
impact is reduced, the size restricted impact limiters have to be desiguesbtb
more impact.

1 For the criticality analyseshe main configuratiorwasfour small STADs (4PWR
STADs or 4BWR STADS) in a transportation cask dodr small STADs ina carrier in
a storage moduleThe NAC MAGNATRAN burnup curvewereused for the P\W
analyses and fresh fuekereused for the BWR analyses. The subject of what
assumptions should be made regarding the state of the fuel was also discussed and the
design basis that was agreed subsequent to the workshop is detailed in&&ction

1 For the shielding analyses the same storage and transportation configurations as for the
criticality analyses were assumed. It was determined that the storage owcanpaake
32 kW, which, for 62.5 GWd/MT Hear cooled PWR fuel that has a heat load of 2 kW
per assembly, translates to 16 such PWR assemblies being capable of being loaded into a
storage overpack. For the transportation cask, thénmoan allowable heat bd is
24KW. The analysewere alsalone using uniform loading because the STAD canisters
can be placed in any position within the carrier, such that there is no control of where
hotter assemblies are placed. The dose from the stovageack is requickto meet
10CFR 72 and the dose from the transpatatask is required to meet OFR 71
however, the dose from the transfer cask is required £ BRA .

1 A discussion took place on the ability to fabricate the STAD canisters and some changes
were maddo the fuel basket designs in order to address input received from Petersen
| ncor por at e d 0 Sher€was a&so a discugsion e ¢he basis,expgected
order quantities, procurement approach, &ic.the cost estimate as Petersen advisad tha
there wereeal benefits to moving from a job shop type of procurement to a mass
production type of procurement. DOE coaldoplace orders under different
approaches, such as advanced material procurement and purchasogriggor mass
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production noting that&rge production runs can benefit from labor that has climbed the
learning curves, toalig set up and robotic weldind@.he basis of estimate was confirmed
subsequent to the workshop and is described in SexBon

The completion of the second facilitated workshop concluded the work on Phase 2.

3.3 PHASE 3

The end goal of Phase 3 was the producticdh@bDraft Final Report. During this period of time
thedesign concepts (SectiodAsl) and design drawingg\ppendix B for the small STAD

canister system were produced and are provided in Appendix E. Str¢Secabn4.3.1),

thermal (Sectiod.3.2), shielding (Sectiod.3.3, andcriticality (Sectiord.3.4 analyses were

also completed to underpin thesigns.A review of the ability to fabricate the equipment was
performed (SectioB), in conjunction with developing unit cost estimates (Se@)dor the

canister, storage and transportation overpacks and all associated components. The concept of
operations (Sectioh.1) was finalized in conjunction with the loading process fiheet

(Appendix G) and the loading process animatioptad separately to the DOE).

Bi-weekly status calls were held with the B@nd resulted in the following key inputs to the
work performed:

1 Regarding criticality and the subject of the fuel being subjected togHagds due to the
transportation cask, potentially, having a reduced stroke as a result of the cavity diameter
thatis needed to load the carrier, there were discussions on fuel reconfiguration and
moderator exclusion. It was noted that two other cask vendors: AREVALGVIIMB)
and Holtec (HiStar 180), have both made double containment (moderator exclusion)
arguments The MR197 relies orthe SNF being contained witham innerwelded
canistey which is contained within a cask with a single &dd the HiStar 180 relies on a
doublebolted lid enclosuréo contain the SNFIt was also noted that the HiSES0
approval assumed (through structural analyses) that the fuel baskets would retain their
integrity, but that the fuel may reconfigure. It was agreed that a moderator exclusion
approach will be followed by performing the necessary structural analyses andsthat th
would be a low risk and defendable (with regards to licensing) approach, versus not using
moderator exclusion and relying on the criticality analyses and assumptions regarding
whether the fuel is intact, partially reconfigured or rublgleiticality aralyseswere
performed fordefensen-depth, noting thathe HiStarl80 and the MPL.97 HB criticality
analysesvere alsqerformed for defensm-depth.

1 The DOE provided a basis for the cost estimate, which is provided below, together with
theinterpretation that was provided to Petersen Incorporated.
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Cost Estimating assumptions provided by the DOE

1. Thetransportatiorsystemof the nuclear waste management syséegsommodates
receipt rate from reactor siteSapproximately 3008ATIHM/yr on average for at
least a few decades.

2. To support this throughput rate, approximately 1800 4f89BD canisters would be
needed annuallyn average.

3. These canisters, along with associated overpackproduced at three
manufacturing plants to increase alesystem reliability. Thus each manufacturing
plant produces 600 canisters and 150 storage overpacks annually on average.
(Notes:At some point, the amount per year would decrease based on currgaaout
inventory projections, but that would be deesdlown the lineAlso, this assumption
doesn't take into accountusability of the storage overpackscerdisposal starts.
Although reusability at that downstream point could reduce required quantities, our
primary interest with TO18 is on costs agated with meeting the initial system
need.)

4. For transportation overpacks, assuming threyrausable for a certain lifane, the
initial overall system need would be approximately 450 overpacks (or 150 per
manufacturing plant)Assume each manufactugiplant completes this order in no
longer tharfive years (it could be less)Notes: This assumption does not include
spares, as that is probably too fofea detail for this exerciseAlso, at some point
downstream, approximately equal to the lifetioi¢he transportation overpacks,
there may be an additional jump in manufacturing to satisfy a need for fleet
replacementdiowever our primary interest for TO18 is on costs associated with
meeting the initial system need.)

Additional assumptions made Epergysolutions

i) Assume that Petersesm dne of the three manufactuger
1)) Assume fat | east for a few decadeso eqg
iii) Assume that Petersen will make 3660WR and 300 BWR STAD canisters

each year.

iv) Assume that Petersen will make 150 storage ockgoe@ach year.
V) Assume that 150 transportation overpactsid be madeverafive year
period.

1 It was agreed that the Ene&plutionsteam would perform a drop analysis for the small
STAD canister, in order to provide a couple of points of comparisonwuith that was
previously completed for the Transportation, Agiagd Disposal (TADcanister The
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requiredpoints of comparisowerea 23ftdrop at a 4degree angle and a 23ft flat bottom
drop. Other inputs to be accounted for were:

o For the contents dhe STAD canister, the elastic modulus will be adjusted to
simulate the response frequency (fundamental mode) of the contents.

o0 The drop will be onto an infinitely unyielding surface.

0 The maximum strains within the canister shell should be reported; tbport
maximumequivalent plastic strairefs.

o The nominal dimensions of the STAD canisters shall be assumed.

o There was a discussion on what to do in the event that the drop analyses identified
problems with the design. It was agreed thahisevent theTeam will make
recommendations regarding addressing the problems in the detailed design.

Phase Zulminatel in the 90% Task Completion Review meeting with the DOE to present the
Draft Final Report.

3.4 PHASES 4 AND 5

During Phase 4, DOE comments on the DiFafilal Report vereaddressed and all remaining
work wascompleted; culminating in the Final Report being issued to the DOE.

During Phase 5, in accordance with the requirements of the SOW, the Closeout Rsport w
prepared and issued to the DOE.

4 DESCRIPTION OF SMALL STAD CANISTER SYSTEM S

4.1 DESCRIPTION OF DESIGN CONCEPT

4.1.1 Canister

Two different small STAD canister assembly designs are provided for PWR and BWR used fuel
assemblies; th&-PWR @P) and9-BWR (9B) STAD canister assembliegigure4-1 shows an
expanded view of the 4P canister assembly and identifies the major features discussed below.
Both STAD canister designs consist of a shell assemblyanrternal basket assemblir.he

shell assembly includes an opefiefd shell body assembly that contains the internal basket
assembly. After spent fuel is placed inside the STAD canister, a shield plug is placed into the
top end of the STAD canister body asddy to provide radiation shielding for workers during

the subsequent canister closure operations. The shell body assembly includes a vent/siphon
block and ports that are used to drain and dry the canister during loading operations. The shell

body alsomcludes a ring at the top end that is used to temporarily support the shield plug within
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the canister shell prior to welding the shield plug to the canister shell. The shield plug has two
holes through which the vent and siphon port tops fit. After d sm@unt of water is drained

from the STAD canister cavity, the shield plug is welded to the canister shell and the vent and
siphon port topare attachetb form the inner closure pressure boundary. Following canister
draining and drying operations, sinarcular covers are welded over the vent and siphon port
tops to complete the inner confinement boundary. The top plate assembly, which includes an
integral lifting ring, is then placed on the shield plug and welded to the canister shell, forming a
seondredundant sedoundary.

As their canister designations indicate, the 4P and 9B STAD canister assemblies are designed to
accommodate four PWR and nine BWR fuel assemblies, respectively. Both the 4P and 9B
STAD canister assemblies use the same carsis&rassembly design, which provides a
common interface that allows the use of common overpack designs and auxiliary eguapichent
simplifies operations. The STAD canister shell assembly, whitdbricated entirely from
Type316L austenitic stainlesdeel, is a right circular cylinder with a 29rch outside diameter
and a 193.06nch overall length (not including the lifting ring on the top end). The canister shell
assembly consists of ai@ch thick bottom plate, Yinch thick cylindrical shell, 9nch thick

shield plug, and-Ich thick top plate. An integral lifting ring assembly is attached to the
canister shell top plate to allow the STAD canister to be handled remotely using a grapple
assembly. The lifting ring assembly has%5inch outside diameter and a 3iich overall

height. Thus, the overall length of the STAD canister shell assembly, including the lifting ring,
is 196.0inches.
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Figure 4-1. Expanded View of 4P STAD Canister Assmbly

Both the 4P and the 9B basket assemblies areantddisk style designs, consisting of a series

of spacer plates that are supported and positioned axially by four (4) austenitic stainless steel
support bars, as shownhigure4-2. Each spacer plate is connected to each of the four (4)
support bars by fillet welds on both sides of the support bar and both faces (i.e., top and bottom
surfaces) of the spacer plat€he 4P and 9B basket assemblies are identical with respect to the
support bar designs and the number, thickness, and axial spathegpéacer plates. For both

the 4P and 9B basket assemblies, the top end spacer plate is fabricated-fratm thig plate

and all other spacer plates are fabricated fadminch thick plate. Both the 4P and 9B baskets
have a spacer plate pitch (axial spacing) ofiiches over the majority of the length, wih

slightly smaller spacing at the top and bottom ends.

The 4P and 9B spacer plate designs differ in the number, size, and arrangement of the holes for
the basket cells, as well as the cresstion dimensions of the guide tubes that line each basket

cell, as shown ifrigure4-3. Each 4P spacer plate includes four 9ridh square holes that are
separated by 0.7ich wide ligaments, whereas each 9B spacer plate includes nireéhl5

square holes that are separate®Bjinch wide ligaments. Guide tubes, which are inserted

through the stack of spacer plates and welded to the top spacer plate, line each basket cell. As
their name indicates, the primary function of the guide tubes is to guide the fuel assemblies into
the basket assembly during loading operations. The guide tubes also capture the poison plate egg
crates within the basket assembly and support them for transverse loads, such as a side drop.
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The guide tubes for both the 4P and 9B basket assemblies ateicted from 1§jauge

(0.0595inch thick) stainless steel sheet material. The guide tubes for the 4P and 9B basket
assemblies are designed with 8i86h and 5.85nch square openings to accommodate the

widest PWR and BWR fuel assembly typesspectivel. Both the 4P and 9B spacer plate

designs include additional holes around the edges. These edge holes provide access to route the
siphon tube from the top to the bottom end of the canister shell assembly. In addition, the edge
holes minimize the ovedalveight of the STAD canister assemblies and reduce the horizontal
surfaces within the basket on which water can collect, such that the time required for vacuum
drying during canister loading operations is minimized.

o SUPPORT BAR (4X)

2" THK.
TOP SPACER PLATE

SUPPORT BAR (4X)

el \/— 2" THK.

TOP SPACER PLATE

3/4” THK. GENERAL

SPACER PLATE (24X) 3/4" THK. GENERAL

SPACER PLATE (24X)

R GUIDE TUBE (9X)

POISON PLATE
EGG-CRATES

(CAPTURED BETWEEN POISON PLATE
GUIDE TUBES) EGG-CRATES
(CAPTURED BETWEEN
GUIDE TUBES)
4P Basket Assembly 9B Basket Assembly

Figure 4-2. Perspective Views of 4P and 9B STAD Basket Assemblies
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Figure 4-3. 4P and 9B Spacer Plate Dimensions

The weights of the major subassemblies that comprise the 4P and 9B STAD canister assemblies
are summarized imable4-1 for both the loadedry and loadedvet configuations. Inthe

loadeddry configuration, both the 4P and 9B STAD canisters weigh lesslth@A0pounds

each with the heaviest spent fuel payloads. The maximum canisters¥eighe loadedvet
configurationare15,900 poundand 16,335 pounds for tlé and the 9B STADs respectively.

Table 4-1. STAD Canister Weight Summary

_ . Weight (Ib.)
Configuration Subassembly/Component
4P 9B
LoadedDry Canister Body Subassembly 1,730 1,730
Basket Assembly 2,650 3,720
Shield Plu§’ 1,540 1,540
Top Plate Assembfy) 460 460
Spent Fuéf 6,900 6,354
Totals 13280 13804
LoadedwWet® Canister Body Subassembly 1,730 1,730
Basket Assembly 2,650 3,720
Shield Plu§’ 1,540 1,540
Spent Fué? 6,900 6,354
Watef? 3,080 2,991
Totals 15,900 16,335

Notes
(1)
(2
(3

Includes weight allowance for closure welds.
Based on the maximum PWR and BWR fuel assembly weights of p#2&ls and 70pounds, respectively.
The loaded wet configuration occurs whenltiegled STAD canister is lifted out of the spent fuel pool. In this configurat

the shield plug is placed into the canister, but the top plate assembly is not installed in the canister. The freesidtd@ume
the canister shell is filled with water.

(©)

Weight includes water inside the free volume of the canister cavity and in the free volume above the shield plug. Thi

weight is calculated using displaced volumes for PWR and BWR fuel assemblies oin8 &0 2,250n°, respectively.
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4.1.2 Canister Transfer System

The canister transfer system is proposed with
carrier design locates and supports four STAD canisters, diher 9-B, during loading

operations, storage condition or transport conditions. Use of the gamedes the advantage

of reducing the number of primary loading and handling operations. In this role, the carrier is

the primary transfer component when loading STADs. Transfer equipment, similar to that

used for the ultrdnigh capacity canister based systems, is used to poacessand transfer the

STADs.

The STAD catrrier is essentially a four opening support disk system with intermittent heat
transfer dsks. Further analytical evaluation is required to accurately determine the number of
support disk and thermal fins to meet the proposed thermal targek@df.3Zurrently thermal
convection analysis will determine the performance of the carrier duorepstin a vertical
concrete caskin support of this performance, there are openings in each disk and gaps
developed at each STAD to allow natural convection air circulation to remove decay heat from
each of the STARRanisters.Figure4-4 shows the top view of a loaded STAD carrier in a
transfer cask Figure4-5 shows a isle-view of the STADs in the carrigvithout the transfer

cask

Figure 4-4. Loaded STADCarrier in Transfer Cask i Top View
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The top shield plate is thicker than the balance of plates used and piovigesed structural

support for the STAD shield plug mass during transport and storage conditions. The shield plate
is also functional in loading operations as an occupational shield. The thickness is balanced with
the STAD shield plugs to provide comnseirate shielding during welding and inspection
operations.

Loading operations for the STAD canister requires the use of a transfer cask. Each group of four
STADs requires a single carrier be loaded into the transfer cask. Following the placement of the
carrier, four STAD canisters are loaded without closure lids and prepared for loading by filling
with pool water. Inflatable seals in the transfer cask allow for the interstitial space between the
canisters and the transfer cask to be filled with cleammiralized water. This provides

additional occupational shielding and keeps the outsides of the canister clean during loading
operations. To ensure there is nddakage of pool water, the water system can be-over
pressurized slightly to ensure cleaater flow out of the caskvipers can be installed in each of

the STAD openings at the top shield plate sealing ring assembly can be installed on the

carrier that uses inflatable seals for each STAD cani€dece loaded into the transfer cask, the
STADs in the transfer cask aremoved from the fuel pool using a similar lifting yoke as that

used for a transport caskollowing this, the STADs are welded closed as explained in Section
4.1.1. Figure4-6 shows a loagd carrier in a transfer cask with the lifting equipmeRigure4-7

shows thdransfer stackup to storage or transparasks Figure4-8 depicts the transfer of a

loaded carrier to storage.

7
o

{

i

Figure 4-5. STADs in Carrier
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Figure 4-6. Loaded Carrier in Transfer Cask with Lifting Equipment
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Figure 4-7. Transfer Stack-up to Storage or Transport
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Figure 4-8. Transfer of Loaded Carrier to Storage

Although the STAD carrier is primarily designed for multiple STAD handling activities, each
STAD remains independently accessilevelopment of additional STAD handling equipment

can allow for single STAD removal and placement for variations in transport and storage
configurations.Figure4-9 depictssystemdor the loading and unloading of single STAD
canisterdrom both storage and transportation casks. The system shown on the left demonstrates
a transfer either into or from@TAD transport cask configuration. The system on the right
demonstrates a transfer either into or from a STAD vertical concrete cask configuration.
Similarly, a single STAD transfer can be performed from or into individugteund caisson

type storageohorizontally into bunker type storage.

Lifting and handling of the individual STAD canisters is by the engineered lid interface
described in Sectiof.1.1 The STAD lifting system, as well as the transfer cask handling
interface will be designed to be singlailure proof.
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Figure 4-9. Single STAD Transfer Concept for Transport and Storage

4.1.3 Storage Options

4.1.3.1 Vertical Concrete Cask Storage

The proposed vertical concrete cask implementation of the STAD storage concept is based upon
MAGNASTOR ultrahigh capacity fuel canister licensesthnology(seeFigure4-10).

TheVertical Concrete Cask/CC) is a reinforced concrete structwéh a structural steel inner
liner and base. The reinforcedncrete wall and steel liner provide the neutron and gamma
radiation shielding for the stor&NF. Inner and outer reinforcing steel (rebar) assemblies are
encased within the concrete. The reinforced concrete wall provides the structural strength to
protect theSTADsandtheir contents in natural phenomena events such as tornado wind loading
and winddriven missiles and during nenechanistic tipover events. The concrete surfaces
remain accessible for inspection and maintenance over the life of thescdbkt any necessary
restoration actions may be taken to maintain shielding and structural conditions.

Theconcretecask bodyalsoprovides an annular air passage to allow the natural circulation of
air around th&TAD carrierto remove the decay heabi the contents. The lower air inlets
and upper air outlets are stdieled penetrations in the concrete cask body. Each air inlet/outlet
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is covered with a screerA weldment baffle directs the air upward and around the pedestal that
supports th&TAD carrier Decay heat is transferred from the fuel assemblies {6TA® wall

by conduction, convection, and radiation. Heat is removed by conduction and convection from
the STAD shell to the air flowing upward through the annular air passage and ergausti

through the air outlets. The passive cooling system is designed to maintain the peak fuel
cladding temperature below acceptable limits during-@ng storage, in accordance with
NUREG-1536, Rev.1 The VCC thermal design also maintains the buolkceete temperature

below the American Concrete Institute (ACI) limits under normal operating conditions. The
inner liner of the VCC also incorporates standoffs that provide lateral supportS®ARs in

the carrielin side impact accident ents.

Figure 4-10. Vertical Concrete Cask Storage

A carbon steel and concrete lid is bolted to the top of the concrete cask. The lid reduces skyshine
radiation and provides a cover to protectS1AD carrierfrom the environmentral postulated
tornado missiles.

Fabrication and construction of the VCC requires no unique or unusual forming, concrete
placement, or reinforcement operations. The concrete portion of the cask is constructed by
placing concrete betweenreusable, exterior form and the steel liner. Reinforcing bars are used
near the inner and outer concrete surfacgsdeide structural integrity.

Operationally, dily visual inspection of the air inlet and outlet screens assures that airflow
throughthe cask meets licensed requirements. As an alternative to daily visual inspections, the
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loaded concrete cask in storage may include the capability to measure air temperature at the four
outlets. Each air outlet may be equipped with a remote tempedati@etor mounted in the

outlet air plenum. The air temperatum@nitoring system, which provides verification of heat
dissipation capabilities, can be designed for remote or localogachpabilities The
temperaturanonitoring system can be installed all or some of the concrete casks at the ISFSI
facility. Figure4-11andFigure4-12show an ISFSI facility.

B'_LLL!

Figure 4-12. An Independent Spent Fuel Storage Installation Facility Distant View

Provided within this report is a preliminary analysis of the tube and disk carrier concept within a
vertical ventilated concrete cask. The evaluatwas used to provide confidence in a naturally
convection systemb6és ability to adeqkWtely coo
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4.1.3.2 Horizontal Concrete Cask Storage

Utilization of a horizontal storage option may require further design modifications to
accommodate the horizontal bearing of a loaded carrier into the storage module. Currently
licensed technology utilizes a combination of lubrication and a materiahargsis galling for

both the transfer cask and the storage module horizontal structural supports. For the transfer of a
full singlecanister, this is adequate.

For the STAD carrier design approach presented in this report, the intermittent disks could be
problematic in a horizontal transfer if there is a gap greater than the thickness of a support disk.
Possible alternatives to resolve this issue would require the carrier to be positioned and
controlled in a predetermined orientation in which continuopgarts can be incorporated over

the entire length of the carrier assembly. The current horizontal technology is based on a
canister wall contact with a twin rail support system. A similar concept may be developed if a
horizontal system is determinedlde more effective for the package. A further development of
this concept, and described in Sectoh.2 is the ability to transfer single STADs. The ability

to handle the STADs individually may be more optimal for placement horizontally.

Similar to the VCC, the horizontal storage cask is constructed of reinforced concrete, providing
shielding and protection for the apwoadhent s.
however, the horizontal storage modules are typically precast and transported to the site.
Assembly at the site is limited to placement of the modules onto the pad in a row of
predetermined length and installing the end shield walls.

Placemenbf the STAD carrier would follow loading similarly to that of the vertical approach,
except the transfer cask has an upper and lower closer plate and is handled horizontally.
Incorporated into the transfer cask handling device is a large hydraulic raim Wahiowing

alignment procedures to the horizontal storage module, drives the transfer cask contents into the
storage moduleFigure4-13 shows a brizontal concrete cask storage operation.

Figure 4-13. Horizontal Concrete Cask Storage
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4.1.3.3 In Ground Concrete Silo/Bunker

Utilization of an irground or above ground bunker storage option can adeitass the carrier

concept or the individual STAD concept. Either option can be designed to utilize the STAD

carrier or the individual STAD approach for storage. Shielding is predominantly provided by the
embedment materi al s wponhentcdntiobed layxhe eVer oii lel.kThes hi ne o
in-ground application is essentially the same as an above ground component with respect to
materials.

Thermal performance can be either conduction/convection into the earth or convection out thru
vent risers atite installation surfaceFigure4-14 shows inground storage at Bruce Power
located in Canada

Figure 4-14. In Ground Storage at Bruce Power

Development of an in ground storage approach can require a significant amount of excavation,
installation of engineered fill and constructidrigure4-15 shows excavation activities at the
Callaway Nuclear Site.
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Figure 4-15. Excavation Activities at Callaway Nuclear Site

4.1.4 Transportation Options

With the utilization of the mukBTAD carrier concept, the transport cask would be a Rail/Barge
sized component. The transportation cask for the STAD would utilize similar transport cask
technology ashe bare fuel transport cadkveloped for Task Order 17. The significant

difference in the two transport casks would be the cavity diametejfl{A&rsus 7@jiD) and the

cavity length (194jversus 186j. The increased size of the cask cavity drives the outside
diameter and subsegutly the weight. The length increase is required to compensate for the
shield plug, closure lid and canister bas¢he STAD as well as the carrier base addition to

the increasg cask weight, the increased diameter of the transportation caskisnipadransport

p a ¢ k alpadccislent performance by reducing theial thickness of the impact limiters.

The radial thickness is reduced due to the increased diameter of the transportation cask and the
fixed outsi de di amé¢Seerigured-162rRifiguredl7). Ruttherdehils mi t er s
are provided irBection5.3.

Page49of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and Rispos
Canister SystenisUpdatedrinal Report

Figure 4-16. Cutaway Transport Cask with STADs and Carrier Installed
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Figure 4-17. Task Order 17 Concepts

4.1.5 Handling Weights for Operations

Table4-2 provides weights for both 4P and 9B STAD designs with respect to loading operations,
storage operations and transport operations.

Table 4-2. Estimated STAD Package Weights

Estimated STAD Package

STAD Confi ti
Weights (Ibs) onligurations

PWR-4 | PWR-4 | PWR-4 | BWR-9 | BWR-9 | BWR-2
Components Transport | Storage | Tramsfer | Transport| Storage | Transfer
Cask Cask Cask Cask Cask Cask
Cask Body 202,841 | 257520 202,841 | 257,520

Cask Lid 9,425 9,480 9,425
Impact Limiters (2) 19.000
Yoke/Lifting Rig 5,500

STAD Carrier

STAD Canister PWR-4 (4) Dry
STAD Canister BWR-9 (4) Drv
STAD Canister PWR-4 (4) Wet
STAD Canister BWR-9 (4) Wet
Transfer Cask Interstitial Water
Crane Hook/Lift Weight 294,686
Transport Weight 313,686

23,800

78.120 | 80216
76,920 | 79.016
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Table4-2 illustrates the different loading configurations (transfer/faatling, storage and

transport) for both théPand 9B STAD options. The critical weight for the STAD is the
loading/transfer operations where the package is limited to the 125 ton site crane. In both of the
configurations, the loaded package(s) with watightly exceed the crane capacity. Further
development of the system and finer shielding models should be able to provide some additional
|l atitude in shielding and allow for a slight
of lead, radidl, would reduce the transfer cask weigltapproximately 5,500 Ibs.

4.2 PACKAGE CONTENTS

The PWR and BWR STADs described in Section dah accommodate all US PVWARd BWR
assembly types with the exception of South TéXa&R assembliegfuture) AP1000 asserties,
andCombustion Engineering6x16 assemblies with inserted control components, e/tergyths
exceed that of the 18@ch cask cavity.

Specific allowable fuel assembly parameters and nigoas are discussed in the settions
below and are summarizedTiable4-3.

Table 4-3. STAD Assembly Loading Specifications

Storage Transportation
PWR BWR PWR BWR
Allowable US Assembly Types Allt All Al All
Overall Assembly Length (irf) O 178 O 178 O 178 O 178
Assembly Width (in.) O 8.6 O 8.6 O 5.6 O 5.6
Overall Assembly Weight (Ib3) O 1,7 o 1,7 O 706 O 706
Maximum Assy Heat Generation (kW) O 2.0 O 0.8 O 1.5 O 0.6
Assembly BurnugGWd/MTU) O 62. O 62. O 62. O 62.
Assembly Cooling Time (yr.) O 5 O 5 Varied Varied
Initial Enrichment (w/o U2357 Varie$ O 5.0 Varie$ O 5.0
Notes:
1. With the exception of South Texas and AP1000 assemblies. €I Hssemblies may not be loadeth inserted control

components.

2. Nominal, preirradiation-growth length including any inserted control components.

3. Including any inserted control components (PWR) or flow channels (BWR).

4. The required minimum assembly cooling time varies with assembhupuevel. The required cooling times are shown as a

function of burnup level iTable4-4.

5. Limits refer to maximum planar average initial enrichment (at any axial elevation).

6. The maximum allowable initial enrichmeveiries with assembly burnup level, as shawiable4-5.

7. Thisallowable enrichment limits based upon the assumption that the currently proposed approach of relying on moderator

exclusion for the BWR STAD cask system is successful. Even irateeaf water ingress, the maximum allowable enrichment is
still 5.0% if the BWR assemblies can be shown to remain intact under all transportation conditilkedy scenarios where both
water ingress and BWR assembly reconfiguration are assumed tcaoe@waluated in Sectigh3.4.2

Pageb2 of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

4.2.1 Fuel Parameters

The minimum opening for the PWRTAD basket cellss 8.85 inches. This is wide enough to
accommodate all US PWRel, as the maximum US PWR assembly width is 8.54 inthiese
5.85inch minimum cell opening width for the BWR basket cells is wide enough to accommodate
all US BWR fuel, as the maximum US BWR assembly width is 5.52 irfches

The maximum lengths for US PWR and BWR fuel assemblies (with the exception of South
Texas fuel AP1000 fueland CE 1816 fuel with control components) are 1788hesand
176.2inches respectively'. Thus, all such PWR and BWR fuel can be shipped ifPi#WR and

BWR STADs both of which have a cavity length of 180 inch#sl.5 inches is not sufficient to
account for both thermal and irradiation growth, then the STAD cavity would have to be slightly
increased to accommodate CE 16x16 (Sys 80) fuel

Thecask system weight calculations and 8eetion 4.3.1 structural evaluations coR&/R and

BWR assembly weights of up 1@25Ibs. and 708bs., respectively. Thus, individual

assemblies with weights equal to or lower than those values may be loaded. Note that the weight
of any inserted control components must be included in the bassgimbly weight.

4.2.2 Loading Specifications

Loading specification§.e., limits on assembly burnup, cooling tiraed heat generation, etc.
are discussed, for transport and storage operations, fiollithveing sections.

4.2.2.1 Transportation Cask Loading Specitions

The Sectiort.3.2thermal analyses qualify PWR and BWR assemblies with heat generation
levels of 1.5 kW/assembly and 0.667 kW/assembly, respectively, for loading into the
transportation cask describedSection4.1.4

However, for the transportation cask, minimum required assembly cooling times are governed by
shielding (as opposed to thermal) design considerations. The combinations of assembly burnup
levels and cding times that are qualified for loading (within STADS) in the transportation cask

are shown in the titles dfable4-24 throughTable4-36 (starting on pag&50). The required
(minimum) cooling times are conservatively based on uppand assembly uranium loadings

and lowerbound initial enrichment levels for each corresponding burnup level. The minimum
required cooling times are presented as a function of &génrnup level for PWR and BWR
assemblies iTable4-4.

* MAGNATRAN Transport Cask SAR, Revision 12A, October 2012, NRC Docket N@366, NAC
International.
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Table 4-4. Minimum Required Cooling Times for PWR and BWR Assemblies
Loaded into the STAD Transportation Cask System

Assembly Minimum Required
Burnup Level Cooling Time (years)
(GWd/MTU)

PWR BWR
40 - 5
45 5 6
50 6 9
55 8 13
60 10 18
62.5 11 20

Table 4-5. PWR Fuel Allowable Initial Enrichment vs. Burnup for the PWR STAD"?

Max Initial Enrichment (wt% 2**U) = C, x Burnup (GWd/MTU) + C 5
zero (0) (G\E/svlg;ll\:'rr)U) (163va/|\(/|)TU)B o (G\?\/L:jr/rll\;I”T)U)
Burnup <18 O 30 > 30
Assembly | Max. Enr.

ID (wt %) C, Cs C, Cs Cq Cs
BW 15x15 1.9 0.0501 1.69 0.0693 1.65 0.0748 1.60
BW 17x17 1.9 0.0502 1.72 0.0687 1.70 0.0742 1.66
CE 14x14 2.1 0.0473 2.04 0.0675 2.03 0.0759 1.93
CE 16x16 2.1 0.0464 2.03 0.0657 2.06 0.0733 1.99
WE 14x14 2.2 0.0496 2.08 0.0672 2.21 0.0725 2.29
WE 15x%15 1.9 0.0494 1.74 0.0683 1.72 0.0742 1.67
WE 17x17 1.9 0.0494 1.71 0.0685 1.68 0.0749 1.61

Notes:

1. These requirements only apply if water ingress into the cask is deemed to be credible. The proposed licensing approach for
thePWR STAD transport system is to rely on moderator exclusion.

2. The presented maximum initial enrichment requirements are taken directly from the MAGNATRAN transport cask system
SAR®. These requirements are conservative for the PWR STAD transport cask configuration, which is demonstrated in
Sectiond.3.4.1to be less reactivehin the MAGNATRAN cask configuration. These requirements are also applicable for
the transfer cask configuration

® MAGNATRAN Transport Cask SAR, Revision 12A, October 2012, NRC Docket N@366, NAC
International.
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The currently proposed approach for the STAD transportation cask system criticality licensing
evaluation is to rely on moderator exclusfon10 CFR 71 hypothetical accident conditions
(HAC). Burnup credit will still be relied upon to qualify intact PWR assemblies for loading, but
assembly reconfiguration that could occur under HAC would not have to be modeled in the
burnup credit analysi#f, moderator exclusion is successfully used. The BWR criticality analysis
will not rely on burnup credit. The BWR HAC analyses would, however, have to assume water
ingress, along with any assembly reconfiguration that may occur under HAC, if moderator
exclusion cannot be relied upon.

As discussed in Sectigh3.4 burnup credit will be used to qualiigtactPWR assemblies for
transportation during the licensipase of the STAD cask systeamd may be used to qualify
reconfigured assemblies under HACf wat er 1 ngress is deemed cre
would be established which specify maximum assembly initial enrichments as a function of
assemblhpurnup level for each PWR assembly type. The Sedtiddcriticality evaluation
demonstrates that, even if water ingress is assumed, the PWR STAD and cagkatoofi

containing intact PWR fuels less reactive than a MAGNATRAN transportation cask system
containing intact PWR fuel. As discussed in Seclidh4 thePWR STAD system is less

reactive than MAGNATRAN even if partial or full reconfiguration of the PWR assemblies

occurs (although an extended borated stainless steel plate configuration would have to be
employed within the PWR STAD if full reconfigurationdeemed credible). Thus, the

enrichment vs. burnup requirements given for intact PWR assemblies in the MAGNATRAN
Safety Analysis ReporSAR)* areapplicable (or conservative) for the PWR STAD and
transportation cask system. The maximum allowable initial enrichment levels are presented as a
function of assembly burnup level, for each majds. PWR assembly type, ihable4-5.

Analyses are presented in Section 4.3.4 that determine the maximum allowable BWR assembly
planar average enrichment levels that would apply if water ingress into the transportation cask
ard STAD interiors isassumed Thoseanalyses show that the BWR STAD can accommodate
BWR assembly initial enrichment levels up to 5.0% if the assemblies are assumed to remain
intact (under transportation hypothetical accident conditions). If partial alysemb

reconfiguration (along with water ingress) is assumed to be cretliblghe allowable

enrichment falls to 4.3%. If the STAD payload is reduced to eight BWR assemblies, the
allowable initial enrichment would be 5.0%, even assuming partial BWR assembl
reconfiguration. Alternative STAD basket configurations that place borated stainless steel plates
around the periphery would allow a full payload of partially reconfigured BWR assemblies with
enrichments up to 45%. If full BWR assemblyeconfiguration is deemed credible, than
moderator exclusion must be relied ugtor HAC), in which case the allowable BWR assembly
initial enrichment is 5.0%.

The overall requirements for PWR and BWR assemblies to be loaded into the transportation cask
(within STADs) are summarized fable4-3.
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4.2.2.2 Transfer and Storage Cask Loading Specifications

The Sectiort.3.2thermal analyses qualify PWR and BWR assemblies with heat generation
levels of 2.ckW/assembly and 0.889 kW/assembly, respectively, for loading (within STADS)
into the transfer and storage casks described in Sedtibr®and4.1.3 These assembly heat
generation levels allow the loadinf PWR and BWR fuel assemblieith a burnup level up to
62.5GWd/MTU and a cooling time as low as 5 years.

The Sectiort.3.3shielding analyses also show that full payloads of 62.5 GWd/MTU, 5 year
cooled PWR and BWR fuel (withitne PWR and BWR STADs described in Sectioh 1)
produce acceptable dose rates outside the transfer and storage casks.

The overall requirements for PWR and BWR assemblies to be loaded into the transfer and
storage casks (withinT\Ds) are summarized ifable4-3. The criticality related requirements
determined for the transportation cask are also applicable for the transfer and storage cask
configurations.Note that BWR assembly enrichmemits discussed in Sectioh3.4 that are
associateavith HAC assembly reconfiguratiof@long with water ingressjo not apply for
transfer andtoragesince the $ADs will be transported in the future, and the transport
configuration bounds the storage and transfer configurations, with respect to criticality

4.3 DESIGN AND ANALYSIS APPROACH

4.3.1 Structural Analyses

The STAD carrier was originally conceived as a rdisic structure with longitudinal stringers

for STAD canister support (Séegure4-18). As a concept, the design allowed further

investigation withrespe¢to t he structureds ability to perfo
rejection component in a standard vertical concrete storage cask. The results of those thermal
investigations are documented in Section 4.3.2.
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Figure 4-18. Baseline STAD Carrier Design

In parallel to the thermal evaluations, scoping evaluations and discussions within the Team on the
STAD design initiated several informational assessments with respect to the performaraauwfith
disc arrangement structurally, and options to enhance the STAD canister support structure design.
Specifically, discussiongithin the Teamnindicated the three longitudinal supports presented in the
baseline design would impose too much load @' SMAD canisters. A direct solution would have
been to increase the number of supports for better distribution of loads, but the weight impact was
significant. The alternative was to devel op
ard Version 2, (See Figure¥®) are both based on the use of a continuous sleeve located in support
discs. The current sleeve des{@eeFigure4-20) is essentially 4 sleeves in contagith a
developedearing width of 25n] The2x2 array develops a tangent diameter of nj.
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Figure 4-19. STAD Carrier Designi Evolution of Carrier Sleeve Design
Version 1, Version 2 and Current

Support discs assemblies are used in the regiongeetthe sleeves, one in the centerfand
between the sleevéseeFigure4-20). These areas will ultimately be used to attach thermal
shunts for transport thermal conductidfigure4-21 shows the integration of the sleeves and
supports.
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Figure 4-20. Geometry of the Current Sleeve Design

Figure 4-21. Relationship of Supports and Sleeves

Al t hough the current 4 sl eeve design is based o
has yet to be optimized and may result in the reduction of the cask(s) inside diameter. This reduction
should offset the weight penalty of the continuoesegés. Figure4-22 throughFigure4-28
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demonstratethe structural effectiveness of the current design. Analyses for 0, 2P45ategree
orientationsvereperformed with only local stresses coming close to allowable limits.

Figure 4-22. 45 Model With Loads Imposed
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Figure 4-23. Stress Contours at D for Sleeve to Support Disc Interface
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Figure 4-24. Stress Contours at Dfor Support Disc
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Figure 4-25. StressContours at 22.5 for Sleeve toSupport Disc I nterface
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Figure 4-26. Stress Contours at 225for Support Disc
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Figure 4-27. StressContours at 45 for Sleeve toSupport Disc I nterface
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Figure 4-28. Stress Contours at 4bfor Support Disc
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Analyses bases:

Acceleration: 790 s

STAD Load 1,500 Ib(Reflects periodic analysis)

Support spacing: 15 in. (175/15=11.7)

Supportthickness: 1 in.

Support diameter: 77 in.

Support material: SS Type 304

Allowable Stressorresponds to material properties @300

T o To I o Do Ix

Radial gap elements were modeled at the basket outer radius to represent the interaction with the
cask cavity shellsFuel loading was represented by pressure loadings consistent with all
previous models evaluatedable4-6 presents the results of the modeling.

Table 4-6. Drop Combinations and Margins

Basket Drop | Allowable Support Stress Peak Stress at Peak Stress in Effective
Orientation Su @ 500F Sleeve to Support Supports Safety
(SS Type304) Margin
Oi 63.4ksi 23.6 2.7
Oi 63.4ksi 23.8 2.7
22.5 63.4ksi 48.4 1.30
225 63.4ksi 43.6 1.45
45 63.4ksi 57.2 1.08
45 63.4ksi 46.2 1.37
The earlier versions of nfhitkeleectegassentiglyatubs)ed bet w

resulting in nominal weight impact. Primary advantages of the sleeve design are continuous
structural support of the STAD canisters and the ability to match up with the airflow gaps

developed thru the initial thermal dwations performed on the support disés the sleeve is a

continuous boundary for gas flow (the loweré of t he s | @€ewje olpaeaniinmlse ti g
position, 90° pattern), it is expected that the efficiency of the heat transfer will be equivalent

better than that of the support discs.

Structural evaluations were performed on each of the evolving concepts of the carrier. ANSYS
models, showin Figure4-29 andFigure4-30, looked explicitly at support disc performance

with both exhibiting overstress conditions. Version 1 was based on a sleeve inserted into a fully
connected support disc. Version 2, focused on removing the highly stressecthdreai®d in

the Versionl analysis, and resulted in overstressed areas at the transition regions of the sleeve to
support disc.
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Figure 4-29. Sleeve and Support Disc Version 1
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Figure 4-30. Sleeve and Support Disc Version 2

4.3.1.1 STAD Canister

Structuralanalyse®f the 4P and 9B STAD canister assembleseperformed to demonstrate

that they are capable of satisfying the applicable structural design criteria when subjected to the
most severéesign loads for storagandtransportation conditionsThe following sections

describe the structural analyses of the STAD canistethdse conditins as well as the

unmitigated response if the canister were to be dropped during handling operations at an interim

storagdacility (ISF) or repository.
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Sectiord.3.1.1.1describes the structural analysis of the STAD canister for ti@FR 1
transportation conditiong-or the purposes of this report, the most limitiragnsportation
conditionwasassumed tbe aHAC 30-foot side drop, for which an equivalenttgta

acceleration load of gowvasassumed.The analyses of the STAD canisters for thg ABC

side drop load demonstrate that the main structural members of the 4P and 9B STAD canisters
satisfy the aplicable structural design criteria. This analysis demonstrates with a high likelihood
that the 4P and 9B STAD canister designs are structurally adequate for the full range of
transportation loading conditions and combinations.

Sectiord.3.1.1.2describes the structural analysis of the STAD canister for the storage

conditions of 1CFR72. The STAD canister shell assembigsevaluated for a range of

normal, offnormal, and accident load conditions and load combinations for storage. The storage
loading conditions and load combinations used for this evaluatoabased on those used for
similar canistetbased vertical and horizontal storage systems. The restitis analysis

demonstrate the structural adequacy of the 4P and 9B STAD canister shell assembly for the
governing storage conditions and provide a high level of assurance that these designs could be
approved in the future by NRC underCBR 72.

Sectiond.3.1.1.3describes the structural analysis of the STAD canistea fandling mishap
condition. Specifically, the STAD caniste@asevaluated for a postulatecee drop from a

height of 23feet onto a horizontal essentially unyielding surface. This analgsiprovided to
allow DOE to compare the response of the small STAD canister to that of the large
transportation, aging and disposBAD) canister that wasvaluated for the same drop condition
previously.

4.3.1.1.1 Transportation Side Drop Analysis

The maximum stressestine most heavily loaded 4P and 9B spacer plates for thelX& side
drop loadingweredetermined using plastic systdfimite ElementAnalysis (FEA), as discussed
in the following subsectionsThe 4P and 9B spacer platesigrs wereevaluated for a range of
side drop impact orientations to determine the maximum stress intensities.

The4P and 9B STAD canister shell and interbasket asemblies are designed in accordance
with the requirements of the AMSE Codubsections NBand NG/ respectively.Per
Regulatory Guide 7%the design criteria for HAC are similar to those for Level D Service

® American Society of Mehanical Engineers (ASME) Boiler and Pressure Vessel Code, Section Ill, Division 1,
Subsection NBClass 1 Component2004 Edition.

" American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section IlI, Division 1,
Subsection NGCore Support Structure2004 Edition.

8 Regulatory Guide 7.@esign Criteria for the Structural Analysis of Shipping Cask Containment Vessels
Revisionl, U.S. Nuclear Regulatory Commission, Office of Standards Development, March 1978.
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Limits. In accordance with Subsection N@Gticle NG-3225, the rules of Appendi of the
American Society of Mechanical EngineefAS{(ME) Code may be used for evaluating Service
Loadings for which LeveD limits are designated. Specifically, the acceptance criteria of
F-1340 for plagt system aalysiswereapplied. In accordance with-£341.2, the maximum
general primary membrane stress inteng#y @nd maximum primary stress intensi (- Py)
within the basketveredemonstrated to not exceed Q,3a8d 0.9, respectively.

Plastic systenanalyses ofiP and 9B spacer platesignsverealso performed to demonstrate

that they satisfy the applicable design criteria for buckling under the HAC side drop loading. In
accordance with£331.5, the maximum compressive loadives limited to 2/3 ofthe buckling

load determined by a comprehensive plastic instability analys the 7§ HAC side drop

loading, this buckling design criterion is satisfied provided that the plastic instability load is
shown to be greater than 150% of theide load (ie., greater than 112jp

The structural analyses of the 4P and 9B STAD canister assemblies fog#ide78rop load
wereperformed usinghe ANSYS genergburpose finite element analysis progranheThree
dimensional finite elemerfEE) modek shownin Figure4-31 wereused for both the stress and
plastic instability analysesThe FE models represent periodic axial segments of the full 4P and
9B STAD canister aemblies at the mitbngth of the canister where the spacer plate pitch is
largest (i.e., 7nch). As such, the models represent the most heavily loaded spacer plates
within the basket (i.e., the spacer plate supporting the largest tributary weight)exetbre, the
structural analysis results obtained from these models are bounding for all spacer plates within
the 4P and 9B basket assemblies. The same finite elemdatswereused to evaluate

three(3) different circumferential impact orientatiofes the HAC side drop; 0°, 23°, and 45°
relative to the basket centerlines. Symmetry boundary displacement consteagrtsodeled at
the axial ends of the model. This modeling appragasused to account for the possibility of
lateralbuckling of thespacer plates and support bars in the plastic instability analysis.

