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ABSTRACT

This report provides a graded approach for classification of components used in
transportation packaging and dry spent fuel storage systems. This approach
provides a method for identifying the classification of components according to
importance to safety within transportation packagings and dry spent fuel storage
systems. Record retention requirements are discussed to identify the docu-
mentation necessary to validate that the individual components were fabricated in
accordance with their assigned classification. A review of the existing regulations
pertaining to transportation packagings and dry storage systems was performed to
identify current requirements. The genera! types of transportation packagings and
dry storage systems were identified. Discussions were held with suppliers and
fabricators of packagings and storage systems to determine current practices. The
methodology used in this report is based on Regulaiory Guide 7.10, Establishing
Quality Assurance Programs for Packaging Used in the Transport of Radioactive
Material. This report also includes a list of generic components for each of the
general types of transportation packagings and spent fuel storage systems. The
safety importance of each component is discussed, and a classification category is
assigned.

Job Code J5052—Classification of Components According to Importance to Safety
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EXECUTIVE SUMMARY

This report describes a method for determining
the classification of components used in trans-
portation packagings and dry spent fuel storage
systems according to importance to safety. A
review was performed of the rules, regulations,
regulatory guidance, and various reports
associated with the design, fabrication, and certi-
fication of transportation packagings and spent
fuel storage systems. Discussions were heid with
several suppliers and fabricators of packagings
and storage containers (o establish current prac-
tices.

For the purposes of this report, transportation
packagings are divided into five categories:
(a) Low Specific Activity (LSA), (b) Type A

Xt

(Fissile), (¢) Type B (Normal Form), (d) Type B
(Special Form), and (e) Type B (Fissile). Also
presented is a method for grouping dry spent fuel
storage systems as either metal shielded type or
concrete shielded type. Generic components are
defined for each transportation packaging and
spent fuel storage system,

The components in the packagings and storage
systems were grouped into one of three classifica-
tion categories in accordance with the principles
outlined in Regulatory Guide 7.10. A discussion
of the rationale for classification category assign-
ment is preserted in this report. Clarification of
the quality assurance record requirements of Reg-
ulatory Guide 7.10 is also included.

NUREG/CR-6407



Classification of Transportation Packagings
and Dry Spent Fuel Storage System Components
According to Importance to Safety

1. INTRODUCTION

The U.S. Nuclear Regulatory Commission’s
(NRC's) Office of Nuclear Material Safety and
Safeguards has established an inspection program
for transportation packagings and dry spent fuel
storage systems. This inspection program is
designed to ascertain that transportation packag-
ings and dry storage systems are designed, tested,
fabricated, maintained, and used in accordance
with requirements of Title 10 of the Code of Fed-
eral Regulations (CFR) Parts 71 and 72,12

10 CFR Part 71 provides for a graded approach
to specifying quality assurance (QA) criteria for
the development of transportation packagings.
General QA guidance for transportation packag-
ings has been provided in Regulatory Guide
7.10.3 However, the graded approach has been
difficult to apply. There have been difterences in
interpreting the different classifications for vari-
ous container components. In some cases, signifi-
cant rework and component rejection have
resulted from the differences in interpretations for
applying the graded aj oroach to transportation
packagings and spent fuel storage systems.

To ensure consistency in interpreting the
graded approach to assigning QA criteria, the
NRC has requested the Idaho National Engineer-
ing Laboratory to investigate methods for apply-

ing the graded approach to the following types of
containers. Table 1 provides descriptions used to
identify each container.

e  Transportation packagings: Low Specific
Activity (LSA), Type A (Fissile), Type B
(Normal Form), Type B (Special Form), and
Type B (Fissile)

e  Dry spent fuel storage systems: Metal
shielded type and concrete shielded type.

In a joint undertaking by the Idaho National
Engineering Laboratory and the Office of
Nuclear Material Safety and Safeguards, a system
has been developed for identifying the safety
classification of components on transportation
packagings and spent fuel storage containers.
This report documents the system and is provided
in five sections: background, classification cate-
gories, quality assurance record retention, trans-
portation packagings, and dry spent fuel storage
systems. This document is limited to the design
and fabrication of transport packagings and spent
fuel storage containers. This report is to serve as a
guide for determination of classification catego-
ries for transport packaging and storage cask
components. Licensing submittal requirements
specifying categories will be evaluated on an
application-specific basis.

NUREG/CR-6407



Introduction

Table 1. Descriptions of transportation packagings and dry spent fuel storage systems.