The finite element models w$8-D 8-node solid brick elements to represent the spacer plate,
support bars, and canister shell. The fuel assemblies, guide tubes, and poisovepdates

explicitly modeled; instead the loading on the basket assembly structure from thesgasems
modeled as uniform pressure loads on the supporting spacer plate ligaments. Thewaayses
performed using bounding PWR and BWR fuel assembly line Idati3.@pounds/inch and

4.0 pounds/inch, respectively. The line loads used for each PWR and BWR guidestabe
0.61pounds/inch and 0.4@ounds/inch, respectively. Thus, the combined tributary weights of
the fuel assembly and guide tube within eachafdathe 4P and 9B spacer plateere 80 pounds

(= 7.51jx 10.61pound/inch) and 3Bounds (= 7.6jx 4.40pound/inch), respectively. This

tributary weightwas modeled as a uniform pressure load over the flat surface area of each of the
supporting spacer pkatigament(s). In addition, the neutron absorber plates that form the poison

°® American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section IlI, Division 1,
AppendixF, Rules for Evaluation of Service Loadings with Level D Service L.igfi4 Edition.
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eggcrates located between the spacer plates are supported by the guide tubes. The total tributary
weight of the PWR and BWR poison eg@tes are 3pounds and 6pounds, resprively. The

weight of the poison eggrates are supported by the guide tubes, which transfer the loads to the
supporting cell edges of the spacer plate. Thus, for the 4P design, the tributary weight of the
poison egecrates is applied to the edges obteells for each component of loading (i.e., along

the model X and Y axes). A summary of the applied pressure loads for the spent fuel, guide
tubes, and poison eggates is provided iRigure4-32.

The coincident nodes of the supplbars and spacer plate at the locations of the connecting fillet
welds are coupled in all three translational degrees of freedom. THmeaninterfaces

between the spacer plate and canister sieémodeled using surfage-surface contact

elemeng and target elements. In additiod)Zontact elementsereused to model the

nortlinear interface between the outside of the canister shell and the gt ®ide stringers

of the carrier that supports the canister.

The plastic behavior of the 4pacer plate and canister shell Type 316 stainless steel material
wasmodeled using muliinear isotropic hardening at a bounding design temperature of 600°F,

as summarizedhiTable4-7. This is considered to be conservative because the peak

temperatures throughout the 4P canister are lower than 600°F for all conditions. All canister
assembly componentgeremodeled with a nominal density of 0.286in*°and Poi ssonés
of 0.29. The support bars, which support only their own weight under side drop loaeliag,
modeled using lineaglastic material properties of Typ&6 stainless steel at 600°F.

Table 4-7. Plastic Material Properties for Type 316 Stainless Steel at 600 °F

Strain (%) Stress (ksi)
0.273 214
0.3 215
0.8 25.0
1.0 375
40 71.8

Note

Properties from Figure 8(d) of NUREG/@RI81, SAND771872, R7, A An As s e sSiraieDatSuialilefd®t r e s s
Finite El ement Analysis of Shipping Containers. o

For each of the three side drop impact orientations evaluated;leneanlarge deflection
plasticsystem analysiwasperformed. The #pside drop design loadasgradually applied to
determine the maximum stresses. The loadiagthen increased to 112j%i.e., 150% of the

design load) and beyond to demonstrate compliance with the plastic instability buckling design
criteria.
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The results of the 4P and 9B STADnh¢ster 79 side drop stress analyses, which are summarized

in Table4-8, demonstrate that both the 4P and 9B STAD canisters satisfy the-glagtm
analysis desiguoriteria of ASME Appendix F, Articl&-1341.2for all impactorientations
evaluated. The maximum primary membrang) @ress intensity, which occurs in the lower
end of the center ligament, results from @empact orientation The maximungeneral
primary (R + R,) stress intensgjtresuls from the45° impact orientationStress intensity
contour plots of the 4P and 9B spacer plates famgdact orientationare shown irFigure4-33
andFigure4-36, respectively.

Table 4-8. STAD Canister 75g Side Drop Stress Analysis Results

Maximum S.I. (ksi)
4P STAD 9B STAD Allowable

Impact Canister Canister S.1®
Angle Stress Type | Spacer Plate Shell Spacer Plate Shell (ksi)
0° Pr 21.8 8.4 22.9 15.8 50.3
P +P, 27.9? 23.3% 39.¢? 26.5% 64.6

23° Pn 19.6 15.4 5.1 5.1 50.3
P .+ P, 32.4% 23.6% 23.5% 23.5% 64.6

45° Pn 16.2 13.5 11.0 11.0 50.3
P +P, 33.59 21.0% 22.62 22.6? 64.6

Notes:

@

are conservatively based on TyRE6 materiaproperties at 600°F.

@
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GAP ELEMENTS AT

GAP ELEMENTS AT STRINGERS (8 PLCS)

STRINGERS (8 PLCS)

— CANISTER SHELL
Y CANISTER SHELL

SPACER PLATE SPACER PLATE

SUPPORT BAR (4X) SUPPORT BAR (4X)

4P STAD Model 9B STAD Model

Figure 4-31. 4P and 9B STADCanister Side Drop Finite Element Models
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STAD Design Impact Angle'" Applied Pressure Load at 75G (psi)

Y1 Y2 X1 X2

4P 0.00 976 1376 0 0
22.40 903 1272 372 524
45.00 690 973 690 973

9B 0.00 645 1062 0 0
22.64 595 981 248 409
45.00 456 751 456 751

Notes:

™ Impact angles and applied pressure loads shown in diagrams below.

22.40°
4P STAD

9B STAD

Figure 4-32. Applied Pressure Loads for 7§ Side Drop
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T AN NODAL SOLUTION

NODAL SOLUTION

RECONDEEN &

STAD 4F SPACER PLATE 75G SIDE DROP ANALYSIS, O0-DEG. IMPACT

STAD 4P SPACER PLATE 75G

SIDE DROP ANALYSIS, 22.¢1-DEG. IMPACT

0° Impact 23 Impact

|

i000men

STAD 4P SPACER PLATE 75G SIDE DROP ANALYSIS, 45-DEG. IMPACT

45° Impact

Figure 4-33. 4P Spacer Plate S.I. Contour Plot$ 759 Side Drop
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The results of thdP and 9B STAD canister HAC side drplastic instability analyses
demonstrate thdttoth the 4P and 9B STAD canisters ren&tmicturally stable foside drop
loadsgreater thari50% of the 7§ side drop loadindpor all theimpact orientations evaluated.
Thelateral deflectiorof thecontrolling 4P and 9B spacer pldigament for each impact
orientation is plotted as a function of the side drop accelerationndagdure4-34. This figure
shows that the spacer plate deformatmesefairly linear up to the 7&design load, as indicated
by the slope of the curves. However, as the loadiagjncreased beyondsg, the slopes
increasesignificantly due to formation of plastic hinges within the spacer plates. In all cases,
plastic instability of the spacer plate occurs atgl&Ohigher (two times the design load), as
fully-plastic momentsveredeveloped within the spacer plate memb@nse deformed shape of
the 4P and 9B spacer plates for each impact orientation at the final load step prior to plastic
instability areshown inFigure4-35 andFigure4-37, respectively.The figures show significant

in-plane deformation of the ligament, indicating the onset of buckling. In conclusion, the results

demonstrate that the 4P and 9B STAD canisgsemblies both satisfy the applicable plastic
instability design criteria for the gside drop design load.

4P STAD, 0° Impact 9B STAD, 0° Impact

= = 4P STAD, 23° Impact = = 9B STAD, 23° Impact
== = /P STAD, 45° Impact == =9B STAD, 45° Impact
1.6
£ 1.4 ,"
£
.% 7
é‘ 1.2 e
a ,/
™
E 1.0 7
8 ’ /
‘5 0.8 Vi
: e
20 0.6 P /
=5 . Y 7z
7 -
0.4 2 /
-~ /
0.2 > -
— J"'
Mﬁ_—
0.0 - ; ===
0.0 375 75.0 1125 150.0

Drop Load (G)

Figure 4-34. 4P and 9B Spacer Plate Plastic Instability Analysis Ligament Lateral
Deformations
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i AN MODAL SOLUTICH T AN WAL SOLOTION
STEE=T STEP=7
SUE =47

MiCCnnoEN

STAD 47 SFACER PLATE 225G S5IDE DROF AMALYSIS, 0-DEG. IMPACT STAD 47 SFACER FPLATE 75G SIDE DROF ANALYSIS, 22.61-DEG. IMPACT

0° Impact 23 Impact

T AN NODAL SOLOTION

STAD 47 SFACER PLATE 225G SIDE DROF AMNALYSIS, 45-DEG. IMPACT

45° Impact

Figure 4-35. 4P Spacer PlatdBuckling Deformationsi HAC Side Drop
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BECCNDEEN &E

STAD 9B SPACER PLATE 75G SIDE DROF ANALYSIS, 0-DEG. IMPACT STAD 9B SPACER PLATE 75G SIDE DROP ANALYSIS, 22.64-DEG. IMPACT

0° Impact 23 Impact

i0CeEEEN

STAD 9B SFACER PLATE 75G SIDE DROF ANALYSIS, 45-DEG. IMPACT

45° Impact

Figure 4-36. 9B Spacer Plate S.I. Contour Plot$ 75g Side Drop
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Figure 4-37. 9B Spacer PlatBuckling Deformationsi HAC Side Drop
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4.3.1.1.2 Storage Condition Analyses

The stresses ithe canister shell assembly used for both the 4P and 9B small STAD designs
evaluated for a range of storage condition loading combinatgnglEA. This section
describes the design criteria for the carisissembly for storage conditions, the finite element
model used for the structural evaluation, and the results of the evaluation.

Design Criteria

The structural components of the small STAD canister include the internal basket assembly and
the shell assably. The internal basket assembly is designed and fabricated as a core support
structure in accordance with the applicable requirements of Section I, Subsectibof M@

ASME Code, to the maximum extent practicablée shell assembly is designaad fabricated

as a Class 1 component pressure vessel in accordance with Section Ill, Subsecfians NB

NF*?of the ASME Code, to the maximum extent practicable. The principal exception is the top
end inner and outer closure plate welds to the canisédlr sThe top end closure design

complies with guidance provided in NRC Interim Staff Guidance #4-@5 In addition, the

grapple ring that is attached to the top end outer closure plate is designed in accordance with the
requirements of ANSI N14%for critical lifts to facilitate vertical canister transfer.

The canister top end inner and outer closure welds are partial penetration welds that are
structurally qualified by analysis, as discussed beldte inner and outer closure welds are
inspectedy performing a liquid penetrant examination of the root pass and final weld surfaces.
The integrity of the inner closure welds is verified by performing a pneumatic pressure test, and

a helium leak test. This weftbn-destructive examinatiomNOE) is in compliance with IS&l.

The associated critical flaw size must be determined by evaluation to support the NDE
acceptance basis. The structural analysis of the small STAD canister, in conjunction with the
redundant closures and nondestructive examingpioaumatic pressure testing, and helium leak
testing performed during canister fabrication and canister closure, provides assurance of canister
closure integrity in lieu of the specific weld joint requirements of Subsection NB.

The small STAD canisterseadesigned for all normal, efformal, and postulated accident
condition loadings. For the purposes of this report, the design loadings are based in part upon

10 American Society of Mechanical Engineers (ASME)IBoand Pressure Vessel Code, Section Ill, Division 1,
Subsection NGCore Support Structure2004 Edition.

1 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section Ill, Division 1,
Subsection NBClass 1 Component2004Edition.

12 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section Ill, Division I,
Subsection NFSupports 2004 Edition.

131SG-4, Cask Closure Weld Inspectigridpent Fuel Project Office Interim Staff GuidamkeJnitedStates Nuclear
Regulatory Commission, Revision 1, May 21, 1999.

14 ANSI N14.6,Special Lifting Devices for Shipping Containers Weighing 10,000 Pounds (4,500 kg) or More
American National Standards Institute, 1993.
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the FueBolutiosE St or age System, which is designed fo
transfer. The design loadings assumed for the structural analysis of the small STAD canister are
as follows:

DeadlLoad The dead weight of the canister assembly and its contents in either the vertical
(Dy) or horizontal ([) orientation. For the purposesthis report, only vertical dead load
wasevaluated.

Handling Loads For normal conditions, this load includes normal handling loads associated
with vertical or horizontal transfer of the canister between overpacks (i.e., transfer, storage,
and transpaation.) For vertical canister transfer,(), the handling load is equal to a hoist
motion factor of 30%f the maximum loaded canister weight, based on CM&B® This
loadwasapplied as a pulling force on the inside of the grapple ring that is attached to the
canister top plate.

For horizontal canister transfer between a storage cask, transfer cask, or transportation cask,
the handling load () is defined as a pushing orljig axial force of 10,000 pounds acting

on the outer closure plate of either end of the canister due to friction forces that developed
between the canister shell and cask rails. This is equivalent to a sliding coefficient of friction
greater than 0.7, lich is conservative for mild steeh-mild steel. However, for the

purposes of this report, the horizontal canister transfer load conditiemot evaluated.

In addition to the normal handling loads described above, amoaffial canister
misalignmentoading condition (k) is postulated during horizontal transfer of the canister.
This load is defined as a pushing or pulling axial force of 50,000 pounds, acting on the
grapple ring or outer closure plate. Although this load condition is postulatedupanly

for horizontal transfer conditions,wasconservatively evaluated for the vertical transfer
condition in this report to demonstrate the structural adequacy of the canister.

Internal PressureThe small STAD canistavasevaluated for a rangd mternal pressure
loadings associated with normal,-ofbrmal, and accident condition¥he normal condition
internal pressure (P) for the canister during dry stonagbased on the initial canister
helium backfill pressure, normal condition canig&mnperatures, and an assumed failure of
1% of the fuel rods with complete release of their associated fill gases and 30% of their
fission gases to the canister caviffhe design basis internal pressure for this conditias
assumedo beequal to the d&gn basis value of 10 psig used for the BogitiorsE

canisters.

The oftnormal condition internal pressure for storagesbased on the initial canister
helium backfill pressure, the efformal condition canister temperatures, and an assumed

15 CMAA #70, Specifications for Electric Grhead Traveling Crane€rane Manufacturers Association of America
(CMAA), 1988.
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failure of 10% of the fuel rods with complete release of their associated fill gases and 30% of
their fission gases to the canister cavity. The design basis internal pressure for this condition
(Po) wasconservatively assumed to be 20 psig, which is higher thatbthsig offnormal

internal pressure loading used for the BadlitiorsE cani st er s .

The postulated accident condition internal pressure for the canestbased on the initial
canister helium backfill pressure, the-offrmal condition canister tempéuges, and the
assumed failure of 100% of the fuel rods with complete release of their associated fill gases
and 30% of their fission gases. The design basis internal pressure for this cong)iticas(P
assumedo beequal to the design basis value ofpgly used for the FugblutiorsE

canisters.

Normal condition internal pressure during draining of the canister cavity after the inner
closure weld between the shield plug and canister slasitompleted, but prior to attaching
the outer closure plate,k.a. blowdown pressuregjPwasalso evaluated. This loadhs
conservatively assumed te la 50 psig internal pressure.

In the unlikely event o canister reopening, the canister cavity is reflooded with water.
Depending on the temperatures insidedteister, the water may flash to steam resulting in
internal pressures in the canister during reflood. This loadvé3defined as an internal
pressure of 100 psig.

Thermal The normal (T), oHnormal (T, and T), and accident () thermal loading
conditions ambient conditions for the canister are those associated with the ambient
conditions during normal, ofiormal, and accident conditions for fuel loading, closure,
transfer, and dry storage. Thermal stresses are classified as secondary stthes&SIkif
code because they are s@lfiting in nature. Experience shows that thermal stresses
generally do not control the design of the canister, and therefore, thermal strexesest
evaluated in this report.

Earthquake The canistewasevaluate for the effects of seismic accelerations with the
canister in the storage cask or the transfer cask. The design basis seismic acceleration for
this eventwwasassumed to be a peak horizontal ground acceleration aj, @%ed on input

from DOE. For theurpose of this report, the vertical seismic acceleration loaddE)
conservatively assumed beequal to 0.7§.

Drop: The postulated drop accident conditions include free drops of a loaded storage cask or
transfer cask, and a nanechanistic storageask tipover. Only the storage cask free drop,
which is a vertical drop onto the bottom end of the storage wasievaluated in this report.

An equivalent static bottom end drop load)(éf 100y wasconservatively used for the

structural evaluation dhe canister.
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Flood The canister is designed for an enveloping design basis flood, postulated to result
from natural phenomena such as a tsur@raiseiche(surface water movement on an
enclosed body of water, such as a lake, usually caused by istenseactivity) For the
purpose of this bounding generic evaluation, théde® flood heightwasused. The canister
wasconservatively evaluated for a &bt hydraulic head of water (F), which corresponds to
an external pressure B1.7 psi Since the canistehell confinement boundary is designed to
prevent water intrusion under the postulated flood condition, criticality safety during the
flood event is assured. In addition, the small STAD canisters intiketeborated neutron
absorbersindaredesigned for fresh water optimum moderaftiontransportation, which
provides defense-depth for criticality safety under the postulated flood condition.

The canister is designed for the load combinations showabfe4-9. These combinations
are categorized based on the ASME service level criteria for evaluation against the associated
allowable values.

Table 4-9. Storage Loading Conditions and Combinations

Load Combinations
Normal Operating
Conditions Off-Normal Conditions Postulated Accident Conditions
Load Condition| A1 | A2 [A3Y| A4 [ASY| B1| B2 [B3Y| B4| c1| D1 |{DZY| D3 |D4?|D5?| D6 D#?| DE>
DeadWeight | D, | D, | D, | D, D, | D |D | D | D | D | D | B D|D|D
Handling Lo | Ln Lw | Lon | L Ly | Lon
Internal Pressurg P, [ P | P | P | P | P | PR | R | PR |P|P|P|PR|PR|PR|P|P
Thermal® TiT| 7| Tl || T|T| || T T|T|T|0|T
Earthquake E
Drop A | A | Ax
Flood F
Notes:

(1) Horizontal load combinations are not evaluated in this report, but are not expected to control the design.

(2) Horizontal side drop and tip-over loading conditions are expected to be bounded by the HAC side drop evaluated pre
(3) Bounded by load combination D3.

(4) Bounded by load combination B1.

(5) Load combination D8 is not evaluated in this report because it is not expected to control the design.

(6) Thermal loads are notincluded in the load combinations evaluated in this report because they are classified as sec
stresses, which are not expected to control the design.

Legend
D,: Dead weight in vertical orientationdhpplied to canister shell and contents).

Dy,: Dead weight in horizontal orientation (not evaluated in this report).
Ly Vertical transfer load (30% hdaimotion factor).

Lnn: Horizontal transfer load (not evaluated in this report).

L. Horizontal transfer misalignment load (50,000 Ib. ram pulling force).
P,: Blowdown internal pressure (50 psig).

P: Normal internal pressure (10 psig).

P,: Off-normalinternal pressure (20 psig).
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%0

Accident internal pressure (70 psig).

Reflood internal pressure (100 psig).

s Vertical canister drop load (16D

Earthquake load (0.€.

Flood external pressure load due tef66t head of water (21.7 psig).

o

nm>

Model Description

The structural analysis of the small STAD canister shell assembly for storage loading conditions
wasperformed using the axisymmetric finite element model showgare4-38. The model
includedthe canister shell bottom plate, cylindrical shell, shield plug support ring, shield plug,

top plate, grapple ring, and all structural welds that connect these members. However, the model
did not include the vent/drain port body and tops, because thd ma@désymmetric and these
features are not. As shownhigure4-38, the finite element model mestasrefined in the

regions of the welds where stress concentrations are expected to occur.

The finite element model of the small SDAanister shethssemblyasconstructed from-D

solid axisymmetric elements (PLANE182). For all load combinations, contact behavior between
the shield plug and top cover plate and between the shield plug and the top surface of the shield
plug supporting wasmodeled using-D surfaceto-surface contact elements (CONTA171 and
TARGE169). Finally, for those load combinations where the canister rests on its bottom end (as
opposed to being supported by the grapple ring), contact behavior between thesbhdiomof

the canister and the support iwagmodeledusimg®e of t h
nodeto-node gap elements for those Iead he basket assembly and spent fuel payloer

not explicitly modeled. Instead, the effects of theissacting on the bottom plate of the

canister shell for the vertical conditions evaluatedrepresented by a uniform pressure load on

the inside surface of the bottom plate.

The applied loading for each of the loading conditimasas follows:

Dead LoadVertical Handling Earthquake, and Drop Load$he magnitude of the

pressure loading on the canister bottom plate from the basket assembly and spent fuel
payload due to the vertical dead weight, vertical handling, and the storage cask drop loads
werecdculated based on a bounding weight of 10,500 pounds for the basket assembly
and spent fuel applied over the entire inside surface area of the bottom plate and
multiplied by the corresponding accelerations. The inertia of the canister shell assembly
due b the vertical dead load and vertical handling ladaccounted for by applying the
corresponding accelerations loads to the model. For the load combinations that include
vertical handling (k), the canister assemblyes restrained vertically at the diradius

of the grapple ring end plate. However, for the load combination that includes horizontal
transfer misalignment ¢), the canistewasrestrained axially at the bottom of the
cylindrical shell and a uniform pressure load due to the 50,000 palifdnoce was

applied to the inside surface of the grapple ring end plate.
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Internal Pressurelnternal pressure loads associated with normal (Rhathal (R),

and accident (f conditionswereapplied as a uniform surface pressure load on the inside
surfaces of the canister shell confinement boundary. For each of the load combinations
that include these pressure loads, evaluatimre performed for internal pressure acting

on both the inner okure (i.e., shield plug and inner closwed) and outer closure

(i.e.,top plate and outer closure weld), because these are two pressure bouetaries
credited for redundancy.

For the blowdown pressuregRhe pressure loadasapplied to the inneclosure and the
top platewasnot modeled becauseistinstalled after the canister is drained and vacuum
dried. For the reflood pressurg)(fhe pressure loagasapplied to the inner closure, but
the top platevasincluded in the model because it & memoved until the canister

reflood operation is complete.

Flood The 21.7 psig hydrostatic pressure load due to the dbaigja 56foot flood was
applied as a uniform surface pressure load to the outer surfaces of the canister assembly.

Stressesverecalculated for all of load combinations identifiedTiable4-9, except for those that

are shaded (i.e., all thermal loads and all loading conditions correspondimgiizontal

canister orientation, except for the misalignment load, which is discussed above). Thermal loads
werenot considered because general thermal stress is classified as secondary stress in
accordance with the ASME code, and secondary stress anticipated to be limiting for the

canister shell assembly.

Summary of Results

For each load combination, the individual loagseapplied in combination to determine the
resulting stresses within each of the canister shell components and connetdisig The
primary membrane ¢ and membrane plus bending {,) stress intensitieseredetermined
at each of the 15 critical stress sections identifideignre4-38 using the ANSYS stress
linearization commands. The resultirigess intensitieweretabulated and compared to the
correspondingliwable stress desigrriteria SeeTable4-10throughTable4-18). The lowest
margins of safety for eadiress type at each section are summarizédle4-19.

The results show that the lowest overall design margin of Safét96 (6%) for membrane plus
bending stress intensity in the Iftate(stress sectiof6) due to load combationD1

(Dy + Ly + Py). For this load combination, the allowable membrane plus bending stress in the
lift ring is taken as the lesser off&and $10 in accordare with the requirements of

ANSI N14.6 for norredundant critical lifting devices. The lowest margin of safety elsewhere in
the canister shell assembly, excluding the lift ring and lift plate1i$(111%) for membrane

plus bending stress intensity in the outer closure weld due tadmabination B4 (R+ Ly + P).

The results of the small STAD canister shell assembly structural analysis demonstrate with a
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high level of confidence that the small STAD canister shell assembly will satisfy the allowable

stress design criteria for storagenditions.
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Figure 4-38. Small STAD Canister Shell Assembly Axisymmetric Finite Element Model
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Table 4-10. Load Combination Al (D, + P,) Canister Shell Assembly Stress Results

Section Stress | Calculated Allowable| Margin of
No. Component Type | S.I. (ksi) | S.I. (ksi)| Safety®
. Sotiom Plat P, 0.8 20.0 24.77

ottom Fiate P+R, 15 30.0 19.49

, Botiom Plat P, 0.1 20.0 >100
ottom Flate P+R, 14 30.0 20.57

3 Shell-to-Btm PI. Wel P 22 20.0 794
' PR, 6.7 30.0 3.46

L P, 13 20.0 14.24

4 Cylindrical Shell PR 18 300 1612
. P 2.9 20.0 5.89

5 Cylindrical Shell PR 59 300 93
L P 12 20.0 15.38

6 Cylindrical Shell PR 51 300 13.38
. Shield Plug Supporl  Pn, 1.8 20.0 10.19
Ring Weld P+R, 3.8 30.0 6.88

. P, 0.0 20.0 >100

8 Shield Plug PR, 0.2 30.0 >100
. P, 0.2 20.0 >100

9 Shield Plug PR 0.3 300 | 9217
10 Inner Closure Weld P 3.2 16.0 4.03
ertiosure Weld—pip 59 24.0 3.05

M o0 Plate P N/A 20.0 N/A
P PR, N/A 30.0 N/A

- oo Plae P N/A 20.0 N/A
P PR, N/A 30.0 N/A

s o lae P N/A 20.0 N/A
P PR, N/A 30.0 N/A

4 | outer Closure Weld—Po N/A 16.0 N/A
utertlosure Weld—p1n) N/A 24.0 N/A

o Lt Rin P N/A 20.0 N/A
g PR, N/A 30.0 N/A

16 it Plate P, N/A 20.0 N/A
! PR, N/A 30.0 N/A

Notes: @ Margin of Safety = (Allowable S.I./Calculated S.1.) - 1.0.

PageB4 of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

Table 4-11. Load Combination A2 (D, + P) Canister Shell Assembly Stress Results

Section Stress | Calculated S.1. (ksi)| Allowable |Margin of
No. Component Type Inner Outer | S.I. (ksi) | Safety”
1 Bottom Plate P 0.1 0.1 20.0 >100

P+R, 0.1 0.2 30.0 >100
5 Bottom Plate P 0.0 0.0 20.0 >100
P+R, 0.1 0.1 30.0 >100
3 |Shell-to-Btm PI. We P 0.3 0.3 20.0 62.29
' P+R, 0.9 0.9 30.0 31.29
P 0.3 0.3 20.0 61.89

4 lindrical Shell m
Cylindrical Shell —p 2 0.3 0.3 300 | 86.98
L P, 0.6 0.6 20.0 33.31
5 Cylindrical Shell PR 06 06 0.0 5037
C P 0.2 0.2 20.0 84.11
6 Cylindrical Shell PR 05 04 200 5356
7 Shield Plug Supporl Py, 0.4 0.4 20.0 53.50
Ring Weld PR, 0.7 0.8 300 | 37.22
P 0.0 0.0 20.0 >100

hield PI m
8 Shield Plug PR, 0.0 0.0 300 | >100
P 0.0 0.0 20.0 >100

hield PI m
9 Shield Plug PR, 0.0 0.0 300 | >100
10 Inner Closure Wel P 0.5 0.4 16.0 3247
P+R, 0.9 1.0 24.0 24.21
11 Tob Plate P 0.0 0.1 20.0 >100
P P+R, 0.0 0.4 300 | 8327
12 Top Plate P 0.0 0.0 20.0 >100
P P+R, 0.0 0.2 30.0 >100
13 Top Plate Py, 0.0 0.1 20.0 >100
P P+R, 0.0 0.5 30.0 61.37
14 Outer Closure Weld i 0.0 0.6 16.0 23.96
P+B, 0.1 1.3 24.0 17.46
15 Lift Rin P 0.0 0.2 20.0 >100
J P+R, 0.0 0.4 300 | 7514
16 Lift Plate P 0.0 0.3 20.0 67.49
P+R, 0.0 0.3 30.0 97.04

Notes: ¥ Margin of Safety = (Allowable S.I./Calculated S.1.) - 1.0.
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Table 4-12. Load Combination A4 (D, + Ly, + P) Canister Shell Assembly Stress Results

Section Stress | Calculated S.1. (ksi)| Allowable |Margin of
No. Component Type Inner Outer | S.I. (ksi) | Safety”
1 Bottom Plate P 0.1 0.1 20.0 >100

P+R, 2.0 2.0 30.0 14.18
5 Bottom Plate P 0.1 0.1 20.0 >100
P+R, 1.7 1.7 30.0 17.12
3 Shell-to-Btm PI. We P 2.0 2.0 20.0 9.22
' P+R, 4.4 4.4 30.0 5.85
. Py 1.2 1.2 20.0 15.22
4 Cylindrical Shell PR 13 13 30,0 55 55
o Py 1.0 1.0 20.0 19.41
5 Cylindrical Shell PR 10 10 0.0 55,00
o P 0.9 0.9 20.0 22.15
6 Cylindrical Shell PR 10 10 200 >6.58
7 Shield Plug Supporl Py, 0.7 0.7 20.0 29.03
Ring Weld R+R, 14 14 300 | 20.46
P 0.0 0.0 20.0 >100

hield PI m
8 Shield Plug PR, 0.0 0.0 300 | >100
P 0.0 0.0 20.0 >100

hield PI m
d Shield Plug PR, 0.0 0.0 300 | >100
10 Inner Closure Wel P 0.8 0.8 16.0 19.36
P+R, 1.2 1.6 24.0 14.11
11 Tob Plate P 0.3 0.4 20.0 49.38
P PR, 0.8 12 300 | 2357
12 Top Plate P 0.2 0.2 20.0 80.97
P PR, 0.9 11 300 | 26.73
13 Top Plate P, 0.5 0.6 20.0 31.89
P PR, 19 2.4 300 | 1129
14 Outer Closure Weld P 2.0 2.7 16.0 4.98
N ! PR, 2.0 54 24.0 3.46
15 Lift Rin P 0.6 0.8 4.3 4.26
g PR, 13 17 43 158
16 Lift Plate P 1.5 1.8 4.3 1.42
P+R, 2.0 2.3 4.3 0.87

Notes: ¥ Margin of Safety = (Allowable S.I./Calculated S.1.) - 1.0.
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Table 4-13. Load Combination B1 (D, + P,) Canister Shell Assembly Stress Results

Section Stress | Calculated S.I. (ksi)| Allowable [Margin of
No. Component Type Inner Outer | S.I. (ksi) | Safety”
1 Bottom Plate P 0.2 0.2 22.0 99.92

P+R, 0.2 0.3 33.0 >100
5 Bottom Plate Py 0.1 0.1 22.0 >100
P+R, 0.2 0.2 33.0 >100
3 Shell-to-Btm Pl. We P 0.7 0.7 22.0 30.43
' P+R, 2.1 2.1 33.0 14.94
. . P 0.6 0.6 22.0 34.54
4 Cylindrical Shell PR 07 07 3.0 28.92
) ) P 1.2 1.2 22.0 17.90
5 Cylindrical Shell PR, 12 12 330 5733
P 0.5 0.5 22.0 44.93

lindrical Shell m
6 Cylindrical Shell —p=0 0.8 08 380 | 37.92
- Shield Plug Suppori Py, 0.7 0.7 26.6 35.09
Ring Weld P+R, 1.5 1.6 40.0 24.32
. P 0.0 0.0 26.6 >100
8 Shield Plug PR, 01 0.0 0.0 >100
P 0.1 0.0 26.6 >100

hield PI m
o Shield Plug PR, 01 0.0 20.0 >100
10 Inner Closure Wel P 1.0 0.7 17.6 16.05
P+R, 1.9 1.8 26.4 12.98
11 Top Plate P 0.0 0.2 22.0 >100
P P+R, 0.0 0.7 33.0 44.14
12 Top Plate P 0.0 0.1 22.0 >100
P PR, 0.0 04 330 | 77.01
13 Top Plate P 0.0 0.3 22.0 79.29
P PR, 0.0 1.0 380 | 3220
14 Outer Closure Weld P 0.2 13 17.6 12.23
. ! PR, 0.4 2.7 26.4 8.81
15 Lift Rin P 0.0 0.4 26.6 72.68
g PR, 0.0 08 200 | 4820
16 Lift Plate P 0.0 0.6 26.6 43.04
P+R, 0.0 0.6 40.0 62.29

Notes: ) Margin of Safety = (Allowable S.I./Calculated S.1.) - 1.0.
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Table 4-14. Load Combination B2 (D, + Ly + P,) Canister Shell Assembly Stress Results

Section Stress | Calculated S.I. (ksi)| Allowable [Margin of
No. Component Type Inner Outer | S.I. (ksi) | Safety”
1 Bottorn Plat P 0.2 0.2 22.0 >100

ottom Flate PR, 26 26 330 | 1.0l
5 Bottom Plate Py 0.2 0.2 22.0 >100
P+R, 2.1 2.1 33.0 14.43
3 Shell-to-Btm PI. We Pn 2.6 2.6 22.0 .45
' P+R, 6.1 6.1 33.0 4.40
. . P 1.4 1.4 22.0 15.01
4 Cylindrical Shell PR 124 12 3.0 5572
) ) P 1.3 1.3 22.0 16.36
5 Cylindrical Shell PR, 13 13 330 YREI
P 1.0 1.0 22.0 20.80

lindrical Shell m
6 Cylindrical Shell —5—2 14 14 380 | 2235
- Shield Plug Supponn Py, 1.0 1.0 26.6 24.78
Ring Weld P+R, 2.2 2.2 40.0 17.43
P 0.0 0.0 26.6 >100

8 Shield PI m
eld g PR, 0.0 0.0 200 | >100
P 0.1 0.0 26.6 >100

hield PI m
’ Shield Plug PR, 0.1 0.0 200 | >100
10 Inner Closure Wel P 13 L1 176 12.13
P+R, 2.3 2.4 26.4 9.80
11 Top Plate P 0.3 0.5 22.0 45.22
P P+R, 0.8 1.6 33.0 19.68
12 Top Plate P 0.2 0.2 22.0 88.43
P PR, 0.9 1.3 330 | 24.44
13 Top Plate P 0.5 0.7 22.0 28.49
P PR, 1.9 3.0 380 | 1017
14 Outer Closure Weld P 2.1 3.4 176 4.23
N u PR, 41 6.8 26.4 2.90
15 Lift Rin P 0.6 1.0 4.3 3.29
g PR, 1.3 2.0 43 111
16 Lift Plate P 1.5 2.1 4.3 1.09
P+R, 2.0 2.6 4.3 0.66

Notes: ) Margin of Safety = (Allowable S.I./Calculated S.1.) - 1.0.
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Table 4-15. Load Combination B4 (D, + L, + P) Canister Shell Assembly Stress Results

Section Stress | Calculated S.I. (ksi)| Allowable [Margin of
No. Component Type Inner Outer | S.I. (ksi) | Safety”
1 Bottorn Plat P 0.1 0.1 22.0 >100

ottom Flate PR, 17 17 330 | 1894
5 Bottom Plate Py 0.1 0.1 22.0 >100
P+R, 14 1.4 33.0 22.81
3 Shell-to-Btm PI. We Pn 2.6 2.7 22.0 7.29
' P+R, 51 51 33.0 5.48
. . P 2.5 2.5 22.0 7.85
4 Cylindrical Shell PR 56 6 3.0 1155
) ) P 2.4 2.4 22.0 8.12
5 Cylindrical Shell PR, 52 52 330 564
P 2.3 2.3 22.0 8.38

lindrical Shell m
6 Cylindrical Shell —p=0 26 2.6 330 | 1157
- Shield Plug Suppori Py, 1.3 1.3 26.6 19.80
Ring Weld P+R, 2.7 2.7 40.0 13.89
P 0.0 0.0 26.6 >100

8 Shield PI m
eld g PR, 0.0 0.0 400 | >100
. P 0.0 0.0 26.6 >100
o Shield Plug PR, 0.1 0.1 200 | >100
10 Inner Closure Wel P 1.4 1.5 17.6 10.94
P+R, 1.8 2.4 26.4 9.80
11 Top Plate P 0.9 1.0 22.0 21.99
P P+R, 2.4 2.7 33.0 11.08
12 Top Plate P 0.7 0.7 22.0 32.28
P PR, 2.4 26 330 | 1161
13 Top Plate P 1.3 1.4 22.0 14.28
P PR, 53 59 33.0 263
14 Outer Closure Weld P >6 6.3 17.6 1.81
P+R, 11.2 12.5 26.4 1.11
15 Lift Rin P 1.8 1.9 26.6 12.68
g PR, 36 20 200 | 904
16 Lift Plate P 4.1 4.3 26.6 5.12
P+R, 5.6 5.8 40.0 5.85

Notes: ) Margin of Safety = (Allowable S.I./Calculated S.1.) - 1.0.

Page39 of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

Table 4-16. Load Combination C1 (D, + P;) Canister Shell Assembly StresResults

Section Stress | Calculated Allowable | Margin of
No. |Component Type | S.I. (ksi)| S.I. (ksi)| Safety”
. oo Plate P 2.0 24.0 10.83

PR, 59 36.0 513
2 Bottom Plate P 0.2 24.0 >100
PR, 35 36.0 9.34
3 Shell-to-Btm PI. Wel P >3 24.0 3.3
: PR, 15.4 36.0 134
P 2.7 24.0 7.78

4 lindrical Shell L
Cylindrical Shell ' —g-p 36 36.0 9.13
. P 58 24.0 3.13
5 Cylindrical Shell PR ¥ 6.0 c19
C P 2.4 24.0 8.80
6 Cylindrical Shell PR 72 36.0 — 5o
; Shield Plug Suppor{ Py, 3.6 30.0 7.33
Ring Weld P+R, 77 45.0 4.87
P, 0.0 30.0 >100

hield PI i
8 Shield Plug PR, 03 45.0 >100
P 0.3 30.0 86.21

hield PI i
9 Shield Plug PR, 0.6 45.0 78.51
10 Inner Closure Weld i >-> 19.2 2.0
PR, 9.8 28.8 1.94
1 Top Plate P 0.0 24.0 >100
P PR, 0.0 36.0 >100
12 Top Plate P 0.0 24.0 >100
P PR, 0.1 36.0 >100
3 oo Plate P, 0.1 24.0 >100
P PR, 0.3 36.0 >100
14 Outer Closure Wel P L4 19.2 13.02
u u P+R, 2.7 28.8 9.61
15 Lift Rin P 0.1 30.0 >100
9 P+R, 0.2 45.0 >100
16 Lift Plate P 0.1 30.0 >100
PR, 01 45.0 >100

Notes: ¥ Margin of Safety = (Allowable S.I./Calculated S.1.) - 1.0.
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Table 4-17. Load Combination D1 (D, + Ly, + P,) Canister Shell Assembly Stress Results

Section Stress | Calculated S.I. (ksi)| Allowable [Margin of
No. Component Type Inner Outer | S.I. (ksi) | Safety”
) Sotiom Plat P 0.4 0.4 48.0 >100

ottom Flate PR, 55 55 720 | 12.19
, Botiom Plate P 0.3 0.3 48.0 >100
PR, 4.6 46 72.0 14.80
3 Shell-to-Btm PI. We P >9 >9 48.0 /.18
' PR, 15.0 15.0 72.0 3.80
N P 2.6 2.6 48.0 17.17
4 Cylindrical Shell PR 30 30 0 5769
N P 4.1 41 48.0 10.82
5 Cylindrical Shell PR, a1 a1 =0 16.60
P 18 18 48.0 25.16

lindrical Shell m
6 Cylindrical Shell —p=0 35 36 720 | 1916
- Shield Plug Suppori Py, 2.8 2.9 30.0 9.49
Ring Weld PR, 6.0 6.1 45.0 6.43
. P 0.0 0.0 30.0 >100
8 Shield Plug PR, 0.2 0.0 45.0 >100
P 0.3 0.0 30.0 >100

hield PI m
9 Shield Plug PR, 0.4 0.0 45.0 >100
10 Inner Closure Wel P 4.6 3.0 48.0 9.53
PR, 7.8 6.7 72.0 8.25
M o0 Plate P 0.3 0.9 48.0 54.11
P PR, 0.8 35 72.0 19.73
- o0 Plate P 0.2 0.3 48.0 >100
P PR, 0.9 2.4 720 | 2932
3 o0 Plate P 05 14 48.0 32.17
P P+R, 1.9 55 72.0 12.05
14 Outer Closure Welg P 2.2 6.8 38.4 4.64
u u P+R, 43 13.7 57.6 3.20
s L i P 0.6 1.9 43 1.23
g PR, 1.3 3.9 43 0.10
6 i Plate P 15 35 43 0.23
P+R, 2.0 4.0 43 0.06

Notes: ) Margin of Safety = (Allowable S.I./Calculated S.1.) - 1.0.
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Table 4-18. Load Combination D3 (R + Ay Canister ShellAssembly Stress Results

Section Stress | Calculated S.I. (ksi)| Allowable [Margin of
No. Component Type Inner Outer | S.I. (ksi) | Safety”
. oo Plat P 73 108 48.0 3.43

ottom Flate PR, 8.4 15.7 72.0 3.58
, Sotom Plate P 17 2.2 280 | 20.69
P+R, 36 53 720 | 12.68
 lsremo.sim bl welPo 132 133 48.0 2.62
' PR, 143 15.2 72.0 3.74
. cvindrioal Shell L 14.0 138 48.0 2.43
ylindneal shellt —p g 15.2 15.1 72.0 373
. P 9.9 9.9 8.0 3.84
5 Cylindrical Shell PR, 9.9 9.9 =0 5.5
P 74 74 8.0 5.48

lindrical Shell m
6 Cylindrical Shell —p=0 8.7 8.7 72.0 731
- Shield Plug Suppori Py, 10.7 10.7 30.0 1.80
Ring Weld PR, 17.7 17.7 5.0 154
. P 0.0 0.0 30.0 >100
8 Shield Plug PR, 08 08 250 | 5421
_ P 06 06 300 | 49.42
9 Shield Plug PR, 11 11 250 | 41.29
10 Inner Closure Wel P >.2 >4 48.0 /.90
P+R, 85 8.8 72.0 7.22
" o Pl P 01 01 48.0 >100
P PR, 0.2 0.2 72.0 >100
> o e P 0.0 0.0 48.0 >100
P PR, 0.2 0.2 72.0 >100
3 oo Plate P 0.2 0.2 48.0 >100
P PR, 0.7 0.7 720 | 97.50
14 Outer Closure Welg P 1.9 16 38.4 19.60
P+R, 38 33 576 | 13.99
s i P 0.2 0.2 30.0 >100
g PR, 04 05 250 | 9536
I Pl P 03 03 300 | 86.98
PR, 0.4 0.4 5.0 >100

Notes: ) Margin of Safety = (Allowable S.I./Calculated S.1.) - 1.0.
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Table 4-19. Summary of Canister Shell Stress Results for Storage Conditions

Section Stress | Minimum | Governing

No. Component Type M.S® L.C.
1 Bottom Plate P 343 b3
PR, 3.58 D3
2 Bottom Plate P 20.69 b3
PR, 9.34 C1
3 Shell-to-Btm PI. Welq P 2.62 b3
- WeTRiR, 1.34 C1
N P 2.43 D3
4 Cylindrical Shell PR 373 D3
N P 3.13 Ci1
5 Cylindrical Shell PR c19 c1
N P 5.48 D3
6 Cylindrical Shell PR =31 D3
7 Shield Plug Support Py 1.80 D3
Ring Weld P+R, 1.54 D3
P, >100 ---

hield Pl i
8 Shield Plug PR, 20.00 D3
P 30.00 D3

hield Pl m
9 Shield Plug PR, 20.00 D3
10 Inner Closure Weld P 2.0 ¢l
P+R, 1.94 C1
11 Top Plate P 21.99 B4
P PR, 11.08 B4
12 Top Plate P 30.00 B4
P PR, 11.61 B4
13 Top Plate P 14.28 B4
P PR, 4.63 B4
14 Outer Closure Weld P 181 B4
! su PR, 111 B4
15 Lift Rin P 1.23 bl
9 P+R, 0.10 D1
16 Lift Plate P 0.23 bl
P+R, 0.06 D1

Notes: ¥ Margin of Safety = (Allowable S.l./Calculated S.1.) - 1.0.
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4.3.1.1.3 CanisterDrop Analysis

A structural evaluatiowas performeaf the small STAD canister assembly fopostulated
vertical free drop of 23eet onto an essentially unyielding horizontal surface. Two impact
orientationsvereconsidered: (1) Flat bottom end impact, and (&edree rotation from vertical.
The purpose of this evaluatiovasto provide reslts that DOE can use for comparison to drop
analyses that have been performed for other proposed canister designs, includin the
Purpose CanisteDPC) and TADcanister evaluated dyawrence Livermore National
Laboratory [LNL ).

The free drop arigsis of the small STAD canister assemblgsperformed using ANSYS
LS-DYNA, an explicit dynamic finite element code. The 4P STAD canigésused for this
analysis and the results are assumed to be representative for the 9B STAD canister due to the
similarities in the designs. The 4P STAD canister shell assembly, basket assembly, and spent
fuel payloadwvereall modekdusing solid brick elements. The ground was modeled as an
infinitely rigid solid surface. Each fuel assembly was modeled as a rigireotangular prism

with a 8.54inch square crossection, 173nch length, and a weight of 1725 pounds. The
canister shell and basket assembly compomneeitsconservatively modeled using-lmear

kinematic plastic material properties to account far-lwear material behavior. This material
model is conservative compared to the polaerplasticity model used in the DPC evaluation in
that the estimated engineering strains are linearized from the material yield to ultimate strength
based upon the taagt modulus.

The stainless steel material model used for the canister shell and basket assesibabed on a

yield strength of 25,000 psi, an ultimate strength of 70,000 psi, a density of 44GlBtisson

ratio of 0.3, and a Young's Modulus of 294100 psi. The assumed material property

temperature of the canister and componests1004-, whichis the same as the DPC

evaluation. The temperature can vary over the length of the canister under normal operating
conditions. Therefore, assuming areege material temperature is a simplifying assumption
considering structural steel material properties do not vary significantly over the expected range
of temperatures. As mentioned above, thingiar kinematic material model was used, which
utilizesthe tangent modulus to relate the str&tsain in the plastic region. The tangent modulus
was calculated by the following formula:

0 o x hg 1t psi

Y awrence Livermore National Laboratory, A Seismic and

000-PSAMGRO0-02106000-00A
Paged4 of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

In order to minimize solutiotime, the model was simplified and details that have a negligible
impact upon the structural intety were not modeledExamplesof details that were not
modeledinclude the neutron absorber plates, the drain vents and ports, the siphon tubes and tube
fittings, the quick connects, the grapple rings and platesMass was added to the modeled
components to ensure the STAD total weight was consistent witaiimgputer Aided Design

(CAD) models. The inner contents, which provide the bulk of the massewnodeled Figure

4-39 shows thenner componentsf the STAD whichconsist of the support bars, spacer plates,

fuel assemblies, support ring, the top end spacer plate, and the shield plug

AN

MAR 9 2015
10:30:36
FLOT NO. 1

ELFMENTS
MAT NOM

TO17 4P Drop Analysis, Flat Drop

Figure 4-39. Inner Components of the STAD Canister

The outer structural contents which provide for the integrity of the assembly were modeled as
well. Figure4-40shows the outer structural components which cooéite canister, top plate,
and bottom plate.
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Figure 4-40. Outer Structural Components of the STADCanister

Drop Analyses

Similar to the DPC and TAD canisters for Yucca Mountain, the STAD camsisgvaluated for

a flat bottom end impact orientation and a slightly angled (i.e., 4° from vertical) impact
orientation. The DPC and TABnalysesitilized a Fragility curve thaketated strains experience
to a probability of failure, which was based on as set of 204 tensile failure tests for Type 304
stainless steel.

This data is valid for axial strains, butd®'NA utilizes tri-axial strains.As such, arEPSmust
be calculated.The EPS is calculated according to the following formula:

- g

ou Y zZ R R R R R R @R R R

wherer are the primary plastic strains ardare the secondary plastic strains iD 3pace.

Flat Drop Results

Similar to the TAD canister analysis, the model was dropped in a flat orientation from an
elevation of 23 feet onto a rigid, unyielding surfaddis produced a maximum equivalent
plastic strain of 0.17, as shownhkigure4-41.
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NODAL SCLUTTICN

STEP=1

SUB =24
TIME~. 0092
EPPLECK  (AVG)
DMK =2.90225
SMN =.117E-05
SMK =.17114

PLOT IO, 5]

Z

L=

L117E-05 038032 076063 114094 .152125
019017 057047 095078 133109 .17114
T017 4P Drop Analysis, Flat Drop

Figure 4-41. Results of theFlat Drop

Corner Drop Results

The model was also dropped in the same worst case orientation as the TAD, @anitter

corner

at a 4e¢e angle from vertical

and

an

The canister shell buckled until the lid came into contact with the internal support bars. This
corner drop produced a maximum equivalent plastionstrfa0.27, as shown iRigure4-42.

AN

FLOT INO. 6

NCDAL SOLOTICH

STEP=1
SUB =7
TIME=.0024

SMX =.20978

7

L=

.219E-05 .059953 .119904 .179854 .239805
029978 089928 .149879 .20983 .20978
T017 4P Drop Analysis, Corner Drop

Figure 4-42. Results of Corner Drop
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The STAD canister wall thickness was increased tar&/B and dropped in the same

orientation. This orienten is considered the worst case. Therefore, a flat end drop was not
performed for thehick-walled canister.Similar to the thiawalled canister, the thiewalled

canister shell buckledThe corner drop produced a maximum equivalent plastic strain of 0.29, as

shown inFigure4-43.

NCDAL SOLUTICT
FLOT MNO. 5]
STEP=1
SUB =6
TIME=.002
EPPLECY  (AWVG)
DM =1.26723
SMT =.202E-05
SME =.294883
L
—
L202E-05 .065531 .13100 .196589 .2bzl1l8
032767 098296 163825 229354 .294883
T017 4P Drop Analysis, Corner Drop

Figure 4-43. Reslts of Corner Drop of the Thick-Walled Canister

Conclusions

The small STADcanistetmaximumEPSdue to a 23 foot drop onto an unyielding surface is
similar to the same drop orientations of BieC and TAD canisteas discussed in tHgeismic
and StructuraContainer Analysis for the PCSA, 0BBAMGR0-02106000-:00A°. The

results for the DPC/TAD 28 t corner

4¢

drop

h ¥.dThearesuttgifari mu m

the DPC/TAD canister end drop analysis predicted a maxiniiRfof 2.13% in the canister
shell. As showrn Table4-20, the results of the small STAD canister drop analysidigire
similar maximum EPS magnitudes in the canister gigglbugh the value for the small STAD
enddrop is about a factor of 8 higher than that for the DPC/TAD canister

The scenario of a postulated-&t drop of a small STAD canister onto a horizoetsdentially
unyielding target that was evaluated in this section takes no credit for facility design features or
mitigation measures that could potentially be considered in the structural evaluation to lessen the
impact on the canister shell. For instanoedeling of a more realistic target, such as a
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reinforced concrete pad on grade, would account for some of the impact energy being absorbed
by the deformation of the target and may reduce the predicted maximum plastic strain in the
canister shell. An ggineered padn-grade surface could be designed to limit the damage
sustained by the canister shell under this postulated drop scenario. Other facility design features,
such as engineered crash pads in the area used for canister lifts, could alscabemisgdtion
measures for the drop scenario. These options may be preferable to design modifications of the
small STAD canister shell that would result in additional cost for each STAD assembly, and a
greater overall impact on the system cost.

Table 4-20. Maximum Equivalent Plastic Strain Results

Canister Type Corner Drop * End Drop *3
Small STAD Canister 26.978% 17.11%
DPC/TAD Canisters 24.19% 2.13%
Notes:

1.0 The corner drop is the ZBend drop witha 4 degree offrertical orientation. Both canisterg
are evaluated for this drop orientation.

2.0 The TAD Dual Purpose Canister end drop is a-32ehd drop.

3.0 The STAD Canister end drop is a-23

The predicted EPS for the small STAD canister drogansidered conservativieased upon the
material plasticity modeathoice It is expected that if a powkaw plasticity material modevas
used for the drop analysis, the strain results would begacloser to the DPC/TAD canister
strains.

A sensitivty study was performed that evaluated two different wall thicknesses for the small
STAD canisters and the corner drop cadéall thicknessesf 1/4-inch and 3/8nchwere

evaluated The maximum EPS for 1#ch walled canistewas0.27. The maximum EP8r the
thick-walled caniste(3/8-inch)was0.29. Thehick-walled canister hadlarger maximum EPS.
Thickening of the canister wall increases the resistance. This resistance contributes to larger
strains when the canister does buckle. If the canis# thickness was increased to the point
where buckling did not occur, the strain results would be snb#athe strain results for tise

two different canister wall thicknessel$. was concluded thathethinnerwalled canister vil be

used in thalesign of the small STAD canisters because the overall weight consideration of the
STAD canister is important.

A literature search was performed to investigate alternative $tes@d acceptance criteria.

There are similastrainbased criteria anghethods to those discussedliGSA,
000-PSA-MGR0-0210G000-00A. One of the strathased acceptance criteria addressed both
tension/compression strains and stress states, which seem to be applicable to strain results of the
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drop cases. This type of methoould be used to further qualify the small STAD canister
design.

4.3.2 Thermal Analyses

4.3.2.1 Thermal Analysis of the STAD Carrier in Storage

NAC performed investigative analysis on the p
vertical concrete cask (VCC) usingtaal convection for cooling. Previous applications of

tubeanddisc designsvereapplied for conduction baskets for transport or canisterized fuel. The
anal ysis required multiple runs to obtain rea
casewer e evaluated; the first case used a nomin
1. 00n gap. wereBasdadlon am® ld\ehkas load per STAD canister with a typical

PWR power distribution. Both models were based on the generic disc suppartafebig

STAD carrier, prior to full development for structural performance (number of support discs) and

of numbers of thermal heat fins (required for transport conduction heat transfer performance).

For the purpose of these scoping calculations, tleetsfbf these design attributes would be

nominal.

A Geometry othemodelswasbased orthe earlielTO-18 drawings
A Two geometries modeled:

I Case icanister diameter of 29.0 inch, ab@5 inch gappetweerthe canister
surface and basket disks

T Case 2caniste diameter of 27.5 incfartificially increases radial gapand
1.0inch gapbetweerthe canister surface and basket disks

A All other dimensions of two casesre the same

T

Modeled as 1/8 symmetry full axial geometsgeFigure4-44)

A Both theVCC inlet and outletvere modeled as straight channels, with the same average
crosssectional areas asAGNASTOR model

A Canistercontentswere not modeledeach of the canisters wanodeled as an 8 kW
canister.
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Figure 4-44. 1/8 Symmetry Model

Figure4-45 provides somadditional descriptionfor the analyzed model.
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Case X 0.25 inch air gap Case 2 1.0 inch air gap

MPnE

noHpé I LI

s

Ity h5 P Hodne /'Ly h5 I HT®pé

outlet average A=740 "2
outlet H = 2.057"

concrete lid H=12.07

vd

. . air gap betwesn basket
top air gap F =54 and liner w = 4”

/’

basket H= 197"

liner w = 3"

basket F. = 385"

< >
concrete
w=265"

bottom air gap H=12"

\ inlet average A=890 in"2
inlet H=2.47"
< 7

Figure 4-45. Planar and Axial Model Descriptions
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Materials:

A

A

A

Material properties of stainlesseel, carbotsteel, concrete, and auere thesame ashat
usedin theMAGNASTOR model

Surface emissivity values of solid zoneare thesame ashatin the MAGNASTOR
model

The inerwas modeled as carbesteel andhe carrierwas modeled as stainlestgee]
contribution of aluminum heat fingas neglected

Boundary Conditions:

A

o Io Do P>

A
A

On VCC inlet,outlet, side, and top, the boundary conditiarese the same abatin the
MAGNASTORmodel

Ambient air temperatureas 76 °F
Heat transfer coefficienigere applied to top and side of VCC
Solar heatingvas included (same values MIIAGNASTOR)

Onthecaniser surface, along the 144 inch length of active fuel location, heat flux as
function of axial distancevas applied with same axial profile agypical PWR fuel
assemblygeeFigure4-46). There was no attempt to model the STAD thermal flux
profile.

Total heat flux on each canister axial surfae@s 8.0 kW

On the rest of the canister surfaces (i.e., top, bottom, and axial surface above and below
activefuel location), heat flux is set to zero

Results

Table4-21 shows the flowrates and peak temperatures from the analyzed model.

Table 4-21. Model Results

Feature Case 1- 0.25jgap | Case 2- 1.0njgap
Maximum STAD canister surface temperature| 557 °F 408 °F

Max concrete cask temperature 181 °F 163 °F

Total air flowrate thoughthe storage cask 0.587 kgl/s 0.587 kg/s

Air flowrate between each can and disk at botf 0.0131 kg/s 0.0636 kg/s

Air flowrate between each can and disk at top | 0.00738 kg/s 0.0628 kg/s
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As shown inFigure4-47 throughFigure4-52, FLUENT solutions for this geometry are very
complex and develop a broad spectrum of air velocities. The results indicate that a nominal air
gap of 1/2" is more effective in providing an airflow path for keeping the STAD canisters at
lower temperatures. The smaller gap clearly indicates biaseafltside of the support discs.

At the canister midpoint, analysis shoars outer (azimuth) STAD shell temperature of
approximately340-35C0°F degrees, and an inner temperajust above 41T. Both values
support the canister/basket thermal analysessgmted in support of Peak Clad Temperature
limits.

1100
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Figure 4-46. Power Profile for the Heat Flux
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Case 1—0.25inch air gap Case 2—1.0inch airgap
557 408
523 K%l
A e
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48 s
44 08
320 92 !
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Case X 0.25 inch air gap Case 2 1.0 inch air gap
557 408
533 391
509 375
485 358
462 341
438 325
414 308
390 292
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174 142
150
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Figure 4-47. Canister Surface Temperature Profiles
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Case 1—0.25inch air gap Case 2 —1.0inch air gap
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Figure 4-48. Air Velocity Profiles.
Vel oci ty ( rmlare)hrough Battenio? Basket
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Figure 4-49. Air Velocity Profiles.
Axi al Vel ocity (Bottosn)ofthe Baske=1 2 njPl ane
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Case 1—0.25inch air gap Case 2—1.0inch air gap
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Figure 4-50. Air Velocity Profiles.
Vel oci ty ( m/Hahe Throughzviddl®a? Baskej

Case 1—0.25inch air gap Case 2—1.0inch air gap
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Figure 4-51. Air Velocity Profiles.
Vel oci ty ( mPlang Through Top-d? BaSkef
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Case 1—0.25inch air gap Case 2—1.0inch air gap
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Figure 4-52. Air Velocity Profiles.
Axi al Vel ocity (-fopsfBaskeh z=209nPIl ane

Subsequent to the analysis performed above, substantial changes in the structural methodology
were made, however, sensitivity to the STAD to support gap was maintained. As described in
Section 4.3.1, thstructural support for the STAD is now conceived to be a continuous sleeve.
And as noted in that same section, the design has maintained a nominal radial gap to provide for
convective air flow. Also, with the implementation of the sleeve design, thiegaar flow

path around the STAD is far more controlled and can be further evaluateal 2ith

axisymmetric modehs opposed to the sophisticated three dimensional models used for the disc
to disc air flow evaluation.

Using the same boundary conditioti® sleeve design was evaluated and compared to the
performance of the disc design.

2D Axisymmetric Model Boundary Conditions

A Simplified 2D modeling used for annular air flow evaluation

A Storagecaskinlet, outlet, side, andtop boundary conditionsere the same as those used
in the MAGNASTOR analysis

A Ambient air temperatureras 76 °F

A Heat transfer coefficientsere applied tahetop and side othestorage cask

A Solar heatingvas included (same values e MAGNASTOR analysis)

Pagel08of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

A Onthecanister surface, along the 144 inch length of active fuel location, heat #ux as
function of axial distanceras applied with same axial profile as the heat source of the
MAGNASTOR analysis

Total heat flux on each canister axial surfaes 8.0 kW

On therest of the canister surfaces (i.e., top, bottom, and axial surface above and below
active fuel location)the heat fluxwas set to zero

Material properties of stainlesseel, carbotsteel, concrete, and air usedre the same

as those used ihe MAGNASTOR analysis

Surface emissivity values of solid zoneare same as ithe MAGNASTOR Analysis

Liner is modeled as carbesteel and carrier is modeled as stainless steel discs only

To o Bo Do Do

Figure4-53throughFigure4-56 show the results from the modeling resulfable4-22 presents
thesurface temperature results from the modeling.

- . . outlet
This is the annulus region for air

flow in 0.5" radial gap
Innerradius=14.5in.

VCCinner liner carbon
steel (as before).

//VCC concrete (as before).

Applythe 8 kW as before with
‘the s.ame. axial power - Radiation only across this
distribution / gap. The size of gap is not
significant. No

Annulusis same height as the CONVECTION

previous canister

Emissivity=0.8

Emissivity=0.36

Inletis .4 inch high (ambientas before)

Figure 4-53. Case 1- 2D Axisymetric Model of ¥njAnnulus Region and Concrete Cask
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e i i outlet
This is the annulus region for air

flowin 1 “ radial gap
Innerradius=14.5in.

VCCinner liner carbon
steel (as before).

VCC concrete (as before).

Applythe 8 kW as before with
the same axial power

. . Radiation only across this
distribution v

gap. The size of gap is not
significant. No
Annulusis same height as the CONVECTION

previous canister

Emissivity=0.8

Emissivity=0.36

Figure4-54. Case -2 D AXxi symetric Model of 10 Annul us

* can-above
* can-af
_=* can-below | 6000 -
5000 \
4000 —
Static 3000 —
Temperature ]
@) 200.0
] .
100.0 |
0.0 -

0.0 250 50.0 750 1000 1250 1500 1750 2000 2250
Position (in)

Figure 4-55. CaseIi 1/ 2 0 A Tempetaturs Results
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Figure 4-56. Case -1 0

Table 4-22. Surface Temperature Results from Modeling

450.0
400.0
350.0
300.0
250.0
200.0
150.0
100.0

50.0
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N—

0.0

25.0 50.0 75.0

100.0 125.0 150.0

Position (in)

Annul

175.0 2000 225.0

us

Temperatur e

3D model with
disks

Case 1 - 0.25” gap

3D model with
disks

Case 2 - 1.0" gap

2D axisymmetric
smooth shell model

Case 1 -0.5" gap

2D axisymmetric
smooth shell model

Case 2 -1.0" gap

Maximum canister
surface temperature

357 °F

408 °F

554 °F

421 °F

Resul

The 2D axisymmetric model was a simplification of the VCC which was contained in the 3D
model. The air flowing up the annulus would reduce the 2D axisymmetric temperature results,
but not to the point of reducing 58& to 500°F.

In transportation, thearrier will have to perform as a thermal conduction system and require

aluminum heat fins to conduct decay heat from the sleeves outward to the cask inner shell. The

primary design attribute is to have the aluminum fins in contact with the sleevethe [Earrent

carrier concept, integration of the thermal fins with the sleeve support assemblies would be a

reasonabl

e

desi

gn

and

qui te

capabl e

of

al |

O Wi

structure (in the middle of the sleeves) could eftety be a solid piece of aluminum that would
serve to stretch or distribute the thermal effects of the STAD canister the entire length of the

carrier. The transport heat load is expected to HaA24significantly less than the storage heat

load and, aliough there has not been specific analysis performed for this design, correlation to a
standard transport tube and disc design provides reasonable confidence that this sleeve carrier
design can be made to conduct th&k?4heat load into the transport cdsédy and provide
adequate thermal performance for the STAD canister contents.

4.3.2.2 Thermal Analysis of the STAD Carrier iransport

In transportation, the basket will have to perform as a conduction system and will require

aluminum heat fins to conduct frofmet canister shells outward to the cask inner shells.
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Problematic in thisis the concept that the heat fins need to be in relatively close proximity to the
canister to function efficiently. This would require the thermal fins to have complele¢s

clover type) openings for the canisters allowing some of the radial area to be close to the canister
and the balance open for storage. The transport heat load is expected k\hes@phificantly

less than the storage heat load. There has notamedysis specific to this design, but

correlation to a standard transport tube and disc design provides reasonable confidence that this
design can be made to conduct &®4 heat load into the transport cask body.

4.3.2.3 STAD CanisterThermal Analyses

Thermalandyseswereperformed, using the ANSYS code, to calculate peak temperatures for the
fuel assembly cladding and the (stainless steel or borated stainless steel) basket structures.
Thermalanalyses weralsoperformed for the PWR and BWR STADs, for transgon and

storage. These analyses are discussed in the sections below.

4.3.2.3.1 Transportation Analysis

Analysis Methodology

For both STADs, the analyses maet#h horizontal slice through the axial center of the basket
structure, an@ppliedadiabatic boundariesn the axial ends of the slice. Therefore, the analyses
effectively modeddan infinite height basket (and assembly fuel zone) structure, and thus
conservatively negleet axial heat transfer and loss. Both STAD baskets employ axially
periodic spacer ptas that occur at a regular axial spacing. To model these features, the
(horizontal slice) basket models cosénr finite axial span, extending from the axial center of a
spacer plate to a point halfway between spacer plates. This effeativegledaninfinite-

height basket structure with the spacer plates occurring at a regular axial interval.

The axial heat generation (in watts/assenibt) modeled in these infinHeeight analyses

eguates to the overall assembly heat generation levels given ablow@xial heat generati
levelsweremultiplied by 1.07and 1.22, for PWR and BWR fuel, respectively, to conservatively
account for the assemblyds axi al burnup profi

The analysedid not model the transportation cask, or the heat transfer thrbeghansportation
cask and out to the ambient environment. Instead, the analysk=da fixed temperature on

the outer radial surface of the cask cavity, as a boundary condition. The basket analyses
conservatively uskethe peak cask cavity wall tempgure that occurs at any axial locatioh.

series of analysesere performed that cover a range of cask cavity wall temperatures (330°F to
400 °F). Based on thermal evaluations of similar transport Caitksas assumed that the

cavity wall temp will not exceed 400 °F.

The analyses, for both basket designs, nemttble fuel assemblies as a homogenous mass that
completely fills the loading cell and has an effective (temperature dependent) radial thermal
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conductivty. Effective assembly thermal conductivitsesretaken from previous, NRC

approved cask system licensing analyses. Specifically, the effective conductivities for PWR and
BWR fuel assemblies were taken from Table 2 df the MAGNASTOR FSAR and from

AppendixA of the VSG24 FSAR?, respectively.

The analyses modadradiation heat transfer between the basket edge and the cask inner shell,
based on an emissivity of 0.4 for the basket and cask shell material surfaces. The analyses
conservativly neglecedall convective heat transfer, within the STAD interior and within the
spaces between the STADs and the cask wall.

In addition to modeling the hottest axial section of the basket and neglecting axial heat transfer,

the models assurd¢he assembi es and basket components Afl oat
spaces they lie in, which results in no thermal contact between components, and evenly

distributed gaps around them. Thus, the results of these analyses are conservative.

Both the PWR and WR analyses modetla heat generation level of 6.0 kW per STAD, which
corresponds to an overall transportation cask heat load of 24 kW. This also equates to per
assembly heat loads of 1.5 kW/assembly for PWR and 0.667 kW/assembly for BWR. These per
cell heat generation levelgereincreased (as discussed above) by 7% and 22%, for the PWR and
BWR cases, respectively, to account for the axial burnup profile of the fuel assemblies

The analyses calculatéhe peak temperature within the homogenous fuel assemass (which
corresponds to the peak fuel rod cladding temperature) and the peak temperatures that occur in
the STAD basket structures, including the stainless steel spacer plates and the borated stainless
steel neutron absorber plates. The calculpéstk temperaturaserecompared to their

maximum allowable values, which are 732(400 C) for the fuel rod cladding ar@DO F for
thestainless steddasket structural materials.

Analysis Results

The results of the transportation case STAD thermal analyses are summalkizpoted-57 for
both the PWR and BWR STADs. The plot shows the peak fuel claddingeakdasket
material temperatures as a function of the modeled transport cask cavity wall temperature
(discussed in the methodology section above).

The results show that the fuel rod cladding and the STAD basket structure materials remain
under their tempature limits (of 752F and800 F, respectively) by significant margins, even
with a cask cavity wall temperature of 400 Cask cavity wall temperatures are expected to be

" MAGNASTOR Final Safety Analysis Report, Reigis 0, February 2009, NRC Docket No.-7201, NAC
International.

'8 Final Safety Analysis Report for the VX2 Ventilated Storage Cask System, Revision 5, March 2003, NRC
Docket No. 721007, BNFL Fuel Solutions Corporation.
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significantly lower®. Thus, the actual temperature margins are quite wideciesly
considering the conservative assumptions made in the analyses, such as neglecting all convective
heat transfer and all axial heat transfer.

Temperature contour plots are shown, for the PWR and BWR STABgure4-58 andFigure

4-59, respectively. The plots present the temperaturé®ttar over a horizontal crossction

of the PWR and BWR STAD basket configurations, at an axial location halfway between spacer
plates That is the elevation where peak temperatures occur. The temperatures that occur at
other axial elevations (e.g., in the plane occupied by a spacer plate) are lower than those shown
in Figure4-58 andFigure4-59. The temperatures shownkigure4-58 andFigure4-59

correspond to enodeled cask cavity wall temperature of 38@vhich is close to the expected

cavity wall temperature for a 24 kW cask heat load

In conclusion, the transportation case STAD interior thermal analyses show that the fuel cladding
and STAD basket structureseet their respective temperature limits by wide margins, assuming

a STAD heat generation level of 6.0 kW/STAD. This corresponds to heat generation levels of
1.5 kW per PWR assembly and 0.667 kW per BWR assembly, and an overall transportation cask
heat geeration level of 24 kW. Thus, the analyses show that it is the transportation cask (and
the cask neutron shield temperature limit) that limits the allowable heat generation levels for the
system.

YEnergySol ut i oAdvsoneand Asdistance Sei@©Ebntract Task Order 17: Spent Nuclear Fuel
TransportatiBach2ds k Studyo
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Figure 4-57. Peak Fuel Cladding and Basket Structural Component Temperatures
for Four STADs in Transportation Cask i 6.0 kW/STAD Heat Generation
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Figure 4-58. Basket and Assembly Materials Temperature Distributbn
for Four PWR STADs in Transportation Caski 6.0 kW/STAD Heat Generation
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Figure 4-59. Basket and Assembly Materials Temperature Distribution
for Four BWR STADs in Transportation Cask i 6.0 kW/STAD HeatGeneration

4.3.2.3.2 Storage Analyses

To estimate the STAD interior temperatures that will occur during storage, the thermal models
described in the previous section, for four STADs inside the transportatiomeaskpodified

to increase the heat generation leweB.0 kW/STAD, which corresponds to an overall storage
cask interior heat load of 32 kW. No other changes are made to the models.

As with the transportation evaluation, the analyses nedaelsk cavity wall temperatures that
range from 330F to 400 F. Figure4-60shows the peak fuel rod clad temperature and peak
STAD interior basket structure temperature, as a function of cask cavity wall temperature, for a
8.0 KW/STAD heat load. The results show that the PWR and BWR rod claatdingasket
temperaturesemain umler their limits (of 752F and800 F, respectivelypy significant

margins for cask wall temperatures that do not exceed #00
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Figure 4-60. Peak Fuel Cladding and Basket Structural Component Tempaitures
for Four STADs in Transfer Caski 8.0 kW/STAD Heat Generation

The STAD interior thermal analyses modeled the four STADs inside a metal cask cavity with no
ventilation air flow around or between the STADs, as opposed to the actual storage cask and
carrier configuration. However, the accuracy of the calculated STAD interior temperatures can
be evaluated by comparing the STAD wall temperatures calculated by (and effectively modeled
by) the STAD interior thermal analyses to those calculated by thmo$dc3.2.1 analyses,

which do accurately model the four STADs within the storage cask and carrier configurations.
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Temperature contour plots for the STAD interiproduced by the STAD interior thermal
analysesare shown irFigure4-61 throughFigure4-64. The plots present the temperatures that
occur over a horizontal crosgction of the PWR and BWR STAD basket configurations, at an
axial location halfway between spacer plates. That is the elevation wiagreepgeratures

occur. The temperatures that occur at other axial elevations (e.g., in the plane occupied by a
spacer plate) are lower than those showrigure4-61 throughFigure4-64. The four figures
showthe temperature contour plots for the PWR and BWR STAD configurations, atie for
modekdboundary (cask cavity wall) temperatures of 3B@Gnd 400F (i.e., the two extremes

of the analyzed range).

Examination ofFigure4-63 andFigure4-64 shows that the 400~ cask wall configurations yield
a STAD wall temperature afpproximately420-425 F at the outermost azimuth (i.e., at the
outer edge of the fotBTAD carrier configuration) and STAD wall temperatures of
approximately630-540 F (PWR)at the innermost azimuth (i.e., the section of the STAD wall
between th&TADs, nearest to the center of fésif AD carrier configuration).

TheSectiond.3.2.1storage cask thermal analyses show that, for a 8.0 kW/STAD heat generation
leveland a 0.25 inch annular air gap around the STARspeak STAD wall temperature is
approximately310 F at the outermost azimutfihis isless than the 2 F temperature shown

for the 400 F cask wall, PWR and BWR STAD thermal analysis cabkesvn inFigure4-63
andFigure4-64. Thus, with respect to ttmiterazimuth STAD wall temperature, the STAD

interior thermal analyses are shown to be conservative.

The Sectiort.3.2.1 storage cask thermal analyses also show that, for a 8.0 kW/STAD heat
generation level, the peaknerazimuth STAD wall temperature is 55F. This is

approximately 17F and 27 F higherthan the ~540F and 530 F values shown for the 40
cask wall, PWR and BWR STAD casedHigure4-63 andFigure4-64, respectively.Despite

this, it is likely that the peak cladding and basket component temperatures calculated by the
STAD interior thermal analyses are conservafhigh). The STAD interior thermal analyses are
clearly conservative as they neglect all convective heat transfer within the STAD interior.
Furthermore, the 557# value (calculated in Secti@n3.2.] is based on an annular air gap
(around the STADSs) of only 0.25 inches. For aiddh gap, the Sectioh 3.2.1analyses

calculate an inneazimuth STAD wall temperature of 40B, which is well below the
temperatures of 53840 F calculated by the STAD interior thermal analyses.

Also, & shown irFigure4-60, the peak rod clating and STAD interior basket component
temperaturedpr the 400 F cask wall case, are below their respective limits by more than

125 F and 170F, for the PWR and BWR STADs, respectively. These temperature margins are
far larger than the (227 F) differences in inneazimuth STAD wall temperatures, between the
STAD interior thermal analyses and the Sectidh2.1thermal analyses. Thus, it is very
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unlikely that the actual storage configuration would result in fuel rod cladding and STAD basket
component temperatures in excess of their limits.

It will have to be confirmed, by detailed licensing thermal analyses, that theqoeeladding
andSTAD basket temperatwsareless tlan thér respectivdimits, under storage conditions with
an 8.0 KW/STAD heat load. sAdiscussed in Sectigh3.21, there may be design changes that
couldbe made, if necessary, that woslgnificantly reduce the temperature of the STAD shell
at the inner azimuth, which in turn would significantly redpeakcladding and&STAD basket
temperatures.

Therefore, it is concluded that acceptable fuel rod cladding and STAD interior basket structure
temperatures will occur for payloads of four PWR or BWR STADs within the storage cask
described in Sectiof.1.3 given that the STAD heat load does not exceed 8.0 kW/STAD.

During transfer operations, the transfer cask inner shell temperature will be kept beldw 400
using methods such as circulating water. Therefore, the STAD interiorriaomes will remain
below their limits during transfer operations.

NCDAL SCOLUTICN
PLCT NO. 1
STEP=1
SUB =16
TIME=1
TEMP
SMN =330
SMK =b581.686
X
-
330 385.93 441 .86 497.79 553.721
357.965 413.895 469,825 525.756 581.686

Figure 4-61. Basket and Assembly Materials Temperature Distribution
for Four PWR STADs in Transfer Cask
8.0 kW/STAD Heat Generationi 330 F Cask Cavity Wall Temperature
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Figure 4-62. Basket and Assembly Materials Temperature Distribution
for Four BWR STADs in Transfer Cask
8.0 kW/STAD Heat Generationi 330 F Cask Cavity Wall Temperature
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Figure 4-63. Basket and Assembly Materials Temperature Distribution
for Four PWR STADs in Transfer Cask
8.0 kW/STAD Heat Generation- 400 F Cask Cavity Wall Temperature
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NCDAL SOLUTICIN
PLOT NO. 22
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Figure 4-64. Basket and Assembly Materials Temperature Distribution
for Four BWR STADs in Transfer Cask
8.0 kW/STAD Heat Generation- 400" F Cask Cavity Wall Temperature

4.3.3 Shielding Analyses

Shielding analysewereperformed on the cask and basket designs itbescin Sectiont.],

using the industrgtandard MCNP®onteCarlo code. Shielding analysewereperformed for

STADs inside a transportation cask, a transfer cask, and a storage cask. In each case, the cask
containeda payload of 4 STADs. The PWR STAntainedour PWR assemblies, and the

BWR STAD containechine BWR assemblies.

The objective of théransportatiorshielding analyses is to @emine the PWR and BWR

assembly cooling times requiredgooduce cask exterior dose rates that meet AR 71

regulatory limits as a function of assembly burnup level.e@bse ratdimits are 200 mrem/hr

at any point on the aessible package surface andd@m/hr at any point on a vertical plane
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two meters from the side of the package and/or conveyance (i.e., transport vehicle, such as a ralil
car).

The transfer and storage cask shielding analyses ettol@linding, 62.5 GWd/MTU, 5 year
cooled fuel assemblies in every STAMerior location. Peak dose ratgsredetermined on the
exterior surfaces of the transfer and storage casks.

4.3.3.1 Shielding Model Configurations

[llustratiors of thetransport, transfer aretorage caskhielding models are shown Figure4-65
throughFigure4-73. In all cases, the shielding analysesdaseuadrant (one quarter) moaél
the overall cask configuration. Thus, the (quadrarttjlels contaiada single STAD.
Reflective boundaries on the quadrant interior boundaries (i.e., the X and Yvaxesjnployed
to effectively model the entire cask with a four STAD paylo&te radialand axialshielding
thicknesses modeled the shi&ing analyses are shown Table4-23

For all the shielding analyses, thesembly materialwerei s me ar e d oogénausmassa h om
that fills a squee crosssectioned area thaktendedut to the inner surfaces of the outermost

guide tube walls within the STAD interior bask&ihe source regiowasdivided into four axial
sections, representing the assendotompozzte fuel z
zones. Each of the four axial zoresl a different homogenous material composition. The

modeled fuel zones (which contain the moddiexd gamma or neutron sourcekre 144 and

150 inches high, for PWR and BWR fueespectively.

The modéed densities within each axial zowerecalculated based on the material masses

present in one assembly, divided by the volume of the interior of one guide tube. Those material
densitiesveremodeled over the entire source region, iwereextended oer the regions

occupied by other components such as guide tube walls or borated stainless steel neutron
absorber plates. As the homogenized assembly material dewsitefar lower than the

densities of those other STAD basket components (i.e., far knae the ~8 g/cc density of

steel) this modeling approach is conservative.

A single 0.06inch thick steel wall, that represents the outer walls of the outer guide wases,
modeled around the entire (square cremgtioned) source area. Outside the@®uegion, the

STAD radial shell and top and bottom platesrerigorously modeled. Voiwvasmodeled

between the source/guide tube region and the STAD radial shell. Thus, the spacer plate edge
materials that occupy that regiarereconservatively negleed. Also, outside the STADs, the
steel spacer plates of the carrier (which is present during transport, transfer and ster@age)
conservatively neglected (and replaced by air).

Neglecting the STAD interior and carrier spacer plates prolvablytedn significant
overestimation of peak package end gamma dose rates, as it results in axial gamma streaming
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within the STAD interior edge region and between the STADs that would actually have been
significantly attenuated by those spacer plates. (The spiates would not significantly reduce
cask side dose rates.) Despite this, the calculated package end gamma dose rates are extremely
low.

Table 4-23. Modeled Cask Configuration Shielding Thicknesses (inches)

Component Material Thickness
STAD Basket Outer Guide Tube Walls Stainless Steel 0.06
STAD Radial Shell Stainless Steel 0.25
STAD Bottom Plate Stainless Steel 2.0
STAD Lid Stainless Steel 9.0
STAD Carrier Top Shielding Plate Stainless Steel 9.0
STAD Carrier Bottom Plate Stainless Steel 4.0
Transport Cask Inner Liner Stainless Steel 1.25
Transport Cask Radial Lead Shield Lead 4.25
Transport Cask Outer Shell Stainless Steel 2.25
Transport Cask Radial Neutron Shield NS-4FR 6.0
Transport Cask Radidleutron Shield Structure Stainless Steel 0.25
Transport Cask Bottom Plate Stainless Steel 9.0
Transport Cask Top Lid Stainless Steel 6.0
Impact Limiter End Steel Shielding Stainless Steel 2.0
Transport Model Total Top Stéel Stainless Steel 17.0
Transport Model Total Bottom Sté&l Stainless Steel 17.0
Impact Limiter Side Wood Redwood 17.25
Impact Limiter End Foam Polyurethane 28.563
Transfer Cask Inner Shell Carbon Steel 0.75
Transfer Cask Radial Lead Shield Lead 4.0
Transfer Cask Radiéeutron Shield NS4FR 4.0
Transfer Cask Outer Shell Carbon Steel 1.25
Transfer Cask Bottom Doors Carbon Steel 5.0
Transfer Model Total Top Stéel Carbon Steel 9.0
Transfer Model Total Bottom Stéél Carbon Steel 11.0
Storage CasRadiallnner Liner Carbon Steel 3.0
Storage Cask Radial Concrete Concrete 26.5
Storage Cask Top Lid Stéel Carbon Steel 1.0
Storage Cask Top Lid Concrete Concrete 5.75

Notes:

1. The transport cask N&FR neutron shield material also contains copper (heat transfer fin3)186a

volume fraction. The same material mixture is modeled in the transfer cask analysis.
2. This overall thickness includes the 9@h STAD lid (or carrier top plate), the 6ifich cask lid, and

the 2.0inch impact limiter end steel.

3. This overall thicknss includes the 2-ihch STAD bottom plate, the 4.hch carrier bottom plate, the

9.0-inch cask bottom plate, and the 2@h impact limiter end steel.
4. The modeled overall thickness consists solely of theér@® STAD lid (or carrier top plate).

5. Thisoverall thickness includes the Arich STAD bottom plate, the 4.tch carrier bottom plate, and

the 5.0inch transfer cask bottom doors.

6. The 2.0inch STAD bottom plate steel is not present between STADs. Thus, some radiation will

stream around the STABottom plates.

7. This includes a 0.2hch bottom plate and a 0.-ch top plate.
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4.3.3.1.1 Transportation Cask Configuration

The transportation cask shielding model is illustrate@igure4-65 throughFigure4-67. The
shielding thicknesses associated with thgkocconfiguration are listed ifable4-23.

For the transportation cask analyses, the modeled cask and impact limiter configurations and
materials are similar to that of tiransport cask configuration defined in the DOE Task
Order17 bare fuel cask repdtt While the configurations are qualitatively the same, various
parameters like cavity diameter and length, and shielding thicknesses are different. The STAD
cask has a larger modeled cavity diameter of 78 inches. The radial lead shield exterudies3.0
past the top and bottom ends of the STAD interior cavity (i.e., the source relgidhg neutron
shield region, neutron shield material and the coppemfenei s me afor tnendodeinto a
homogenous mixture that fills the annular neutron shigjobne The distances between the ends
of the neutron shield structure and the top and bottom impact limigsthe same as that
modeled for the Task 17 caSkAs with the Task Order 17 cask, the impact limstieles (which
extend out from the cask body to a diameter of 128 inches) ahsi€).5 g/cc redwood, while

0.2 g/cc polyurethane foamasmodeled for the impact limiter ends and corners (as illustrated,
in purple, inFigure4-66 andFigure4-67).

The modeled radial transportation cask configuratmmsistecf a 1.25inch thick inner liner, a
4.25inch thick lead shield, a 2.26ch thick outer shell, a 6-idich thick NS4FR neutron shield,

and a 0.28nch thidk steel neutron shield structure shell. The overall thickness of the radial
shielding structure is limited to 14 inches, based on the cask cavity diameter and the needed
impact limiter stroke (with an impact limiter outer diameter that is limited to Ai&&s). The
thicknesses listed above for the radial steel shefleecessary for structural reasons. That

leaves a total 10.25 inches for lead and neutron shielding. Infinite height scoping analyses
showed that, within the overall thickness constra25 inches of lead and 6.0 inches of neutron
shielding yielded minimum cask side exterior dose rates. Note that these dimensions are slightly
different from those shown in Section 4.1 (which haveidé¢h more lead and #ach less

neutron shield). Athe modeled shielding configuration has the same overall thickness and a

| ower weight, there shouldndét be any probl ems
shielding configuration during the final design phase, to match the optimum configuration
analyzed in this section.

A total of 17 inches of steglasmodeled above and below the source region in the STAD
transport cask configuration. On the cask top end, that overall thickness is the sum of the
9.0inch thick STAD lids (and the S.ixch thickcarrier top plate that lies between the STAD

lids), the 6.6inch thick transport cask lid, and an additional two inches of steel shielding that are
placed on the impact limiter end. On the cask bottom, that total thickness is tbeteem

2.0-inch STADDbottom platethe 4.0Ginch carrier bottom platéhe 9.0inch cask bottom plate,
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and 2.0 inches of additional steel shielding on the bottom impact limiter end. Between the
STADs, the overall shielding is 15.0 inches, and some radiation will stream dahaeudinch
steel STAD bottom plates.

A 9.0-inch-high, 3/8inch wide annular gap exists between the STAD lids and the carrier top
shielding plate (that lies between the STAD lids). Also, a 0.5 inch radial gap exists between the
edge of the carrier tomd bottom shield plates and the inside of the cask cavity. These gaps
werenot modeled in the transportation shielding analysiswwasassumed that any gamma

radiation streaming up those gapsuld be greatly attenuated by the 8.0 inches of caskdop i

and impact limiter steel shielding, amdbuld belargely diffused by the time reachedhe

(distant) top impact limiter end surface, where the @08@m/hr 10CFR 71 dose rate limit

applies. Also (as shown in Sectiér8.3.9, the gamma dose rates on the top and bottom impact
limiter surfaces are extremely small; orders of magnitude lower than the 200 mrem/hr limit. In
the case of the gap between the carrier top and bottom plates and the cask inner liner, radiation is
not travding at an angle parallel to the gap, since the STAD interior source zones lie a significant
distance from the cask cavity edge (as showfignre4-66 andFigure4-67).

The analysedid not model any penetratis in the radial lead or neutron shielding, such as those

that may occur around top trunnions or bottom rotation trunnions. Analyses presented for a very
similar transport cask configuration in the DOE Task Order 17 résbadvedthat any

significant shielding penetrations cause significant increases in cask side dose rates and result in
dose rates in excess of regulatory limits. Thus, any ggnif penetrations will have to be
Apatchedod with |l ocal shielding, either in the
penetrations. Those conclusions are assumed to be applicable for a transport cask containing
STADs as well.

A large volume of aiwvas modeled around the cask to address air scattering effects. Within that

air mass, a cylindrical surface is defined two meters off the side surface of the (128 inch

diameter) impact limiters (i.e., a cylinder with a radius of 362.56 drhjs conservately
represents the vertical surface (2 meters fro
limit applies. Dose rates calculated on the cylindrical surface would correspond to the dose rates

on the vertical surface at the elevation where peak dates would occur (directly across from

the cask centerline).

Dose ratesveretallied on that cylindrical surfacas well as the 128 inch diameter surface that
corresponds to the radial surfaces of the impact limiters and personnel barrier (iagliahe r
surfaces of the Apack.aDps tatesvasesisodacilated endheby r egu
package ends (i.e., the top and bottom end surfaces of the impact limiters). Finally, dose rates
weretallied on the radial surface of the cask body, betwte impact limiters. The radial
surfacesveresubdivided into a large number of axial tally segments, to determine the axial dose
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rate profile on those surfaces, and to determine the peak dose rates that occur on those surfaces.
Similarly, the axial €nd) surfaceseresubdivided into several radial segments.

The calculated peak cask side dose rates account for azimuthal variations in cask exterior dose
rates that occur due to the azimuthal asymmetries in the within the cask interior (i.e., the square
crosssection source region within each STAD and the STADs themselves, which do not
azimuthally fill the cask interior). The calculated peak dose rates also account for potential
variations of the azimuthal orientation of the STAD and seuvegion withirnthe cask

(i.e., potential rotation of the STADs within the cask).

Figure 4-65. Transport Cask Shielding Modeli Horizontal Cross-Section View
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Figure 4-66. Transport Cask Shielding Modeli Vertical Chord -Section Viewi Top End
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Figure 4-67. Transport Cask Shielding Modeli Vertical Chord -Section Viewi
Bottom End
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4.3.3.1.2 Transfer Cask Configuration

Thetransfercask shielding model is illustrated figure4-68 throughFigure4-70. The
shielding thicknesses associated with the transfer cask configuration are |iBédxdieid-23.

The transfer cask (describedSection 4.) has a 0.78nch thick steel inner radial shell and a
1.25inch thick steel outer radial shell. Between these shells lie-iaehGhick radial lead
shield and a 4-ihch thick NS4FR neutron shield. The trdas cask also has 5ifich thick
steel doors on the bottom. idtopen on the top (and thus provides no additional top end
shielding).

Thus, there is a total of 11 inches of steel shielding on the transfer cask bottom end, including the
2.0-inch STAD botom plate, the @-inch carrier bottom plate, and thé#nch thick transfer

cask doos. Between the STADs, there is 2.0 inches less steel shielding (for radiation streaming
downward between the STADs). On the top end, there is a total of 9.0 incheddihg, which
consists of the 9:inch STAD top lidJort h e ¢ a r-inch teprplatgbetee® STADS)

The transfer cask shielding analyses medtie 3/8inch annular gap between the STAD lids
and the carrier top plate, and evaladtee impacts ofjamma streaming up those gaps.

Dose ratesveretallied on the transfer cask side surface and the bottom surface of the transfer
cask bottom steel doors. As the transfer cask is open at the top, doseeratdso tallied on

the top surfaces of the STAIs and the carrier top shielding plate. Dose rates immediately
above the annular gaps between the STAD lids and the carrier top shieldingguksdéso

tallied.

For some of the loading operations that occur when the STADs (and carrier) lie inside the
transfer cask, water will be present within the STADs (and between them) in order to reduce
doses. Therefore, dose rateerecalculated for a wet and dry transfer configuration. In the dry
configuration, no watewaspresent anywhere within the transéask interior (either inside the
STADs or between them). In the wet configuration, wai@sassumed to fill all nomccupied
volumes within the transfer cask cavity, both inside the STADs and between the STADs. As the
STAD interior and carrier spacplateswere(conservatively) not modeled, their volunvesre

also modeled as water in the wet case. For the four source zones that contain a homogenous
material mixture that represents the fuel zone, plenum zone, top nozzle zone and bottom nozzle
zone ofthe assemblies, a water densitgsdetermined based on estimated free volume fractions
for each assembly region, amdsadded to the overall material mixture for the wet case.
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Figure 4-68. Transfer CaskShielding Modeli Horizontal Cross-Section View
(air filled configuration)
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Figure 4-69. Transfer Cask Shielding Modeli Vertical Chord-Section Viewi Top End
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Figure 4-70. Transfer Cask Shielding Modeli Vertical Chord-Section Viewi Bottom End

4.3.3.1.3 Storage Cask Configuration

Thestoragecask shielding model is illustrated kigure4-71throughFigure4-73. The
shielding thicknesses associated with the storage cask configuration are [icibteid23.

The storage cask (described in Section 4.1) has a cavity diameter of 85 inchesch thigk
inner steel liner, and ZBinches of radial concrete (which results in a cask outer diameter of
144inches). A 14.25 inch high ddilled gap lies above the top of the STADs and carrier top
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plate steel. Above that is a lid that consists of a-ih2b steel bottom plate, 5.75cimes of
concrete, and a 0.75 inch steel top plate.

A representative storage cask configuration consisting of a thick steel bottom plate and a thick
(~2 foot) layer of concreteeremodeled at the bottom end of the cask. The cask bottom
configuration doesot significantly impact the calculated dose rates, as dose rates on the bottom
endwerenot tallied. (The end configuration only has a small impact related to scattering
effects.)

The inlet and outlet duct structures of the storage was&knot modeledand have not been

designed as part of this task order). The inlet and outlet vent configurations will be similar to
those employed by existing storage cask designs, and the (localized) inlet and outlet duct dose
rates are expected to be similar to tholether casks. It should be noted that the only

regulatory (LOCFR72) dose rate limit governing storage casks is a 25 mrem/year limit at the

plant site boundary. Due to the small affected area, the localized dose rates at the cask inlet and
outlet vens do not significantly impact the annual dose from the cask array at the site boundary.
The site boundary dose is primarily a function of the average dose rates over the storage cask
side and (to a lesser extent) top surfaces.