Container Type

Description

LSA

Type A (Fissile)

Type B (Normal Form)

Type B (Special Form)

Type B (Fissile)

Metal shielded type dry
spent fuel storage system

Concrete shielded type
dry spent fuel storage
system

A packaging designed to transport normal form radioactive material that
meets the requirements for low specific activity (LSA) and has a towal
radioactivity greater than an A,® quantity (e.g., low-level waste),

A packaging designed to transport fissile material that does not meet the
fissile material exemption standards in 10 CFR 71.53! and has a total
radioactivity that does not exceed an A ,* or A, quantity (e.g.,
unirradiated nuclear reactor fuel).

A packaging designed to transport normal form radioactive material that
nas a total activity greater than an A quantity (e.g., waste material that
exceeds LSA concentration).

A packaping designed to transport special form radioactive material that
has a total activity greater than an A quantity (e.g., radiography
sources).

A packaging designed to transport fissile material that does not meet the
fissile material exemption standards in 10 CFR 71.53' and has a total
radioactivity greater than an A or an A; quantity (e.g., irradiated nuclear
reactor fuel).

A system designed to store dry spent nuclear reactor fuel at an
independent spent fuel storage installation or monitored retrievable
storage facility. A cask may be comprised of a containment system and
several layers of shielding metal.

A system designed to store dry spent nuclear reactor fuel at an
independent spent fuel storage installation or monitored retrievable
storage facility. Spent fuel is placed inside a cask that is placed inside a
concrete structure.

a.  Defined in 10 CFR Part 71.4 as the maximum activity of radioactive material permitted in a Type A package
(in Ci) where A applies to Special Form and A applies to Normal Form. Values of A and A; for specific
radionuclides are listed in Appendix A of 10 CFR Part 71.
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3. CLASSIFICATION CATEGORIES
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component 1s

tables serve as general guidance for deter

nent. The assignment of a category different from

Importance to
\_;!;‘.‘

classinicatnion

aleegory

Description

\ Cat

\

who

5

K

A
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faiure

Hems

include structures onents, and systems

Ccti

comg

could directly result 1in a condition adversely

fecting public health and safety. The failure of a single iten

iegon H Hems
fatlure

ndition adversely affecting public health and safety

who

¢

primary containment ieading to release of

of shielding, or unsafe geometry

loss

tcanty control

include structures, components, and systems

or malfunction could indirectly result in a

['he

lure of a Category B item, in conjunction with the failure of

o

n additional 1tem

Category (

could result in an unsafe condition

items include structures, components, and systems

whose failure or malfunction would not significantly reduce th

packaging effectiveness and would not be likely to create a

situation adversely affecting public health and safety

From Appendix A «

1} k(‘."‘Lil.n wy Guide

R
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Table 3.

Classification Categories

Definitions for primary function categories

Function

Description

Containment

Cnticality control

Shielding

Heat transfer

Structural integrity

Operations support

The components and supporting materials that are incorporated into the container
design for the purpose of retaining the radioactive material during normal and
accident conditions

The components and supporting materials that are incorporated into the container
design for the purpose of maintaining the contents in a subcritical configuration
during normal and accident conditions

The components and supporting materials that are incorporated into the container
design for the purpose of reducing radiation emitted by the contents during normal
and accident conditions

I'he components and supporting materials that are incorporated into the container
design for the purpose of decay heat removal under normal conditions and
protecting temperature-sensitive components (e.g., lead shielding and seals) under
accident conditions

I'he components and supporting materials that are incorporated into the container
design for the purpose of maintaining the structure in a safe condition during
normal and accident conditions

The components and supporting materials that are incorporated into the container
design for the purpose of routine use (e.g., loading, unloading, use maintenance,
monitoring, and transporting )

Table 4.

Transportation packaging categories,?

Category |

Category Il

Category 11

Grreater than 3.000 A or

Form greater than 30,000 Ci

Normal Greater than 3,000 A or

Form greater than 30,000 Ci

From Regulatory Guide

C'FR Part 71.4 as the maximum activity of radioactive material pe

\.

. "
Reference 4

Greater than 30,000 Ci or
greater than 3,000 A,® or
greater than 3,000 A,

Between 3,000 A and
30 A and not greater than
30,000 Ci

Between 3,000 A- and
30 Aj and not greater than
30000 Cy

§

apphies to Special Form and A applies to Normal Form

listed in Appendix A of 10 CFR Pan 71

Less than 30,000 Ci and
less than 3.000 A, and less
than 3,000 A

Less than 30 A, and less
than 30.000 Ci

Less than 30 A, and less
than 30,000 C;i

rmitted in a Type A package

A and A» for \[l(‘\lfh
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Classification Categories