It should also be noted thidie difference between the fe8T AD configuration and typical

large canister configurations will not lead to any difficulties with respect to inlet/outlet vent
design and radiation streaming. The STAD source regions are completely enveloped by the
soure region of a large canister.g(, large canister configurations have source material in all
locations that the four STADs do, along with locations where the STADs §lo flmtis, no
streaming issues (from source at a specific location within the daslom will arise for the

four STADs that would not arise for the large canister configuration. In fact, designing an
inlet/outlet vent configuration should be easier for the four STAD configuration (and should
result in lower inlet/outlet duct dose ratdoecause the STAD source zones only occupy parts of
the cask interior. For example, inlet and outlet ducts could be placed at the azimuths that lie
between the four STADSs, resulting in significantly reduced vent dose rates (assuming that the
azimuthal oientation of the STAD carrier within the cask can be controlled).

As with the transportation cask analyses, theil3¢@ annular gaps between the STAD lids and

the carrier top shielding plateerenot modeled in the storage cask analyses. Gammas streaming
up those gaps will be attenuated by the tistckagecask top shield lid, and will spread out over

the distance between the carrier top plate and the storage cask lid top surface. As peitsonnel w
not be in the immediate vicinity of the section of the cask top lid surface directly over the gaps,
occupational exposure from localized peaking in the storage cask lid dose rate is not a significant
concern. Dose rates at the site boundary are affdxt the overall average dose rate on the cask
top surface, as opposed to local peak dose rates. The 3.0 inch wide, annular ventilatvas duct
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rigorously modeled by the shielding analysis. Thus, the effects of radiation streaming up the
ventilation dwt wereaccounted for in the analyses.

Dose ratesveretallied on the side (radial) and top surfaces of the storage cask. Peak dose rates
werecalculated on both the side and top surfaces. On the cask top, the surface average dose rate
wasalso calculate (as variations in the cask top surface dose rate have no effect on dose rates

far away from the cask, e.g., at the site boundary). As cask side dose rates do not vary
significantly, the side surface average dose rate should not be significantly fedsetha

calculated peak dose rate.

Figure 4-71. Storage Cask Shielding Model Horizontal Cross-Section View
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Figure 4-72. Storage Cask Shielding Modei Vertical Chord-Section Viewi Top End
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Figure 4-73. Storage Cask Shielding Modei Vertical Chord-Section Viewi Bottom End

4.3.3.2 Source Strength Determination

ORIGEN?2 fuel depletion code resultgre used to deermine assembly gamma and neutron
source strengths, and heat generation levels, as a function of assembly burnup (GWd/MTU)
initial enrichment (w/o L235) and posirradiation cooling time (years).
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4.3.3.2.1 Determination of Evaluated Fuel Parameters

For the transportation caskielding evaluations, PWR aBYWR assemly burnup levels

ranging from 46GWd/MTU to 62.5 GWd/MTU~ere evaluated. Scoping evaluations show that
lower initial enrichment levels produce higher cask exterior dose rates, fomsagsembly heat
generation level (in large part due to higher neutron source strengths). Thus, the evaluations
modekdlower-bound initial enrichment levels for each evaluated burnup level. The initial
enrichment levels modeled for each burtexel areshown inthe titles ofTable4-24 through
Table4-37. The USspent fuel demagphic data shown iSectiond.3.4shows that the modeled
initial enrichment levels are conservative (low) initial enrichment values for each assembly
burnup level.

Once the assembly burnup and initial enrichment lexeet determined (for each evaluated
case), theninimumcooling time that yieldsask exterior dose rates within applicableCER 71
limits was determined.

For the storage and transfer cask shieldirajuations, 62.5 GWd/MTU, 4.1% enriched, 5 year
cooled fuelwasanalyzed, for both PWR and BWR fuel.

It is known from extensive shielding evaluation experience that cask exterior gamma dose rates
do not vary significantly with assembly uranium loading (vehi#e petMTU source strengths

remain constant). As the assembly uranium loading (in MTU/assembly) is increased, gamma
and neutron source strengths scale up directly with the uranium loading, but increased self
shielding almost entirely offsets the effedf the increased source strengths. Nonetheless, for a
given assembly burnup, initial enrichment and cooling time, a higher uranium loading yields
slightly higher cask exterior dose rates. Therefore, upper bound uranium loadings of
0.47MTU/assembly an@.2 MTU/assemblyveremodeled for PWR and BWR fuel,

respectively.

4.3.3.2.2 Modeled Sources

Once the burnup, initial enrichment and cooling time values for each evaluatedeoase
determined, the corresponding assembly fuel zone gamma and neutron source steeagths
determined using ORIGEN2. ORIGEN2 directly outputs enédependent gamma source
strengths. A Cr244 spontaneous fission energy spectwammodeled for the neutron source.
The ORIGEN2 gamma and neutron source strengths, which are output on &yper Mel
basis,were multiplied by the assembly uranium loadings shown above, amthber of
assemblies in the shielding model. As discussed above in S&@&i8ri, the shieldingnodek
coveedone quarter of the overall glaconfiguration, and thus includla single STAD. Thus,
the perassembly gamma and neutron source strenwgginsmultiplied by modetd payloads of
four PWR assemblies and nine BWR assi@sbrespectively.
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The shielding analyses addreiss effects of the axial burnup profiles present in the assemblies
by directly modeling axialiwarying assembly fuel zone gamma and neutron source strengths
(i.e., by modeling gamma and neutron source strength profilé®analysesnodeeda PWR

axial burnup profile that is bounding for burnup levels over 35 GWd/MTU. A representative
profile wasalso modeled for BWR fuel.

Gamma source strengtfrom activated assembly metal hardware in fuel, gas plenum bottom
nozzle and top nozzle axial zones of tNg®Rand BWR fuel assembliegerecalculated and
modeled in the shielding analyses. In each axial zone, the assembly hardware gamma source
strengthwascalculated based on an assumed initial cobalt quantity (present in the assembly
before irradiation), andn the level of cobalt activation (i.e., curies of@dper initial gram of
cobalt present), whiclvascalculated as a function of assembly burnup, initial enrichment and
cooling time.

Cobalt activation levels for the assembly core zone, at the timserhaty discharge, have been
calculated in previous licensing evaluations. PWR coré@activation levels are presented as
a function of assembly burnup in Table-6.2f the FuelSolutiod&' W21 Canister
Transportation SAR. Table 5.23 of the FuelSolions™ W74 Canister Transportation SAR
shows the BWR assembly core zone for a single burnup level. Comparison of the PWR and
BWR values, at similar burnup levels, shows that BWR activation levels are not higher than
PWR activation levels. Thus, the bupadependent core zone &GO activation levels shown in
Table5.2-6 of the W21 canister SAR are applied for BWR fuel as well. Once the initial
assembly fuel zone @80 activation level, at discharge, is known as a function of assembly
burnup (and lowebound initial enrichment level), the core zone hardware activation level
(curies of Ce60 per initial gram of @balt) can be determined for eaadsembly burnup and
cooling time combination.

Due to reduced neutron fluences, the@Doactivation levels in thelenum and nozzle regions of

the assembly are lower than those that apply in the assembly core (fuel) zone. Activation scaling
factors for each PWR and BWR assembly-fusel axial zone have been determined in previous
licensing evaluations, and are pretsel in the Fu&olutions™ W21 and W74 canister SARS.

For the gas plenum region, the scaling factor is 0.2 for both PWR and BWR fuel. For the bottom
nozzle zone, the scaling factors are 0.2 and 0.15 for PWR and BWR fuel, respectively. For the
top nozzé zone, the scaling factor for BWR fuel is 0.1. For PWR fuel, a scaling factor of 0.1
applies for most assembly top nozzles, but a factor of 0.05 applies for thexCE dsembly

top nozzle. This analysmodeledthe CE16x16 top nozzle, since it hasethighest initial cobalt

# FueSolutions” W21 Canisteffransportation Cask Safety Analysis Report, Remi8, April 2002, NRC Docket
No. 71-9276, BNFL FueBolutions Corporation.

# FueSolutions W74 Canisteffransportation Cask Safety Analysis Report, Remi8, April 2002, NRC Docket
No. 71-9276, BNFL Fuel Solutions Corporation.
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content and is the assembly top nozzle that will be closest to the top of the cask cavity (and the
top of the lead shield), and thus will yield the highest dose rates around the cask top end.

After the Ce60 activation levels (inuries of Ce60 per initial gram of cobaltyeredetermined
for each of the four PWR and BWR assembly axial zones, thg0@ativity levels, in curies,
weredetermined by multiplying those activation levels by ugpaund assembly zone cobalt
guantities. Assembly axial zone cobalt massesrecalculated based on assemblpe specific
stainless steelnconeland Zircaloy masses given in DOE (OCRWM) refereffce€obalt
concentrations of 10 ppm and 800 pmereassumed for Zircaloy and stainless steel,
regectively. A cobalt concentration of 4800 pprasassumed for Inconél18, whereas a
concentration of 6500 ppmasconservatively assumed for all other typesnabnel

Cobalt masses of 11 grams and 1.5 grarmieassumed for PWR and BWR fuel, respedtive

These are upper bound values for modern LWR assemblies (that do not employ large amounts of
stainless steel hardware in the assembly core zone). Any (very old) assemblies with higher core
zone cobalt quantities will have lower source terms despathither cobalt quantities, as they

will all have very long cooling times at the time of shipment. For each of th&urbaxial

assembly zones, the highest initial cobalt quantity, that occurs for any assembiyaype,
conservatively modeled. Thus,rbeare zone cobalt quantities from different (bounding)

assembly typewereconservatively assumed to simultaneously exist. For PWR fuel, the bottom
nozzle, plenum and top nozzle zome=reassumed to have initial cobalt quantities of

12.76grams, 7.71 gmms, and 39.09 grams, respectively. For BWR fuel, the bottom and top
nozzle zonesvereassumed to have initial cobalt quantities of 3.63 grams and 3.5 grams,
respectively. BWR assembly gas plenum zones do not igniécant quantities of
cobaltbearingmetal.

The available ORIGEN2 reference data, as well as th@QCaxctivation level data presented in

the FueSolutions™ canister SARs, covers a burnup range up to 60 GWd/MTU. For the (energy
dependent) gamma source strengths, 62.5 GWd/MTU valeesigermined through

extrapolation of the source term data, and its associated burnup dependence. The neutron source
strengthwasscaled up based on 4 gower dependence of neutron source strength on burnup

(which is observed in the existing data). Giviea $mall degree of extrapolation (from 60 to

62.5 GWd/MTU), these extrapolations should noals®urce of significant error.

4.3.3.3 Adjustments to Calculated Neutron Dose Rates

Three adjustmentsere made to the raw, calculated neutrorseoates, which accoufar
subcritical neutron multiplication within the assemblies, axial burnup profile effects, and
neutron streaming through the heat transfer fins present within the cask neutron shield.

ZDOEIRW0 184, fACharact er i sLevel Wastepahd Chprd@imactive-Wastés WhithiMgyh
RequireLongTer m | sol ati ondo, Appendix 2A, Volume 3 of 6, U.
Nuclear Waste Management, December 1987.
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4.3.3.3.1 SubCritical Neutron Multiplication

Even in the absence of water witlthe cask cavity, primary neutron sources can cause fissions
within the fuel material, resulting in an increase to the overall neutron source. To estimate the
magnitudeof this effect, the PWR and BWR STAditicality models(described in

Sectiord.3.4) were run with the cask interior water density set to zero.

The primary neutron source strengths calculated by ORIGE2based upon burned fuel
material isotopic compositions thaere also determined by the code. In the dryicality
models, the modeled fuel isotopic compositizas the same isotopic composition (output by
ORIGEN2) that the primary neutron source strengtére based upon.

The dry criticality analyses show maximunrk kalues of ~0.2&nd -0.20 for the PWR and

BWR STAD casesrespectively. The relative increase in neutron source strength, due to sub
critical neutron multiplicationwas determined by the equation: 1 fKd). Thus, the above dry
ket values correspond to swnitical multiplicationsource increase factors of ~1.3 and ~1{@6
PWR and BWR fuel, respectivelythe subcritical neutron multiplication factors calculated for
the PWR and BWR fouSTAD configurationsveresomewhat lower than those calculated for
large PWR and BWR casksi$kets (such as the bare fuel cask evaluated in the DOE Task
Order17 report?), due to the lower amount of MTU in the overall payload, and isecka
neutron leakage out of the STADs, whighrerelatively small and spread apart.

Waterfilled configurationswvereevaluated for the transfer cask shielding analyses. Criticality
analyses similar to those described above, but with water present withbetween the STADs
wereperformed to estimate the salitical neutron multiplication factors thatereapplicable

for the wet transfer cask configuration. Those analyses estiswteritical neutron
multiplication factors of ~2.4 and ~2.0 for the P\@Rd BWR STADs, respectively.

4.3.3.3.2 Axial Profile Effects

Whereas gamma source strengths scale rouigleigrly with fuel bunup level, for a given initial
enrichment and cooling time, neutron source strengths scale with burnup in a strelimgaron
fashion. PekMTU neutron source strengths scale roughly as the burnup t&' thewer. Thus,

an axial variation (or profile) in assembly burnup not only changes the axial distribution of the
neutron source, but it also increases the overall neutron sourceifenagsembhaverage

burnup level (due to the ndimear dependence on burnup). In other words, assembly average
burnup does not correspond to asseraMgrage neutron source strength. Since the assembly
neutron source strengthgre determined using OBEN2 on the basis of the assembljerage
burnup level, the overall neutron source streingtth tobe adjusted upward to account for this
effect.
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The axial burnup profile modeled for this preliminary shielding evaluatutich is bounding

for PWR fuel wth burnup levels over 35 GWd/MTWjas also modeled in previous cask

licensing evaluations. Thus, the neutron source strength increase factor deterntimatd for

profile inthose licensing evaluations can be used for these evaluations as well. Basesgon th
previous |l icensiengfdwaltwat incme,a YSeverdapdiet forr s o f
the PWR and BWR fuel analyses, respectively.

4.3.3.3.3 Neutron Streaming Though Neutron Shield Heat Transfer Fins

Copper plates extend through the radial neutragidihg material from the cask outer shell to

the outer radial steel skin (that encases the neutron shield). These plates, or fins, are necessary to
transfer heat through the neutron shield material to the ambient environment. The fins are placed
at anges relative to the cask surface (as opposed to extending out directly in the radial direction)

so that neutrons do not have a direct streaming path. Due to the fact that the neutrons are not all
moving in a purely radial direction there is still someastrmg effect, however.

Many existing cask system licensing evaluations did not directly (rigorously) model the heat
transfer fin configuration within the cask neutron shield region. Instead, the primary shielding
anal yses fsmear e dadnshiell matefidl, ansl modeled the reduleng ne u 't r
homogenous material throughout the annular neutron shield region (as was done for these
shielding evaluations)For this report, aupplementary streaming analyses was performed to
estimate the increase in cask exterior radial neutron dose rates that will occur due to the heat
transfer fin streaming effect.

Table 5.41 ofthe TS125 transportation cask SAPpresents the results of autron shield heat
transfer fin neutron streaming evaluation that was performed for tH23 $ask (whose metal

heat transfer fin configuration is similar to that of the cask described in Section 4.1 of this
report). The evaluation showed a 4% increasgeutron dose rates on the plane two meters

from the package side. Larger increases were shown for-ghoserfaces, such as the package
(personnel barrier) surface and the cask body surface. However, even with the larger streaming
effect, the peak d rates on those surfaces remain below their regulatory limits by far larger
margins than the peak dose rate on the plane two meters from the package surface.

Based on these existing licensing evaluations that have been performed for similar cask systems,
the neutron dose rates calculated in this shielding evaluag@adjusted upward by 4% to

account for any neutron streaming that may occur through the copper heat transfer fins that
extend through the cask radial neutron shield.

% FuelSolution8" TS125 Transportation Cask Safety Analysis Report, Revision 3|, 2¢02, NRC Docket
No. 71-9276, BNFL Fuel Solutions Corporation.
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4.3.3.4 Shielding Evaluation Railts
The results of the shielding analysee presented ihable4-24 throughTable4-37.
4.3.3.4.1 Transport Cask NCT Shielding Analysis Results

For each evaluated case, the applicable assembly bumitigb,enrichment and cooling time are
presentedn the Table4-24 throughTable4-37titles. The peaklose rates that occur each of
thesurfaces whereegulatorydose rate limits applgtre then presented.hese include the

vertical surface two meters from the package side, the radial package surface, the top package
surface, the bottom package surface, and the cask body radial surface (between the impact
limiters and under the personturrier). For each surface, the applicable regulatory dose rate
limit is also listed. For each peak total dose rate, the contributions from the fuel gamma source,
the fuel neutron source, from activated assembly metal hardware sources, and fromgecondar
gamma sources (produced from neutron absorption in hyditmegmmg materials) are also
presented. The presented neutron and gamma dose rate contributions are those that apply at the
location of peak total dose rate. Their relative contributions mysignificantly over the

surface.

The peak NCT (normal conditions of transport) dose rates on both the vertical plane 2 meters
from the package side and the radial package surface occur near the axial center of the cask for
all cases (i.e., all burnup lels and for PWR and BWR fuel). This indicates that significant
gamma and neutron streaming over the axial ends of the gamma and neutron shield is not
occurring. In all cases, the vertical plane 2 meters from the package side is the controlling
location,where dose rates are closest to their regulatory limits.

On the package (i.e., impact lirai) end surfacegiammadose rates are extremely small, due to

the very thick steel that exists on both the top and bottom ends of the cask configuration.
Gamma dos rates from the assembly top and bottom nozzles are less than 1 mrem/hr by a wide
margin, at all package end surface locations, for all evaluated burnup level cases. The gamma
dose rate contributions from the fuel are even smaller (< 0.1 mrem/hr). @ne€hmis added to

the package end total dose rates to conservatively account for any primary gamma dose rate
contributions. The peak dose rates on the NCT package end surfaces lie over the annular gap in
the impact limiter foam (shown iRigure4-66 andFigure4-67) for all cases. That is the

expected location for the peak dose rate, since the foam material attenuates neutron much more
than gammas, and gammas are an insignificant fraction of the total dose rate

On the cask body radial surface (underneath the personnel barrier, between the impact limiters),
the peak NCT dose rate always occurs at the location of the gap between the top of the neutron
shield and the bottom of the top impact limiter, directly asrfioom the assembly top nozzles
(seeFigure4-66 andFigure4-67). In all cases, the neutron dose rate is the dominant contributor
to the total dose rated that locationwhich is expected as the locatioroiger a gap in the radial
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neutron shielding. Alsdhat locationdoes not lie directly over any gamma source regions, such
as the assembly top nozzle region.

Thetransport casklose rate results, presented able4-24 throughTable4-34, show dose rates
under the regulatory limit at all locations for all analyzed cases. Therefore, it is concluded that
fuel with the minimum coahg times shown the tabl&gll meet the 1CFR 71 requirements

with respect to shieldinglt should be noted that the dose rate margin is fairly small
(~0.5mrem/hr) at the peak-@eter side plane location for some of the evaluated cases. Thus, it
is passible that the required cooling time for some assembly burnup levels may increase by one
year during the formal licensing of the cask system.

4.3.3.4.2 Evaluation of Reduced Cavity Diameter Cask Configuration

The evaluated cask configuration (and associsiélding materials) is not limited by weight, as
the cask is not placed on the plant fuel pool crane. The outer radius of the main cask structure
(i.e., the outer surface of the neutron shield structure) is limited however, based on the needed
impact limter stroke (crush depth) and the impact limiter diameter limit of 128 inches. Thus, the
overall thickness of the radial shielding configuration is limited to a given value, based on the
radius of the cask cavity. However, if the cask cavity radius dmulgduced by a given

amount, the thickness of the radial gamma and/or neutron shielding could be increased by the
same amount (i.e., on an inch for inch basis).

To evaluate the impact of reducing the cask cavity radius on shielding (i.e., on requératlgss
cooling times), a case was considered where the cask cavity radius is reduced by 2.0 inches
(i.e.,a case where the cask cavity diameter is 74 inches as opposed to 78 inches). This allows
the addition of 2.0 inches of radial gamma and/or neutraidshg. Based on scoping analysis
results, a case where 0.5 inches of lead and 1.5 inches4FR®eutron shielding is added was
selected for analysis.

The dose rate results of that evaluation are showalite4-35 andTable4-36 (on paged.55

and156), for PWR and BWR fuel, respectively. The results show that thH@FR71 dose rate

limits are met, by a wide margin, even for a bounding payload of 62.5 GWd/MTU, 5 year cooled
fuel. Note that such a payloauld actually have a heat generation level as high as 32 kW,
which significantly exceeds the 24 kW the heat generation limit of the transport cask. However,
a payload of 62.5Wd/MTU assemblies would produce 24 kW at a cooling time df/6ars,

which is still significantly below the required cooling times of 11 and 20 years calculated in
Section4.3.3.4.1for PWR and BWR fuel, respectively. Thus, shielding limitations are
significantly increasing the required cooling times.

Thus, these results show that the required assembly cooling times are extremely sensitive to the
cask cavity diameter. As lower required assembly cooling times for transportation may be
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important to the DOE fuel management program, reducing the diameler tohhsport cask
cavity may be an important consideration in the final cask design phase.

It is likely that a 4STAD carrier can be developed during the final design and licensing phase
that allows a smaller transportation cask diameter. As discusseg, abodinch cask cavity
diameter would allow enough shielding to pass 10 CFR 71 shielding requirements with a full
payload of 62.5 GWd/MTU, 5 year cooled fuel. However, unless the heat generation limit for
the transport cask is also increased, thermasicaints will require a cooling time of Byears

for 62.5 GWd/MTU fuel. A somewhat larger final cask cavity diameter (i.e7,67/iches)
would Ii kely accommodate any fuel that the tr
allow. That is, a3-76 inch cask cavity would be able to accommodate all fuel, with a cooling
time of 10 years or less (with the required cooling time likely to be closer tge@rs). It is very
likely that a 4STAD carrier can be designed that will allowransport cds cavity of

75-76inches. A 74inch cavity may also be possible.

Another alternative would be to design and licenseSZ BD carrier and transport cask, as well

as a 4STAD cask. That configuration would be used to ship very high burnup assemblies, after
cooling times of only 5 years. TheSTAD carrier and transport cask would still be used for the
great majority of fuel shipments. ASTAD carrier configuration would be able to fit into a
transport cask cavity with a diameter of less than 70 inchiess, the 3SSTAD transport cask

can be designed with enough shielding to allow shipment of 62.5 GWd/My&hrxooled

PWR or BWR fuel. Due to the lower cask capacity, the STAD payload would also have an
overall heat generation level of approximatelyk®4 or less. It should be noted that-$3B8AD

carrier configuration may need to be designed and licensed in any event, in order to
accommodate plants with 100 ton pool cranes. It should also be noted that, given the scale of the
DOE spent fuel shipping pgoam, designing and licensing an addition®dBAD carrier and

cask option would not have a significant effect on overall program cost.

4.3.3.4.3 Transport Cask Hypothetical Accident Condition Shielding Results

Table4-24 throudh Table4-36 also present dose rates for the HAC cask configurafitwe. peak

dose rates that occur on the planes one meter from the cask body radial, top and bottom surfaces
are presented. The results show that the dose rates are under the 1000 mrem/hr limit, at all
locations and for all evaluated cases, by a signifinzargin.

The cask configuration changes (for HAC vs. NCT) are consistent with those modeled in
previous licensing evaluatiohsAxial gaps (0.87 inches high) on the top and bottom ends of the
radial lead shielavere modeled to account for potential effects of axial lead slump that may
occur as a result of a cask end drop. The radial thickness of thedeaeduced by 0.5 inches,
over the entire axial length of the shield, to account for potential effectsinbhial lead slump
that may occur after a cask side drop. All moisture (i.e., all hydrogen and oxyageremoved
from the radial neutron shield material, to account for (complete) water vapgassing that
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may occur during the fire event. The impleiter wood and foam materialgerecompletely
removed (i.e.conservatively neglected) in the HAC shielding model.

For all cases, the peak one meter plane dose rate occurs on the radial surface, near the axial
center of the cask, over the peak burnugtise of the fuel. This is expected, since the neutron

dose rate is the dominant contributor. This is due to the fact that, due to the complete loss of
hydrogen in the neutron shield, the radial neutron dose rates increase much more than the radial
gammadose rates or the axial gamma or neutron dose rates. Secondary gamma dose rate
contributions are not presented in the results tables. As there are no hylkageg materials

in the HAC cask configuration, secondary gamma production will be insignific

4.3.3.4.4 Transfer Cask Shielding Results

The results of the transfer cask shielding evaluation are preseritabl@®-37. The analyses

are based on a transfer cask containing four STADs, each of which are loaded with four
62.5GWd/MTU, 5 year cooled PWR assemblies or nine &2&d/MTU, 5 year cooled BWR
assemblies. Peak dose rates for the side, top and bottom surfaces are presented. Note that since
the transfer cask has an open top, the top surface dose rates correspond to thosg thrathe

top surfaces of the STAD lids and the STAD carrier top shielding plate.

The localized dose rates that may occur immediately above thecB/&nnular gaps between
the STAD lids and the carrier top shielding platerealso estimated aratepresented. It

should be noted that the gap dose rate estimagesvery conservative, since both the STAD
interior spacer plates and the carrier spacer plates (between SwaAi2gpnservatively
neglected in the shielding models. As those plates waghdfisantly reduce upward gamma
streaming, they would significantly reduce the localized dose rate that occurs over the gaps.

As discussed in Sectigh3.3.1.2 decse rates are presented for a dry configuration (where no
water is present anywhere) and a wet configuration, were both the STAD interiors and the space
between the STADs is filled with water.

Secondary gamma dose rate contributions are expected to lgbteddtir the transfer cask
configuration, as those soft gammas will be almost completely absorbed within the 1.25 inch
thick cask outer steel shell. The cask configuration has no hydbsgeimg materials on the top
and bottom ends.

The calculated caskide surface dose rates represent azimiabhalage dose rates (i.e., they do
not account for azimuthal variations due to the square source zone within each STAD, or
potential variations in STAD azimuthal orientation). Such variations are expectedridh®e o
order of ~10%.

The results show peak dose rates under 1.0 Rem/hr on the cask side surface under dry conditions,
and dose rates under 100 mrem/hr on the cask side surface when the cask and STAD cavities are
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filled with water. The peak dose rates acauthe axial elevation of the peak burnup region of
the fuel. These dose rates are acceptable and in line with industry experience.

For the dry PWR configuration, a peak dose rate of ~2.5 Rem/hr occurs on the top surface over
the center of the STAD lidA local dose rate as high as ~50 Rem/hr may occur directly over the
annular gap between the STAD lid and the carrier top plate. A peak dose rate of ~2.0 Rem/hr
occurs at the center of the transfer cask door bottom surface.

For the wet PWR configuration,peak dose rate of ~1.0 Rem/hr occurs on the top surface over
the center of the STAD lid. A local dose rate as high as ~10 Rem/hr may occur directly over the
annular gap between the STAD lid and the carrier top plate. A peak dose rate of ~300 mrem/hr
occurs on the transfer cask door bottom surface, directly below the STAD centerline.

For the dry BWR configuration, a peak dose rate of ~2.0 Rem/hr occurs on the top surface over
the center of the STAD lid. A local dose rate as high as ~25 Rem/hr maydoectly over the
annular gap between the STAD lid and the carrier top plate. A peak dose rate of ~4.0 Rem/hr
occurs at the center of the transfer cask door bottom surface.

For the wet BWR configuration, a peak dose rate of ~500 mrem/hr occurs on suefame over

the center of the STAD lid. A local dose rate as high as ~4 Rem/hr may occur directly over the
annular gap between the STAD lid and the carrier top plate. A peak dose rate of ~100 mrem/hr
occurs on the transfer cask door bottom surfacectyrbelow the STAD centerline.

Although the localized dose rate directly over the annular STAD lid / carrier plate gap may be a
concern (and may require temporary shielding), the transfer cask top and bottom surface dose
rates are acceptable, and nongigantly above those which occur for cask systems in
commercial use today. It must be noted that the presented dose rates correspond to bounding,
62.5 GWd/MTU, 5 year cooled fuel. Most loaded fuel will have significantly lower radiological
source termsand dose rates will be significantly lower.

4.3.3.4.5 Storage Cask Shielding Results

The results of the concrete storage cask shielding evaluation are presdrabléf37. The
peak dose rates on the storage cask side and top surfapessarged, along with the cask top
surface average dose rate.

The calculated cask side surface dose rates represent aziawerage dose rates (i.e., they do
not account for azimuthal variations due to the square source zone within each STAD, or
potential variations in STAD azimuthal orientation). Such variations are expected to be on the
order of ~10%.

The peak dose rates on the cask side surface are between 80 and 90 mrem/hr, for PWR and BWR
fuel. This is not significantly higher than thataither storage cask systems, given the bounding
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nature of the analyzed (62.5 GWd/MTU, 5 year cooled) assembly payload. The 25 mrem/year
limit at the site boundary is the only OFR 72 limit that applies for the storage cask. The
maximum cask side surfadese rate necessary to meet this limit will be a function of the

number of casks in the ISFSI, the ISFSI arrangement, the actual fuel payload (and source terms)
loaded into the casks, and the distance to the site boundary. If lower dose rates oagle stor
cask side surface are needed or desired, more radial concrete can always be added, or the
thickness of the steel inner liner can be increased (if space is a concern). No real weight limits
apply to the concrete cask.

Evenwith the high payload sour¢erm (bounding fuel), thep surface average dose rae
approximately\800 mrem/hr for PWR and BWR fuel. This is fairly similar to allowable top

surface average dose rates that are specified for existing storage cask systems. The dose rate at
the siteboundary is affected by the top surface average dose rate, as opposed to any local peak
dose rates that may occur on the cask top. As with the cask side shielding configuration,
additional shielding can be added to the storage cask top, if lower dasareatiesired.

The peak (local) dose rate on the storage cask top surface g2, and occurs directly over

the ventilation duct (sdéigure4-72 andFigure4-73). This is not a significant concern, asdb

dose rate peaks do not affect the site boundary dose rate significantly, and personnel are not near
that area for significant time periods. If reduction of that local dose rate is desired, concrete

could be replaced by steel in the section of the kddkat lies directly over the ventilation duct.

Many existing storage cask designs employ thick, steel shielding rings directly over the duct in
order to reduce dose rates.

4.3.3.4.6 Applicability to Other Storage Cask Configurations

The storage cask shieldingsults presented above in Sec#o8.3.4.5show the (acceptable)

dose rates that correspond to the shielding thicknesses and materials giable#23. Those
required thicknesses and corresgimg dose rates should be fairly applicable for other storage
configurations, such as horizontal cask modules or vault storage. External dose rates produced
by the same shielding materials thicknesses will not significantly differ from those presented in
Sectiond.3.3.4.5or the vertical cask system. Also, with respect to bulk shielding, there are no
size and weight constraints on the storage system, vertibaliaontal, so additional shielding

can always be added if necessary.

As with the vertical system, it is clear that an inlet and outlet duct (airflow) structure can be
designed that will yield acceptable dose rates, especially given that such localtekse reot
significantly affect the dose rate at the plant site boundary; the only location wh&ERIA2)
regulatory dose rate limits apply. There is significant industry experience designing horizontal
storage modules that have adequate bulk shigphllial inlet/outlet vent structure design for large
canisters. Differences between a typical large canister source configuration and-8ieABur
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configuration will not cause any unique difficulties with respect to vent design or the resulting
(local) do rates.

In summary, it is clear that horizontal module or vault storage systems with adequate (bulk and
vent) shielding performance can be designed for theSa#tD payload configuration. There is
nothing unique about the fo@TAD payload that would cee significant difficulty with respect

to shielding design. ThEable4-23 shielding thicknesses and Sect#i.3.4.5doserates

indicate (roughly) how much shielding would be necessary for adequate shielding performance,
for any storage system configuration.

Table 4-24. Peak Transport Cask Exterior Surface Dose Rates (imrem/hr) for
45 GWd/MTU, 3.25% enriched, 5 Year Cooled PWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 4.1 17 3.0 0.9 9.6 10
NCT Package Radial Surface 12 3 10 3 28 200
NCT Package Bottom Surface <<1 <1 22 24 200
NCT Package Top Surface <<1 <1 12 14 200
NCT Cask Body Radial Surface 2 15 168 13 198 1000
HAC 1-meter Radial Surface 11 3 138 - 152 1000
HAC 1-meter Bottom Surface <<1 <1 56 - 57 1000
HAC 1-meter Top Surface <1 <1 29 - 30 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question

Table 4-25. Peak Transport Cask Exterior Surface Dose Rategn mrem/hr) for
50 GWd/MTU, 3.5% enriched, 6 Year Cooled PWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 3.1 1.6 3.9 11 9.6 10
NCT Package Radial Surface 9 3 13 4 29 200
NCT Package Bottom Surface <<1 <1 29 31 200
NCT Package Top Surface <<1 <1 15 1 17 200
NCT Cask Body Radial Surface 2 13 219 18 252 1000
HAC 1-meter Radial Surface 8 3 180 - 192 1000
HAC 1-meter Bottom Surface <<1 <1 73 - 74 1000
HAC 1-meter Top Surface <<1 <1 38 - 39 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question
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Table 4-26. Peak Transport Cask Exterior Surface Dose Rate@n mrem/hr) for
55 GWd/MTU, 3.75% enriched, 8 Year Cooled PWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 2.1 1.3 4.5 1.3 9.2 10
NCT Package Radial Surface 6 2 16 29 200
NCT Package Bottom Surface <<1 <1 34 37 200
NCT Package Top Surface <<1 <1 18 20 200
NCT Cask Body Radial Surface 1 11 257 74 343 1000
HAC 1-meter Radial Surface 6 2 211 - 219 1000
HAC 1-meter Bottom Surface <<1 <1 85 - 86 1000
HAC 1-meter Top Surface <<1 <1 44 - 45 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question

Table 4-27. Peak Transport Cask Exterior Surface Dose Rate@n mrem/hr) for
60 GWd/MTU, 4.0% enriched, 10 Year Cooled PWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2meter Vertical Side Pland 1.8 1.0 5.1 15 9.3 10
NCT Package Radial Surface 5 2 17 30 200
NCT Package Bottom Surface <<1 <1 38 41 200
NCT Package Top Surface <<1 <1 20 22 200
NCT Cask Body Radial Surface 1 288 23 321 1000
HAC 1-meter Radial Surface 5 237 - 244 1000
HAC 1-meter Bottom Surface <<1 <1 95 - 96 1000
HAC 1-meter Top Surface <<1 <1 49 - 50 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question
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Table 4-28. Peak Transport Cask Exterior Surface Dose Rate@n mrem/hr) for
62.5 GWd/MTU, 4.1% enriched, 11 Year Cooled PWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 1.9 0.9 5.3 15 9.6 10
NCT Package Radial Surface 6 2 18 31 200
NCT Package Bottom Surface <<1 <1 40 43 200
NCT Package Top Surface <<1 <1 21 23 200
NCT Cask Body Radial Surface 1 301 24 334 1000
HAC 1-meter Radial Surface 5 248 0 255 1000
HAC 1-meter Bottom Surface <<1 <1 56 0 57 1000
HAC 1-meter Top Surface <1 <1 29 0 30 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question

Table 4-29. Peak Transport Cask Exterior Surface Dose Rate@n mrem/hr) for
40 GWd/MTU, 2.75% enriched, 5 Year Cooled BWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 3.2 0.5 4.0 1.2 8.9 10
NCT Package Radial Surface 9 1 15 30 200
NCT Package Bottom Surface <<1 <1 34 2 37 200
NCT Package Top Surface <<1 <1 12 14 200
NCT Cask Body Radial Surface 1 173 14 192 1000
HAC 1-meter Radial Surface 4 1 189 - 193 1000
HAC 1-meter Bottom Surface <<1 <1 85 - 86 1000
HAC 1-meter Top Surface <<1 <1 31 - 32 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question

Pagel52of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

Table 4-30. Peak Transport Cask Exterior Surface Dose Rate@n mrem/hr) for
45 GWd/MTU, 3.0% enriched, 6 Year Cooled BWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 2.5 0.5 5.1 15 9.6 10
NCT Package Radial Surface 8 1 19 33 200
NCT Package Bottom Surface <<1 <1 43 46 200
NCT Package Top Surface <<1 <1 16 18 200
NCT Cask Body Radial Surface 1 220 18 243 1000
HAC 1-meter Radial Surface 3 240 - 243 1000
HAC 1-meter Bottom Surface <<1 <1 109 - 110 1000
HAC 1-meter Top Surface <<1 <1 39 - 40 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question

Table 4-31. Peak Transport Cask Exterior Surface Dose Rate@n mrem/hr) for
50 GWd/MTU, 3.25% enriched, 9 Year Cooled BWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 1.6 0.3 5.8 1.7 9.5 10
NCT Package Radial Surface 5 1 22 34 200
NCT Package Bottom Surface <<1 <1 50 53 200
NCT Package Top Surface <<1 <1 18 19 200
NCT Cask Body Radial Surface 1 253 20 276 1000
HAC 1-meter Radial Surface 2 275 - 278 1000
HAC 1-meter Bottom Surface <<1 <1 125 - 126 1000
HAC 1-meter Top Surface <<1 <1 45 - 46 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question
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Table 4-32. Peak Transport Cask Exterior Surface Dose Rate@n mrem/hr) for
55 GWd/MTU, 3.5% enriched, 13 Year Cooled BWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 1.2 0.2 6.3 1.8 9.6 10
NCT Package Radial Surface 4 0 23 34 200
NCT Package Bottom Surface <<1 <1 54 58 200
NCT Package Top Surface <<1 <1 19 21 200
NCT Cask Body Radial Surface 0 272 79 353 1000
HAC 1-meter Radial Surface 1 297 - 299 1000
HAC 1-meter Bottom Surface <<1 <1 134 - 135 1000
HAC 1-meter Top Surface <<1 <1 48 - 49 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question

Table 4-33. Peak Transport Cask Exterior Surface Dose Rategn mrem/hr) for
60 GWd/MTU, 4.0% enriched, 18 Year Cooled BWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 0.9 0.1 6.4 1.9 9.3 10
NCT Package Radial Surface 3 0 24 33 200
NCT Package Bottom Surface <<1 <1 55 59 200
NCT Package Top Surface <<1 <1 20 22 200
NCT Cask Body Radial Surface 0 278 22 301 1000
HAC 1-meter Radial Surface 1 0 303 - 304 1000
HAC 1-meter Bottom Surface <<1 <1 137 - 138 1000
HAC 1-meter Top Surface <<1 <1 49 - 50 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question
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Table 4-34. Peak Transport Cask Exterior Surface Dose Rate@n mrem/hr) for
62.5 GWd/MTU, 4.1% enriched, 20 Year Cooled BWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 0.7 0.1 6.6 1.9 9.3 10
NCT Package Radial Surface 2 0 24 34 200
NCT Package Bottom Surface <<1 <1 56 60 200
NCT Package Top Surface <<1 <1 20 22 200
NCT Cask Body Radial Surface 0 284 23 307 1000
HAC 1-meter Radial Surface 1 0 309 - 310 1000
HAC 1-meter Bottom Surface <<1 <1 140 - 141 1000
HAC 1-meter Top Surface <1 <1 50 - 51 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question

Table 4-35. Peak Transport Cask Exterior Surface Dose Rategn mrem/hr)

for Reduced Cask Cavity Diameter Configuration

62.5 GWd/MTU, 4.1% enriched, 5 Year Cooled PWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2meter Vertical Side Pland 1.9 0.6 1.4 15 5.5 10
NCT Package Radial Surface 6 1 5 5 17 200
NCT Package Bottom Surface <<1 <1 50 2 53 200
NCT Package Top Surface <<1 <1 26 1 28 200
NCT Cask Body Radial Surface 1 6 77 6 90 1000
HAC 1-meter Radial Surface 5 232 - 239 1000
HAC 1-meterBottom Surface <<1 <1 125 - 126 1000
HAC 1-meter Top Surface <<1 <1 65 - 66 1000

*Presented values are those that occur at the location of peak total dosethatsurface in question
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Table 4-36. PeakTransport Cask Exterior Surface Dose Rates (in mrem/hr)

for Reduced Cask Cavity Diameter Configuration

62.5 GWd/MTU, 4.1% enriched, 5 Year Cooled BWR Fuel

Primary | Assembly
Fuel Hardware Secondary 10CFR71

Gamma* | Gamma* | Neutron* | Gamma* Total Limit
NCT 2-meter Vertical Side Plang 1.6 0.2 2.4 2.7 6.8 10
NCT Package Radial Surface 5 0 9 10 24 200
NCT Package Bottom Surface <<1 <1 98 5 104 200
NCT Package Top Surface <<1 <1 35 2 38 200
NCT Cask Body Radial Surface 1 102 8 112 1000
HAC 1-meterRadial Surface 2 405 - 408 1000
HAC 1-meter Bottom Surface <<1 <1 140 - 141 1000
HAC 1-meter Top Surface <<1 <1 50 - 51 1000

*Presented values are those that occur at the location of peak total doseth&tsurface in question
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Table 4-37. Peak Transfer and Storage Cask Exterior Surface Dose Rates (in mrem/hr)
62.5 GWd/MTU, 4.1% enriched, 5 Year Cooled BWR Fuel

Primary | Assembly
Fuel Hardware
Gamma' | Gamma' | Neutron' | Total
Dry PWR 324 1 303 628
) Wet PWR 64 0 5 70
Transfer Cak Radial Surfacé
Dry BWR 265 0 569 834
Wet BWR 52 0 8 61
Dry PWR 73 1771 702 2547
Wet PWR 4 1142 0 1146
Transfer Cask Top Surfaté
Dry BWR 45 819 1079 1943
Wet BWR 1 462 0 463
Dry PWR 134 108 1846 2088
Wet PWR 7 281 0 288
Transfer Cask BottorSBurface 3
Dry BWR 99 45 3646 3790
Wet BWR 2 92 0 94
_ PWR 77 0 10 88
Storage Cask Radial Surfdce
BWR 64 0 18 82
PWR 1866 252 51 2169
Storage Cask Top Surfdce
BWR 1535 73 89 1696
Storage Cask ToBurface PWR 281 56 20 357
Average Dose Rate BWR 210 17 36 263

Notes:

1. Presented values are those that occur at the location of peak total dosethatsurface in
guestion.

2. Peak dose rates on cask side occur near the axial center of the cask, pgak thernup section
of the fuel.

3. Without considering the annular gap between the STAD lid and the carrier top shielding plate, the
peak top surface dose rate occurs directly over the STAD centerline for all cases.

4. A very localized, high dose rate occursedtly over the 3/8nch annular gapetween the STAD
lid and the carrier top shielding plate. This dose rate is ~50 Rem/hr, ~10 Rem/hr, ~25 Rem/hr,
and ~4 Rem/hr for the dry PWR, wet PWR, dry BWR, and wet BWR configurations, respectively.

5. The peak doseate occurs at the center of the transfer cask bottom (doors) surface.
6. The peak dose rate occurs directly under the STAD centerline.

7. The peak dose rate occurs directly over the ventilation annuluEi(pge4-72 andFigure4-73).
The dose rate at the lid center is ~100 mrem/hr.
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4.3.4 Criticality Analyses

Criticality analysesvereperformed on the cask and basket designs descnliettiond.1,
using the industrgtandard MCNPBonte Carlocode.

It is likely that moderator exclusion will be employed as the primary means of criticality control

under 10 CFR 71 HA@r the STAD transprt cask system. The double seal weld of the STADs

would be credited as the second barrier to water ingress (an approach for which there is

precedent in cask system licensing). The transport cask containment boundary would be the first
barrier to waternigress.However, analyses that model water ingress will have to be used to
gualify the nominal, fias | oadedo configuratio
10 CFR 71.55(e)

Criticality analyses that model water within the STAD interiorsvelt as between the STADs
wereperformed The purpose of these analysesigtmal i fy t he fAas | oaded?o
andprovide backup (defense in depth) to moderator exclusioithe NCT and HAC

configuration Also, they demonstrate swhticality for caskloading operations, thus

eliminating the need to rely on soluble boron as a means of criticality control. Soluble boron is

not present in BWR spent fuel pools, so the use of soluble boron credit would present difficulties
for the BWR cask lading process.

The criticality analyses model the STADs inside the transportation cask descr@mxdiond.1

As the (outer) cask configuration does not significantly affect reactivity, and the transfer and
transport cask materials are similar, the itesaf these criticality analyses are applicable for the
transfer (loading) configuration as well.

The focus of the criticality analyses performed for this report is to determine if the PWR and

BWR STAD and carrier configurations offer adequate criticgldsformance in the case of

water ingress, and to estimate the fraction of the US PWR and BWR used fuel intiesitoan

be accommodated by the cask system. The analyses performed model the configurations known
to be the limiting configurations that genn basket criticality performance (e.g., an infinite array

of casks with full density water completely filling the cask interior).

The overall analysis methodology for the PWR and BWR basket differ significantly, due to the
fact that burnup credit crititity evaluations could be performed in support of the PWR basket
licensing evaluation, whereas simple, unburned fuel criticality analyses would be performed to
gualify the BWR baskets. The analysis methodology, and results, for the preliminary PWR and
BWR criticality evaluations are presented in the-sabtions below.
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4.3.4.1 PWR Criticality Evaluation

The (future) criticality licensing evaluations for the PWR STAD payload will have to employ
burnup credit criticality analyses. Such analyses are quite invahgetilme consuming, and
havetherefore nobeenperformed as part of this DOE report.

Therefore, to estimate the criticality performance of the PWR STAD and carrier configuration
described in Sectiof.], criticality analysesvereperformed to estimate their reactiviglative

to NAC International 6s MAGNATRAN system, an
licensing evaluations have been performed. The MAGRIAN transportation (LCFR71)

SAR’ presents maximum allowable assembly initial enrichment values as a function of assembly
burnup, for each major US PWR assembly type. If these relative reactivity analyses show that
the PWR STAD configuration is no nereactive than the MAGNATRAN basket, then the
applicable burnup curves (i.e., maximum allowable initial enrichment levels for given burnup
levels) will be similar to or better than those presented in the MAGNATRAN SAR.

4.3.4.1.1 MAGNATRAN Ceriticality Models

Thefirst step in the process is to develop a criticality model of the MAGNATRAN basket
configuration, as described in the MAGNATRAN SAR, to determine a ggwatue which
corresponds to that configuration. There are actually two basket configuratiortgdbrtiae
MAGNATRAN SAR presents burnup curves (for each PWR assembly type), an intact PWR
assembly basket, and a damaged PWR fuel basket, for which damaged assembly arrays inside
damaged fuel cans are modeled in four corner cells of thag8admbly) baske

The MAGNATRAN intact and DFC basket burnup curves (for the W155assembly) are
presented ifrigure4-74. The burnup and initial enrichment levels of the US P3gént fuel
inventory are also shown Figure4-74for comparison. This allows the fraction of the US
PWR fuel inventory that can be accommodated by each of the MA®RNXN burnup curves to
be estimated.

For the intact assembly slots, the MAGNATRAN licensing analyses modeled spent fuel isotopic
compositions that correspond to the assembly average burnup and initial enrichment values along
their specified burnup curve$.or each analysis, 18 axial zowesredefined within the fuel,

each with its own modeled fuel isotopic composition, to model the effects of the assembly axial
burnup profile. For the four damaged assemblies in the corner locations of the damaged fuel
basket, a very conservative isotopic composition that corresponds to ~4.0% enriched,

45 GWd/MTU fuel was modeled, over the entire axial length of the assembly.

For this evaluation, the intact and damaged fuel MAGNATRAN basket configuratenes

modeled withw 15x15 Std., Zircaloglad fuel assemblies. The intact basket configuratias

modeled with a fuel material composition which corresponds to spent fuel withaaat&one

set of isotopic compositions that correspond to 5.0% enriche@\M&MTU fuel (This

corresponds to the right end of the intact fuel MAGNATRAN burnup curve shown in
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Figure4-74.) The damaged fuel basket configurattoadekedthe samduel compositions (as
theintact model) in all but the four corner cells, where a 4.0% enriche@WM&MTU fuel
compositiorwasmodeled over the entire axial span. No fuel depletion analysegperformed
to determine the fuel isotopic compositionsttt@respond to 5.0% enriched, 45 GWd/MTU
fuel. The 18axialzone set of isotopic compositions used in the MAGNATRAN licensing
evaluationweredirectly provided by NAC International, for use in this evaluation.

It is assumed that if the PWR STADnNfiguration is shown to be no more reactive than
MAGNATRAN, for 5.0% enriched, 45 GWd/MTU W %35 fuel, then the burnup curves
presented in the MAGNATRAN SAR, for all PWR assembly types, are likely to be very similar
to the burnup curves that would appdy the PWR STAD configuration.

It should be noted thatkvalues calculated using the above (MAGNATRAN) criticality models
are raw ks values that do not correspond to the fingl\kalues determined by burnup credit
licensing evaluations. With buup credit criticality evaluations, severaklpenalties are applied
to account for biases and uncertainties in both the fuel depletion and criticality codes, and effects
such as radial burnup variations in the fuel rod arrays, assembly component duaensio
tolerances, and potential misleading of uAd@med assemblies. Thus, theg kalues are
somewhat lower than typical maximum allowablg\kalues. It should also be noted that the
objective of these criticality evaluations is not to estimate systesolute & values, but to
estimate the relative impact, ogzkof the changes in basket geometry between the
MAGNATRAN and PWR STAD configurations. This is done through a comparison ofgaw k
values.

The raw k¢ values for the intact and DFC MABATRAN basket configurations (for the
W 15x15 assembly) are presented able4-38. The k¢ values are 0.891 and 0.915, for the
intact and DFC configurations, respigely.
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Figure 4-74. MAGNATRAN Intact Fuel and DFC Burnup Curves vs.
US PWR Fuel Inventory

4.3.4.1.2 PWR STAD Models

Once the raw ¥ values were determined for the MAGNATRAN configurations, the PWR
STAD and transport cask configurations described in Sections 4.1 were rigorously modeled, and
similar raw kg valuesweredetermined for comparison.
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The criticality modetoveredone quadmat of the overall cask configuration. Thus, a single
STAD lay within the model. Reflective boundarieereapplied on the bottom and left
boundaries of the model (i.e., on the X and Y axes). This effectivetieledthe entire cask,
with a four STAD palpad.

As discussed in Sectighl.1 a 7/16inch thick cross of borated stainless steel plai@splaced
between the four assembly cells within the PWR STAD interior. A boron concentration of
1.1wt% wasmodeled within the staiaks steel material, in accordance with STAD

specifications. The B0 concentratiomasthen reduced by 109 account for variations in

B-10 concentration within the plates (as is required by NRC). Borated stainless steel plates are
not present aroundétperiphery of the STAD interior basket.

Three different configurationseremodeled for the PWR STAD configuration, which reflect
different licensing contingencies. The evaluations of these alternative cases allow the impacts of
various licensing contirencies (concerning how high burnup and/or damaged fuel are treated,

for example) will affect system performance. These specific evaluations are described in the
sections below.

4.3.4.1.3 Intact PWR Assemblies

This configuratiorevaluatedan intact assembly payloadhi ch appl i es for the
configuration, ands alsoconsidered to be thmnfigurationmost likelyto be applicable for NCT

and HAC It modeledntact (W 1515) PWR fuel assemblies in the four cells of the PWR

STAD interior. With respect to flipellet composition, the analysisodeledthe 45GWd/MTU,

5.0% enriched composition described above in Sedti®d.1.1 The assembliesereshifted

(within ther cells) towards the center of the STAD, as that maximizes reactivity.

A horizontal crosssection view of the intact PWR criticality model is showifrigure4-75 and
Figure4-76. The illustration corresponds elevations between the steel spacer plates. At the
spacer plate elevations, ordinary stainless steel (as opposed to borated stainless steel) occupies
the space between the guide tubes (assembly cells). The spacer plates also replace water around
the edjes of basket, at the spacer plate elevations.

The results of the intact PWR assembly criticality evaluation are preseriiatle¥-38. The
raw ke value for thentact PWR STAD configuration is 0.786, which is much lower than the
raw k. value of 0.891 calculated for the intact PWR MAGNATRAN configuration.

Thus, it is concluded that tlieur STADSs in a transport cask, loaded with four intact PWR
assembliess less reactive than a MAGNATRAN basket fully loaded with intact PWR
assemblies. Although the reactivity comparison analysis was performed modelingl¥/ 15
assemblies (for both the STAdhd MAGNATRAN cases), Is concluded that the STAD
configurationis less reactive than MAGNATRAN for all PWR assembly types, as the assembly
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configuration should ndignificantlyaffect the relative reactivity of the different basket
configurations.

Therefore, it is concluded that the burnup curves presented (for each$3afRdy type) in the
MAGNATRAN SAR for their fully loaded intact PWR assembly basket are applicable (or
conservative) for thBWR STAD, even if water ingress is assumé&étie MAGNATRAN

burnup curves for other PWR assembly types are similar to or loweththdd 15x15 assembly
burnup curveoresented graphically lRigure4-74. Thus, the percentage of the PWR fuel
inventory that can be accommodated iy task system, that is estimated based on the W 15x15
burnup curve and fuel population data showRigure4-74, will be similar (or conservative) for

all US PWR assembly types.

As shown inFigure4-74, the MAGNATRAN intact PWR fuel burnup curve would
accommodate the overwhelming majority of US PWR spent fuel. Based on experience at the
Zion plant, it is assumed thsthutdown plants would have more than enough control rod
assemblies (CRAsptinsert into the fewssemblies underneath that curviéhus, the PWR

STAD configuration described fBection4.1shouldbe able to accommodate the entire US PWR
spent fuel inventory, without the need to reduce payload capacity for any shipments.
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Figure 4-75. PWR STAD' Intact Fuel Criticality Model
(horizontal crosssection viewi between spacer plates)
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Figure 4-76. PWR STAD1 Intact Fuel Criticality Model T Fuel Region Close Up View
(horizontal crosssection viewi between spacer plates)

4.3.4.1.4 Optimum Pitch Cladded PWR Rod Arrays

This configuration is similar to the configuration evaluated in the above section, except that the
rod array pitch of the PWR ssmblies is varied to yield the maximugg kalue. This
configurationwasmodeled to represent a contingency where the NRC requires that partial
assembly reconfiguration (where the fuel rod array pitch may change) must be considered for
(initially intact) high burnup fuel.
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The claddingvasnot removed from the assemblies and the guide and instrument tubes of the

W 15x15 assemblyverestill modeled. The only difference in the array is that the pitas

varied. Itwasassumed that no fuel pellets leake fuel rods, and that the fuel rods do not break
into rod fragments that can travel between one axial zone of the fuel assembly to another. Thus,
the number of fuel rods in the array (20¢¥Bsretained, and the fuel rods (including their
cladding)did not shift out past the cell walls.

Analyses performed in support of the DOE Task 17 répsitow that maximum PWR assembly
reactivity occurs when the fuel rods are separated as much as possible, so that tbeyeofer
fuel rods are in contact with the cell walls. That configuration is modeled for this evaluation.

A horizontal crosssection view of the optimuspitch PWR criticality model (between spacer
plates) is shown ifigure4-77.

The results of the optimum PWR assembly rod pitch evaluation are presentdded-38. The
raw ke value for a PWR STAD loaded with optimum pitch (Wx15) PWR assemblies is
0.822, which is still less than the r&w; value (of 0.891) calculated for the intact PWR fuel
MAGNATRAN basket.

Thus, it is concluded that even if it is assumed that the rod pitch of the loaded PWR assemblies
could change to the most reactive possible valnder HAC) and it is also assued that water

enters the cask, the PWR STAD configuration could still accommodate the entire US spent PWR
assembly inventory, without any need for payload reduction.
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Figure 4-77. PWR STAD1 Optimum Pitch Array Criticality Model -Fuel RegionClose Up
(horizontal crosssection viewi between spacer plates)
(rest of model identical to that shown inFigure 4-75)

4.3.4.1.5 Optimum PWR Fuel Pellet (rubble) Array

Finally, an extreme caseas considered where not only does water fill the cask and STAD
interiors (despite the fact that the system is licensed for moderator exclusionjydsalto
assumed that all the fuel pellets escape the fuelaodiseely mowe about the STAD interior.

As the basket guide sleeves will not be sealed off, and thus will not provide any pellet
confinement, the pellets are not restricted to the d&sgemblycell volumes. The pellets may
move into any axial section of the STADenbr, and may also occupy the large region around
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the edge of the STAD interior (outside the four guide sleeves). Since the pellets may congregate
in one axial section of the STAD interior, and axial leakage is not significant for an array
covering any ignificant fraction of the STAD interior, Was conservatively assumed that there

is no limit on the fissile mass (hnumber of pellets) that may occupy the STAD interior.

The analysis conservatively remahal cladding material. The primary material magtein the
STAD interior, other than the fuel pelletgas the central cross of borated stainless steel.
Optimum (maximum reactivity) fuel pellet arrays were determined as part of the criticality
evaluation presented in the DOE T&3ider17 report®. The optimum fuel pellet pitch
determined in those evaluatewasassumed for this evaluation. A fuel pellet array, with that
(optimum) pitchwas then modeled throughout the STAD interior, with the exception of the
volume occupied by the borated stainless steel neutron absorber platasiodeled
configurationis illustrated inFigure4-78.

The results of thegsimum PWR assembly rod pitch evaluation are presentédbie4-38. The

raw ke value for a PWR STAD whose interior is completely filled with an optimum array of

(W 15x15) PWR fuel pellets is 0.943. The configuration is moreivesaihan both the intact

and DFC MAGNATRAN baskets, which have ray kalues of 0.891 and 0.915, respectively,

so a burnup curve determined for that configuration would be higher than both MAGNATRAN
burnup curves shown fRigure4-74. Thus, under those (extreme) assumptions, the PWR STAD
would not be able to accommodate a significant fraction of the US spent PWR fuel inventory.

The above results would not present an issue if either water ingress or the large scale release of
fuel pellets into the STAD interionnder HACcan be excluded as a credible possibility.

Another possibility would be changing the design of the STAD basket to control reactivity under
such extreme assumptions. An additional analysis is performed which adbairgorated

stainless steel is placed around the periphery of the four basket cells. Also, the borated stainless
steel plates are extended out to the STAD cavity edge. This results in separated areas around the
basket periphery that have a crgsstional area smaller than that of the four assembly cells.

This configuration is illustrated iRigure4-79.

The possibility of placing fixed neutron absorbers in the STAD carrier structure was also
considered as a means of criticatgntrol. This was modeled by placing a-ii8h thick layer

of borated aluminum (with a high-B0 areal density) around the outside of the STAD shell.
However, analysis results showed that such a feature has little impact on reactivity. The results
apper to show that the four STADs present in a transport cask are very neutronically isolated
(even without placing neutron absorbers between them). Criticalifyigkalmost entirely

driven by neutronic communication between the cells within each STAIDS, placing neutron
absorbers between the STADs has little effect. Placing borated stainless steel plates around the
periphery of the STAD basket has somewhat more of an effect, since the close contact with the
assemblies reduces water reflection (alt ageany intetSTAD neutron communication) and

Pagel68of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

because absorber material near the assemblies (in each STAD) creates a wide flux trap between
the STADs. That effect, however, is still small.

The result of the anal ysisst ecefl tchoen fiiagdudriattiioonnaol
above is presented Trable4-38. The raw ki value for the analyzed configuration is 0.881,

which is less than the rawkvalue (of 0.891) calculated for the intact PWR fuel

MAGNATRAN basket. Thusit is concluded that if the borated stainless steel neutron absorber
structure were extended to resemble the configuration illustrated (in yelléugure4-79the

entire US spent PWR assembly inventory could be accommodatedyiatinoneed for payload
reduction, even if it were assumed that all the pellets escape the fuel rods and that water enters

the cask and STAD interiofander HAC) Such a borated stainless steel configuration would
significantly increase the cost and wetigf the STADs, however.

Figure 4-78. PWR STADT Optimum Fuel Pellet (rubble) Array Criticality Model
(current borated stainless steel plate configuration)
(horizontal crosssection viewi between spaceplates)
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Figure 4-79. PWR STADT Optimum Fuel Pellet (rubble) Array Criticality Model
(extended borated stainless steel plate configuration)
(horizontal crosssection viewi between spacer plates)

4.3.4.2 BWR Criticality Evaluation

There is no licensing precedent for using burnup credit criticality analyses to license BWR
assembly payloads. For many reasons, burnup credit criticality analyses would be much more
difficult for BWR fuel. Also, due to the smallsize of BWR assemblies, they can be qualified

for loading in a nofilux-trap basket, without crediting burnup. This removes most of the need
for burnup credit analyses. Thus, it is assumed that any future licensing evaluation for the BWR
STADs would noinvolve burnup credit.

Since unburned fuel criticality analysis is much simpler than burnup credit analysis, such
analyses can be performed in support of this DOE report. Thus, instead of performing analyses
which estimate the reactivity of the BWR STADngiguration relative to that of an existing

system (as was done for PWR fuel), analyses can be performed which directly calculate absolute
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kesf Values. The results of these analyses are maximum allowable BWR assembly iB8&l U
enrichment values, fahe basket configurations thaere evaluated.

One thing thatvas not done in this repontas an extensive criticality code benchmarking
evaluation that determines the code bias and uncertainty penalties that must be applied to raw,
calculated k¢ values. Instead, a maximum allowable rawkkalue of 0.937@vas taken from the
SAR for the MAGNATRAN cask system, for which licensing criticality analyses (for BWR fuel)
have been performed. These evaluationd tieesame criticality code (MCNP5) that was used

in the MAGNATRAN licensing evaluations, so the same code bias and uncertainty penalties
should apply.

4.3.4.2.1 BWR STAD Models

The criticality model covedone quadrant of the overall cask configuration. Thus)@lesi
STAD lay within the model. Reflective boundariesre applied on the bottom and left
boundaries of the model (i.e., on the X and Y axes). This effectively editiel entire cask,
with a four STAD payload.

As discussed ibection4.1.1 an egg crate structure consisting/éf6-inch thick borated

stainless steel plat&gs placed between the nine assembly cells within the BWR STAD interior.
A boron concentration of 1\t% was modeled within the stainless steel material, in accordance
with STAD specifications. The-B0 concentratiomvas then reduced by 10% to account for
variations in B10 concentration within the plates (as is required by NREbrated stainless

steel platesvere not present around the periphery of the STAD interior basket.

Three different configurainsweremodeled for the B/R STAD configuration, which reflect
different licensing contingencies. The evaluations of thesmalive cases allow the impacts of
various licensing contingencies (concerning how high burnup and/or damaged fuel are treated,
for example) will affect system performance. These specific evaluations are described in the
sections below.

4.3.4.2.2 Intact BWR Assenlibs

This configurationevaluatkte n i nt act assembly payl oad, which
configuration, and is also considered to be the configuration most likely to be applicable for NCT
and HAC. It modekdintact (8x8) BWR fuel assemblies in thime cells of the BWR STAD

interior. The analysis modsdfresh (unburned) UOBWR fuel with an initial enrichment of

5.0%. The assembliegereshifted (within their cells) towards the center of the STAD, as that
maximizes reactivity. BWR assemblies with (0.125 inch thick Zircaloy) flow chammegisalso

modeled, as that is known to increase reactivity.

A horizontal crosssection view of the irtct BWR criticality model is shown iRigure4-80 and

Figure4-81. The illustration corresponds to elevations between the steel spacer plates. At the
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spacer plate elevations, the ordinary stainless steel pase to borated stainless steel)
occupies the space between the guide tubes (assembly cells). The spacer plates also replace
water around the edges of basket, at the spacer plate elevations.

The results of the intact BWR assembly criticality evaluatrenpaesented ifable4-38. The

raw ke value for the intact BWR STAD configuration is 0.880, which is less than the maximum
allowable raw ki value of 0.9376. Given the degree of margin in thedsult, it is concluded

that al US BWR assembly types would yield acceptahlevialues, at an initial enrichment level

of 5.0%. (Criticality results presented in the MAGNATRAN SAR show that no other BWR
assembly types are significantly more reactive than the mode&ds3embly.)

Thus, it is concluded théur BWR STADs inside a transportation cask, each with a payload of
nine BWR assemblies, will meet 10 CFR 71 criticality requirements for (planar average)
enrichment levels up to 5.0%. This covers the entire US spent BWR assevebiyry. Thus,
even if water ingress into the cask and STiAt@riors under NCT or HA@vere deemed

credible, the BWR STAD configuration will be able to ship the entire US spent BWR assembly
inventory, with no need for payload reduction, if the BWR ieddies can be assumed to remain
intact under 10 CFR 7HAC.

Figure 4-80. BWR STADT Intact Fuel Criticality Model
(horizontal crosssection viewi between spacer plates)
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Figure 4-81. BWR STAD'T Intact Fuel Criticality Model T Fuel Region Close Up
(horizontal crosssection viewi between spacer plates)

4.3.4.2.3 Optimum Pitch Cladded BWR Rod Arrays

This configuration is similar to the configuration evaluatethe above section, except that the
rod array pitch of the BWR assembligasvaried to yield the maximumgkvalue. This
configurationwasmodeled to represent a contingency where the NRC requires that partial

assembly reconfiguration (where the fusd mrray pitch may change) must be considered for
HAC for (initially intact) high burnup fuel.
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The claddingvasnot removed from the assemblies and the guide tubes okghas8embly
werestill modeled. The only difference in the array is that the pilabvaried. The BWR
assembly flow chann&asalso removed (since the flow channel, if present, would prevent the
fuel rod pitch from increasing to its optimum value)w#sassumed that no fuel pellets leave
the fuel rods, and that the fuel rods do Im&tak into rod fragments that can travel between one
axial zone of the fuel assembly to another. Thus, the number of fuel rods in the array (62) is
retained, and the fuel rods (including their cladding) may not shift out past the cell walls.

Analyses peormed in support of the DOE Task 17 repbshow that maximum BWR assembly
reactivity occurs when the fuel rods are separated as much as possible, so that the outer rows of
fuel rods are in contact with the celélls. That configuratiomwasmodeled for this evaluation.

A horizontal crosssection view of the optimuspitch BWR criticality model (between spacer
plates) is shown ifigure4-82.

The results of the optimum BWR assembly rod pitch evaluation are presentduled-38. A
fully-loaded BWR STAD with 5.0%nriched, optimunpitch BWR assemblies produced an
unacceptably highd value, so the modeled enrichment had to be reduced. Thegaaike
for a BWR STAD loaded with optimum pitch, 4.3% enriched8BBWR assemblies is 0.935,
which is just under the maximum allowable rayy kalue of 0.9376.

An additional analysishowed that if the BWR assembly in the center cell of the BWR STAD
basket were removed (resulting in a payload of eight BWR assemblies), a BWR assembly
(planar average) initial enrichment level of 5.0% yields an acceptable.faalie of 0.873 for
optimum pitch BWR fuel. Thatdg result is also tabulated Fable4-38. An evaluation which
modeled borated stainless steel plates around the periphery of the BWR STAD basket yielded an
acceptable rawdk value of 0.934 for a full pagad of nine optimum pitch ¢8) BWR

assemblies with an initial enrichment level of 4.75%. The analyses showed that half thickness
(7/32inch) borated stainless steel edge plates were sufficient to yield the abossulkt (of

0.9349) and that full thi&ness plates yield roughly the samg\kalue (i.e., make no difference).
Analyses showed that adding neutron absorbers (e.g., borated aluminum sheets) to the STAD
carrier structure has little impact on reactivity. The criticality model which plackthiekness
borated stainless steel plates around the STAD basket edge is illustraigpa &@#-83.

Thus, it is concluded that if partial reconfiguration of BWR assemblies (such that the rod pitch is
optimized) is assumed along witrater ingress into the cask and STAD interiors, a reduction in
payload, from nine to eight BWR assemblies, would be required for BWR assemblies with
planar average initial enrichment levels above 4.3%. That may constitute a significant fraction
of the USspent BWR fuel inventory in the future. If borated stainless steel plates were placed
around the periphery of the BWR STAD basket, payload reduction would only be necessary for
BWR assemblies with initial enrichment levels over 4.75%, which is a very fsatdion of the
current (or future) US spent BWR assembly inventory. Thus, if such a change to the BWR
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STAD basket design were made, payload reductions would be insignificant. However, such a
design change would significantly increase the cost amnghtvef the STADs.

Figure 4-82. BWR STAD T Optimum Pitch Array Criticality Model -Fuel RegionCloseUp
(horizontal crosssection viewi between spacer plates)
Note: therest of modelis identical to that shown inFigure 4-80
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N

Figure 4-83. BWR STAD 1 Optimum Pitch Array Criticali ty Model -Fuel RegionCloseUp
(horizontal crosssection viewi between spacer plates)
(half-thickness borated stainless steel plates around basket periphery)

Pagel760f 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

4.3.4.2.4 Optimum BWR Fuel PelleR(bble Array

Finally, an evaluation was performed for an optimum BWR pellet (rubble) array similar to the
one described for the PWR STAD in SecttbB.4.1.5 The fuel rod claddingrasconservatively
removed. The primary material modeled in the STAD interior, other than the fuel pedlsts,
the borated staless steel neutron absorber plates. The (optimum) pitch of the pelleivasay
set based on similar evaluations presented in the DOE Task 17tefitre pellet arrayas

then modeled as filling the STAD inter.

The criticality analyses shadthat the optimum BWR fuel pellet array described above yields
unacceptabledg values for the current STAD basket configuration. Therefore, an analysis was
performed which modetiborated stainless steel plates arotimouter edges of the assembly

cells, as well as borated stainless steel plates that extend out to the edge of the STAD interior. A
crosssection view (between spacer plates) of that model is shoftigumne4-84.

The results of th above analysis are tabulated'able4-38. The results show even with the
extended borated stainless steel plate configuration shokigure4-84, an acceptable.k

value of 0.93%ould only beattained att BWR assembly planar average initial enrichment level
of 3.6%. Reducing the STAD payload (e.g. to eight BWR assemblies) will not help in this case,
since the fuel pellets (that are free to move within the STAD cavity) could still fill the STAD
interior area (as illustrated iRigure4-84) over a significant axial span. Thus, as axial leakage
does not significantly affect reactivity, the removal of one or more BWR assemblies would do
little to reduce the reactivity of the optimurellet array configuration. It is also unclear if or
how even more borated stainless steel could be added to the basket design in order to
significantly improve STAD performance for this optimum pellet array configuration. As the
STADs are already neutrmally isolated from each other, placing neutron absorbing materials
outside the STADs (within the STAD carrier structure) would also have little impact.

Thus, the criticality results show that if water ingress into the cask and STAD interiors is
considerd credible, and it is also assumed that a significant fraction of the fuel pellets could be
released from the fuel rods under HAC, then the BWR STAD would only be able to
accommodate BWR assemblies with initial enrichment levels of 3.6% or less. Ikeytiat

any plausible STAD design changes could significantly increase that allowable enrichment. In
the future, most of the BWR assembly inventory is expected to have initial enrichment levels
over 3.6%.

Thus, in conclusion, the hypothetical continggevaluated in this section is problematic for the

BWR STAD. Thus, it will be necessary to classify either water ingress or large scale pellet

release (or the combination of the twmder HACas norcredible. It is likely that the

combination of the ter could be classified as two independent, unlikely events, which would

eliminate the need to demonstrate-salicality under those conditiondt is possible however,

that this could be the source of a small amount of licensing risk for the BWR STAD.
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Figure 4-84. BWR STAD 1 Optimum Fuel Pellet (rubble) Array Criticality Model
(extended borated stainless steel plate configuration)
(horizontal crosssection viewi between spacer plates)
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Table 4-38. Summary of STAD Criticality Evaluation Results

MCNP5
Basket/Assembly Configuration Raw K3
MAGNATRAN Intact Assembly Bask&i 5.0%, 45 GWd/MTU PWR fuel 0.891
MAGNATRAN DFC Basket - 5.0%, 45 GWd/MTU PWR fuel 0.915
PWR STADI Intact 5.0% Enriched, 45 GWd/MTU Fuel 0.786
PWR STADi Optimum Pitch, Cladded, 5.0% Enriched, 45 GWd/MTU Fuel 0.822
PWR STADi Optimum Fuel Pellet (rubble) Array, 5.0% Enriched, 45 GWd/MTU Fuel 0.943
Standard Borated Stainless Steel Plate Configuration
PWR STADi Optimum Fuel Pellet (rubble) Array, 5.0% Enriched, 45 GWd/MTU Fuel 0.881

Extended Borated Stainless StealtPIConfiguration (seigure4-79)
BWR STAD1 Intact 5.0% Enriched Fuel 0.880
BWR STAD’ Optimum Pitch, Cladded Rods, 4.3% Enriched Fuelll Payload

Standard Borated Stainless Steel Plate Configuration 0.935
BWR STADT Optimum Pitch, ;Iadded Rods, 5.0% En.richecli FuglAssembly 0.873
Payload- Standard Borated Stainless Steel Plate Configuration

BWR STAD:I' Optimum Pitch, Cladded Rods, 4.75% Enriched Fuelll Payload 0.934
Borated Stainless Steel Platdso Around Outer Edges of Assembly Cells

BWR STADT Optimum Fuel Pellet (rubble) Array, 3.6% Enriched Fuel 0.933

Extended Borated Stainless Steel Plate ConfigurationHigeee4-84)

Notes:

1. Burnup curves which correspond to the intact and DFC MAGNATRAN baskets are shown (in comparison tBWR US
spent fuel invatory) in. PWR STAD basket and payload configurations with similar ragJalues are assumed to yield
similar burnup curves.

2. For the PWR STAD analyses, if the rayy kalue is less than the MAGNATRAN intact fuel value of 0.891, then the
analyzed configuration should belallo accommodate the entire US spent PWR fuel inventory.

3. For the (unburned fuel) BWR STAD analyses, ragMalues under 0.9376 are acceptable, and will meet 10 CFR 71
criticality requirements.

5 CONCEPT OF OPERATIONS

5.1 STAD CANISTER LOADING PROCESS

This sectionprovides general procedural guidance for the loadimnloading ofthe STAD
canister using a-8TAD canister carrier concepf flow sheet showing the loading process is
provided in Appendix @Gnd an animation of the loading process was deedlty the Team
and will be provided to the DOE as a sepadaiéeverable Final eguipment and operating
requirements wilheed tdbe established by thdesigne prior to implementationThe major

Pagel79of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

auxiliary equipment generally required by the user to &aticlose or to open and unload the
systemis described below

The STAD and the supporting process equipment (transfer cask, storage cask, etc.) are designed
to provide #ective shielding for operations personnel; however, supplemental shieldinge
usedto further redue operator radiation exposure.

The STADand supporting process equipment may incorporate fultgreegn featuret
minimize the potential for contamination of t8& AD during fuel loadingSTAD canister
preparation, and transfer.

The STAD canister concept defingsadng in the spent fuel pool, but the external surfaces are
protected from contact with the contaminated pool water by clean water maintained in the
interstitial volumebetween the transfer cask and 81¥AD canisters For purposes of the

operating procedures, clean water is defined as demineralized, processed, or filtered pool water,
or any water external to the spent fuel pool that has water chemistry compatilde in the

spent fuel pool.

Table4-2 provides the handling weights for the major componentthefunloaded and loaded
STAD and the loads to be lifted during various phases of tltkrigand unloading operations.

5.1.1 STAD Operating Procedures

5.1.1.1 GeneraDescription for Loading the STAD Canister

The STAD canisteis used to transfer, stgrigansportand ultimately dispose apentnuclear
fuel. Principal components of the system are: shwllSTAD canisterthe STAD carrierthe
transfer cask, the concrete casid the transport cask.

There are two small STAD canister designs, the PWR fuel STAD canister which contains up to
four PWR fuel assemblies and the BWR fuel STAD canister which contains up to nine BWR
fuel assemblies. Oncedded and welded, the STAD canisters for each are essentially physically
identical.

The STAD carrier provides operational alignment, rauttit handling and shielding during fuel
loading operations. The STAD carrier is also a multipurpose frame whictioisas a heat
transfer device and structural component during storage and transportation. The STAD carrier
may be preloaded into a transfer cask or staged with STAD canisters and then loaded into the
transfer cask.

The transfer cask contains, suppaaisd shields the STADs and STAD carrier during fuel
loading, lid welding, closure operations and subsequent transfer to storage or transport casks.
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Initial system setip requires installation of a STAD carrier into the Transfer Cask and placement
of four STAD canisters into the carrier.

The transfer cask has integrated pneumatic seals at the top and bottom to provide a boundary for
clean water to be maintained within the transfer cask during fuel loading. The transfer cask is
also equipped with multiple inlet and outlets whereby thenclester boundary can be
filled/drained. It is expected that the canisters will be filled with pool water (particularly PWR
loading) and the interstitial area within the transfer cask filled with clean water prior to placing
the system in the fuel pool.h& seals are to be inflated after the carrier and STADs are properly
loaded and positioned within the transfer cask. The seals are inflated with air or inert gas and
expand to make contact with the upper shield disk and the lower support plate ofiédne carr

This develops the boundary for the clean water Tith. ensure adequate contamination control,
the clean water system can be epsrssured, wiper rings could be used in the carrier to provide
seal around each canister or a sealing ring assemblyecastalled on the carrier that uses
inflatable seals for each STAD canistémherent in the clean water boundary is the ability to
provide auxiliary cooling to the STADs if the need is determined. Recirculation of the water
throughthe upper and loweports can be routed thugha heat exchanger or cooler and returned
to the transfer cask.

Each STAD is provided with a two lid closure system that is welded in place following fuel
loading. A thicker shield plug is installed first and provides the pgiroantainment boundary
when welded. The second lid is also welded and provides the redundant sealing of the STAD.
The second lid is thinner and incorporates the lifting interface for the loaded STAD canister.

Following fuel loading, thehield plugs installed and the transfer cask containing the loaded
STADsis lifted from the bottom of the spent fuel pool. THEBADs arepartially drained and the
shield plugs welded to th&TAD canisteshell. Theop plateto-shell weld is visual and
progressive ge penetrant examined. The cavity is refilled and3RAD is subjected to a
hydrostatic pressure tegtollowing hydrostatic pressure test acceptatiSTAD canister
cavity water is drained arfdllowed by completion of vacuum drying and an atmosighezlium
backfill. The residual moisturer free watein theSTAD canisteccan beremoved byeither
vacuum drying techniques dry gas recirculationThe STAD is thenevacuated t®3 torr and
backfilled withhigh-purity helium tol atmosphergroviding an inert atmosphere for the safe
long-term storage of the spent fuel contents. System connections to the vent and drain openings
are removed and thgortcovers are installed, weldedlye penetrant examined, and helium leak
tested TheSTAD top plate which provides$oth theredundant seallosure barrieand STAD
handling interfacgis theninstalled, weldegand inspected.

For storage, aoncrete cask is positioned amttansfer adapter iglaced over the cask opening.
This adapter is used to batbsition the transfer cask and provide the actuation of the transfer
cask doors.The transfer cask containing t8& ADsis positioned on the transfer adapter
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(stackup) onthe top of the concrete cask. For transfer of the STAD carrier, there are two
mehods that can be used.

The first method disconnects the primary lifting beam from the transfer cask and uses either an
auxiliary crane or an alternate connection to the lift beam to connect slings long enough to lower
the STAD carrier into the concrete kasVhen the carrier is fully lowered, the slings are
disconnected and removed. The transfer adapter is removed and the concrete cask lid is placed
and bolted down.

A second method uses an integrated chain hoist to lower the STAD carrier into the aasiete
The advantage of the second method is retention of the transfer cask on the primary crane hook
during the loading. In high seismic areas, where the crane is qualified to single failure proof, this
method avoids the free standing staqk

Downloadng of theSTAD carrierrequires it be lifted slightly thereby allowing the door
hydraulics to open the transfer cask doors. The SiBARenlowered into the concrete cask
rigging is disconnected, transfer cask doors clesetithe transfer cas& remwed/staged for

the next loading. Thieansfer adaptas removedand theconcrete lid assembly is installed and
secured to complete the loading proceBsansfer operations directly to a transport cask are very
similar.

For storage operation$e loadectoncrete cask is moved &m ISFSI storage pad usirgg
site-specific transpodtion system where it [gaced in its longerm storage location. Final
radiation surveys are completed and the temperature monitoring system is installed, if used,
which competes theéSTAD loading and transfer sequence.

For transport operations, the cask is processed for transport and loaded onto a con¥yaince.
radiation surveys are completed drahsport packaging installed completing the transportation
transfer segerce.

Table 51 provides a list of the major auxiliary equipment that is used for operations.

5.1.1.2 General Fuel Loading and Closure of the STAD Canister

This section describes the sequence of operations to load and cl83&Deanister(sin
preparation forransferring th&STAD carrierto the concrete cask. The em&yAD canisters
areassumed to be positioned inside the transfer cask locadetbsignated workstation.

1. Visually inspect th&sTAD canisteiand basket internals for foreign materials or debris.

2. Visually inspect the top of th8TAD canister shell and shield plug weld preps

i.  If the sealing ring assembly is implemented, installation should occur at this point
of the operation.
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ii.  Carefully lower the assembly over the 4 STAD canisters and ensure proydr
the carrier shield plate.
iii.  Install mounting hardware and torque to procedure.

3. Inflate the transfer cask seatith air or nitrogen gas. Disconnect the gas supply.

4. Fill the transfer cask with clean demineralized water by filling from the bgttmms and
venting from around the STAD canisters.
i. If the sealing ring assembly is implementedlatethe STAD canister seals with
air or nitrogen gas. Disconnect the gas supply.

5. Verify that at least one lock pin is installed on each transfer cask sloietd

6. Fill the STAD canistersvith clean or pool water. For PWR spent fuel contents, the
soluble boron concentration in tB& AD canisteshall be verified and monitored in
accordance with thikcensed requirements

7. Attach the lift yoke to a crane suitaldor handling the loadeSTAD canistertransfer
cask and yoke.

8. Position the lift yoke over the transfer cask and engagih the two transfer cask
trunnions.

9. Lift the transfer cask containing the em@yAD canisterand move it to the spent fuel
pool following the prescribed load path.

10.Connect the clean water lines to the lower fill ports of the transfer cask. Enswaeythat
unused ports are closed or capped to prevent pool wdeakage.

11.Lower the transfer cask to the pool surface and tarthe clean water supply lines to the
lower fill ports to fill the transfer casBTAD canisteinterstitial volume

12. Spray the transfer cask and lift yoke with clean water to wet the exposed surfaces.

Note: Wetting the components that enter the spentgael and spraying the
components leaving the pool will reduce the effort required to decontaminate
the components.

13.Lower the transfer cask &dills with clean water until the upper fill ports are accessible.

14.Hold this position and connect the cleaater fill linesto the upper fill ports. Ensure the
unused ports are closed or capped to prevent pool wdeakage.

15. Lower the transfer cask to the bottom of the pool in the cask loading area.
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16.Disengage the lift yoke and visually verify that the libkg is fully disengaged. Remove
the lift yoke from the spent fuel pool while spraying the yoke and crane cables with clean
water.

17.Load the previously selected fuel assemblies int&iheD canisteibasket.

18. Visually verify the fuel assembigentificatiors to confirm the seriahumbers match the
approved fueloading pattern.

19. Attach lifting sling to the shield plug and prepare for placement into STAD
20.Raise theshield plug and movever the spent fuel pool

21. Carefully ower theshield pluguntil it enters theSTAD canisterand seats in th8 TAD
canister.

22.Allow sling cables to go slack amlisengageslings.
23.Repeat operationkd through 22or each STAD canister shield plug.
24.Lower into pool and position the lifting yoke over the transfer cask.

25.Engage the lifiyoke to the trunnions, apply a slight tension, and visually verify
engagement.

26.Raise the transfer cask until its top clears the pool surface. Visually verify tsdui¢iae
plugs argoroperly seated. Rinse the lift yoke and transfer cask with clean agitiee
equipment is removed from the pool.

27.Rinse and flush the top of the transfer cask@hdD canistewith clean water as
necessary to remove any radioactive particles. Survey the topSTAie carrier, shield
plugs, and the topfdhe transfer casto chek for radioactive particles.

28. Following the prescribed load path, move the transfer cask to the designated workstation
for STAD canistexclosure operations.

Note: STAD canisteclosure operations may be performed with the transfer cask
partially submerged in the spent fuel pool, cask loadingpdn equivalent structure.
Each commercial site will have specific needs in this operation.

29.Disengage the lift yoke from the transtask trunnionsPlace lift yoke in
storage/laydown area.
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30.If required, connect theansfer cask circulating water cooling syst&wWCS), or
alternative flush/cooling system, to the lower and upper fill lines. Unused fill lines are to
be closed or caal.

31.Initiate clean water flow into the transfer cask lower fill lines with water discharging
through the upper fill lines. Ensure water flow is maintained to keep the outlet water
t e mp e r speciicat®n lidits

Note: CWCSoperatiors aredeterminedn detailed analysis for thermal transient
conditions and have been in the range e68@allons per minute (GPM). Typical
flow control is based on the outlet water temperature.

Note: With anCWCSoperating, therareno time limits throughinitiation of the
draining of theSTAD canister(s)

32.Using a portable suction pump, remove any standing water fro8iitAB shield plug
recess anweld groove, and the vent and drain ports.

33.Decontaminate the top of the transfer cask @nAdD canister shield plugp allow
installation of the welding equipment. Decontaminate external surfaces of the transfer
cask andnstall any temporary shielding.

34.Verify quick-disconnect areinstaled in both the vent and drain port openings in each of
the four STAD canisters.

35. Conrect thedrainand blow down system velies with the STADquick-connectofs).

36. Install a venting device to the vent port quatikconnect to prevent combustible gas or
pressure buildup below thep plate

37.At the discretion of the user, establish forengaterial exclusion controls to prevent
objects from being dropped into tB& AD canister

38. Install the welding system, including supplemental shielding, to the top oéther
shield plate

Note: At the discretion of the user, supplemental shielding may be installed around
the transfer cask to reduce operator dose. Use of supplemental shielding shall be
evaluated to ensure its use does not adversely affect the safety performaha®of
processing

39. Connect a suction pump to the drain port gud@connect and verify venting through the
vent port quickdisconnect.
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40. Operate the suction pump to rem@pmproximately 6 inches {8 gallons)of water from
the STAD canister Disconnect the suction pump.

Note: The radiation level will increase as water is removed fronSth&D canister
cavity, asshieldingmaterialis being removed.

Note: Fuel rodswill not be exposed to air during tBeb gallon pumpdown.

41. Attach a hydrogen detector to the vent line. Eaghat the vent line does not interfere
with the operation of the weld machine.

42.Sample the gas volume below #tgeld plugand observe hydrogen detector for H
concentration prior to commencisgield plugwelding operations. Monitor H
concentrationn theSTAD canistewuntil the root pass of th&hield plugto-shell weld is
completed.

Note: If H, concentration exceeds 2.4% prior to or during root pass welding
operations, immediately stop welding operations. EvacuateThA® canistegas
volume or pirge the gas volume with helium. Verify levels are <2.4% prior to
restarting welding operations.

Note: In place of continuous;khonitoring, continuous gas purging of the volume
below the lid may be used in concert with initial (prior to start of imgldand
intermittent B monitoring (upon termination of gas purging and prior tstegting
welding operations).

43.Install shims into thehield plugto-STAD canistesshell gapjf required to establish a
uniform gap for welding. Tackeld theshield plg and shims.

44.Operate the welding equipment to completesthield plugto-STAD canisteshell root
pass weld in accordance with the approved weld procedure.

45. Performvisualexaminationsand liquidpenetrant testin@PT) of the root pass and record
theresults.

46.Removethe H, detector from the vent line while ensuring 8iEAD canister cavityent
line remains installednd allows venting of gases from the cavity.

47.Operate the welding equipment to performsheld plugto-shell weld to the migblane
between the root and final weld surfaces. Perform vexaininationandliquid
penetrant testing(T) for the midplane weld pass, and record the results.

48. Completewelding through the completion dfe final pass of thehield plugweld,
perform fnal visualexaminationsand PT and record the results.
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49. Performa hydrostatic test of thBTAD canisteias follows:
i.  Connect a drain line to the vent port ayressure test system to the drain port.

ii.  Refill the STAD canistemwith clean water until watesiobserved flowing from the
vent port drain line. Close the vent line isolation valve. Ensoménuing
compliance with the boron concentration requirementsroiting Condition of
Operation(LCO) 3.2.1.

iii.  Pressurize th8TAD canisteto design pressunequirementsnd isolate the
STAD canister

a) Maintain theSTAD canistepressure for a minimum 1@inute hold period.
At the end of the 1@ninute hold period, visually examine thiield plugto-
STAD canisteshell weld for leakage of water, while mainiagthe test
pressure. The test pressure shall be maintained until the completion of the
visual inspection of thehield plugto-STAD canisteshell weld.

b) The hydrostatic test is acceptable if there is no visible water leakage from the
shield plugto-STAD canistershell weld based on a visual examination of the
weld after a minimum éninute hold period, while maintaining the test
pressure.

c) Vent the STAD canister cavity andmove the pressure test system from the
drain port and the drain line from the ¥déine. Reinstalhvent line to the
vent port to prevent pressurization of Si€AD canister

50.Remove the water from tIi®TAD canisteusing one of the following methods: drain
down using a suction pump with a pressurizetlumcover gas; or blow dowasing
pressurized helium gas.

Note: Fuel rods shall not be exposed to air dugAD canister draining
operations.

51.Connect a drain line with or without suction pump to the drain port connector.
52.Connect a regulated helium gas supply to the vent porteztor.

53.0pen gas supply valve and start suction pump, if used, and drain water frEiAbDe
canisteruntil water ceases to flow out of the drain line. Close gas supply valve and stop
suction pump.

54. At the option of the user, disconnect suction pump, close discharge line isolation valve,
and operheliumgas supply line. PresseeSTAD canisteto approximately25 psig and
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open discharge line isolation valve to blow down3$i&D canister Repeat ldw down
operations until no significant water flows out of the drain line.

Note: Time used for system draining and blow down is considered part of the
vacuum drying time.

55. Disconnect the drain line and gas supply line from the drain and vent port quick
disconnects.

56.Dry the STAD canistercavity usingvacuum drying methods as follows.

Note: Ensureheat load dependent vacuum drying time liraits not exceeded so that
fuel cladding temperatures are maintained below 752°F.

i.  Connect the vacuum drying system to the &t drain port openings.

i. Operate the vacuum pump toruiwachielediather apor
STAD canister.

iii. Isolate the vacuum pump from tB&AD canisterand turn off the vacuum pump.
Observe the vauum gauge connected to tB€AD canisteffor an increase in
pressure for a minimum period of 10 minutes. If$T&AD canistepressure is
¢ 10 torr at the end of 10 minutes, tAR€AD canisteis dry of free water

57.Upon satisfactory completion of the dess verification, evacuate t88 AD canister
cavity to a pressure @f3 torr. Isolate and turn off the vacuum pump, and backfill and
pressurize th&TAD canistercavity with 99.995% (minimum) pure helium as follows:

i.  Setthe helium bottle regulator @ (+5,-0) psig.

ii.  Slowly open the helium supply valve and backfill BiIEAD canister to
1 atmosphere (0 psig).

58. Disconnect the vacuum drying helium backfill systeom the vent and drain openings.
59.Install and weld the port cover on the drain port opening.
60. Install and weld the port cover on the vent port opening.

61.Perform visual and PT examinations of the final surface of the port cover welds and
record the results.

62. Perform helium leak test on each of the port cover welds to verify the absence of helium
leakage past the port cover welds.
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63. Install closure plate within the STAD canister recasd tackhe closureplatein
position

64.Weld the closurglateto theSTAD canisteshell Perform visual and PT examinations
of the final surfaces of the welds and record the results.

65.Using an appropriate crane, remove the weld machinamyslipplemental shieidg.

66.1f theCWCShas been in operatighroughout the&STAD canisterclosing operaonsup
to helium backfillis achieved, initiate draining of the STAD cani&tansfer cask by
stoppingCWCSflow to thecaskand connecting one or more drain lines to the lower fill
ports. Once theaskis drained, deflate the top and bottom seals.

i. If the sealing ring assembly is implemented, removal should occur at this point of

the operation.
i. Remove attachment hardware and rig the shield ring assembly for lifting.
iii.  Carefully raise the assembly over the 4 STAD canisters.
iv. Position shield ring assembigr next loading operation.