those indicated in the tabies is acceptable. How
ever, the final classification of each container
component needs to be justified and documentec
by the classifier. We have found that identifying
the classification category of components on the
design documentation is a method that has proven
very helpful in licensing and inspection. The
apphcant may wish to provide such information

at licensing submuttal

Materials used in fabnication are determined in
the design stage through the intended use require
ments of the package. However, the quality of
those materials is specified by the code or stan
dard that is applied to the component. In addition
the codes will often impose controls on the pro
curement, receipt, storage, and use of the materi
als. The container materials may include bulk
material such as metal plate, sheet, castings, weld
metal, and forgings. Also included are items fab
ricated by subtier vendors (e.g., seals, bolts pres
sure relief valves, rupture disks, and special
closure assemblies). Typically, traceability of
matenal, control of chemical and physical proper
ties of the matenals, and i1solation of the material
from nonconforming materials are used to ensure
proper fabrication. Control of the quality of
component 1s often required over scver
vendors, The precise requirements are
mined by the code or standard to which the
ponent 1s built. However, there may be
considerable ditteren
en components

vpe and betweer

NUREG/CR-6407

between similar components of different con
tamer categories in a manner similar to the mate
rials of construction. For example, welds that
attach or join components are the same classifica
tion category as the higher level component
unless a lower classification can be justified
Welds that join a component (such as a cyliner
longitudinal seam weld) are the same classifica
tion as the components they are a part of. Many
requirements for processes (¢.g2., welding and
heat treating) are defined within the code used for
construction. However, for some special pro-
cesses (e.g., pouring gamma shielding), no spe
citic code exists, and approved procedures are
needed to perform the task. Each procedure
requires qualification to ensure conformance to

requirements

As in materials and fabrication, quality stan
dards may vary between components within a
single container type and between similar compo
nents of different container categories. Quality
standards for a Category A component are signifi
cantly more rigorous than for a Category C com
ponent Because there may be no available
manutacturer with a Category A program for
materials such as foam, honeycomb, or wood

ed inimpact iimiters); concrete or lead (used

nelding ). and polymers (used in seals pack
or cask vendors will be allowed to use dedi
ograms to procure

I'his will place more




4. QUALITY ASSIJRANCE RECORD RETENTION

Sections 2 and 3 of this report describe how the
classification categories of individual compo
nents are assigned based on the component’s pri
mary function and its importance to overall
safety. This section summarizes the record reten
hon requirements that are necessary to document
that the individual components were fabricated in

accordance with their assigned classification

QA record retention requirements are specified
n 10 CFR Part 71, Sections 71 91(¢) and 71.135
and in 10 CFR Part 72, Section 72.174. These
sections identity certain documents that need te
be maintained as permanent QA records. Perma
nent QA records are defined in 10 CFR Part 71 as
those documents that are to be retained for 3 years
atter the life of the transportation packaging to
which they apply, while 10 CFR Part 72 defines
those documents that are to be retained for the life

of the storage cask license

Although each design has unique chara
tics that will determine the QA documents
mamntained as permanent records, certain docu
ments 1o be maintained as permanent QA records
are common to both transportatior packagings
and dry storage systems. These documents may
include daesign fabricat
records,; results of reviews
audits: results of monitorir

{ >
and malenals ang

moditicati

the

above

4.1 Category A Components

lk".;‘? aocumentatior
approval of new design

1O existing designs

Results of reviews, audits. and

of work periormance

Documentation to verify review and

approval of qualified vendors

Procurement documents and material certi

fications from qualified vendors to verify

traceability

Qualifications of personnel with responsibi
lities such as welder, nondestructive
examination inspector, lead QA auditor, and

quality control inspector

Approved procedures used for design and
fabrication activities such as welding

Inspection, auditing, and procurement

List of equipment used and documentation

to verity calibration

Inspection and test results for gualification

Y |
4
1
8

and production activities, identification of
inspectors, type ot observation acceplance
critenia, and action taken in connection with
any noted deficiencies

A commercial parts dedication program®
may be used, but all supporting documenta

tion needs to be maintained

4.2 Category B Components

review and
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Quality Assurance Record Retention

¢ Inspection and test results for qualification may be used, but all supporting documenta-
and production activities, identification of tion needs to be maintained.
inspectors, type of observation, acceptance
criteria, and action taken in connection with
any noted deficiencies, 4.3 Category C Components

e A commercial parts dedication program’© ¢ QArecords are not required to be maintained.

NUREG/CR-6407 8



5. TRANSPORTATION PACKAGINGS

This section provides detailed descriptions of
the components that make up transportation pack
agings. Table S (located at the end of this section)
presents the classification categones for the com
ponents of those packagings. The assignment of
classifications different from those in the table 1s
acceptable but must be justified as discussed in
Section 3. The table 1s organized by (a) transporta
tion packaging Categories I, II, and 111 (defined in
lTable 4), and (b) radioactive material contents

5.1 Packaging for LSA
Shipments

I'his section discusses considerations for
assigning classification categories to components
for an LSA packaging. This is a packaging
designed to transport normal form radioactive
maternial that meets the requirements for LSA and
has a total radioactivity greater than an A, quantity
(e.g., low-level waste). Figure |1 depicts a con
ceptual schematnic of the components used in this
type of packaging. The radioactive material is first
placed in an inner container such as a drum or liner
which provides a secondary barner to radioactive
release. The outer vessel or packaging provides the
primary barrier to the release of radioactive mate
rials. When there 1s no inner container, the outer

vessel may have a different function

5.1.1 Category A ltems

There are no ( ategorv A 1ter

pac ".4;‘ ing
5.1.2 Category B ltems

Drain Port Plug. Drain ports are provided
for removal of water from LSA packaging. A
“!u). IS proy ided to close each drain port I'he

plugs also are used to mainiain packaging con

tainment under normal and accident conditions

Drum. When used as an outer shell, the drum
provides support for the contents in both normal
and accident conditions. In order for the radioac

tive matenal to be released, both outer drum and

inner container must be breached. That requires

two failures

Gamma Shielding. Gamma shielding is
used to reduce extemal radiation doses to levels
acceptable for transport. Lead and various steels
have been used in the past for gamma radiation
shielding. The presence and effectiveness of the
shielding 1s subject to testing during fabrication
of the packaging. The shielding usually performs
no function other than shielding and its presence
is sufficient to satisfy its function. The shielding
1s usually enclosed by the inner and outer shells
and, as a solid, i1s not subject to removal during
normal conditions of transport. Under many acci
dent conditions, the shielding remains in place
and still performs the intended function. How
ever, some materials (1.e., lead) may melt in the
event of a fire. Given that an analysis demon
strates that the expansion of the lead will not rup
ture the package containment, the molten material
will remain in place unless the outer shell 1s
breached. Therefore, it would require two fail
ures, loss of the outer shell and melting of the
shielding, to prevent the shielding from perform
ing its intended function. The requirements of a
specific design may dictate that a higher classifi
cation category be a.signed to gamma shielding

IN Some circumstances

Lifting Lugs, Trunnions, and Attach-
ments. LLSA packages may be lifted using spe
1al lugs, trunnions, or special attachments. The
Lifting lugs and attachments are attached to the
packaging but have a limited satety function dur
ing transportation. Failure of a lug will not allow
a breach of containment

I'he lifting lugs are also used inside facilities to
lift the package from a transport skid and place
the package into a loading station. For a facility
those steps may be a critical 1ift requiring a much
higher level of safety significance than would bx
found 1n transport. Quality inspections similar to
those of Category A, design loads 1n excess of
transportation requirements, and post-load test
inspectability are i1ssues that may influence the

category actually ;‘1‘1\1"1 upon the IUgS
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Figure 1. Schematic of a hypothetical LSA packaging.
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Lifting/Tiedown Hardware Bolis might be
used to attach either lugs or special hardware to
an LSA package. The bolts should have the same
category as the litting lug. Like the lifting lugs or
lifing attachments, the bolts may have more rig
orous quality requirements for use inside a facil

ity than for transportation

Pressure Relief Device The pressure relief
device 1s used to limit the internal pressure of LSA
packaging. This device could include rupture
disks or pressure relief valves. In addition, this
device is also used to maintain packaging contain

ment under normal and accident conditions

Tiedown Lugs A transportation packaging
is held to a vehicle with tedowns and other simi
lar devices. The packaging will often have attach
nents and lugs for connection of the tiedowns
T'he lugs are not necessary for containment, criti
ality control, or shielding in either normal or

accident conditions

Vent and Drain Port Plug and Pressure
Relief Device Seals A scal is usually pro
vided for vent and drain port plugs and pressure
relief devices. The seals are used to maintain con
tarnment in the package under normal and acci

dent conditions

Vent Port Plug 1SA packagings are

equipped with a vent port. The port may be used

for venting the packaging during loading opera
tions. Gas may be purged through the port tor
control of gas carmed contamination, radioactive
gase i gases generated by the contents of the
package. Some packagings require the displace
ment of mtenor gas to remove or install the hid. A
plug is provided to close the vent during trans
port. The plug is used to maintain packaging con
tainment under normal and accident conditions