67.Install carrier retaining blocks or retention ring depending on the final design.

68. Install thefour (4) swivel hoist rings into théour (4)threaded holes in thtep plate 6
the STAD canistecarrier. Carrier transfer to stg@awill be performed by two sets of
2 legslings.

69.Torque the hoist rings to the manufacturer
Note: Utilize high temperatuee e si st ant slings (O 350AF).

Note: As noted in the introductionltarnative sitespecificSTAD canister lifing

systems and equipment may be used for lowering and liftin§ T canistein the
transfer cask. The lTifting system design
program and the applicable requirements of ANSI N14.6, NURE®, and/or

ASME/ANSI B30.1, as appropriate.

70. Complete final decontamination of the transfer cask exterior surfaces.SHiABI
canistercontamination surveys may be performed a&€AD canistetransfer following
Step21in Section5.1.1.3whenSTAD canistesurfaces are more accessible.

71.Proceed to Section1.1.3
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5.1.1.3 Transferring the STAD Carrier to the Concrete Cask

This section describes the sequence of operations required to complete the transfer of a loaded
STAD carrierfrom the transfer cask intocncrete cask, and preparation of the concrete cask
for movement to the ISFSI pad.

1.

Position an empty concrete cask with the lid assembly removed in the desighat@d
carriertransfer location.

Note: The concrete cask can be positioned on the grourah) a deenergized air

pad set, roller skid, heawvyaul trailer, rail car, or transfer cart. The transfer location

can be in a truck/rail bay inside the loading facility or an external area accessed by the
facility cask handling crane.

Inspect all concite cask openings for foreign objects and remove if pregeatjuired,
install supplemental shielding in four outlets.

Install a fourlegged sling set to the lifting points on the transfer adapter.

Using the crane, lift the transfer adapter and place tbp of the concrete cask ensuring
that the guide ring sits inside the concrete cask lid flange. Remove the sling set from the
crane and move the slings out of the operational area.

Connect a hydraulic supply system to the hydraulic cylinders of theféraadapter.

Verify the movement of the connectors and move the connector tees to the fully extended
position.

Connect the lift yoke to the crane and engage the lift yoke to the transfer cask trunnions.
Ensure all lines, temporary shielding and workfplas are removed to allow for the
vertical lift of the transfer cask.

Raise the transfer cask and move it into position over the empty concrete cask.

Slowly lower the transfer cask into the engagement position on top of the transfer adapter
to align withthe door rails and engage the connector tees.

10. Following set down, remove the lock pins from the shield door lock tabs.

11.Install a stabilization system for the transfer cask, if required by the facility heavy load

handling or seismic analysis programs.

12.Disengage the lift yoke from the transfer cask trunnions and move the lift yoke from the

area.
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13. As appropriate to th8TAD carrierlifting system being used, move the lifting system to
a position above the transfer cask. If redundant sling sets are beingarseet;t the
sling sets to the crane hook.

14.Using theSTAD carrierlifting system, lift theSTAD carrierslightly (approximately
% -1inch) to remove th&TAD carrierweight from the shield doors.

Note: The lifting system operator must take care to enthatetheSTAD carrieris
not lifted such that theetaining blocksor the retaining rings engaged by the top of
the STAD carrier

15.Open the transfer cask shield doors with the hydraulic system to provide access to the
concrete cask cavity.

16. Using the caskandling crane in slow speed (or other approvedsgigzific handling
system), slowly lower th8 TAD carrierinto the concrete cask cavity until t8& AD
carrieris seated on the pedestal.

Note: The transfer adapter and the standoffs in the concrskewalh ensure the
STAD carrieris appropriately centered on the pedestal within the concrete cask.

Note: The completion of the transfer of t8§ AD carrierto the concrete cask
(i.e.,thetop of the STAD carrieis inthe concrete castavity) completeshe STAD
carriertransfer evolution time

17.When theSTAD carrieris seated, disconnect the slings (or other handling system) from
the lifting system, and lower the sling sets through the transfer cask until they rest on top
of theSTAD carrier

18. Retrieve thdift yoke and engage the lift yoke to the transfer cask trunnions.
19.Remove the seismic/heavy load restraints from the transfer cask, if installed.

20. Close the shield doors using the hydraulic system and reinstall the lock pins into the
shield door lock tabs.

21.Lift the transfer cask from the top of the concrete cask and return it to the cask
preparation area for next fuel loading sequence or to its designated storage location.

22.Disconnect hydraulic supply system from the transfer adapter hydraulic cylinders.

23.Remove redundant sling sets, swivel hoist rings, or other lifting system components from
the top of theSTAD carrier if installed.
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24. Verify all equipment and tools have been removed from the top &TA® carrierand
transfer adapter.

25.Connect the transfedapter foustegged sling set to the crane hook and lift the transfer
adapter off the concrete cask. Place the transfer adapter in its designated storage location
and remove the slings from the crane hook. Remove supplemental shielding from
outlets.

26. Install three swivel hoist rings into the concrete cask lid and attach thel¢geged sling
set. Attach the lifting sling set to the crane hook.

27.Lift the concrete cask lid and place it in position on the top of the flange.

28.Remove the sling set and swiveli$t rings and install the concrete cask lid bolts.
Torque to the value specified

29.Move the loaded concrete cask into position for access to gaepsitific transport
equipment.

30. Transport loaded concrete cask to the storage pad.

5.1.1.4 Transferring the STAD QGder to theTransportCask

This section describes the sequence of operations required to complete the transfer of a loaded
STAD carrierfrom the transfer cask intoteansportcask

1. Position an emptyransporicask with the lid removed ia sitedesignatedsTAD carrier
transfer location.

Note: Thetransporicask can be positioned on the ground, roller skid, reawy
trailer, rail car, or transfer cart. The transfer location can be in a truck/rail bay inside
the loading facility or an exteaharea accessed by the facility cask handling crane.

2 Inspecttransport cask cavityof foreign objects and remove if present.
3. Install a fourlegged sling set to the lifting points on the transfer adapter.

4. Using the crane, lift the transfer adapter aladt@ it on top of the concrete cask ensuring
that the guide ring sits inside thransportcask lidrecessRemove the sling set from the
crane and move the slings out of the operational area.

5. Install and torque adapter retainer bolts.

6. Connect a hydraulisupply system to the hydraulic cylinders of the transfer adapter.
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7. Verify the movement of the connectors and move the connector tees to the fully extended
position.

8. Connect the lift yoke to the crane and engage the lift yoke to the transfer cask trunnions.
Ensure all lines, temporary shielding and work platforms are removed to allow for the
vertical lift of the transfer cask.

9. Raise the transfer cask and move it into position over the enapigportcask.

10. Slowly lower the transfer cask into the engagemesttipn on top of the transfer adapter
to align with the door rails and engage the connector tees.

11.Following set down, remove the lock pins from the shield door lock tabs.

12.Install a stabilization system for the transfer cask, if required by the faahtyyhoad
handling or seismic analysis programs.

13.Disengage the lift yoke from the transfer cask trunnions and move the lift yoke from the
area.

14. As appropriate to thETAD carrierlifting system being used, move the lifting system to
a position above theansfer cask. If redundant sling sets are being used, connect the
sling sets to the crane hook.

15.Using theSTAD carrierlifting system, lift theSTAD carrierslightly (approximately
Y% -1inch) to remove th&TAD carrierweight from the shield doors.

Note: The lifting system operator must take care to ensure th&TA® carrieris
not lifted such that theetaining blocksor the retaining rings engaged by the top of
the STAD carrier

16.Open the transfer cask shield doors with the hydraulic system to prasi@ss to the
concrete cask cavity.

17.Using the cask handling crane in slow speed (or other approvespsitdic handling
system), slowly lower th8TAD carrierinto thetransportcask cavity until th&TAD
carrieris seated

Note: The transfer adaptés aligned with the transport caskeansure th&TAD
carrieris transferred without impacting the cask lid seal sutface

Note: The completion of the transfer of t8§ AD carrierto thetransporicask
(i.e.,thetop of the STAD carrieis inthetransportcaskcavity) completes th&TAD
carriertransfer evolution time
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18.When theSTAD carrieris seated, disconnect the slings (or other handling system) from
the lifting system, and lower the sling sets through the transfer cask untiegieyn top
of theSTAD carrier

19. Retrieve the lift yoke and engage the lift yoke to the transfer cask trunnions.
20.Remove the seismic/heavy load restraints from the transfer cask, if installed.

21.Close the shield doors using the hydraulic system and reitistdtick pins into the
shield door lock tabs.

22.Lift the transfer cask from the top of tlhransporicask and return it to the cask
preparation area for next fuel loading sequence or to its designated storage location.

23.Disconnect hydraulic supply systenorn the transfer adapter hydraulic cylinders.

24.Remove redundant sling sets, swivel hoist rings, or other lifting system components from
the top of theSTAD carrier if installed.

25. Verify all equipment and tools have been removed from the top &TA® carrerand
transfer adapter.

26.Connect the transfer adapter fdegged sling set to the crane hook and lift the transfer
adapter off théransportcask. Place the transfer adapter in its designated storage location
and remove the slings from the crane hook.

27.Attach thetransport caskd handling sings, ensuring levelness, ¢tcane hook and raise
the lid for seal inspection.

28.Inspect thdransport casklosure lid Gring(s) and replace if damaged

Note: If the closure lid seshredamaged and require replacam closure
operations will require the new seal be tested to the leak tight requirdypmosdly
performed duringnaintenanceperatiors.

29. Following the inspection of the closure lidrixgs, lift the closure lid and place it on the
transportatiorcaskensuringproper lid seating and orientation. Visually verify proper lid
position.

30.Connect drain and vent lines to the cask port gdiskonnects.

31.Install theclosurelid bolts and torque all bolts to the torque value specified in the
sequence indicated @he closure lid.
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32.Connect a vacuum pump and helium gas backfill system to the lid portdjsmnnect
valve. Evacuate the cask cavity to a vacuum pressure of < 3 torr and backfill the cavity
with helium gas to a pressure batmosphere

33.Disconnect thhoses
34.Install the drain and vent port coverplates. Torque the bolts to specified values.
35.Perform closure lid ©ing leakage testing as follows:

i.  Perform the preshipment leakage rate test to confirm no detected leakage to a test
sensitivity of 1x10 ref cnt/sec by pressurizing the-fing annulus to
15 (+2, 0) psig and isolating for a minimum of 15 minutes. There shall be no loss
in pressure during the test period.

ii.  For Orings that have been field installed due to damage or failed leakage testing
(a), use a leak detector connected to the interseal test port to verify the total
leakage rate i$ 9.3x10° cm®/sec (helium) (1) with a minimum test sensitivity of
4.7x10° cm*/sec (helium).

36. Install the test port plug for the lid interseal test porttangue the plug to the value
specified.

37.Perform port cover @ing leakage testing as follows:

i.  Perform the preshipment leakage rate test to confirm no detected leakage to a test
sensitivity of 1x1C ref cnf/sec by pressurizing the-ihg annulus to
15(+2,0) psig and isolating for a minimum of 15 minutes. There shall be no loss
in pressure during the test period.

ii.  For Orings that have been field installed due to damage or failed leakage testing
(a), use a leak detector connected to the interseal tesopentfy the total
leakage rate i¢ 9.3x10° cm®/sec (helium) (1) with a minimum test sensitivity of
4.7x10° cm¥/sec (helium).

38. Install the test port plug for the port cover interseal test ports and torque the plug to the
value specified.

39. Perform finalexternal decontamination and perform survey to verify acceptable level of
removable contamination to ensumrpliance with 49 CFR 173.443.

40.Perform final radiation survey. Record the survey results.
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41. Perform final visual inspection to verify assembly df titansportatiorcaskin
accordance witthe Certificate of CompliandgoC).

42.Verify that the loading documentation has been appropriately completed and signed off.

5.1.1.5 Preparation for Transport

1.

10.

11.

Engage the lift yoke to the cask lifting trunnions and move dsk to the cask loading
area.

Load the cask onto the transport vehicle by gently lowering the rotation trunnion
recesses into the rear support. Rotate the cask to horizontal by moving the overhead
crane in the direction of the front support. Maintain tteme cables vertical over the
lifting trunnions.

Using a lifting sling, place the tiedown assembly over the cask upper forging between
the top neutron shield plate and front trunnions. Install the front tiedown hardware to
each side of the front support.

Remove cask lifting trunnions and install/torque lifting trunnion cask body coverplate.

Complete dealthphysicsremovable contamination survey of the cask to ensure
compliance with 49 CFR 173.443. Completeealthphysicsradiation survey of the
entirepackage to ensure compliance with 49 CFR 173.441.

Using the designated lifting slings and a crane of appropriate capacity, install the top
impact limiter. Install the impact limiter retaining hardware and torque to the value
specified

Repeat the operatidfor the bottom impact limiter installation.

Install security seals through holes where provided and record the security seal
identification numbers in the cask loading report.

Install the personnel barrier/enclosure and torque all attachment boltpresbabed
torque value. Install padlocks on all personnel barrier/enclosure accesses.

Complete dealthphysicsradiation survey of the entire package to ensure compliance
with 49 CFR 173.441.

Complete dealthphysicsremovable contamination surveytbk transport vehicle to
ensure compliance with 49 CFR 173.443.
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12. Determine the transport index (TI) corresponding to the maximum dose rate at 1 meter
from the cask. Record on the shipping documents.

13. Determine the appropriate Criticality Safety Index (G&Bigned to the package
contents in accordance with the CoC, and indicate the correct CSl on the fissile
material labels applied to the package.

14. Apply placards to the transport vehicle in accordance with 49 CFR 172.500 and
provide special instructions the carrier/shipper for an Exclusive Use Shipment.

15. Complete the shipping documentation in accordance with 49 CFR Subchapter C.
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Table 5-1. Major Auxiliary Equipment

Table 51. Major Auxiliary Equipment

ITEM

DESCRIPTION

Air Pad Rig Set

Optional device consisting of four air pads, a controller, and an air supply
source that allows lifting and moving the concrete cask using air supplie
high volume.

Transfer Cask Fill System

System that suppliedean/filtered spent fuel pool water through the transfg
cask/STAD carrier interstitial volume using the lower and upper transfer
fill lines. The system maintains a positive clean water flow to minimize t
exposure of the STAD canister externalfaces to contaminated spent fuel
pool water.

Circulating Water Cooling System
(CweCs

The system provides a circulating water flow through the transfer cask tg
maintain STAD shell temperatures during welding and drying evolutions.
The system includes ampriate circulating pump, pressure gauges, and in
and outlet water thermometer.

Annulus Seals

Inflatable seals provided at the top and bottom of the transfer cask/STAL
carrier for use with the transfer cask fill and circulating water cooling
systems.

Cask Transporter

A heavyhaul trailer, a rail car, a vertical cask transporter, or other specia
designed equipment used onsite to move the concrete cask. The loadeg
concrete cask is transported vertically resting on its base (requiringkeedat
trangorter) or it is transported vertically suspended from its lifting lugs
(requiring a vertical cask transporter).

Closure Lid Lifting Sling System

Sling system used to install the shield plug and top plates into the STAD
canisters.

Cooldown System (CDS)

Introduces nitrogen, helium, and cooling water to the STAD canister cavi
cookdown the internals and stored spent fuel to allow the return of the S
canister to the spent fuel pool for potential unloading of the fuel assembl
This system wouldy be required in the highly unlikely event that a load
STAD canister had to be unloaded.

Drain and Blow Down System
(DBS)

System used to pump out and/or blow down the water from the STAD

canister cavity prior to the start of welding operations, drgipgrations and
to refill the cavity for hydrostatic testing the shield plug weld. The systen
includes the appropriate suction pump, piping/hoses, helium cover gas s
pressure gauges, and valves to connect to the STAD canister vent and ¢
port comections to complete the draining and hydrostatic testing.

Hydrogen Detection System

System that detects increased concentration, @i the canister cavity
resulting from any possible material reactions during shield plug root pas
welding operations ahfor shield plug weld removal operations.

Sealing Ring Assembly

A system with inflatable seals used to minimize fuel pool contamination ¢
the STAD canisters during fuel loading operations. Attaches to the carri
shield plate. Requires an alternaésign carrier (shorterby3 o) t o
the seals to be located far enough below the STAD tops to avoid therma
damage during welding

Helium Mass Spectrometer Leak
Detector (MSLD)

A system utilized to perform the helium leakage testing of the vendraia
port cover welds.

Lift Yoke (with Crane Hook

Extension, if required)

Device for lifting and moving the transfer cask by engaging the lifting
trunnions.
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Table 51. Major Auxiliary Equipment

ITEM DESCRIPTION

Loaded STAD carrier Sling Syste| Redundant sling system (twel@gged slings) used to transfeahdling a
loaded STAD carrier into a concrete cask or a transfer cask and meeting
requirements of ANSI N14.6 and the facility crane. Alternative STAD
canister handling systems that meet-sjtecific or client requirements and
comply withthefaciliy 6s heavy | i ft pr og-06a2m
may be utilized.

Remote/Robotic Welding System| System that completes the shield plug, top plate and port cover welds wi
minimal operator assistance. The system may include video cameras ar
recording deice to remotely observe the welding activities and to videota
the results of the top plate PT examinations.

Supplemental Weld Shield Optional steel plate installed on the transfer cask to provide additional
shielding to the operators during STAD caeistlosure welding, preparatior
and test activities. The supplemental weld shield may be installed separ
or as an integrated base plate for the welding system.

Vacuum Drying and Helium The system used to vaporize and remove freenvaiater vapor, and
Backfill System oxidizing gases from the STAD canister cavity prior to backfilling with
helium. The system includes the appropriate vacuum pump(s), vacuum
pressure gauges, helium supply connections and valves, and hoses to ¢
the system tohie vent and drain connections.

5.2 STORAGE/AGING IN MULTI -CANISTER OVERPACKS AND
VAULT SYSTEMS

The STAD canister, carrier and storage overpack will be capable of receiving approval for use by
theNRCunder 10 CFR 72 regulationtn accordance with U.S. federal regulations contained in

10 CFR 72.42, the initial term of a s#pecific license for atSFSImust not exceed 40 years

(originally 20 years but increased to 40 year20a1). In addition, asite-specific license can be

renewed for a period of up to 40 additional years provided the renewal application contains Time
Limited Aging Analyses (TLAAs) and Aging Management Programs (AMPs) and is submitted

at least two years prior to the initial tebhs e x pi r at i on ab@dva methodhkona al t er
site-specific license is €0C. The terms and applications for a CoC are similar in scope to an
application and renewal of a cask ssfgecific license witlthe exceptionof therenewal
submittal dée, whichmustbeat | east 30 days prior to the ini
requirements are the same for both vertical concrete casks and for horizontal storage rodules.
order to operate the storage system for a potential 150 year lifesgihege or CoC holder for the

storage system will have to initiate renewal actions with the NRC prior to expiration of their

initial license or CoC term to support continued stordgenewals are currently limited to a

term not to exceed 40 yearSherdore with a40-80 year initial term and a 40 year extension

limit, the current approval term for a storage applicatict0i80 years.As renewal actions and
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aging management programs develop and mature, there may be future opportunities for the
packageo reach a 150 year lifer maybe longer.

Licensee applications for ISFSI s#pecific license and CoC renewals must include the
following:

1 TLAAs that demonstrate that structures, systems, and components (SSCs)
important to safety will continue to perfn their intended function for the
requested period of extended operation and

1 A description of the AMP for addressing any issues associated with aging that
could adversely affect SSCs important to safety.

The NRCissued NUREG 927, @ St an daSRE) foRRenewat o Spent Fuel Dry

Cask Storage System Licenses and NOREBG1927is cat es
in the process of being revised to address issues with submittals received to this date (Calvert

Cliffs, Prairie Island and ES VS@4, etc.). Identified application issues were:

1 Inadequate aging management reviews
1 AMP lack of details
1 Confusion on lead system inspection requirements

Management of the aging effects on dry cask storage systems for extendienirfostprage,

eg.gredr than 40 years, and subsequent transport
assemblies are loaded into a canistasllowing welding of the canister closure lid, the canister

is drained, evacuated/dried, and bél&d with helium. The fuelis then transferred to the

concrete storage cask/module and positioned on the storag&tpadrst aging management

threshold is the proper handling and processing of the fuel for stdFagexample, proper

drying a leak tight canister backfilled Wwihigh purity helium protects the fuel from aging

effects.

For long term storage, following the initial 20 year term, an AMP is implemented to substantiate
the condition of the storage cask and canisteproperly developed program can provide an
addtional 40 years of storage tim&he key point is that for the AMP to be effective, AMP
programs and AMP inspection methods need to be capable of detecting issues prior to

failure. Managing aging effects on dry cask storage systems for extende@iongforage and
subsequent transportation of used fuel depends on AMPs to prevent, mitigate, and detect aging
effects on the SSCs early with active and effective system monitoring.

Aging effects should be detected before there is a loss of any structiwatwonal

performance and includes aspects such as defining methods, inspection frequency, sample
definition, operational experience, data collection and timing of inspectidresdifficulty
associated with monitoring storage components like the STTAR&essibility and dosé.he
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STAD carrierhas the ability to allow access to a single STAD canister for removal and
inspection.In can be argued thatith a programmed inspection of a complete STAD in
combination with otheAMPs, the status of all 4 $Ds, perhaps several storage systems, can
be ascertainedVisual inspections of the carrier and internal concrete storage system should be
reasonably performed and sufficient for approval term extension reqiesesnal assessment

of the storage casksn be scheduled on a regular basis as a typical ISFSI has some degree of
inspection performed.

5.3 TRANSPORTATION AND ASSOCIATED TRANSPORTATION
COMPONENTS

The transportation casr the STAD will utilize the same transport cask technology as that
developedor Task Order 1{SeeFigure5-1). Cask materials, closure methods, impact limiter
design/attachment and general handling features are very siortiteer Task Order 17 design.
The primary difference is the cavity size.

The transpodtionc as ks have a cavity diadildjtTeeaincreadsed7 80 ar
size of the cask cavitigompared to the Task Order 17 transportation cdiskgs the outside

diameter and subsequently the weight. Of more significance, the sizetiewautside diameter

of the cask with respect to the impact limiters. The increased diameter of the cask ihgpact
transport packagebés accident performance by r
limiter to surface of neutron shield shell) for the impact limiters. This increased cask OD
combination with the fixetmpactlimiter maximum diameteof 12&jrequires a stiffer material

to stop the casknore quickly(shorter stroke) and thereby results in higlH#ads on the

package and contents. Preliminary estimates indicate the impact limiter design can meet
approximately 89. Minor changes fnm the Task Order 17 design include longer impact limiter

overlap of the transport cask it® 14nj and a slighy stronger limiter material for the radial

sections of the limiter. Corner and end drop are not as challenging and can be addressed with
modified foam claracteristics and geometry.

Anotherdifferenceis theincrease idength of the cask cavity. This is required to compensate for
the inclusion of the STAD canister which includes in the axial build a thick plate bottom and the
thicker shield plg and closure lid. The canister components alone acjtbX4e additional

length. The implementation of the STAD carrier adds anothjer the length due to the base

plate Based onthe STARR a n i @sidedintession of 18djclear length for fuel,ie net
STAD/Carrier length is 197rfwith the STAD lifting rings being just beyond the top of the

upper shield plate resulting in an overall loaded height of 2p0.0

For the transport cask to adequately support the added mass of the shield plate anbi&dAD s
plugs, the |l ead shield is stopped at a |l ength
carrier bottom plate upper surface at 30 off

Page201of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

geometry results in an overlap of the lead shield tetteetive fuel length providing slightly
better shielding than the Task Order 17 design.rdisea minor weight penalty for this
shielding, but due to the transfer cask being thgool loaded component, the transport cask is
not limited to the 125 tanof the fuel pool crane.

The closure lid will be reduced in thickness from that of the Task Order 17 cask as the
predominant axial shielding for the STADs is provided by the STAD shield plug and the carrier
upper support disk (approximatelgj9 The primary function of the lid will be resistance to
puncture.

The carrierbés function in the transportation
transfer of the STADs during the transport conditions.
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Figure 5-1. Transportation Cask
6 CONCEPT OF FABRICATION

An evaluation of the ability to fabricate the small STAD canister system components has been
performed by a member of the Team: Petersen Incorporatedypenate a 600,000 sd. f
stateof-the-art precision machining and fabrication facility, hasrbé business for over

53years, and has fabricated components for the nuclear industrgoas business for the last
15years. They have provided N@Acompliant components forveide range of customers in

the nuclear industry, including supplying canister and cask systems to the designs of
Energysolutionsand NAC International for the last 15 years. €kaluationconcluded that the
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components are able to be fabricated withimenirfacilities and capabilities. They also have

features that allow for uncomplicated manufacturing, which were arrived at following a
Afabricabilityo review during a Team wor kshop
canister fuel basket design&s part of the work on evaluating the ability to fabricate the STAD
canisters, fabrication sequences were prodbgdeetersen Incorporateahd thesare provided

in Appendix J.

7 USABILITY

The proposed STAD designan accommodate the entire US gf@WR and BWR fuel

inventory, with the exception of South Texas fuel and CEL&Guel with control components
(whose length exceeds that of the cask cavity). Some future assembly types, including AP1000
fuel, will also be too long for the proposed cask dasket designLonger versiosof the

proposed STAD designs, which can be used with a 150 ton plant coae be designedThe

South Texas sitgndthe AP1000 plant desigites have 150 ton pool cranes.

The propose@TADs and cask systems cstoreany fuel assembly payload wifiel burnup

levels up to 62.5 GWd/MT@End cooling times over 5 yearkor transportation, shielding
limitations require longer assembly cooling times, which are shown as a function of assembly
burnup level inTable4-4 (on Page 8). With respect to criticality, the system will be able to
accommodate the entire US spent fuel inventory, the only qualification being that a slight
reduction in payload capacity may be required for a very small fraatishipments, if

moderator exclusion cannot be relied up@Note. If release of the fuel pellets from B&/R
assembly fuel rods under HAC is deemed credible, then moderator exclusion must be relied
upon).

The proposed cask system would be able topguagtial, stainless steclad and MOX fuel
assembliesThe STADs are not designed, at this tinoeacceptiamaged fuel assemblies. The
small amount of US stainless clad and MOX fuel is very old (resulting in low gamma and
neutron source strengthshl such fuel would physically fit into the proposed cask and baskets.
Accommodating stainless clad and MOX fuel may not be necessary, however, as all such fuel
may already be in dry storage. The cask systems will be able to accommodate all partial fuel
assemblies (i.e., intact assemblies with one or more fuel rods missing).

Theproposed5STAD and cask designs, described in Sedfidnwill require a plant spent fuel

pool crane capacity of 125 tons. Most US nuclear plant sitesdarane capacity of 125 tons or
more. Some sig however, have crane capacities between 100 and 125Rtargs wih

100ton crane capacities may be accommodated by designing transfer casks with less shielding,
or by placing three (vs. four) STADsside the transfer and storage casks (should shielding
analyses show that acceptable exterior dose rates cannot by obtmmedransfer cask with a
loaded hook weight under 100 tons).
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As discussed in Sectighl, the STADs ar@laced into a carrier, which is then handled, in lieu of
handling the individual STADs. The carrier is foaded in the transfer cask, and is

subsequently loaded into the storage and transportation casks. Thus, once the STADs are sealed
and loaded intthe carrier, transfer, storage and transport operations are very similar to those
associated with large canister éitprage systems, for which there is substantial operating
experience.

The primary difference in operations is the fact that multiple STwiD$ave to be drained,

vacuum dried and backfilled with heliyras opposed tdoing this witha single large canister

Also, four STAD lids (vs. one larger canister lid) will have to be welded on. While the number

of operations will be larger for tH&TAD system, the type and complexity of the operations will

be very similar to those currently performed for large canister based dry storage systems. Efforts
to reduce loading operation times by doing certain operations (e.g., vacuum drying or lid

welding) in parallel may introduce some changes (and increased complexity) to typical dry
storage system loading operations.

The transportation cask described in Sedlidnthat can accommodate four STADs, is similar

in size and weighto the transportation casks that have been designed for large cdnadter

purpose (storage and transportation) systems. The cask will fit on a typical US railcar and has a
package width of 128 inches, which meetsAkgsociation ofAmerican Railroadstandard width
requirement. The weight of the loaded cask (on the railcar) is well under 150 tons, and can
therefore be accommodated by typical railcars.

8 REGULATORY COMPLIANCE

8.1 Applicable Requirements

The SOWfor Task Order & requires that thdesign ofa STAD canistersystemmust ultimately
belicensable; that is, there is should be reasonable assurance that the desiga appldved
and certified by th&lRC for transport and storage of spent fuel

The NRC regulatiosigoverning the review and approvaltbé STAD canister system design for
transport and storage are @8R Pat 71- Packaging and Transportation of Radioactive
Material, and 10 CFR Part 72Licensing Requirements for the Independent Storage of Spent
Nuclear Fuel, High Level Radioactive Waste, and ReadRelated Greater Than Class C
Waste

Both 10 CFR 71 antl0 CFR72 have commoprimary goas and objectives to:

1 Prevent the loss of radioactive contents
1 Provide shielding and heat dissipation
1 Preventuclear criticality (maintain subriticality)
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Likewise, bothl0 CFR71and10 CFR72 set forth very specific requirements for the content of
an application for NRC review and approval including:

1 Detailed description of the design, including materialsanfstruction

1 Evaluation of thelesigndemonstrating that theeesignsatisfies thevarious conditions of
use includingaccident conditionsgncluding in the case of spent fuel storage natural
phenomena such as earthquakes and floods.

1 Quality assurance pgram, or reference to a previously approved quality assurance
program

1 Operating controls and procedures for use

Guidance to assist in the preparatiomdf0 CFR 71 spent fuel transpapplication is provided
in two NRC general guidance documents:

1 NRCRegulatory Guide (RG) 79Standard Format and Content of Part 71 Applications
for Approval of Packages for Radioactive Material

1 NRC NUREGQG 1617- Standard Review Plan (SRP) for Transportation Packages for
Spent Nuclear Fuel

Guidance to assist in the paration ofa 10 CFR 72 spent fuel storaggplication is provided in
the followingNRC general guidance documents

1 NRC RG 3.61 Standard Format and Content for a Topical Safety Analysis Report for a
Spent Fuel Dry Storage Cask

1 NRC NUREGI 1536 rev 1- Sandard Review Plan (SRP) for Spent Fuel Dry Storage
Systems at a General License Facility

1 NRC NUREGI 1927- Standard Review Plan for Renewal of Spent Fuel Dry Cask
Storage System Licenses and Certificates of ComplidBREG 1927, rev 1 is
presently inihal draft for ACRS review with publication expected in mid to late 2015)

In addition to the NRC Regulatory Guides and NRC NUREG documents, the NRC has issued
Interim Staff Guidance (ISG) documetitait provide augmented staff review guidance on new
and ewlving issues involving spent fuel transportation and storage. Almost all of the ISGs that
have been issued by the NRC Division of Spent Fuel Storage and Transportation (and its
predecessor organization the Spent Fuel Project Office) are applicableStbABecanister

system design considered in Task Order 18. The list of ISGs is provided below, and the
guidance documents can be accessed onlingpat/\www.nrc.gov/readingm/doc
collections/isg/speriuel.html.
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1 ISG 1- Classifying the Condition of Spent Nuclear Fuel for Interim Storage and
Transportation Based on Functidgn¢ r mer 'y enti tl ed AnDamaged F

ISG-2 - Fuel Retrievability
ISG-3 - Post Accident Recovery af@bmpliance with 10 CFR 72.122(1)
ISG-4 - Cask Closure Weld Inspections

ISG-5 - Confinement Evaluation

= == =/ =2 =

ISG-6 - Establishing minimum initial enrichment for the bounding design Ihasis
assembly(s)

1 ISG-7 - Potential Generic Issue Concerning Cask Heah3fer in a
TransportatiorAccident

1 1SG-8 - Burnup Credit in the Criticality Safety Analyses of PWR Spent Fuel in
Transportation and Storage Casks

ISG-9 - Storage of Components Associated with Fuel Assemblies

ISG-10 - Alternatives to the ASME Code

ISG-11 - Cladding Considerations in the Transportation and Storage of Spent Fuel
ISG-12 - Buckling of Irradiated Fuel Under Bottom End Drop Conditions

ISG-13- Real Individual

ISG-14 - Supplemental Shielding

ISG-15 - Materials Evaluation

ISG-16 - Emergency Plamng

ISG-17 - Interim Storage of Greater Than Class C Waste

= = =2 =4 -4 -4 A -5 -2 -

ISG-18 - The Design and Testing of Lid Welds on Austenitic Stainless Steel Canisters as
the Confinement Boundary for Spent Fuel Storage

1 [1SG-19- Moderator Exclusion Under Hypothetical Accident @ions and
Demonstrating Subcriticality of Spent Fuel Under the Requirements of 10 CFR 71.55 (e)
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1 [ISG-20- Transportation Package Design Changes Authorized Under 10 CFRLPart
Without Prior NRC Approval

1 ISG-21 - Use of Computatinal Modeling Software

1 ISG-22 - Potential Rod Splitting Due to Exposure to an Oxidizing Atmosphere During
ShortTerm Cask Loading Operations in LWR or Other Uranium Oxide Based Fuel

1 1SG-23 - Application of ASTM Standard Practice C16@71 when Performing technical
reviews ofspent fuel storage and transportation packaging licensing actions

1 1SG-24- The Use of a Demonstration Program as a Surveillance Tool for Confirmation
of Integrity For Continued Storage of High Burnup Fuel Beyond 20 Years

1 ISG-25- Pressure and Heliuireakage Testing of the Confinemddundary of Spent
Fuel Dry Storage Systems

The topic of high burnup spent fuel has been the subject of much study and analysis by both the
NRC and the industry. Dry cask storage of high burnup fuel has been authori¢BChg

many storage applications. However, NRC review of applications for the transport of high
burnup fuel continues to be considered on a-bgsease basisISG-11 - Cladding

Considerations in the Transportation and Storage of Spent Bualirrenty applicable to spent

fuel storage; however, the ISG cladding temperature limits at time of cask loading should also
be considered for transport cask design. The NRC has recently approved two applications for
transport of high burnup fuel (Holtec 43itar 180 and NUHOMS 197HB). For the two cases, the
applicants were able to demonstrate and justify the acceptability of their assumptions on possible
high burnup fuel reconfiguration and the ability to maintain subcriticality. Further development
of N Rddwguidance for high burnup fuel is anticipated over the next few yaatke

time of license application, the applicant for the STAD system design considered in this report
will need to confirm that the application is consistent with the thenmuBC guidance on

high burnup fuel.

NRC approval of 40 CFR 7lapplication for &CoCfor atransportation packagds typically
issued for a §ear term, with possible renewal for additionafesar terms.NRC approval of a
10 CFR 72application for asite specific license or for@oCfor a dry cask storage system is
typically issued for a 4@ear term, with possible renewal f@d0-year term.

An additional requiremerior the STAD canister systedesignis that the STAD transport

package must be abie be transported by rail which requires that the rail transport package with
impact limitersmust not exceed the maximum width restriction of 128 inches as specifteal in t
AAR StandardS2043 Performance Specification for Trains Used to Carry HighlLeve
Radioactive Materials
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8.2 DOE Guidance onCask DesignSpecifications andAssumptions

DOE provided the generaédign requirement®r the STAD canister system design that are
contained in:

Performance Specification for Small and Medium Standardizadsportation, Aging, and
Disposal Canister Systems, FCRIFST 2014 000579

The Task Order 180Wand thedesigncriteriafrom FCRDNFST-2014000579identify a few

STAD system design requiremetiteit mayadd complexity tadhe development of the transport

and storage applicat i on sregalataly campléinceeviempA favx i t y
examples of the design criteria frdfCRD-NFST-2014000579and Task Order 180Wthat

may add complexity to the applications and review are listed below:

Aging Management

9 Criteria 12- The design lifetime of the STAD canister shall be 150 years from the time
the canister is loaded with SNF to the time the canister is loaded into a waste package.

9 Criteria 14- The 150 years lifetime should be licensable (along antlassociated
storage overpack, module, vault, etc.) under both 10 CFR 72 and (along with a
transportation cask) under 10 CFR 71.

High Burnup Fuel

9 Criteria 21- A STAD canister for PWR assemblies shall be limited to accepting SNF
with initial enrichment upo 5 wt % U235 and burnup up to 62.5 GWd/MT®Required
cooling (decay) time can be variable based on enrichment, burnup, and assembly design.

9 Criteria 22- A STAD canister for BWR assemblies shall accept SNF with initial
enrichment up to 5 wt %4235 am burnup up to 62.5 GWd/MTURequired cooling
(decay) time can be variable based on enrichment, burnup, and assembly design.

Multiple Storage Configurations

1 Ciriteria 26- The STAD canister shall be designed to store SNF at a utility site in
accordancevith 10 CFR 72 in either a horizontal or vertical orientation.

1 TheSOWTfor Task Order 18 requires an additional configuration for spent fuel storage in
avault, an above or below grade storage system designed as a hardened reinforced
concrete structure witan above grade structure providing an operating area
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Multiple STAD Canisters in Storage and Transport Overpacks

1 Criteria 66- Overpacks/modules may be designed to handle single or multiple STAD
canisters.

1 Ciriteria 72- The transportation overpack cayghall accommodate a STAD canister or
canisters (potentially in a multianister fixture).

In addition to the desigeriteriain FCRD-NFST-2014000579, DOE provided guidance that the
STAD design should not consider damaged fuel or damaged fuel cansétulded in the
STAD design.

8.3 NRC Review Considerations

New applications for a spent fuel transportation cask design and for a spent fuel dry cask storage
system design as presented in this report would typically be considered by the NRC to involve
multiple technical review disglines requiring approximately twyears of staff review time for
review of each application. If the NRC reviews are conducted in parallel, there may be some
efficiencies and reduction in NRC review effort recogniziiog example,the STAD canister

design that would be common to both the transportation and storage applications. However,
based on some of the design complexities discussed in SB@i@uditionalNRC staff

reviewers, contractor support and NRC review time may be requiiteglreviewof both the

transport and storage applicatiomdl involve multiple technical disciplines including structural,
materials, thermal, skiiding, and criticality. Thetwo-yearestimateof NRC review time for each
application, transport and storage, inclutie® for the initiaINRC review of the application and

time for NRC review of applicant responses to requests for additional informdthe estimate

does not include the time for the applicant to review and respond to NRC requests for additional
information.

The NRC presently has in place the regulatory framework to conduct the revieviwbthe
STAD system applications for transponidastorage, and to reach a regulatory determination for
issuing an initial Byear term Part 71 transp@bCand an initial 46year term Part 72 storage
CoC.

However, tlere are a number &TAD designconsiderations that may present complexities to
the gplicant and to the NRC staff review. The potential issues are discussed below:

1 Adging Management To satisfy the DOE design specificati6tCRD-NFST-2014
000579 that the design lifetime of the STAIhder both 10 CFR 72 and 10 CFR 71
should beocfifocedi$@&8blyears, the applicant fo
consider developing and including in the initial application an aging management
program as described in NRC NURH®G27, Standard Review Plan for Renewal of Spent
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Fuel Dry Cask Storag8ystem Licenses and Certificates of Compliaridee aging
management program should be in place starting at day one in the lifetime of the STAD
system design to support and provide the future baspogsible renewal up to the
150year design lifetimeThe implemented aging management program would provide
the technical basis for future renewal application consideration.

1 High Burnup Fuet The STAD design includes transport and storage of high burnup fuel,
with burnup up to 62.5 GWd/MTUThe NRC has maln experience with review and
approval of applications for the dry cask storage of high burnup spent fuel, and has for
the past decade approved multiple dry cask storage systems for storage of huigh burn
spent fuel. The storage of high burnup fuel iIn$AAD is not anticipated to be a
significant challenge in the NRC review.

However, he topic of transport of high burnup fuel is presently under much study and
analysis by both the NRC and the industifie NRC review of transport applications for
high burnup fuel is presently conducted on a dagease review basisith the applicant
demonstrating to the satisfaction of the NRC the safety justification for assumptions on
high burnup fuel reconfiguration under accident conditidragrther development o
NRC6s review guidance for transport of hig
years. The applicant will need to confirm that the application is consistent with the then
current NRC guidance ornansport of high burnup fuellhe applicant shdd anticipate

that the technical basis and the assumptions for transport of high burnup fuel will receive
close NRC scrutiny. Depending on the status of the NRC and industry sttithesime

of application perhaps further study/supporting analysis Im@yecessary to justify the
technical basis and assumptions for transport of high burnup fuel.

1 Multiple Storage ConfigurationsThe STAD storage system desigguirements
provides for storage at a utility site in accordance with 10 CFR 72 in eitheizartial
or vertical orientation. Typically, storage applications identify and analyze one storage
configuration, vertical or horizontal. The inclusion of both a vertical and horizontal
storage system configuration does netessarilyresent a techniteeview challenge,
but represents an added level of complexity to the NRC review and possibly added NRC
review resources to review the structural, thermal, materials, shielding, operational, and
accident considerations for the two separate vertical anzbintal storage systems.

The additionalSTAD storagedesignrequirementdded by th&OWto addressin above
or below gradevault storage systerdearly adds an additional level of complexity to the
STAD system design and application, with an increase in the NRC review resources
needed for the review. The NRC has prior experience with the review of an
underground vault storage system, and tloeecthere may not necessarily be technical
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challengesbut the vault storage system design adds to the review complexity and needed
resources.

1 Multiple STAD Canisters in Storage and Transport Overpadke transport and storage
STAD overpack desigwill allow for the storage and/or transport of either a single
STAD canister or 4 STAD canisters. The applicant and the NRC review must analyze
the performance of the storage system and the transport package under accident
conditions with a transport overpaakd storage overpack containing either a single
STAD canister or 4 STAD canisters. While there do not appear to be any technical
challenges for this aspect of the NRC review, the complexity of the overpack and
multiple internal contents and desigrayrepresent an adddevel of NRC review time
and resources

1 Moderator Exclusion The STAD canister system design includes use of moderator
exclusion to demonstrate the capability of the STAD to maintain subcriticality under
accident conditions. Conside@tiand use of IS@9, Moderator Exclusionhas been
successfully demonstrated in other spent fuel transport applications. The useldf ISG
in the STAD application should not introduce any new technical challenges. However,
the complexity of the analysénd justification for demonstrating moderator exclusion
may require an added level of NRC resources for the review.

Countering some of the added complexity of the STAD applicatibass aresomedesign
considerationshat do not push or challenge timargins of previously NRC approved designs
and thesattributes of the STAD system desigimould facilitate the NRC review. Examples
include:

1 Lower capacity o#t or 16PWR and or 36BWR assembliedepending on STAD
overpack loadingompared to NRC celfied transportatiopackagesnd dry cask
storage systemsith 37 PWR and 69 BWR assemblies

1 Lowertransport packageeat load of approximately 2V compared to NRC
certified transportatiopackages with 3RW or higher heat load

1 STAD canister structuralesign is similar to canister designs previously reviewed and
approved by NRC.

8.4 Regulatory Conclusion

The applicant for th&TAD design deelopedunder Task Order8lshould anticipate detailed

NRC review involving multiple technical disciplines requiring approximately iyears of staff
review timefor the application 10 CFR 71 transport application appkoximately tweyears of

staff review timeor the D CFR 72 storage applicatioithere may be sonedfficiencies to be
gained in both review resources and review time if the NRC transport and storage reviews are
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conducted in parallel taking into account the common STAD canister design in both the transport
and storage applications. However, these piatlegfficiencies will most likely be more than
offset by some of the complexities in the review discussed in Se&:8on

The design specification that the STABosld have a licensable 15@ar lifetime does present a
challenge to the applicant to develop an aging management program at the time of the initial
application. The applicant should consider engaging early with the NRC-applieation

meetings to disuss design considerations and plans for an aging management program that
would be initiated at the very outset of the STAD systieployment Early NRC engagement

and gaining NRC perspectives on aging management, including new developments with regard
to evolving regulatory guidance on aging management (e.g., NJEEG revisions) are

important and very relevant to address the®ér lifetime design specification for the STAD
system design.

Testing and/or modelingndanalysis would be necessary to destoate the aaptability of the

STAD transportatiopackageo satisfy the routine, normal, and hypothetical accident

conditions Likewise modeling and analysis would be necessary to demonstrate the acceptability
of the STAD dry cask storage system asditltiple storage configurations under accident
conditions. The applicant will also need to confirm that the application is consistent with the

then current NRC guidance on transport of high burnup fuel.

The NRC presently has in place the regulatory éawork to conduct the review of the STAD
applications fotheinitial 5-year term Part 71 transp@bCand 40year term Part 72 storage
CoC. The complexities of the review to address the issues identiflaettiion8.3 may add to
the required NRC revietume and resourceslhe NRC also has in place tregulatory
framework to conduct theart 71 transport and Part 72 stor@ge€C renewalreviews. With the
exception of the issgenvolving aging management to support the-y8@ar lifetime for the
STAD system desigrthere do not appear to be any mawoveltechnical issues to challenge
the NRC review.

Based on the considerations summarized above, NRC approvalS¥Aie systendesignfor
the initial 10 CFR 71ransportCoCand the initial 10 CFR 7&orageCoCwould be anticipated.

Although Task Order 18 focuses on the storage and transport aspects of the STAD canister, it
should be recognized that at some point in the future the STAD canister would have to be
licensed as part of a geologic repositeystem to support a disposal functigh STAD canister

would be placed inside a disposal qak (or waste package) be designed at some point in

the future. Since the STAD canister is entirely constructed out of cornesmtant materials

with longterm perfomance characteristi¢se., stainless steel Type 316 structural components
and borated stainless steel neutron absorber plates), this should facilitate repository design and
licensing.
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9 COST ESTIMATES

Utilizing the cost estimatingssumptions provided by the DOE, which are described in detail in
Section 3.3., in conjunction with the Teamds
carriers and transfer casks, cost estimates were devddgpg&etersen, Indor the structures and
components of the small STAEanister systemTheseare summarized imable9-1 and more

detail on their derivation is provided Appendix K

Table 9-1. Cost Estimates for Small STAD Canister System Structures and Components

Quantity | Description Price/Each ($9 Totals ($)
300° 4-PWR STAD Canister 91,273 27,381,900
300° 9-BWRSTAD Canister 116,717 35,015,100
150° STAD Canister Carrier 355,657 53,348,550
150° Vertical Concrete Storage Cask 300,008 45,000,000
107 Transfer Cask 687,157° 6,871,570
30® Transportation Cask 2,517513%% 75,525,390

Notes:

1. Price iscomprised of $120,000 for the liner and supporting structure and an estimate of $180,000 for the labor and
materials to construct the concrete shielding.