Vessel Inner Shell. The vessel inner shell is
the interior wall of the packaging and is typically
welded to the vessel shell bottom head and the
vessel shell upper head. The vessel inner shell is
part of containment under normal conditions. A
single failure would not release radioactive
material outside the packaging

Transportation Packagings

LSA packagings consist of an outer shell
enclosing an inner container, which serves the
function of a vessel inner shell. In order for radio
active material to be released, both the outer
packaging and the inner container must be
breached. That requires two failures. The vessel
may have a different function when no inner con

tainer 1s used

Vessel Lid The vessel lid provides contain
ment and often shielding for the upper end of the
packaging under normal conditions. The vessel
lid will have closure bolt holes and sealing sur
faces. Vent port, leak check port, and a pressure
relief device are usually installed in the vessel lid
Attachments or threaded bolt holes are provided
for ngging used to remove the vessel lid from the
packaging. A single failure of the vessel lid would
not release radioactive matenial from the package
without a failure of the inner container. The vessel
i

may have a different function when no inner con

tainer 1s used

Vessel Lid Closure Hardware 1.ids are
assembled to the packaging with a number of
bolts. The bolts are used to maintain containment
in the package under normal and accident condi
tions. The failure of a single closure bolt is not
expected to release radioactive material to uncon
trolled areas. Other closure assemblies might be

used for closing this type of packaging

Vessel Lid Seal. A single seal is usually pro
vided on LSA packaging lids. The seal 1s used to
mamntain containment in the pac k.l;_( under nor

|

mal and accident conditions

Vessel Outer Shell. The vessel outer shelil
provides structural support for the LSA package
The shell is typically welded to the vessel shell
bottom head and the vessel shell upper head. The
shell often 1s the outer wall of gamma shielding
I'he vessel outer shell usuall' is used to maintain
configuration of the package in an accident condi
tion. Many packaging designs provide features
that mitigate the consequences of failure of the
vessel outer shell. For example, breaching the
vessel outer shell still requires a breach of the ves

sel inner shell before containment 1s breached

NUREG/CR-6407




Transportation Packagings

Vessel Shell Bottom Head. The vessel
shell bottom head provides containment and often
shielding for the lower end of the package under
normal conditions. The vessel shell bottom head
may be welded to the vessel inner shell and the
vessel outer shell. Shielding materials may extend
lo the vessel shell bottom head and in some pack
aging designs may be located inside the head. If
s0, the head may prevent draining of certain
shield materials in the unlikely event of a post
accident fire. A single failure of this component
would not release radioactive material from the
package without a failure of the inner container
The vessel may have a different function when no

inner container 1s used

Vessel Shell Upper Head The vessel shell
upper head provides containment and shielding
for the upper cylindrical end of the packaging
I'he head may have sealing surfaces for the pack
age and bolt threads for closure of the package
lid. The head is typically welded 1o the vessel
inner shell and often to the vessel outer shell
Shielding materials may extend to the head. It so,
the head may prevent draining some types of
shield materials in the unlikely event of a post
accident fire. A single failure of this component
would not release radioactive material from the
packaging without a failure of the inner container
I'he vessel may have a different function when no

inner container 1s used

5.1.3 Category C ltems

Dunnage Dunnage is a packing material that
1s placed between the packaging and the contents
to prevent movement of the contents during nor

mal and sometimes accident transport conditions

NUREG/CR-6407

Dunnage in a package may be used to provide
energy absorption and reduce the impact load. If
the dunnage is required to reduce impact loading
on the containment boundary, it is a higher cate
gory item

Packaging Hardware. Kcepers are often
used as a redundant feature to prevent bolts and
nuts from becoming unscrewed, pins from falling
out, and lifing attachments from being improp
erly used. Small bolts and nuts, cotter pins, detent
pins, and lockwires have been used for this func
tion. Lanyards are often used to attach bolts and
keepers 1o the packaging to prevent misplacement
of the parts. The keepers and lanyards usually do
not have a direct safety implication and will not
cause containment failure, loss of criticality con
trol, or reduction of shielding capabilities if not
present

Protective Cover |SA packaging may have
a protective cover and possibly some attach-
nents. The cover serves to reduce accumulation
of ice and dust from the surfaces of the package
and has no safety function

Security Lockwire and Seals. Security
lockwire and seals are used in packaging to
ensure that the contents shipped in the package
are not tampered with. The function is a safeguard
issue and not one of safety

Skids/Forklift Channels. Sometimes, LSA
packaging has a shipping skid that may be
equipped with channels for use with a forklift
Like the lifting attachment, the skid (including
torklift channels) may have more rigorous quality
requirements for use inside a facility than for
transportation