2. Price includes an estimated $147,000 to cover the procurement and installation of the neutrog, shiretdins

an epoxy resin (N4-FR).

Price excludes impadimiters.

Price includes an estimated $175,000 to cover the procurement and installation of the neutron shielding, which is
an epoxy resin (N4-FR).

See Appendix K for supporting information foost estimates.

Hw

Per year over a 30 year period.

Per year over a 3 year period.

© N o u

Per year over a 5 year period.

10 RESEARCH AND DEVELOPMENT RECOMMENDATIONS

10.1NON-CIRCULAR STAD CANISTER CROSS SECTION

The current baseline concept for the small STAD canisigns has an outer envelope that is a

right circular cylinder with a 29:ihch outside diameter. The use of a right circular cylinder

shape for the canister design is consistent with other dry cask storage designs that are currently

used. The circulashape is used because it has many clear design advantages esiecuian

shapes, such as its inherent strength and dimensional stability for internal pressure loads.

However, for the small STAD canister design, the circular cross section does ndéeihavi
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most efficient use of space, which results in fewer small STAD canisters, and thus fewer fuel
assemblies, accommodated within each storage and transportation overpack. This is illustrated
by Figurel10-1, which shows four (4) circular 4P STAD canisters and six (6) square 4P STAD
canisters inside a #Ai@ch diameter circle (i.e., the transportation cask cavity). The difference in
the packing efficiencyn this example results in a 50% increase in the number of fuel assemblies
accommodated within each transportation shipment.

For the reasons discussed above, aciaular STAD canister design will require a substantially
thicker canister shell to limihe shell deflections and stresses to acceptable values. ltis

expected that the additional thickness of a square canister shell and the different methods that
will be required to form the square shell will result in increased unit costs, and perhajps highe

unit weights. In order to determine these impacts, evaluations have been performed to determine
the plate thickness that would be required for a square canister shell to satisfy the allowable
stress criteria and displacement criteria for internal predeading. This analysis considered

three different design configurations: (1) the baseline circular canister shell design, (2) a square
canister shell design with flat walls, and (3) a square canister shell design with ribs formed into
the flat sidesdr increased bending stiffness. The analysis of the canister shell configurations for
internal pressure loading is performed using finite element methods. Theytighetry models
shownin Figurel10-2 are used fothese analyses. Each of these models represents an axial
periodic segment of the canister shell near thelemdth of the canister where there are no

stiffening effects from té canister ends. For the cylindrical and sgidlatenodels, a unit length
(1-inch) is modeled. For the squaibbed model, a-ch length is modeled, assuming-in6h

axial pitch between the formed ribs. The squébed model also assumes consténtvidth

and depth dimensions of 1isach and 3/8nch, respectively, for all cases evaluated. For the
purposes of this evaluation, only the canister shell thickness is varied. Symmetry boundary
constraints are applied to all Acut o edges of

These analysesere performed using elastlastic material properties for the canister shell. A
bi-linear kinematic hardening material mogeas used for Type 316L stainless steel at an
assumed shell temperature of 400°F. The material behassodefned by an initial elastic
modulus of 26.5x10psi, a yield strength of 20.7 ksi, and a tangent modulus of 1.095siL0

Analyseswere performed for each configuration for a range of shell thicknesses to determine the
stresses and deformations undehbmrmal and accident internal pressure loads @sig and

70 psig, respectively. The resulting maximum stresses and deformagomsompared to the

design limits to determine the required shell thickness for each configuration.

The maximum radial@formations and stresses of the cylindrical, sgflateand squareibbed

canister shells, as a function of shell thickness, are shoftigume10-3 throughFigure10-5.

As expected, the results show that the deformation of the cylindrical shell is very small compared
to those of the squaifftat and squareibbed designs. The results also show that therman
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radial deformations of the squdtat and squareibbed designs are not excessive under the

12 psig normal internal pressure loading for the range of shell thicknesses evaluated. However,
for the 70psig accident internal pressure loading, the marimnnadial deflection of the square

flat and squareibbed shells are too large for thicknesses less tharthz This is due to the
formation of plastic hinges at the shell corners and sidewalspads. The results also show

that the radial deflectioaf the squargibbed shell is only marginally less than that of the square
flat shell for thicknesses of-¥#ch or more.

The stresses in the cylindrical shell for both normal and accident internal pressure loading are
much lower than the allowable stréissits for even the smallest (tidch) shell thickness

evaluated, and therefore the stress results for the cylindrical shell are not presented. The stress
results for the squatiat and squareibbed shell configurationshown inFigure10-4 and

Figure10-5 show that there are significant margins of safety for even the snshigkthickness
considered (i.e., 3fBch) for the 120sig normal internal pressure. However, for thg3ig

accident pressure load the results show that the maximum membrane plus bending stresses in the
3/8-inch thick squardlat and squareibbed shls are either near or exceed the allowable stress
limit. For shell thickness of ¥tch or higher, the results show that there are likely sufficient
margins to account for the other load conditions that must be considered in combination with
internal presure.

In summary, the conclusions of this evaluation are as follows:

1. The cylindrical shell is the most efficient design in terms of deformations and stresses, but
the least efficient for packing efficiency. Avich thick cylindrical shell appears to be
sufficient for the conditions evaluated.

2. The squardlat canister shell design requires a shell thickness of approximatehr@h o
limit the radial deflection to acceptable values (approximatelrn@H) under accident
internal pressure loading. Atis thickness, the maximum stresses in the sefletrehell are
acceptable.

3. The radial deflection of the squatibbed canister shell is only marginally less than that of
the squardlat shell, particularly for thicknesses otitich or more. At these ttknesses, it
is expected that ribs cannot be prissned into plate material, and that alternate means of
forming the ribs would be cost prohibitive. Therefore, astiiened canister shell is not
recommended.

Although the unit costs of the nanircular STAD canister designs are expected to be higher than
those of the circular design, the packing efficiency advantages of tharalar designs could
potentially result in overall lower system costs considering that fewer storage and transportation
ovempacks would be required, the overall footprint of the storage facilities would be smaller, and
the throughput for operating utilities would be higher, which could make the use of small STAD
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canisters more viable at operating sites, thus minimizing thefae&gel repackaging at an
interim storage facility or repository. Therefore, further development otimounlar small
STAD canisters, along with the corresponding overpacks and transfer equipment is
recommended for further consideration.

r 0.7 TYP.

229.00

D{ARRAY OF CIRCULAR STAD CANISTERS IN BX ARRAY OF SOUARE STAD CANISTERS IN
TRANSPORTATION OVERPACK TRANSPORTATION OVERPACK

Figure 10-1. Effect of STAD Canister Shape on Packing Efficiency
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Cylindrical Square-Flat Sided Square-Ribbed

Figure 10-2. Canister Shell 1/8 Symmetry Periodic Finite Element Models
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Figure 10-3. Canister Shell Maximum Radial Deflection vs. Shell Thickness
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Figure 10-4. Square Canister Shell Stress Resulis12 psig Normal Internal Pressure
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Figure 10-5. Square Canister Shell Stress Resulis70 psig Accident Internal Pressure

10.2FEATURES TO FACILITATE AGING MANAGEMENT

MONITORING ACTIVITIES

For extended storage operations (i.e., storage beyoiwitiae40-yearterm of theCertificateof
Compliancg, AMPs are required to monitor the storage system components for aging effects that
could prevent them from performing their intended safety functions. For canisters, the AMPs
typically include remoteisual examination of the accessible exterior surfaces, particularly the
area of the closures weld(s). These remote visual inspections are typically accomplished using
equipment that is inserted through the storage overpack ventilation ducts andhanigh the
annulus between the storage overpack and canister shell. However, for multiple small STAD
canistes stored within a carrier inside a storage overpack, the use of traditional remote visual
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monitoring of insitu canisters will not be viable besaumost of the canister surfaces will be
obstructed by the carrier and not accessible for monitoring. Thus, alternate monitoring
techniques and equipment will need to be developed for the small STAD system AMPs.

One approach that has been discussed fgel®PC storage systems is the use of an
examination bell (e.g., a transfer cask equipped with the required inspection and monitoring
devices) to perform inspections of the canister shell for aging effects. Although this is not the
preferred method for BC systems, it may be well suited for the small STAD canister because
they are much smaller and lighter than DPCs. Similar to canister transfer operations, the
examination bell could be docked on top of the storage cask and the canister could bedifted in
the examination bell where the required inspections/examinations could be performed. Unlike
the remote visual examination ofsitu DPCs, which may require the development of new
inspection techniques and equipment, the examination bell could b@eduwvth fixed
instrumentation that could inspect practically all of the canister exterior surfaces as it is drawn
into the bell or once inside the bell. Also, there would be less need for miniaturization of
existing technology with this approach. Thgdest disadvantage to this approach is the need to
lift and handle the canister, which is generally avoided for the larger DPC systems.

Aging effects that could compromise the confinement integrity of the canister are of primary
importance during the exhded storage period because the inert atmosphere inside the canister is
required to prevent degradation of the fuel cladding. Bolted storage casks use a pressure
monitoring system to detect leaks in the closure during storage, howevehd3B@ storage

rely upon redundant closure welds to assure confinement integrity, in lieu of continuous
monitoring, and do not include any features to allow confirmation of the presence of inert gas
within the canister. The addition of such a feature to the small SBABter is recommended

given that they are expected to maintain their storage and transportation safety functions for a
period ofl50years or more. Features that allow remote monitoring for the presence of inert gas
within the canister are recommendeddngse any penetrations used to access the canister interior
greatly increase the probability of leakage. Therefore, it is recommended that inspection
equipment and methods be developed to allow remote monitoring of the canister confinement
boundary duringgextended storage.

11 CONCLUSION

This Task Order 18 report has provided a gerdagignsystem for small STAD canister
systemswhich has been developed, analyzed and evaluated by the EolerigynsTeam.

The key outputs from this study are:

1. Designs for the #WR and BWR canisters have been developredccordance with
the DOEPerformance Specification for Small and Medium Transportation, Aging and
Disposal Canister SysteniSCRDNFST-2014000579. The proposed STAD designs
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can accommodat US PWR and BWR assembly types, with theeption of South
TexasProjectfuel, AP1000andCE 16x16 fuel with control components (whose length
exceeds that of the cask cavity). Some future assembly types, including AP1000 fuel,
will also be too long fothe proposed cask and basket desiQutline drawings are
provided in Appendix E.

2. Centraltothe systedtesigni s t he use of a fAcarrihero type
carrier design locates and supports four small STAD canisters, during loadingarserati
storage condition or transport conditions. Use of the carrier is based on reducing the
number of primary loading and handling operations and it also provides opportunities for
parallel weldingnhon-destructive examinatiomnd drying operations to lperformed. In
this role, the carrier is the primary transfer component when loading the STAD canisters.
Transfer cask equipment, similar to that used for the-hitfa capacity canister based
systems, is used to load, process and tratts#eBTAD carsters. The STAD canister
carrier provides operational alignment, muitiit handling and shielding during fuel
loading operations. The STAD canister carrier is also a multipurpose frame which
functions as a heat transfer device and structural componeng dtorage and
transportation. The STAD carrier may be preloaded into a transfer cask or staged with
STAD canisters and then loaded into the transfer cask.

3. Concepts for storage and tsmortation have been developed around the use of storing or
transpoting units of four STAD canisters in a carrier. Loading the carrier vertically is
compatible with how DPCs are currently loaded; however, utilization of a horizontal
storage option will require further design. The horizontal transfer of a single loaded
STAD canister can be accomplished using technology that is akin to what is currently
used in the dry cask storage industry; currently licensed technology utilizes a
combination of lubrication and a material resistant to galling for both the transfer cask
and the storage module horizontal structural supports. Loading a carrier loaded with four
STAD canisters will require careful design to ensure that the carrier is continuously
supportedduring placement and removal.

4. The proposed system will require a plapéent fuel pool crane capacity of 125 tons.
Most US nuclear plant sites have a crane capacity of 125 tons or more. Some sites,
however, have crane capacities between 100 and 125 tons. Plants with 100 ton crane
capacities may be accommodated by desgtiansfer casks with less shielding, or by
placing three (vs. four) STAD canisters inside the transfer and storage casks (should
shielding analyses show that acceptable exterior dose rates cannot by obtained with a
transfer cask with a loaded hook weighter 100 tons).

5. The structural, thermal, shielding and criticality analyses have been produced for the
design conceptwith the following outputs:
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a. Thermal and structural analyses for both storage and tramsp@teen
performed for the STAD carrier to levels necessary to adequately characterize
system performance in both normal and accident conditions. Theemalys
performed are contained in thigal Report.

b. The thermal analyses performed for the STADIsi@rs during storage concluded
that acceptable fuel rod cladding and STAD canister fuel basket structure
temperatures will occur for payloads of four PWR or BWR STAD canisters
within the storage cask, given that the STAD canister heat load does nat excee
8.0 kW/STADcanister

c. The results of the small STAD canister shell assembly structural analysis
demonstrate with a high level of confidence that the small STAD canister shell
assembly will satisfy the allowable stress design criteria for storage coditio

d. A structural evaluation was performed of the small STAD canister for a
postulated vertical free drop of 23 feet onto an essentially unyielding horizontal
surface. Two impact orientations were considered: (1) Flat bottom end impact,
and (2) 4degreeotation from vertical. The purpose of this evaluation was to
provide results that DOE can use for comparison to drop analyses that have been
performed for other proposed canister designs, including the Transportation,
Aging and Disposal (TAD) canisteilhe results from this evaluation are
provided in Sectio4.3.1.1.3

e. The shielding analyses for STAD canisters during storage determined that the
peak dose rates on the cask side surface are between 80 and 90 mrem/hr, for PWR
and BWR fuel. This is not significantly higher than that of other storage cask
systems, given thieounding nature of the analyzed (62.5 GWd/MTU, 5 year
cooled) assembly payload. The 25 mrem/year limit at the site boundary is the
only 10 CFR 72 limit that applies for the storage cask.

f. Fortransfer operationghe shielding analysis results show pdake rates under
1.0rem/hr on the cask side surface under dry conditionsgasel rates under
100mrem/hr on the cask side surface when the cask and STAD cavities are filled
with water. The peak dose rates occur at the axial elevation of the peak burnup
region of the fuel. These dose rates are acceptable and in line with industry
experience.

g. For STAD canisters in the transportation cask, the shielding analysis results show
that all cask exterior dose rates are under the applicable 10 CFR 71 limatsy(for
assembly payload that meets the cooling time requirements shdwblev-4
(on Page 8).
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h. Itis likely that moderator exclusion will be employed as the primary means of
criticality controlunder NCT and HAGor the transportation cask system. The
double seal weld of the STADs would be credited as the second barrier to water
ingress (an approbhdor which there is precedent in cask system licensing). The
transport cask containment boundary would be the first barrier to water ingress.
However, criticality analyses that model water within the STAD canister interiors
as well as between the STAfanistershave been performed. The purpose of
these analysesistpual i fy the fAas | oadedod assembl
(under 10 CFR 71.55(b)) and poovide backup (defense in depth) to moderator
exclusionunder HAC The criticality analyses model t8§ AD canisters inside
the transportation cask and as the (outer) cask configuration does not significantly
affect reactivity, and the transfer cask and transport cask materials are similar, the
results of the criticality analyses are applicable for thedfier (loading)
configuration as well.The approacksused and the results obtained for the PWR
and BWR criticality analyses are provided in Sections 4.3.4.1 and 4.3.4.2,
respectively.

For theoptimum PWR fuel pelle(rubble) array configuration, itas determined

that the STAD canister woulibt be able to accommodate a significant fraction

of the U.S. spent PWR assembly inventerthout an unacceptably highgk

This could be mitigated by modifying the fuel basket design to add more borated
stainkss steel. Fohe other two configurations analyzed: intact PWR assemblies
and optimum pitch cladded PWR rod arraysyas concluded that the STAD
canister could accommodate the entire U.S. spent PWR assembly inventory,
without any need for payload nectionor fuel basket design modificatians

For BWR fuel, the analysis of intact BWR fuel revealed no issHiesvever,

analysis of optimum pitch cladded BWR rod arragacluded that a reduction in

the payload from nine to eight BWR assemblies for edekBcanister would be
required for BWR fuel assemblies with planar average initial enrichment levels
above 4.3%. That may constitute a significant fraction of the US spent BWR fuel
inventory in the future. If borated stainless steel plates were plam@odathe
periphery of the BWR STAD basket, payload reduction would only be necessary
for BWR assemblies with initial enrichment levels over 4.75%, which is a very
small fraction of the current (or future) US spent BWR assembly invenkany.

the analysi®f an optimum BWR fuel pellet (rubble) arratyywas concluded that

the BWR STAD canister would onle able to accommodate BWR assemblies
with initial enrichment levels of 3.6% or less. It is also unlikely that any plausible
STAD design changes could sificantly increase that allowable enrichment. In
the future, most of the BWR assembly inventory is expected to have initial
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enrichment levels over 3.6%.hus it is likely thatfor this case, water moderator
exclusionwill need to be relied upon to ebtsh acceptable criticality contrébr
HAC.

6. Regarding the ability to license the STAD canister system desigasconcluded that,
subject to several consideratiphdRC approval of the STAD system design for both the
initial 10 CFR 71 transpo@oCard the initial 10 CFR 72 storaggoCwould be
anticipated.The considerations are described in detail in Section 8 and cover the areas
of: aging management, high burnup fuel, multiple storage configurations, multiple
STAD canisters in storage and trangpbon overpacks, and moderator exclusion.

7. Cost estimates have been developed for the systems and components of the STAD
canister system, which are provided in Section 9.

8. A fact sheet detailing the key features of the system is provided in Appendix H.
9. A table detailing thedy parameters for the systenpiwvided in Appendix F.

10.The loading process for the STAD canisters utilizing a carrier is detailed in Appendix G
and has been captured in an animation, which will be provided to the DOE.
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Appendix A - Results fromFirst Facilitated Workshop, Columbia, MD 1
October 30- 31, 2014

Thefirst workshop was helétom October 30 31, 2014, at Enerdyolutionsoffices in
Columbia, Maryland, and was attended by representatives fromtla# oompanies comprising
the Team, in addition to the DOE3k Order 18 Technical Monitoirhe workshop was
facilitated by the Tsk Order 18roject Manager and followed the agenda below:

T

T

DAY 1

Day 1

o0 Review scope of work

0 Review and Finalize Workshop Objectives
o Information Gathering Presentations

o0 ReviewTechnical Framework

o Options Identification

Day 2
o Options Dowri Select

o0 OptionsConfirmation
o Planning for Subsequent Phases

Following introductions, the Task Order 18 scope of work and the required schedule for
completing it were reviewed. Key dates are, as follows:

T

30% Task Completion Review Meetiinglanuary 6 (Note. Agreetith DOE to move
from December 18).

Workshop # 2 January 27 to January 28
Submit Draft Report April 1

90% Task Completion Review MeetiingApril 2 (Note. Subsequently agreed to move to
April 7)

Submit Final Reporit April 16

Final Report Briefing April 16
Submit Closeout RepoitApril 30

The following objectives for the workshop were reviewed and agreed to:

Phase 2 Workshop Obijectives

To establish a technical framework and brainstorm and émhact options for the generic
design for small STAD canister systems. The output of the Phase 2 workshop will be a shortlist

Page2300f 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

of options, ideas and recommendations for the small STAD canistensysthich will be
addressed with additional scrutiny in the next phase of work.

Discussion on Information Gathering

The team then reviewed, via a mixture of discussions and presentations, the results of the
information gathering activities performed prtorthe work&op. Key points were, as follows:

1. Syed advised that the materials must be equivalent to or better than those specified in the
performance specification. AREVA have introduced a new stainless steel and Syed
Bokhari will provide details to theeam.

ACTION: Provide details on the new stainless steel product, which is being marketed
by AREVA for SNF canisters Syed Bokhari.

Post Meeting Note: Syed Bokhari provided information, via email on 11/3/14, which
advised that AREVA is offering DupteStainless Steél Action Closed

2. Basket materials need to last 10,000 years (criticality control).

3. GA-4 was a square truck cask. The-GAsingle purpose) SAR was prepared, but not
submitted to the NRC for review and certification.

4. A single STAD is potemlly shippable by truck, but most likely as an overweight
shipment.

5. Ray Termini advised that the NRC Environmental Impact Statement currently points to
repackaging after 100 years.

6. Steve Sisley advised that we can move the STAD into another overpacks@ftgzars if
the concrete integrity has deteriorated.

7. Must consider aging management.

8. The Calvert Cliffs and VS@4 extended storage applications can be used to describe
how aging management issues have been addressed and lessons learned.

9. CharleyHaughneg oesndot bel i eve that the NRC has
exercise for 10CFR71 for the small STAD system.

10. At Yucca Mountain, 10CFR72 didn't apply for the aging pad; 10 CFR 63 was the
governing regulation for licensing.

11. Syed Bokhari will advise on ¢hsite specific g value we should use.

ACTION: Advise on the g value to be used for the site locatiByed Bokhari

Post Meeting Note Syed Bokhari provided information, via email on1B3{14,that the
STAD will be designed for 0.75g and teorage csk will be designed for 0.25g which

Page231of 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and @ispos
Canister Systemis UpdatedFinal Report

will be suitable for east coast ISF locatipneting that the 0.25g was subsequently
revised to 0.2¢ at the 1/6/15 30% Task Completion Review meetidgtion Closed

12.Ray Termini advised that TLDs are used by Exelomfonitoring of the external dose
from storage modules.

13. Steve Sisley belies that, based on experienae, have a good story for 20 to 60 years
of storage, but what about 150 years?

14.Per 10 CFR 72.42, the first license issued is for a period of upyeats.
15.The aging management for 150 years needs to be a forward looking program.
16.Peening relaxes the heat induced stresses from welding.

17.How do we address DFCs? The STAD will get bigger and heavier.

ACTION: Advise on how fuel in damaged fuel cans shdaddhddressed in the generic
designi Syed Bokhari

Post Meeting Note: Syed Bokhari provided information, via email on 11/13/14, that the
current STADcanisterdesign will be for undamaged fuel only, in future as the need may
be, a separate damaged|f8&@AD design may be undertakérAction Closed

18.NEI 14-03 aging management has been submitted to the NRC for acceptance.

19.Poison material has to cover the active length, but it does not specifically state in the
performance specification that each cellhassstobe nc | os e d. Steve Si sl
is that a cruciform between the cells will work, i.e. poison not on all four sides.

20. The transportation cask will need a full length support structure for each STAD within it.

21.A 72" diameter cavity for the transpation cask still allows the 128" maximum width
(including impact limiters) to be maintained.

22.Moderator exclusion for a single STAD is problematim Hopf to evaluate.

23.As the STAD canister is not going to be opened again, there does not seem to be any
justification for loading DFCs in the STADs.

24. A storage overpack containing 4 small STAD canisters is equivalent to a standard DPC in
a storage overpack.

Post Meeting Note:The statement abovefers to the physical space that 4 small
STADs, compared with standard DPC, e.g. holds 32 PWR fuel assemblies, would
occupy when loaded together in a storage overpack.

25.George Carver advised that for the TAD, each cell was wrapped with poison.
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26.Ray Termini advised that small STADs will not allow operating utilitiegrtimad at an
acceptable rate. Maybe single units can do it, but twin units will definitely not be able to
due to operational constraints in the pool area.

27.Steve Sisley An idea is to have a transfer cask that would be loaded with 4 empty
canisters; eacbf which is filled individually and then, ideally, welded in parallel and
dried in parallel.

Technical Framework

The meeting then switched to reviewing, and revising as necessary, a draft technical framework,
which was derived from the Performance Speatfon and the statement of work. The revised
technical franework isprovided inAppendix Dand the key points from the review were, as

follows:

1. For requirement # 70, the site transporter, e.g. crawler, needs to be considered as part of
the overall genetidesign.

2. Regarding requirement # 16, for the fuel length it was agreed that the Task Order 17
DOE guidance will also be used for TO18.

3. For requirement # 31 the maximum fuel temperature is 400C.

4. For requirement # 34, add a note that the 12/32 canistds sinéapplicable to Task
Order 18.

5. For requirement # 36, Ray Termini advised
decontaminate canisters below 1000 dpm/10bfonrelease. He also advised that they
wash the canister as it is taken out of the jamal then it is swabbed and cleaned as
necessary, e.g. use wipes; a process which provides effective decontamination.

6. After filling the annulus between the pool transfer cask and the STADs with water it is
then sealed off with an inflatable seal. The Idgeing that the pool water is prevented
from entering this region.

7. For requirement # 46, there will be some code issues associated with welding.

8. If water is still present in a canister, then you will not hold a vacuum because the water
vaporizes and increas the pressure inside the canister.

9. Requirement # 57 is only applicable for storage and transportation.
10.Need to consider the worsase site environmental conditions, e.g. salt, humidity, etc.

11.ACTION : Provide guidance on the above ground and below grganlt storage design
concepts, which the Ener§glutionsshould account for when determining that the small
STAD generic design is suitable for horizontal or vertical storage in vault stiof&ged
Bokhari
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Post Meeting Note:At the 30% Task Completion Review meeting on 1/6/15, the
following notes pertaining to this action were record&te loaded STADs need to be
capable of being handled in both the vertical and horizontal orientation. They also need
to be capable of beingaded into storage modules both horizontally and vertically. DOE
is willing to accept engineering judgment where appropriate, however, analyses should
be performed for areas having greater uncertainty, such as thermal performance. The
Contractor may focuanalyses on vertical storage in a mudtinister storage overpack

and on horizontal storage of individual STAD canisters in an algoade vault.
Demonstrating the capability for horizontal vault storage of a rudtiister carrier

system, in lieu of indidual canisters, is also acceptabiléction Closed

12.Both the new Vogtle plant and Diablo Canyon use storage casks bolted to the pad to
address stack up issues.

13.For requirement # 88, it is believed that this requirement is to avoid neutron hot spots
duringloading. The team believed that we would not be able to meet this requirement as
written and the following action was placed:

ACTION: I n t he Performance Specification, Reql
centerline of each trunnion set shall besald the area of the SNF region to provide

maximum ALARA benefits. Is the real requirement to ensure that maximum ALARA

benefits are provided or is it where the trunnion shall be positioned, i.e. locating the

trunnions in the specified area may not bertfost appropriate location for them from a

lifting perspective? Syed Bokhari

Post Meeting Notei Syed Bokhari advisedja email on 11/13/14hatthe specification
requirements regarding the trunnion location are basically to ensure maximum ALARA
benefts. If a different location is more suitable from operational considerations, it will be
acceptable as long as ALARA benefits are ensured and dose levels are justifiable
Action Closed

Options ldentification

After completing the review of the technical framework the team began the process of options
identification. A high level flowchart was initially created, which defined the stages in

processing STAD canisters and the options of either processing STAD&snor in groups

of ANO, where N could be 3 or 4. It was rec
not allow operating utilities to unload at an acceptable rate, the team noted that the objective of

Task Order 18 is to develop a genemsign for a small STAD canister system and that single

canisters are one component of that system. The high level flowchart is shown iA-Tlable
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Table A-1: High Level Flowchart Defining Stages of STADCanister Processing

STAD Canister Processing Stages

POOL

TRANSFER

WELD/DRY STORAGE

TRANSPORT

-

- -

ONE STAD

ONE STAD

Load into a storage overpack
that is capable of holding 3 of
4 STAD canisters.

ONE STAD This will be achieved using a
il 8Szuysano type
system that indexes to an
empty position and shields ar
loaded locations.

Load into a transportation cask
that is capable of holding 3 or 4
STAD canisters.

This will be achieved using a
ilazy Susano t
system that idexes to an empty
position and shields any loaded
locations.

N-STAD

N-STAD

N-STAD N-STAD single load

N-STAD Single load

Using the above table, the team identified options for each stage and the STAD canister

STAD Canister

a. Right circular cylinder

b. Flatten sides

a. Provides benefits (packing efficiency, material savings, weight savings)

b. Will likely be a licensing challenge that will need a full discussion at théigeese stage

c. Will require additional demonstration of feasibility to the NRC

c. Alternative poisons

a. Enriched Boron

d. Alternative materials of construction

a. E.g. AREVA offering duplex stainless steel

e. Different lid configurations
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WELD/DRY

1. For one STAD the technology is the same as DPCs, although the welding and drying times
should both be shorter.

2. For N STADs we could either weld one at a time or weld N canisters at the same time.
3. For N STADs we could dry N STADs at the same time

TRANSFER

Equipment is normally provided as a system, which hangs off the spent fuel pool overhead crane
and comes witlts own yoke and ancillary equipment

1. For One STAD would need to use a purpbsét cask transfer system, rather than use a
system that is designed for DPCs.

2. For N STADs we could use a DPize cask transfer system, but it would need to be a
purposebuilt system, rather than modifying an existing DPC system.

STORAGE

1. The above ground storage casks will be capable of storing 3 or 4 STADs. Loading will be
achieved as follows:

1 Single STAD load using an indexing shielding collar and a purposesingle STAD
transfer cask.

1 Load multiple STADs at the same time using a purymsk transfer cask.
2. .Above ground storage cask options are:
1 Round

1 Square
3. Any benefits to using alternative methods of construction for the storage casks?

TRANSPORT

1. The transportationasks will be capable of transporting 3 or 4 STADs. Loading will be
achieved as follows:

1 Single STAD load using an indexing shielding collar and a purposesingle STAD
transfer cask.
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1 Load multiple STADs at the same time using a purimsk transfercask.

2. Load STADs vertically

3. Transport STADs horizontally
DAY 2

Options DownRSelect

At the beginning of Day 2 of the workshop the team reviewed the options identified on Day 1 in
order to dowrselect to a short list of options, which will be developather in preparation for

the 30% Task Completion Review Meeting. During the discussion the following notes were
captured:

1.

For configurations of the STAD canister lid, Steve Sisley has some ideas regarding a
combination inner and outer lid; with the go&lreducing welding and NDE.

Can we save on materials if we remain cylindricate there opportunities for cost
reduction?

Need to have a production mentality in designing the STAD canister system.
Are there any benefits to having a parcular transfe cask?

An option to process a single STAD should be part of the overall system, but this should
not be our prime focus.

The use of novel welding techniques for the STAD canister lids was discussed, but it was
agreed that this area of work would be bedt#alressed under Task Order 21.

Shortlist of Options to be Further Developed

The confirmed shortlist of options to be further develapgatovided in Table A, below.
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Table A-2: Confirmed Shortlist of Options to be Further Developed

System Component

Options

Notes

STAD CANISTER

Right circular cylinder

Flatten Sides

Provides benefits (packing efficiency, material savings, weight
savings)

Will likely be a licensing challenge

Will require additional demonstration of feasibility to the NRC

Alternative poisons a. Pro_vldes benefits (packing efficiency, material savings, weight
savings)
Alternative materials of construction a. AREVA offering duplex stainless steel

Different lid confiqurations a. Steve Sisley has some ideas regarding a combination inner ang
9 outer lid; with the goal of reducing welding and NDE.
Welding a. For one STAD the technology is the same as DPCs, although t
welding time will be shorter.
b. For N STADS we coul@ither weld one at a time or weld N
canisters at the same time.
Drying a. For one STAD the technology is the same as DPCs, although t
drying time should be shorter.
a. For N STADS we could dry N canisters at the same time.

TRANSFER

For One STAD wouldheed to use a purpese
built cask transfer system, rather than use a

system that is designed for DPCs.

Are there any benefits to a naircular transfer cask?
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System Component

Options Notes

For N STADs we could use a DRize cask
transfer system, but it would need to be a
purposebuilt system, rather than modifying al
existing DPC system.

STORAGE
Load an above ground storage cask, which iy a. Load single STADs using an indexing collar and a purjosk
capable of storing 3 or 4 STADs. single STAD transfer cask.
b. Load multipleSTADs at the same time using a purpbsdt
transfer cask.
c. Consider alternative materials of construction.
d. Consider square versus round storage casks.
Above ground and below ground vault storag a. Guidance has been requested from DOE on the above gaodnd
below ground vault storage design concepts, which the
EnergySolutionseam should account for when determining that
small STAD generic design is suitable for horizontal or vertical
storage in vault storage.
TRANSPORT

Load a Transportatio@ask, which is capable | a.
of transporting 3 or 4 STADs.

Load single STADs using an indexing collar and purgms#é
single STAD transfer cask.

Load multiple STADs at the same time using a purynsk
transfer cask.

Load STADs into the transportation cagktically.
Transport STAD canisters horizontally.
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Appendix B - Results from SecondWorkshop, Columbia, MD i
January 27 - 28, 2015

Thesecondvorkshop was held from January 228, 2015 at Energ$olutionsoffices in

Columbia, Maryland, and was attended by representatives fromtlaéi oompanies comprising
the Team, in addition to the DOE Task Order 18 Technical Monitor a representative from the
DOE support teamThe workshop watacilitated by the Taskrder 18Project Manager and
followed the agenda below:

{ Dayl
o0 Review scope of work
o Review and Finalize Workshop Objectives
o0 ReviewTechnical Framework
0 Review STAD Canister Design Concepts
o Review STAD Canister Trarsf, Storage and Transportatioedign Corepts
o Criticality and Shielding Analyses
o Fabrication

0 Presentation and Critique of the Process and Equipment Animation

o Cost Estimating
0 STAD Canister System Fact Sheet
o Draft Final Report Storyboard

o Closeout

DAY 1

Following introductions, Ivan Thomasviewed the purpose and scope of work for Task Order
18 as described in the statement of work (SOW). He then explained that the primary objectives
for the workshop were:

1 Review the existing technical framework and ensure that that the SOW requirentlents wi
be met;

1 Review current work on the design concepts for the STAD canister, transfer cask, storage
system and the transportation system;
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Discuss and agree on the approaches for the criticality and shielding analyses;

Benefit from Petxparienee s almajordabripator ohdryecask storage
systems, including lessons learned, design features to avoid, design features to simplify
fabrication and considerations for minimizing fabrication and material costs for mass
production

Agree on a clegpath forward to completing the work for the Draft Final Report and
presenting the results to DOE at the 90% Task Completion Review meeting.

Review Technical Framework

lvan Thomas went through the existing Technical Framework, which was developed during
Workshop # 1 and subsequently modified to capture the responses from the DOE to actions
raised during Workshofl (See Appendix  Key points and actions from this agenda item are
provided below.

1.

Aging managementJack asked that we ensure that therething that would preclude

the small STAD canisters from being overpacked if aging related issues arise. Steve
believes that storage overpacks will likely need to beacel after several decades
(100years). As long as the inert atmosphere is mairdaimade the canister, then there
should be no galvanic or corrosion issues. Weld treatments, in order to remove stresses,
are a requirement. The shop can handle this requirement, but there is a need to be careful
with field welds.

The SOW does not indlie the 5 year cooling time for the 62.5 GWd/MT. We have more
options with the STAD canisters to allow them to cool. The DOE wants to know if there
are any thermal limits associated with our design.

For drying, borated stainless will not be an issueMater retention. Could we use a
coating on the STAD fuel baskets to improve drying? Charley advised that there was a
deflagration issue with a coating used in a spent fuel cask in the past; it was a Carboline
zinc based coating, which reacted with batgieol water to evolve hydrogen into the
canister. Is this concept of using a coating an option we should look at for the STAD
baskets, noting that a test program would be required?

George advised that the design for the transportation cask is folldvarsgume method
of construction as the Task Order 17 transportation cask.

The loaded transfer cask will be subject to the 125 ton crane capacity limit. The
transportation cask does not have the same weight restriction.

There was a discussion on the conseqes of subjectinjansported SNF to excessive

gf orces during an accident, such that the
double lids on each of the STAD canisters for moderator exclusion if, as currently
proposed for the TO18 transportaticask, you only have a single lid on the
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transportation cask. The team will need to identify the extent of required testing for the
transportation cask if the design stays with a single lid, noting that Holtec have
implemented a solution to address tiyjse of moderator exclusion issue.

Review STAD Canister Design Concepts

Steve Sisley gave the presentation shown in Appendix 2, and the key points and actions from this
agenda item are provided below.

1. The lifting ring design is simpler than the TAD spec.

2. The lid weld sizes/configuration have been derived and provided to the TO21 team for
use in the time and motion analyses.

3. The vent and drain ports are the same size as the large STADs, in order to achieve
optimum drying.

4. A loaded canister weighs 14,000.lbs

5. The internal pressure loads that you design to are driven by regulatory requirements, and
you also have to consider blowdown and reflood pressures.

6. Currently have considerable design margins based on the canister structural analysis
results under normabnditions. Based on these results there are opportunities to reduce
some thicknesses and achieve further weight saving.

Review STAD Canister transfer, Storage and Transportation Design Concepts

George Carver led this session and the key points and aftoon this agenda item are provided
below.

1. Currently looking at the fluidics modeling for the air flow through a loaded carrier inside
the vertical concrete cask (VCC).

2. The cover plate for the carrier is currently 8 inches thick, but the cover plateomay g
away and be replaced by a thicker top plate for the carrier.

3. George believes that we don't need to seal each STAD to the top plate due to having
inflatable seals built into the transfer cask, which engage with the carrier top and bottom
plates; togethewith a positive water pressure that is created by water flow into and out
of the transfer cask via ports in the side of the cask.

4. The plan is to use a NAC standard type construction for the transportation cask.
Currently have 25,000 Ibs of margin for untdlee hook (125 ton) even with water in the
canisters.

5. Action - George Carver- Look at what it would take for a loaded transfer cask to meet a
100 ton crane capacity. There is no regulatory requirement for the shielding provided by
the transfer cask, asis an ALARA consideration. George will look at what can be done
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and provide input to Jim to evaluate the acceptability of the shielding provided, noting
that a reduction in the lead shielding will be necessary.

6. The plan is to go with 4 small STADs ircarrier for storage.

7. The biggest issue with the transportation
carrier for the 4 small STADs and the need
the impact limiters results a reduced amount of stroldsorb impact in an accident
condition. The challenge will be finding an impact limiter design that can stop the
package with the reduced stroke. As described above, excessive g loads on the fuel will
result in reconfiguration of the fuel during an aeeit and challenges with ensuring
moderator exclusion.

8. An option to reduce the carrier size and hence increase the stroke would be to decrease
the pitch between the STAD canisters, howe
the air flow fluidics moding has been completed.

9. It was agreed that making 4 small STADs work for transportation is the primary target,
but, as described above, there will be challenges to overcome. At the moment, the
challenge is making the carrier concept work for storage.

10.George believes that he has a solution for the transfer cask and confirmation of the
storage and transportation overpacks will come later.

11.There was a discussion on what options the ES Team should look at forgahdee
vault storage. It was agreed thairgng single STAD canisters in a NUHOMS type
system will not be a challenge and the canisters will be designed to be pushed and pulled.
What is of particular interest to the DOE is the concept of operations for how individual
canisters can be extractedrh a carrier and placed horizontally into a storage module,
noting that for vertical storage the canisters will be stored in the carrier. As well as
developing the concept of operations, George will develop an animation for this loading
process.

12.The queson was asked by Ivan if the pitch of the STADs in the carrier could be reduced
to allow it to be used with the current NAC MAGNASTOR system, which takes a 72"
diameter DPC. Reduction in the pitch is tied in to the results of the fluidics modeling
descrbed above.

Criticality Analyses

Jim Hopf led this session and the key points and actions from this agenda item are provided
below.

1. The main configuration will be 4 small STADs (4 PWR STADs or 4 BWR STADS) in a
transportation cask and 4 small STADs in aieain a storage module. Will model 4
PWR and 4 BWR STADS in a transportation cask. If poison is required between the
STADs then he will flag this requirement to George.
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2. Will use the MAGNATRAN burn up curves for the PWR analysis; following a similar
appoachto TO 17.

3. George needs to figure out the pitch between the STAD canisters.

4. Jim asked the questions: What assumptions do we make regarding intact or reconfigured
fuel? Do we assume that the pitch is optimized, but the pellets remain intactskiatk a
that the ES team provide our design basis for fuel that is initially intact and what might
happen to it and what would be the process to get licensed. Jim will look at TO17 types
of analyses for criticality and this subject will be discussed as dekdang the bi
weekly status calls with the DOE.

5. Halim advised that for the TAD canister, the criticality analyses were for intact fuel with
burnups under 45 GWs/MT. It did not address high burnup.

6. Halim raised the issue of how subcriticality can beigegs under all future conditions.
Jim advised that he will need to be selective regarding the fuel types he analyzes.

7. Jim discussed the issue of preferential draining during recovengT.ADs and cask are
filled with water in an accident condition atite cask is drained first. He asked the
guestion is draining the water first in the transfer cask and leaving water in the STADs
for BWRs going to be an issue? He needs to analyze this scenario.

Shielding Analyses

Jim Hopfled this session and the kegipts and actions from this agenda item are provided
below.

1. For the shielding analyses Jim will assume 4 small STADS in a carrier in a transfer cask,
storage overpack and a transportation overpack. George advised that the storage
overpack can take 3&V. For 62.5 GWd/MT/5 year cooled PWR fuel the heat load is
2 kW per assembly. Thus, a storage overpack could take 16 such PWR assemblies.

2. For transportation, George advised the we should assume an allowable heat load of
24kW.

3. Jim expressed concern abowddege's changes to the shielding and it was agreed that the
shielding analysis will be an iterative process with the shielding design.

4. George advised that if poison material is needed between the STAD canisters for storage
and transportation then we carelBoral to save weight, noting that the storage and
transportation components of the system will not be loaded in the spent fuel and thus, do
not need to be vacuum dried.

5. Jim will look at uniform loading and because the STAD canisters can be placed in any
position within the carrier, such that there is no control of where hotter assemblies are
placed, there will be no azimuthal loading of canisters.
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6. Cycle 3rd year fuel equals the hottest bum
7. The dose from the transfer cask is required to be ALARA.

8. Fora 100 ton transfer cask, Jim can perform a shielding assessment to determine the
required shielding.

Fabrication / Cost Estimating

Tom Burkland led this session and the key points and actions from this agenda item are provided
below.

1. Tom presented a graphisee Appendix 3), which highlights the differences in unit costs
and production units when a job shop versus a mass manufacturer approach is taken.

2. Petersen have built 1000s of TDOPs and standard waste boxes. There are real benefits to
moving from a jolshop type of procurement to a mass production type of procurement.
DOE could place orders under different approaches, such as advanced material
procurement and purchasing the tooling for mass production. Large production runs can
benefit from labor thatas climbed the learning curves, tooling set up and robotic
welding. As an example, the production time for the standard waste box was reduced
from 72 hours labor to 18 hours

3. Steve made some changes to the basket design during this session, in cldiest® a
input from Tom.

4. Tom believes that what we have is easy to build. For cost estimating Tom needs to know
such information as weld symbols, material types, thicknesses. He believes that
estimating will be straight forward and he will cost materiat$ fabrication processes.

5. For the licensing inspections, it was agreed that these would not be included in the
included in the pricing. However, we do need to include typically required fabrication
inspections and tests

6. Duplex stainless does not eliminassidual stress in welds.

7. For square canisters, Tom believes that the fabrication labor would be double versus an
equivalent right circular cylinder. A lot of time will be spent forming the corners and you
will not be saving a lot of money regarding méaks.

ACTION - Steve Sisley Work with Tom to come up with a ball park cost for a square
STAD canister, including providing sketches as needed.

8. George needs to confirm the design details for the carrier.

9. Tom will use a Petersen standard format for pnmgydhe cost estimates. He will need at
least two weeks to perform the fabricability review and cost estimating and so needs the
design media around the middle of February.
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10.George asked what range regarding order quantities are DOE looking for us &deestim
Josh believes that 1500 to 2000 small STADs per year will be required to replace
packaging via, for example, 32WR DPCs. Tom advised that there are a number of
ways to get to the mass manufacturing. George Carver advised that John Lydon at NAC
is the storage overpack construction expert.

11.Charley advised from past NRC experience that having a fabrication shop representative
involved in the licensing stage helps to head off fabrication issues. He found that a
fabricator presence in a certificatioreating is valuable.

12.lvan advised that the TO 12 final report contains details on STAD canister licensing costs
and licensing approaches.

Presentation and Critique of the Process and Equipment Animation

lvan Thomas presented the animation and loadinggssoflowsheet for the 4 STAD-carrier
design concept, which has been developed by ES in conjunction with NAC. The key points from
this agenda item are provided below.

1. Mark-ups to the flowsheet were captured and the final version will be included in the
Draft Final Report.

2. When available, the animation will be updated to incorporate NACs carrier design and
the ES STAD canister design noting that, as described previously, the cover plate may go
away.

3. There will only be one cover (silver dollar) for eadhle vent and syphon port3he
top plate will provide the redundant seal on the vent and syphon ports.

4. There will be inflatable seals at the top and bottom, which seal between the top and
bottom plates and the transfer cask. These are built intcathefdr cask.

5. Add labels to individual components.

6. Josh advised that there is a good video on YouTube on how spent fuel loading was
performed at Diablo Canyon.

7. George will look at his archived animation files for details on the transfer cask inflatable
seals.

8. Add labels for each of the checks, glydrostatic testing, NDE, Helium leak testing, etc.
9. Add a label to identify where fuel assembly serial number verification is performed.

10.The Team viewed a dry cask storage animation provided George, whetttaéthe use
of NAC equipment in Taiwan.
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DAY 2

Presentation and Critique of the Process and Equipment Animation (continued)

Day 2 began by going through the animation one more time and the following additional
comments were captured.

1. Need to add titlefor each step and avoid using acronyms, &gd package, weld
package, put pool water in the canisters, etc.

2. For the checks, need a check on the components at the beginning of the animation.

3. For adding water to the transfer cask and the STAD canistszd,to do the following.
Fill the STAD canisters first and indicate that the water used is from the spent fuel pool.
Then, using a different color, show the annulus between the transfer cask and the STAD
canisters being filled and indicate that deiedizvater is being used.

4. Before any water is added to the STAD canisters or the transfer cask, inflatable seals that
are built into the transfer cask will be inflated such that the transfer cask is sealed to the
top plate and the bottom plate. The aninratieeds to show these seals inflating.