5.2 Packaging for Type A
(Fissile) Shipments

This section discusses considerations for
assigning classification ¢ ategones 1o components
for a Type A (Fissile) packaging. This is a pack
aging designed to transport fissile material that
does not meet the fissile material exemption stan
dards in 10 CFR Part 71.53" and has a total
radioactivity less than an A or A, quantity (e.g
fresh, unirradiated nuclear reactor fuel). Figures 2
and 3 depict conceptual schematics of the compo

nents used in this type of packaging
5.2.1 Category A Items

Contents Support Structure. The con
lents supports are used to mamntain the package in
a critically safe condition in normal and accident
conditions. The contents supports may be either
an integral function of the outer shell and hd

assemblies or be a separate internal structure

Impact Limiters. Impact limiters are fabri
cated from energy-absorbing materials that limit
mechanical damage in an accident. The function
of the energy absorber is to ceush during the acci
dent. In crushing of the energy absorber, the
impact himiter 1s performing its function, and
crushing i1s not considered to be a failure of the
muaterial. Therefore, the properties of the
materials used for energy absorption are impor
tant to the proper function of the impact limiter
and to the safety of the package. Many different
types of maierials may be used as energy
absorbers. In the past, plastic foams, metal honey
combs, and wood have been used. The impact
limiter may be an as

energy-absorbing material and

the matenal, which provides additional s
Crush resistance and otner ;‘!4'[". rt
cases, the individual parts ot the impact limiter
assembly may have a lower classification cate
gory. Fa ¢ of the impact himiter would result in
a high potential for containment failure. In

of the impact limiter may aiso result

irol under an accident

Transportation Packagings

Neutron Absorbers. Necutron absorbers are
often used for control of criticality in Type A (Fis
sile) packaging. In other packages, castable neu
tron absorbers may be used. The absorber
material 1s required for criticality control under
normal and accident conditions

5.2.2 Category B ltems

Drum. When used as an outer shell, the drum
provides support for the contents in both normal
and accident conditions. In order for the radio
active matenal to be reieased, both the outer drum
and inner drum or container must be breached

'hat requires two failures

Lifiing Lugs, Trunnions, and Attach-
ments. Type A (Fissile) packages are usually
lifted and attached to transportation skids through
an attachment specifically designed for hifting
Lifting eyes, eye bolts, and installable assemblies
are examples that might be used. Those attach
ments have a limited safety function during trans
portation. Fatlure of a properly designed
attachment will not allow a breach of containment
or criticality. The impact limiters would have to
tail and either the containment boundary of the
contents be breached or the contents supports be

damaged to cause a significant failure

I'he Lifting attachments are also used inside
facilities to lift the package from a transport skid
and place the package nto a loading station, For a
facility, those steps may be a critical Lift requiring

a higher level of satety sigmficance than would

be found in transport. Quality inspection require
ments, design loads in excess of transportation
requirements, and post-load test inspectability are
ssues that may influence the category actually

placed upon the lifting attachments
} }

Lifting/Tiedown Hardware Sometimes

bolts are used in a y attachment. The bolts

shall have the same category as the lifting attach
ment. Like the lifting attachment, the bolts may

more rigorous quality requirements for usg

ide a tacility than for transportation
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Transportation Packagings
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Transportation Packagings

Vessel Inner Shell. The vessel inner shell in
many Type A (Fissile) drum packagings is a
second drum as shown in Figure 3. That inner
drum consists of the lower head, side wall, flange,
lid, and lid seal. The lid may be held in place with
bolts or a closure ring. In order for radioactive
material to be released, both the inner drum and
outer drum must be breached.

Vesse! Lid As in the vessel outer shell, two
failures are required for radioactive material to be
released through the lid.

Vessel Lid Closure Hardware As in the
vessel outer shell and lid, two failures are
required for radioactive material to be released
through failure of either the closure bolts or a clo-
sure assembly.

Vessel Lid Seal Scals are used to reduce
dust and moisture on the contents of the package.
The seals are not required for containment of the
radioactive material in the contents of the packag-
ing under either normal or accident conditions.

Vessel Outer Shell. The Type A (Fissile)
package usually transports a content that is both
low in external radiation and is provided with its
own containment. One example of this is a fresh
nuclear reactor fuel assembly. The fuel cladding
provides the containment for decay products of
the fuel. Therefore, as in the case of the drum
(Figure 3), the outer shell provides support for the
contents in both the normal and accident condi-
tion. In order for radioactive material to be
released, both the shell and the containment must
be breached. That requires two failures.