After the pool water has been added to the STADs, the water will then be added to the
annulus between the transfer cask and the STAD canisters (and between the upper and
lower inflatable seals) by introducing it végport in the side of the transfer cask. The
sketch below shows where the seals are installed and the ports through the sides of the
transfer cask, noting that when the transfer cask is placed in the pool, deionized water
will be circulated via these partn order to keep the deionized water at a positive
pressure and prevent pool water from entering.

Top Plate

e Inflatable seal

Carrier Deionized

Bottom Plate

Deionized

Transfer Cask

5. Need to add more fuel to the spent fpebl.
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6. Where we load the fuel into the STAD canisters, change the angle such that it shows the
entry into the loading pit.

7. For the fuel loading show the crane hook for the first couple of assemblies and show
them being lowered slowly. Once these are loadgedan then revert to the loading as
currently shown. Verify the serial numbers of the loaded fuel bundles [for a BWR as in
this animation, the serial number is on top of the fuel bundle lifting bale].

8. The water in the annulus between the transfer cadkree STAD canisters should not be
removed until the STAD canisters are closed up.

9. The STAD canister design is different from the Zion design reflected in the animation.
The animation should show the inner lid being welded/NDE, followed by the blowdown,
drying and then Helium fill. Single covers (called silver dollars) are then welded
(manually) over the vent and siphon ports. You then do the He leak check and if it
passes, you then install and weld the outer lid.

10.Show the drying as a vacuum rather thgsressure. The key to this activity is that a
vacuum will be held once the residual moisture has been removed.

11.George will provide a graphic for the adapter that goes between the transfer cask and the
storage overage.

122For the radi at ibhevelgeng gpeandddowm and ingehdooiva t
graduated scale, simply show on the gauge a green segment, followed by a yellow
segment, followed by a red segment. The indicator should then rise and stay in the green
segment.

13.Add a person alongside the filledrtical concrete cask to give a perspective of its size.

Fact Sheet

1. For the fact sheet, which is a required deliverable for the final report, Jack requested that
the ES Team provide a two page summary of the system, including schematics, 3
models, etc.

ACTION - Ilvan Thomasi Develop a storyboard for the fact sheetuse by the team in
populating the required data.

Draft Final Report

1. The agreed upon storyboard for the draft final report is provided in Appendix 4.

2. The report will need to address aging management for the system, including the carrier (if
the STADs aretsred in the carrier in a vertical overpack).
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3. The carrier presents challenges for inspection of the store STAD canisters but, if needed,
the system will allow for individual STADS to be extracted from a carrier.

4. Josh provided a data template, which he wéme ES Team to complete for just the
TO18 system and include it as an appendix in the report.

90% Task Completion Briefing

The format for the briefing, which will be over % of a day (assume 8:30 am to 3:00 pm, with a
break for lunch), is provided below.

1. How does the Draft Final Report address the SOW requirements?

2. What does the generic design for the small STAD canister systems look like and how
does it operate?

3. What were the approaches and results for the supporting analyses: structural, thermal,
criticality and shielding?

4. Can the design be fabricated within current facilities and capabilities?

o

Are the systems usable by all or most nuclear utilities within their various physical and
operational constraints?

Are there any limitations or licensing congiaigons of relevance?
What are the cost estimates for each piece of the STAD?

What are the key points to take away from this briefing?

© ®© N o

Closeout
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Appendix C - Crossreference between Task Order 18 Statement of Work and the report for the Generic
Design for Small Standardized Transportation, Aging and Disposal Canister Systems

Statement of
Work Section

Statement of Work Requirement

Generic Design for Small Standardized
Transportation, Aging and Disposal Caniste

Systems
Scope of
Work

Thecontractor shall develop a generic design of a small (4 PWR/9 BWH

STAD canister system. The STAD canister system consists of:

w I OFYyA&adSNI aKSt T _

w fARGALT Sect_lon 41.1
, w AYGSNYFE O02YLRYSyda 60503ds o 2 gggzggﬁg

shunts, and neutron gb;bers, gtc.);lid(s); X o Section 4:1:4

W I-,Ol-yxél'JSNJ,UNJ-YéTSNJVééz’gUSYT Appendix E

W auz2NJ) 3IS 2 LI A 2cdnister stbrgge bvdrpatkyafid alvaul

storage configuration; and

w ONIYAaLRZNILFGA2Y 2chdisterarghspartatiory Ot dzf

overpack, and associated impachiiers.

The STAD canister may be loaded with commercial SNF and sealed at

reactor site, at an Interim Storage Facility (ISF), or at a repository. The

loaded STAD canister may be stored in a storage overpack at a reacto .

. . Section 5

2 or transported (in a transportationw@rpack) and stored at an ISF and/or Appendix G

the repository. Eventually, loaded STADs will be disposed of in a wast
package overpack, thus avoiding the need to open STADs once these

been sealed.
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Generic Design for Small Standardized
Statement of : . . . :
. Statementof Work Requirement Transportation, Aging and Disposal Caniste
Work Section
Systems
Design requirements should be derived from the performance
specifications:
2 Performance Specification for Small and Medium Standardized Appendix D
Transportation, Aging, and Disposal Canister Systems,gNES§2014¢
000579
The contractor should provide analyses that demonstrate that the STAI
be stored in the following storage configurations: 1) ma#nister storage
) overpack in horizontal or vertical mode and 2) vault. In this case, a vau Section 4.3
an above or below gradéa@age system designed as a hardened reinfor¢ Section 5
concrete structure with an above grade structure providing an operating
area for canister placement, storage, and removal.
The contractor should demonstrate that the STAD can be transported i :
2 . . . . Section 5.3
horizontal mode in a muktanister transportation overpack.
The contractor shall perform analyses on radiation dose, heat load, :
2 e . . Section 4.3
criticality, and structural integrity.
) The contractor shall also provide cost estimates for each piece of the $ Section 9
system. Appendix K
The design information to be developed by this procurement will suppo
analyses and planning related to the waste management system. Section 4.1
Therefore, the level of design detail required is limited to this intended Section 4.2
2 usage, which requires reliable estimates oABTcanister system Section 4.3
characteristics, such as capacity, dimensions, component masses and Sectim.9
operational characteristics and attributes, and any limitations or Appendix F
anticipated licensing considerations of relevance.
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Statement of

Statement of Work Requirement

Generic Design for Small Standardized
Transportation, Aging and Disposal Caniste

Work Section Systems
Design and design analyses should be sufficient to provide reasonable
assurance that eacBTAD canister system design is viable and has the :
. . . . Section 4.3
2 capability to meet the fundamental licensing requirements for Section 8
transportation and storage, thereby providing confidence in the reliabilit
of the provided data. At this time SAR level design is not required
The STAD canister systems must ultimately be NRC licensable, able tg _
fabricated within current facilities and capabilities, and usable by all or Ssectl_on ‘:);2
most nuclear utilities within their various physical and operational ection
2 . . . . Section 7
constraints, and able to be transporteth rail. The STAD system design Section 8
should have features that allow for uncomplicated manufacturing and Appendix J
operations.
As part of the Final Report and Briefing (Subtask 2.4 of the SOW), the | APPendix
. . . . Appendix H
2 contractorshould develop information to communicate to decision make

and stakeholders (fact sheets, solid works representations, animation,

An animation has been developed for the
STADBNn-Carrier loading process.
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Generic Design for Small Standardized
Statement of Work Requirement Transportation, Aging and Disposal Caniste
Systems

Statement of
Work Section

Applicable
Codes,
Standards,
and
Procedures

The design and supporting analysis work shall be performed so that the
3 STAD canister systems can comply with NRC regulations, applicable | Section 4.3
regulatory guides and industry standards, as appropriate.

The Contractor shall prepare the STAD system designs and the final re
as a Quality Rigor Level (QRL) 3 deliverable, i.e. it should receive an
3 independent technical review by the Contractor and a quality assuranct
cover sheet should be provided in acdance with the Fuel Cycle

Technologies Quality Assurance Program Document (FCT QAPD), Re

Technical Review performed and
documented via FCT Document Cover Sheg

Page2530f 317



Task Order &: Generic Design for Small Standardized Transportation, Aging and Rispasister SystenisUpdatedrinal Report

APPENDIX D i TECHNICAL FRAMEWORK

Performance Specification for Small and Medium Standardized

No. | Component Transportation, Aging, and Disposal Canister Systems, Notes Type and Section
FCRD-NFST-2014-000579, July 2014
. . . Specifications for other components (e.g., disposal overpack) and .
The STAD system consists of a STAD canister, aging or storage overpack/module/vault, transfer P . neat i b (e.g., disp verpack) Section 1.1, STAD System
1 STAD System . . X . equipment that are unique to the Federal SNF management system
cask, site transporter, transportation overpack, and transportation skid. . . components
will be developed in the future.
. The STAD canister will be loaded with commercial SNF and sealed at existing 10CFR50 facilities, . .
2 | STAD Canister existing 10CFR72 facilities, a future ISF, or a future geologic repository surface facility. Functionality 1.2.1
The STAD canister may be used for storage for a period of time at an Independent Spent fuel
Storage Installation (ISFSI) facilities or a federal ISF and may be transported between facilities.
3 | STAD Canister | The STAD canister storage and transportation system MUST be licensed under 10CFR Parts 71 Requirement 1.2.1
and 72 for multiple uses (e.qg., storage at an ISFSI, followed by transportation, followed by storage
at and ISF, followed by transportation, followed by aging at a repository).
STAD . L . . .
Overpack Overpacks/modules/vaults may be designed to contain single or multiple STAD canisters and will
4 Modulelzos ar’ld be used to SAFELY contain loaded STAD canisters at a storage or aging facility until transported or Functionality 1.2.2
Vaults emplaced in a repository.
5 Storage Storage overpacks that are part of a site-specific ISFSI will be designed to meet the requirements of Requirement 1.2.2
Overpack 10CFR72.
Shielded The Shielded Transfer Cask (STC) is used for intra-site transfer and protects the STAD canister . .
6 o . S Functionality 1.2.3
Transfer Cask | from damage, protects workers from radiation, and allows for required heat dissipation.
Transportation . . . .
7 Ov;)rpackl The transportation overpack is an overpack certified under 10CFR71. Requirement 1.2.5
The transportation overpack, in conjunction with the STAD canister, provides for compliance with
8 Transportation | transportation safety functional requirements including containment, radiological protection, Functionality 1.2.5
Overpack criticality safety, and thermal performance during normal conditions of transport (NCT) and y2e
hypothetical accident conditions (HAC).
Ancillary equipment required to operate and handle STAD system components in accordance with
9 Support their certificates of compliance and other regulatory or operation requirements. Ancillary equipment Functionality 1.2.7
Equipment to be used at reactor sites is expected to be similar to commercially available equipment in common yLe
usage.
N . . . e . - B i I h ifi is th
Regulatory responsibilities and actions to implement this STAD specification will be limited to ecgqse a rep(?snory geology has .not been speu led nor 's there a s
10 | STAD System ) . : ) . . specific regulation to govern repository operations and disposal Limitation 1.4
storage and transportation and will NOT include repository operations and disposal performance.
performance.
Applicable . . . .
Lists are provided of applicable regulations, DOE documents, NRC documents, codes and .
11 Documents/ Section 2
standards and other references.
References
GENERAL C Section 3.1.1
The STAD canister, which includes a canister shell, lid, and
12 | STAD Canister The design I.|fet|me of th_e STAD camstgr shall be 150 years from the time the canister is loaded with | components (e.g., basket for holding the fuel asserthes, thermali Requirement 3.1.1, item 1
SNF to the time the canister is loaded into a waste package. shunts, neutron absorbers, etc.), needs to perform its safety functions
after storage.
13 | STAD Canister | The service lifetime environmental conditions shall be site appropriate for the period of deployment. Requirement 3.1.1, item 1
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Performance Specification for Small and Medium Standardized

No. | Component Transportation, Aging, and Disposal Canister Systems, Notes Type and Section
FCRD-NFST-2014-000579, July 2014
It should be assumed that the canister maybe stored at a power plant
ISFSI and then transported pursuant to 10 CFR Part 71 to an ISF for
storage again under 10 CFR Part 72. Storage at the ISF need not be
in the same configuration of storage as the ISFSI, as long as it is
licensable under 10 CFR Part 72. After interim storage, it should be
i . . . that th ist ill t t i 10 Part
. The 150 years lifetime should be licensable (along with an associated storage overpack, module, assumed that the (?anls erwl .be 'ranspor .ed again under 10 Par . .
14 | STAD Canister . _ CFR 71 to a repository where it will be subject to pre-closure safety Requirement 3.1.1, item 1
vault, etc.) under both 10 CFR Part 72 and (along with a transportation cask) under 10 CFR Part 71. .
requirements. It should be assumed that pre-closure performance
requirements for repository handling and aging facilities are similar to
10 CFR Part 63. Aging management protocols necessary to ensure
continued compliance with applicable requirements as well as
engineered measures to control the canister storage environment are
acceptable.
. . : . . . . . Direction was received from the DOE on 12/11/14 that right circular
15 | STAD Canister The. STA.D camster IS not required to be .a right circular cylinder as Iong as the ca_mster, n cylinder STADs are the default case and that irregular STAD canisters | Requirement 3.1.1, item 2
conjunction with storage and transportation overpacks, meets all applicable requirements. .
should be evaluated as an alternative approach.
As agreed on 10/30/14, the Task Order 17 DOE guidance on fuel
length will also be used for Task Order 18, i.e. the STAD concepts will
The STAD canister height shall not be less than 186.0 in. and not greater than 212.0 in. including .be aple_ to accommodate fuel assemblies Wlt.h an assm_Jmed post-
. s S . irradiation fuel assembly length of up to 180 inches without non-fuel . .
16 | STAD Canister | the lifting feature considering all relevant factors (e.g., tolerance stack-up, thermal expansion, . Requirement 3.1.1, item 3
internal pressure) components (NFCs). STAD concepts will also be capable of
' accommodating shorter length fuel assemblies containing NFCs
which do not require special handling, provided the total post
irradiation length (assembly with NFC) does not exceed 180 inches.
17 | STAD Canister The canlster—llft!ng fea_lture shall be incorporated into the canister top lid and shall not protrude Requirement 3.1.1, item 4
beyond the canister side walls.
18 | STAD Canister The STAD camgte:r along with _|ts STC shall be compatible with load limits and crane-lifting Requirement 3.1.1, item 5
capacities at existing reactor sites.
. : . . . Syed Bokhari ided inf tion, vi il on 11/13/14, that th
The capacity of the small STAD canister shall be either four PWR SNF assemblies or nine BWR cgrerentOST:g Ez)r:?stgr cljr:asoirr;]a\;vli(ljlnb::‘?)reﬂ?jla?nna ed fuel onla in ©
19 | STAD Canister | spent fuel assemblies. The exterior dimensions of the small PWR and BWR canisters must be the 9 g Y . Requirement 3.1.1, item 6
same future as the need may be, a separate damaged fuel STAD design
' may be undertaken
: The | I TAD i hall le of bei hil i . .
20 | STAD Canister e loaded and closed S canister shall be capable of being reopened while submerged in a Requirement 3.1.1, item 8
borated or unborated pool.
A STAD canister for PWR assemblies shall be limited to accepting SNF with initial enrichment up to
21 | STAD Canister | 5wt % U-235 and burnup up to 62.5 GWd/MTU. Required cooling (decay) time can be variable Requirement 3.1.1, item 9
based on enrichment, burnup, and assembly design.
A STAD canister for BWR assemblies shall accept SNF with initial enrichment up to 5 wt % U-235
22 | STAD Canister | and burnup up to 62.5 GWd/MTU. Required cooling (decay) time can be variable based on Requirement 3.1.1, item 10
enrichment, burnup, and assembly design.
. A STAD canister shall be capable of being loaded with SNF from all facilities that are licensed by . .
23 | STAD Canister the NRC and hold a contract with DOE for disposal of SNF. Requirement 3.1.1, item 11
24 | STAD Canister | All external edges of the STAD canister shall have a minimum radius of curvature of 0.25 in. Requirement 3.1.1, item 12
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Performance Specification for Small and Medium Standardized

No. | Component Transportation, Aging, and Disposal Canister Systems, Notes Type and Section
FCRD-NFST-2014-000579, July 2014
25 | STAD Canister To the exteqt practicable, projections gr protuber_ances from reasonably smooth adjacent surfaces Requirement 3.1.1, item 13
shall be avoided or smoothly blended into the adjacent smooth surfaces.
26 | STAD Canister Thg STAD camstgr shall be de§|gneq to stgre SNF at a utility site in accordance with 10 CFR Part Requirement 3.1.1, item 14
72 in either a horizontal or vertical orientation.
27 | STAD Canister | A STAD canister shall be designed to transport SNF in a horizontal configuration. Requirement 3.1.1, item 15
STRUCTURAL C Section 3.1.2
Note that the seismic analysis should consider the guidance in
HLRWS-1SG-01.
A STAD canister in a storage/aging configuration shall be designed to meet the leak-tight
. acceptance criterion defined in ANSI N14.5-97, taking into consideration structural loads during Syed Bokhari provided information, via email on 11/13/14, that the _ _
28 | STAD Canister . . . . . . . . . . . Requirement 3.1.2, item 1
normal operations and due to off-normal conditions and design basis accidents, including both STAD canister will be designed for 0.75g and the storage cask will be
operational events (e.g., drops) and natural phenomena events (e.g., seismic). designed for 0.25g, which will be suitable for east coast ISF locations,
noting that the 0.25g was subsequently revised to 0.21g at the 1/6/15
30% Task Completion Review meeting
The STAD canister structural design shall take into consideration the impact of aging on the
29 | STAD Canister canlgter based qn a sferwce Ilfgtlme of 150 years (from the time the car.uste.r is loaded Wlth SNF to Requirement 3.1.2, item 2
the time the canister is loaded into a waste package) that could potentially include multiple dry
storage and transportation cycles.
. The STAD canister is not required to have a flat bottom; the use of impact limiters (e.g., skirts, . .
30 | STAD Canister . a . o P €9 Requirement 3.1.2, item 3
concave bottom plate), if required in the structural design, is acceptable.
THERMAL C Section 3.1.3
_ UNF cladding temperatures in STAD canisters shall meet applicable limits established in NRC . . . .
31 | STAD Canister . g P . ures | ! bl m ! ! Maximum fuel temperature is 400C Requirement 3.1.3, item 1
Review Plans and guidance documents.
32 | STAD Canister | Canister cooling features and mechanisms shall be passive. Requirement 3.1.3, item 2
_Table 1. Thermal Conditions for Cladding i )
Concept Canister Size Thermal Repository | Information
(PWR/BWR) | Power (W) Ambient Sources
Temperatur
e (°C)
| Crystalline 4/9 1,700 100 Note |
Clay/Shale 4/9 1.700 100 Note 2
The peak thermal power output of the STAD shall not exceed the values presented in Table 1 (see A ;,‘,‘;“f,‘,f;,“,'c'jj,i}:‘, 123 7000 200 Hote 3
33 | STAD Canister Notes) at emplacement for the listed repository concepts. Notes: Requirement 3.1.3, item 3

NOTE. Canister size 12/32 is not applicable to Task Order 18.

1. Emplacement thermal power criterion for the KBS-3 disposal concept (SKB 2006:
Section 5, various subsections). The KBS-3 package can accommodate 4 PWR
assemblies or 12 BWR assemblies. This emplacement power limit is consistent with
Hardin et al. (2012; Figures 3.1-15 and 3.1-16) and the decay curves from Hardin et al.
(2013: Figure 2-1), which together show that expected power levels are enveloped by
1,700 W, for fuel burnup up to 60 GWd'MTHM.

Analogous to the crystalline repository. Whereas the ex-canister properties and
temperatures would be different for a clay/shale repository, and the emplacement power
limit could be different based on ex-canister effects, the intra-canister heat transfer
requirement is the same.

From generic studies summarized by Hardin et al. (2012, Figure D-5).

o

[75)
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No.

Component

Performance Specification for Small and Medium Standardized
Transportation, Aging, and Disposal Canister Systems,
FCRD-NFST-2014-000579, July 2014

Notes

Type and Section

DOSE AND SHIELDING C

Section 3.1.4

34

STAD Canister

The STAD canister shall meet the dose rate and shielding requirements for Storage and
Transportation in 10 CFR Parts 71 and 72, including applicable Acceptance Criteria in associated
Review Plans (NUREG-1536, NUREG-1567, and NUREG-1617), including applicable NRC SFST
ISG documents.

Must address normal conditions of operation (NCT) and hypothetical

accident conditions (HAC).

Requirement 3.1.4, item 1

35

STAD Canister

The combined neutron and gamma integrated average dose rate over the top surface of a loaded
STAD canister shall not exceed 800 mrem/hr on contact.

Requirement 3.1.4, item 2

36

STAD Canister

The STAD canister shall be designed such that contamination on an accessible external surface
shall be removable to 1,000 dpm/100 cm2 i beta.

Requirement 3.1.4, item 3

CRITICALITY C

Section 3.1.5

37

STAD Canister

The STAD canister shall meet the criticality safety requirements for Storage and Transportation in
10 CFR Parts 72 and 71, including applicable Acceptance Criteria in associated Review Plans
(NUREG-1536, NUREG-1567, and NUREG-1617), including applicable NRC SFST ISG
documents.

Requirement 3.1.5, item 1

38

STAD Canister

The STAD canisters shall include sufficient criticality control features such as fixed neutron
absorbers (plate or other form), geometry controls, moderator displacement features, or a
combination of features to ensure subcriticality for the entire commercial PWR and BWR SNF
inventory.

Requirement 3.1.5, item 2a

39

STAD Canister

Neutron absorber plates or tubes made from borated stainless steel produced by powder metallurgy
and meeting ASTM A887-89, Standard Specification for Borated Stainless Steel Plate, Sheet, and
Strip for Nuclear Application, Grade "A" alloys.

Requirement 3.1.5, item 2a (i)

40

STAD Canister

Minimum thickness of neutron absorber interstitial to fuel assemblies shall be 0.4375 in. Maximum
and nominal thickness may be based on structural requirements. Multiple plates may be used if
corrosion assumptions (250 nm/year) are taken into account for all surfaces such that 6 mm
remains after 10,000 years.

Requirement 3.1.5, item 2a (ii)

41

STAD Canister

The neutron absorber plate shall have a boron content of 1.1 wt % to 1.2 wt %, a range that falls
within the specification range for 304B4 (UNS S30464) as described in ASTM A887-89, Standard
Specification for Borated Stainless Steel Plate, Sheet, and Strip for Nuclear Application.

Requirement 3.1.5, item 2a (iii)

42

STAD Canister

Neutron-absorbing material shall extend the full length of the active fuel region inclusive of any axial
shifting within the STAD canister.

Requirement 3.1.5, item 2a (iv)

CONFINEMENT AND CONTAINMENT C

Section 3.1.6

43

STAD Canister

The STAD canister design shall meet the applicable 10 CFR 72 requirements for a SNF storage
confinement boundary. The canister design must be sufficient to address the staff review criteria in
NUREG-1536, including applicable NRC SFST ISG documents.

Requirement 3.1.6, item 1

44

STAD Canister

Helium shall be the only gas used for final backfill operations.

Requirement 3.1.6, item 2

45

STAD Canister

The STAD canister shell and lid shall be designed and fabricated in accordance with ASME Boiler
and Pressure Vessel Code, Section Ill, Division 1, Sub- section NB or NC (for Class 1 Components)
to the extent practicable.

Requirement 3.1.6, item 3

46

STAD Canister

The vendor shall identify applicable code exceptions, clarifications, interpretations, and code cases.

Requirement 3.1.6, item 3
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No.

Component

Performance Specification for Small and Medium Standardized
Transportation, Aging, and Disposal Canister Systems,
FCRD-NFST-2014-000579, July 2014

Notes

Type and Section

a7

STAD Canister

In accordance with industry standards and regulatory guidance, the STAD canister shall be
designed to facilitate the following: a) Draining and drying to remove water vapor and oxidizing
material, b) Filling with helium, and c¢) Limiting maximum allowable oxidizing gas concentration
within the loaded and sealed STAD canister to preclude significant corrosion of the canister
internals.

Requirement 3.1.6, item 4 (a),
(b) and (c)

48

STAD Canister

All proposed transportation design functions for the STAD canister pressure boundary, such as
containment and/or moderator exclusion for normal transportation and hypothetical accident
conditions shall be defined and explained.

Requirement 3.1.6, item 5

OPERATIONS C

Section 3.1.7

49

STAD Canister

The STAD canister lid shall be designed for handling under water with the STAD canister in a
vertical orientation.

Requirement 3.1.7, item 1

50

STAD Canister

The STAD canister body and lid shall have features to center and seat the lid during submerged
installation. The maximum off-center value is %z in.

Requirement 3.1.7, item 2

51

STAD Canister

A feature for lifting a vertically oriented, loaded STAD canister from the lid shall be provided. The
lifting feature may be integral with the lid or mechanically attached.

Requirement 3.1.7, item 3

52

STAD Canister

An open, empty, and vertically oriented STAD canister shall have integral lifting feature(s) provided
to allow lifting by an overhead handling system.

Requirement 3.1.7, item 4

53

STAD Canister

The STAD canister shall be designed with features such that draining, drying, backfill, and welding
operations take advantage of fAas | ow as reaso

Requirement 3.1.7, item 5

MATERIALS C

Section 3.1.8

54

STAD Canister

It is suggested that, except for thermal shunts and criticality control materials, the STAD canister
and structural internals (i.e., basket) be constructed of a Type 300-series stainless steel (UNS
S3XXXX, such as UNS S31603, which may also be designated as type 316L) as listed in ASTM A-
276-06, Standard Specification for Stainless Steel Bars and Shapes. However, other materials may
be considered provided they are compatible with all other requirements in this performance
specification.

Requirement 3.1.8, item 1

55

STAD Canister

General guidance for materials used in dry storage casks and transportation packages is given in
NUREG-1536.

Requirement 3.1.8, item 2

56

STAD Canister

The following are design and performance requirements beyond those in NUREG-1536: a)
Materials are selected to accommodate the effects of, and to be compatible with, known ISFSI site
characteristics, environmental conditions, and the 150-year design life of the canister prior to
placing it in a waste package, b) b) Components of the STAD should not react with one another, or
with the cover gas or SNF, in a manner that may adversely affect safety. Additionally, corrosion of
components inside the containment vessel should be effectively prevented, and c) Potential
problems from uniform corrosion, pitting, stress corrosion cracking, or other types of corrosion
should be evaluated for the environmental conditions and dynamic loading effects that are specific
to the component. Because it is assumed that a waste package will be used for disposal, this refers
to environmental conditions during storage or aging and transport.

Requirement 3.1.8, item 2 (a),
(b) and (c)

57

STAD Canister

Weld specifications for non-closure welds are provided in the ASME Boiler and Pressure Vessel
Code, Section Il. Guidance for the closure welds is provided in NUREG-1536.

Requirement 3.1.8, item 3
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Performance Specification for Small and Medium Standardized

No. | Component Transportation, Aging, and Disposal Canister Systems, Notes Type and Section
FCRD-NFST-2014-000579, July 2014
Canister design shall ensure that all external STAD canister welds have the capability to be readily
58 | STAD Canister | post-weld treated for stress mitigation at reactor sites, using methods such as thermal annealing, Requirement 3.1.8, item 4
shot- or laser-peening, or low-plasticity burnishing.
All metal surfaces shall meet surface cleanliness classification C requirement defined in ASME
59 | STAD Canister | NQA-1-2000 Edition, Subpart 2.1, Quality Assurance Requirements for Cleaning of Fluid Systems Requirement 3.1.8, item 5
and Associated Components for Nuclear Power Plants.
60 | STAD Canister The STAD canister and its basket materials shall be designed to be compatible with either borated Requirement 3.1.8, item 6
or unborated pool water.
The following is a list of prohibited or restricted materials: a) The STAD canister shall not have
organic, hydrocarbon-based materials of construction, b) The STAD canister shall not be
61 | STAD Canister constructed of pyrophoric materials, and ¢) The STAD canister, including the steel matrix, gaskets, Requirement 3.1.8, item 7 (a),
seals, adhesives and solder, shall not be constructed with materials that would be regulated as (b) and (c)
hazardous wastes under the Resource Conservation and Recovery Act (RCRA) and prohibited from
land disposal under RCRA if declared to be waste.
The following is a list of marking requirements: a) The STAD canister shall be capable of being
marked on the lid and body with an identical unique identifier prior to delivery for loading, b) The
. markings shall remain legible without intervention or maintenance during/after any of the following Requirement 3.1.8, item 8 (a),
62 | STAD Canister | events. (b) and bullets one and two
A The entire service |ife prior to being plac
A Nor mal operations to include | oading, cl osu
disposal waste package
SECURITY C Section 3.1.9
The STAD and its storage cask, module, vault, etc., shall be designed to permit compliance with the
63 | STAD System | requirements of 10 CFR Part 73, Physical Protection of Plants and Materials, as applicable to Requirement 3.1.9, item 1
storage of SNF at an ISFSI license under 10 CFR Part 72.
SPACE UTILIZATION C Section 3.2.1
Storage And Storage and aging configurations shall meet 10 CFR Part 72 and shall have the capability to . .
64 Aging e . Requirement 3.2.1, item 1
. : maintain the STAD canister for 150 years.
Configuration
Storage And Storage and aging configurations for STAD canisters include the potential use of overpacks, _ .
65 Aging Requirement 3.2.1, item 1
. . modules, or vault systems.
Configuration
Storage And
66 Aging Overpacks/modules may be designed to handle single or multiple STAD canisters. Requirement 3.2.1, item 1
Configuration
67 Stofggi(na;nd Val_JIt systems will provide similar functions to storage/aging overpacks or modules but may contain Requirement 3.2.1, item 1
. . active components.
Configuration
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Performance Specification for Small and Medium Standardized

No. | Component Transportation, Aging, and Disposal Canister Systems, Notes Type and Section
FCRD-NFST-2014-000579, July 2014
SEISMIC AND ENVIRONMENTAL C Section 3.2.2
68 Stofgii And All storage configurations should be designed to be able to meet 10 CFR Part 72. The guidance in Requirement 3.2.2. item 1
.g g . HLWRC-ISG-01 should be considered in the seismic analysis. q T
Configuration
SHIELDED TRANSFER CASK (STC) C Section 3.3
. The STC shall be designed in accordance with applicable 10 CFR Part 72 requirements to transfer
Shielded . . L . . .
69 a loaded STAD canister prior to loading into a storage/aging overpack/module/vault or Requirement 3.3, item 1
Transfer Cask .
transportation overpack.
SITE TRANSPORTER C Section 3.4
Site The site transporter shall be designed in accordance with applicable 10 CFR Part 72 requirements . .
70 Transporter | to transport loaded and unloaded STCs at an ISFSI or ISF. Requirement 3.4, item 1
TRANSPORTATION OVERPACK - GENERAL C Section 3.5.1
Transportation The transportation overpack requirements are specified in 10 CFR 71 for a SNF transportation
71 Ov:r ack package. The transportation overpack design must be sufficient to address the staff review criteria Requirement 3.5.1, item 1
P in NUREG-1617, including applicable SFST ISG documents.
79 Transportation | The .trans.portapon overpack cavity shall accommodate a STAD canister or canisters (potentially in a Requirement 3.5.1, item 2
Overpack multi-canister fixture).
73 Transportation | The jtransportatlon overpack shall function with the STAD canister that meets the requirements of Requirement 3.5.1, item 3
Overpack Section 3.1.
74 Transportation The. Ioade_d trar!sportatmn overpack (without impact limiters) shall be designed to be lifted in a Requirement 3.5.1, item 4
Overpack vertical orientation by an overhead crane.
75 Transportation | The loaded transport_at|on overpack (yvnhout |mpgct limiters) shall bfa_ able to stand upright when set Requirement 3.5.1, item 5
Overpack down upon a flat horizontal surface without requiring the use of auxiliary supports.
Lifting attachments and appurtenances on transportation overpacks, overpack lids, and impact
76 Transportation | limiters shall be designed, fabricated, inspected, and tested in accordance with NUREG-0612, Requirement 3.5.1. item 6
Overpack Control of Heavy Loads at Nuclear Power Plants, particularly subsection 5.1.6 for single failure- q o
proof lifting systems.
77 Transportation The transportation overpack shall minimize the number of transportation operations and required Requirement 3.5.1, item 7
Overpack railcars.
TRANSPORTATION OVERPACK - STRUCTURAL C Section 3.5.2
Transportation A loaded STAD canister contained within a transportation overpack assembled with any other
78 Ovepr ack components included in the packaging, as defined in 10 CFR Part 71, shall meet the requirements Requirement 3.5.2, item 1
P as specified in 10 CFR Part 71, as evidenced by a valid Certificate of Compliance.
TRANSPORTATION OVERPACK - THERMAL C Section 3.5.3
79 Transportation | During normal operations, the SNF cladding temperature in the STAD canister shall not exceed Requirement 3.5.3, item 1
Overpack 752°F.
80 Trzglvs;(:;zion Transportation overpack cooling features and mechanisms shall be passive. Requirement 3.5.3, item 2
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No. | Component Transportation, Aging, and Disposal Canister Systems, Notes Type and Section
FCRD-NFST-2014-000579, July 2014
TRANSPORTATION OVERPACK - DOSE AND
. Section 3.5.4
SHIELDING C
Transportation The transportation overpack impact limiters shall include design and handling features that use
81 Ovepr ack standardized tools and features that simplify removal operations. Standard tools are those that can Requirement 3.5.4, item 1
P be found in industrial tool catalogs.
. Transportation overpack shall be designed such that contamination on accessible external surfaces . .
Transportation ) . . . - Requirement 3.5.4, items 2(a)
82 Overpack shall be removable to: a) 1,000 dpm/100 cm2 i beta-gamma with a wipe efficiency of 0.1 and 2) 20 and 2(b)
P dpm/100 cm2 i alpha with a wipe efficiency of 0.1.
TRANSPORTATION OVERPACK - CRITICALITY C Section 3.5.5
83 Transportation No specific requirements beyond those of 10 CFR Part 71. Requirement 3.5.5, item 1
Overpack
TRANSPORTATION OVERPACK - CONTAINMENT C Section 3.5.6
84 Transportation | The transportation overpack shall have sealed mechanical closures and meet the requirements for Requirement 3.5.6. item 1
Overpack the containment boundary specified in 10 CFR 71 for a SNF transportation package. g R
85 Transportation | The transportation overpack design must be sufficient to address the staff review criteria in Requirement 3.5.6. item 1
Overpack NUREG-1617, including applicable SFST ISG documents. q B
TRANSPORTATION OVERPACK - OPERATIONS C Section 3.5.7
. Normal operational procedures shall not require submergence of transportation overpack into a
Transportation . . . . . . .
86 Overpack spent fuel pool at the repository or loading site. Transportation overpacks may be submerged in a Requirement 3.5.7, item 1
P pool in unusual or off-normal circumstances.
87 Transportation | Transportation overpack shall have closures that can be bolted and unbolted using standard tools. Requirement 3.5.7. item 2
Overpack Standard tools are those that can be found in industrial tool catalogs. q B
The transportation overpack shall have trunnions that meet the following requirements: a) There Syed Bokhari advised, via email on 11/13/14, that the specification
. shall be two upper (lifting) trunnions with the centerline located between 8 and 24 in. from the top of | requirements regarding the trunnion location are basically to ensure . .
Transportation . . . . . . . ) . ) Requirement 3.5.7, items 3(a),
88 Overpack the transportation overpack, b) There shall be two lower (rotation) trunnions with the centerline maximum ALARA benefits. If a different location is more suitable from 3(b) and 3(c)
P located less than 36 in. from the bottom of the transportation overpack, and c) The centerline of operational considerations, it will be acceptable as long as ALARA
each trunnion set shall be outside the area of the SNF region to provide maximum ALARA benefits. | benefits are ensured and dose levels are justifiable
TRANSPORTATION OVERPACK - MATERIALS C Section 3.5.8
Transportation | Materials selections shall be as necessary to meet requirements of 10 CFR Part 71 and other . .
89 . . e Requirement 3.5.8, item 1
Overpack requirements of this specification.
TRANSPORTATION OVERPACK - SECURITY C Section 3.5.9
Transportation The transportation overpack shall be designed to permit compliance with the applicable
90 Oveprpack requirements of 10 CFR Part 73, Physical Protection of Plants and Materials, for transportation of Requirement 3.5.9, item 1

spent nuclear fuel.
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No.

Component

Performance Specification for Small and Medium Standardized
Transportation, Aging, and Disposal Canister Systems,
FCRD-NFST-2014-000579, July 2014

Notes

Type and Section

TRANSPORTATION OVERPACK -
TRANSPORTATION SKID C

Section 3.6

91

Transportation
Overpack

Transportation skid shall be designed to permit the loaded transportation overpack, without impact
limiters, to be upended by rotation about its lower trunnions and removed from the transportation
skid in a vertical orientation via overhead crane.

Requirement 3.6, item 1

92

Transportation
Overpack

The transportation skid to be used with the STAD canister-based system shall have the following
characteristics: a) secures the transportation overpack during normal conditions of transport in
accordance with requirements of 10 CFR Part 71.45, b) secures to the railcar in accordance with
requirements of AAR Interchange Rule 88, A.16.c.3. (AAR Field Manual 2014), and c) facilitates
lifting of the loaded package in its transportation configuration, including the skid and impact
limiters, and transfer of the package from one conveyance to another.

Requirement 3.6, items 2(a),
2(b) and 2c

Task Order 18, Statement of Work, Generic Design for Small Standardized
Transportation, Aging, and Disposal Canister System

93

General

The contractor shall develop a generic design of a small (4 PWR/9 BWR) STAD canister system.
The STAD canister system consists of:

1. a canister shell;

2. lid(s)

3. internal components (e.g. basket for holding fuel assemblies, thermal shunts, and neutron
absorbers, etc.);

4. a canister transfer system;

5. storage options, including a multi-canister storage overpack, and a vault storage configuration;

6. transportation options, including a multi-canister transportation overpack, and associated impact

limiters

Requirement 2.0
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At the 30% Task Completion Review meeting on January 6th, 2015,
with the DOE, it was noted that the loaded STAD canisters need to be
capable of being handled in both the vertical and horizontal
orientation. They also need to be capable of being loaded into
storage modules both horizontally and vertically. DOE is willing to
accept engineering judgment where appropriate; however, analyses
should be performed for areas having greater uncertainty, such as
thermal performance. The Contractor may focus analyses on vertical
. . r in a multi-canister stor verpack and on horizontal stor
The contractor should provide analyses that demonstrate that the STAD can be stored in the stq agg a multi-ca gte stq age overpack and on horizonta sto.age
) ) . ) . . . . of individual STAD canisters in an above-grade vault. Demonstrating
following storage configurations: 1) multi-canister storage overpack in horizontal or vertical mode . . . . .
Storage . . : the capability for horizontal vault storage of a multi-canister carrier _
94 . . and 2) vault. In this case, a vault is an above or below grade storage system designed as a . o . ) Requirement 2.0
Configurations i : . i system, in lieu of individual canisters, is also acceptable.
hardened reinforced concrete structure with an above grade structure providing an operating area
for canister placement, storage, and removal.
P 9 At the second workshop from January 27th to 28th, 2015, there was a
discussion on what options the ES Team should look at for above-
grade vault storage. It was agreed that storing single STAD canisters
in a NUHOMS type system will not be a challenge and the canisters
will be designed to be pushed and pulled. What is of particular
interest to the DOE is the concept of operations for how individual
canisters can be extracted from a carrier and placed horizontally into
a storage module, noting that for vertical storage the canisters will be
stored in the carrier.
Transport The contractor should demonstrate that the STAD can be transported in a horizontal mode in a .
95 . . . . . Requirement 2.0
Configuration | multi-canister transportation overpack.
The contractor shall perform analyses on radiation dose, heat load, criticality, and structural
integrity.
The design information to be developed by this procurement will support analyses and planning
related to the waste management system. Therefore, the level of design detail required is limited to
this intended usage, which requires reliable estimates of STAD canister system characteristics,
Design, such as capacity, dimensions, component masses and costs, operational characteristics and .
.g . pacity o p . ) . . p A data template was provided by the DOE at the second workshop .
96 Analysis and | attributes, and any limitations or anticipated licensing considerations of relevance. Requirement 2.0
: (1/27/15 to 1/28/15).
Required Data
Design and design analyses should be sufficient to provide reasonable assurance that each STAD
canister system design is viable and has the capability to meet the fundamental licensing
requirements for transportation and storage, thereby providing confidence in the reliability of the
provided data.
At this time SAR level design is not required.
97 | Cost Estimate | The contractor shall provide cost estimates for each piece of the STAD system. Requirement 2.0
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98 Licensability | The STAD canister systems must ultimately be NRC licensable. Requirement 2.0

The STAD canister systems must be able to be fabricated within current facilities and capabilities,

99 Fabricabilit . i .
Y| and have features that allow for uncomplicated manufacturing and operations.

Requirement 2.0

The STAD canister systems must be usable by all or most nuclear facilities within their various

100 Usability physical and operational constraints.

Requirement 2.0

101 Transport The STAD canister systems must be able to be transported via rail. Requirement 2.0

As part of the Final Report and Briefing (Subtask 2.4 below), the contractor should develop
information to communicate to decision makers and stakeholders (fact sheets, solid works Requirement 2.0
representations, animation, etc.).

Marketing

102 Material
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Appendix E - Outline Drawings for Generic Design for STAD Canister System

4
. QTY NOMENCLATURE/DESCRIPTION MATERIAL/REFERENCE ITEM
G E N E RAL NOTES . (UNLESS OTHERWISE SPECIFIED)
1 BOTTOM PLATE, 2 INCH THK ASME SA-240, TYPE 316L 1
1. ALL DIMENSIONS SHOWN IN INCHES UNLESS OTHERWISE NOTED. 1 CANISTER BODY, 1/4 INCH PLATE ASME SA-240, TYPE 316L 2
> ITEM 2 MAY INCLUDE FULL-PENETRATION SEAM WELDS. 1 SUPPORT RING, 1/2 INCH PLATE ASME SA-240, TYPE 316L 3
1 SHIELD PLUG ASME SA-240, TYPE 316L 4
> WELDS SHALL RECEIVE NDE IN ACCORDANCE WITH NB-5000. 1 TOP PLATE, 2 INCH PLATE ASME SA-240, TYPE 316L 5
> WELDS SHALL RECEIVE NDE IN ACCORDANCE WITH NG-5000. A 1 GRAPPLE RING CYLINDER, 1 3/4 INCH PLATE ASME SA-240, TYPE 316L 6
> OPTIONALLY ITEM 4 MAY BE FABRICATED FROM TWQO SEPARATE L GRAPPLE RING PLATE, 1 INCH PLATE ASME SA-240, TYPE 3161 !
5
PLATES JOINED BY A 3/8 INCH PARTIAL PENETRATION GROOVE 24 | SPACER PLATE, 3/4 INCH PLATE ASME SA-240, TYPE 316L 8
WELD ALL-AROUND. 1 TOP END SPACER PLATE, 28.25 DIA X 2 INCH PLATE ASME SA-240, TYPE 316L 9
> THE FINISHED SHELL ASSEMBLY (ITEMS 1,2, 3, 15, & 16) SHALL BE |4 | SUPPORTBAR, 1 INCH THK ASME SA-240, TYPE 3161 10
HYDROSTATICALLY TESTED IN ACCORDANCE WITH THE 4 GUIDE TUBE, 16 GA. (0.0595 INCH THK) ASME SA-240, TYPE 316L 11
REQUIREMENT QF NB-8000. 6 | NEUTRON ABSORBER PLATE #1, 7/16 INCH PLATE ASTM A887-89, GRADE A 12
> HELIUM LEAKAGE RATE TESTING SHALL BE PERFORMED ON ALL 4 NEUTRON ABSORBER PLATE #2, 7/16 INCH PLATE ASTM A887-89, GRADE A 13
CANISTER SHELL PRESSURE BOUNDARY SHOP WELDS TO THE ]
LEAKTIGHT CRITERIA OF ANS| N14.5. 40 NEUTRON ABSORBER PLATE #3, 7/16 INCH PLATE ASTM A887-89, GRADE A 14
1 DRAIN/VENT PORT BODY ASME SA-240, TYPE 316L 15
oeo 2 DRAIN/VENT PORT TOP ASME SA-240 OR SA-479, TYPE 316L 16
(, 1 SIPHON TUBE, 3/4 INCH DIA X 18 GA. ASTM A249 OR A269, TYPE 304 17
0 pL 1 TUBE FITTING, 3/4 INCH DIANPT SWAGELOK (SS-1210-1-2) 18
1 QUICK CONNECT BODY, 1/2 INCH MNPT SWAGELOK (SS-QC8-B-8PMIS) 19
1 QUICK CONNECT STEM, 1/2 INCH MNPT SWAGELOK (SS-QC8-D-8PMIS) 20
Sl ° 2 DRAIN/VENT PORT COVER ASME SA-240, TYPE 316L 21
CJP, OPTIONAL
WELD
NOTE: —
SHELL PARTIALLY g K rersoaey = 2345 STEVENS DRIVE, SUITE 240
REMOVED FOR - E S RICHLAND, WA 99354
. NAC NERGYYOLUTIONS
CLARlTY N/A \E‘,'('el”un |\}[ RNATIONAL CONTRACTNO.  DE-NE-D000283 | ProsECT NO 205591
J/© T e TASK ORDER 18
N~ B | FINAL REPORT ISSUE Fc | ss - [anans i::?:: S SISLEY zies § STORAGE TRANSPORT AGING & DISPOSAL
APPROVED 4P ASSEMBLY AND DETAILS
EX PAN D E D VI EW A | PRELIMINARY DESIGN ISSUE Fc | ss N/A [2119/15 = " o _
_ REV DESGRIPTION pRWN| ENG | GHK | APvD| 1DV | DATE zz;’:USEDON B No. DWG-205591-ME-0005 FEJ
SCALE: NONE REVISICNS SCALE SHOWN | sHEET 1 OF 13
3
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NOTES:

FOR GENERAL NOTES AND PARTS LIST SEE SHEET 1.
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\ 4
NOTES:
FOR GENERAL NOTES AND PARTS LIST SEE SHEET 1.
|
SECTION F-F SECTION E-E
SCALE: 1/8
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