NUREG/CR-6407

16

5.2.3 Category C Items

Dunnage. Dunnage is a packing material that
is placed between the packaging and the contents
to prevent movement of the contents during nor-
mal and sometimes accident transport conditions.
Dunnage in a package may be required to provide
energy absorption and reduce the impact load. If
the dunnage is required to reduce impact loading
on the containment boundary, it is a higher cate-
gory item,

Packaging Hardware. Keepers are often
used as a redundant feature to prevent bolts and
nuts from becoming unscrewed, pins from falling
out, and lifting attachments from being improp-
erly used. Small bolts and nuts, cotter pins, detent
pins, and lockwires have been used for this func-
tion. Lanyards are often used to attach boits and
keepers to the packaging to prevent misplacement
of the parts. The keepers and lanyards usually do
not have a direct safety implication and will not
cause containment failure, loss of criticality con-
trol, or reduction of shielding capabilities if not
present.

Security Lockwire and Seals Security
lockwire and seals are used in packaging to
ensure that the contents shipped in the package
are not tampered with. The function is a safeguard
issue and not one of safety.

Skids/Forklift Channels. Sometimes, Type
A (Fissile) packaging has a shipping skid that
may be equipped with channels for use with a
forklift. Like the lifting attachment, the skid
(including forklift channels) may have more rig-
orous quality requirements for use inside a facil-
ity than for transportation.



5.3 Packaging for Type B
(Normal Form) Shipments

This section discusses considerations for
assigning classification categories to components
fora Type B (Normal Form) packaging. This is a
packaging designed to transport normal form
radioactive material that has a total activity
greater than an A; quantity (e.g., waste material
that exceeds LSA concentration). Figure 4 depicts
a conceptual schematic of the components used in
this type of packaging.

§.3.1 Category A items

Drain Port Plug. In some applications, Type
B (Normal Form) packaging may be loaded under
water. Drain ports are provided for removal of
water from the packaging. A plug is provided to
close each drain port. The plugs also are required
1o maintain packaging containment under normal
and accident conditions,

Impact Limiters. Impact limiters are made up
of a shell filled with energy-absorbing materials
that limit mechanical damage in an accident. The
function of the energy absorber is to crush during
the accident. In crushing of the energy absorber,
the impact limiter is performing its function, and
crushing is not considered to be a failure of the
material. Therefore, the properties of the materials
used for energy absorption are important to the
proper function of the impact limiter and to the
safety of the package. Many different types of
materials may be used as energy absorbers. In the
past, plastic foams, metal honeycombs, and wood
have been used. The shell is ametal skin that covers
the energy-absorbing material and protects that
material from minor damage and weather. In some
cases, the shell may provide structural support to
the impact limiter assembly. In such cases, the indi-
vidual parts of the impact limiter assembly may
have a lower classification category. Failure of the
impact limiter may result in failure of containment
due to structural damage of those components.

Pressure Relief Device Pressure relief
devices are used to limit the internal pressure of
Type B (Normal Form) packaging. Those devices
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could include rupture disks or pressure relief
valves. In addition, those devices also are
required to maintain packaging containment
under normal and accident conditions.

Temperature Control Components.
Temperature contro! components may be required
for packages to withstand an accident fire. There-
fore, the packaging must prevent excessive heat
from causing failure of the package under this
extreme. Items such as fins, radiant heat shields,
and insulation may be required to control temper-
ature under accident conditions. These items may
be required on Category | Type B (N¢-mal Form)
packaging but may not be required on Catego-
ries Il and I1I Type B (Normal Form) packaging.

Vent and Drain Port Plug and Pressure
Relief Device Inner Seals. Two seals are usu-
ally provided for each vent and drain port plug
and pressure relief device. The inner seals are
required for maintaining containment in the pack-
age under normal and accident conditions. The
outer seals are addressed under Category C items.

Vent Port Plug. Many Type B (Normal
Form) packagings may be equipped with a vent
port. Gas may be purged through the port for con-
trol of gas carried contamination, radioactive
gases, or gases generated by the contents of the
package. Some packagings require the displace-
ment of interior gas to remove or install the lid. A
plug is provided to close the vent during trans-
port. The plug is required to maintain packaging
containment under normal and accident condi-
tions.

Vessel Inner Shell. The vessel inner shell is
the interior wall of the packaging and is typically
welded to the vessel shell bottom head and the
vessel shell upper head. The vessel inner shell is
part of the containment under normal and acci-
dent conditions. A single failure could release
radioactive material outside the packaging.

Vessel Lid. The vessel lid provides contain-
ment and often shielding for the upper end of the
packaging under normal and accident conditions.
The vessel lid will have closure bolt holes and
sealing surfaces. Vent port, leak check port, and a
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pressure relief device are usually installed in the
vessel lid. Lifting lugs, attachments, or threaded
bolt holes are provided for rigging used to remove
the lid from the packaging. A singie failure of the
vessel lid could either release radioactive material
from the package or cause direct streaming of
radiation to areas external to the packaging.

Vessel Lid Closure Hardware. 1ids are
assembled to the packaging with a number of
bolts. The bolts are required for maintaining con-
tainment in the package under normal and acci-
dent conditions. The failure of a single closure
bolt is not expected to release radioactive material
to uncontrolled areas. However, if inferior boits
are installed, the containment may be breached
during an accident condition. Therefore, the clo-
sure bolts are considered as a class to be prone to
a single failure.

Vessel Lid Inner Seal. Two seals are usu-
ally provided on Type B (Normal Form) packag-
ing Lids. The inner seal is required for
maintaining containment in the package under
normal and accident conditions. The outer seal is
addressed under Category C items.

Vessel Shell Bottorn Head. The vessel
shell bottom head provides containment and often
shielding for the lower end of the package under
normal and accident conditions. The vessel shell
bottom head may be welded to the vessel inner
shell and the vessel outer shell. Shielding maten-
als may extend to the vessel shell bottom head
and in some packaging designs may be located
inside the head. If so, the head may prevent drain-
ing of certain shield materials in the event of &
post-accident fire. A single failure of this compo-
nent could either release radioactive material
from the package or, if shielding is lost, allow
direct streaming of radiation to areas external 10
the packaging.

Vessel Shell Upper Head The vessel shell
upper head provides containment and shielding
for the upper cylindrical end of the packaging.
The head may have sealing surfaces for the pack-
age and bolt threads for closure of the package
lid. The head 1s typically welded to the vessel
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inner shell and often to the vessel outer shell.
Shielding materials may extend to the head. If so,
the head may prevent draining of certain shield
materials in a post-accident fire.

5.3.2 Category B ltems

Drum. When used as an outer shell, the drum
provides support for the contents in both normal
and accident conditions. In order for the radioac-
tive material to be released, both the outer drum
and inner drum or container must be breached.
That requires two failures.

Gamma Shielding. Gamma shielding is
required to reduce external radiation doses to lev-
els acceptable for transport. Lead, depleted ura-
nium, and various steels have been used in the
past for gamma radiation shielding. The presence
and effectiveness of the shielding is subject to
required testing during fabrication of the packag-
ing. The shielding usually performs no other
function than shielding, and its presence is suffi-
cient to satisfy its function. The shielding is usu-
ally enclosed by the inz. *r and outer shells and, us
a solid, 1s not subject to removal during normal
conditions of transport. Under many accident
conditions, the shielding remains in place and still
performs the intended function. However, some
materials (e.g., lead) may melt in the event of a
fire. Given that an analysis demonstrates that the
expansion of the lead will not rupture the package
containment, the molten material will remain in
place unless the outer shell is breached. There-
fore, two .ailures, loss of the outer shell and melt-
ing of the shielding, are required to prevent the
shielding from performing its intended function.
The requirements of a specific design may dictate
that a higher category be assigned to gamma
shielding in some circumstances.

Impact Limiter Hardware. Impact |.miter
hardware is used to attach the impact limiter to
the rest of the packaging. The bolts keep the lim-
iter in the configuration thet will protect the pack-
aging during any crushing that may occur in an
accident. Due to redunduncy, a failure of a portion
of the bolts will not result in failure of the limiter
to properly perform the intended function. If the
redundancy argument is not applicable, the
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hardware should be Category A. The result could
be failure of containment during an accident.

Leak Check Port Plug and Seal. The
leak-tight characteristics of Type B (Normal
Form) packaging are tested after manufacture or
modification of the package and as part of the
loading process. In this process, gas pressures are
measured and samples are taken from betwyoen
the inner and outer lid seals. Similar tests are per-
formed on vent and outer seals. In all cases, a
between-seals tap is made outside the inner seal
that provides an initial level of containment. The
plug and attendant seal are a second level of con-
tainment protection. Other considerations are that
the plug may provide a shielding function in some
packaging designs. Often, the port has a smali
diameter in a deep hole and is subject to columna-
tion of the radiation.

Lifting Lugs, Trunnions, and Attach-
ments. Type B (Normal Form) packages are
usually lifted and attached to transportation skids
through an attachment specifically designed for
lifting. Lifting eyes, eye bolts, und installable
assemblies are examples that might be used. Rig-
ging and a hoist may be used to lift the packaging.
Those attachments have a limited safety function
during transportation. Failure of a properly
designed attachment will not allow a breach of
containment or criticality. The impact limiters
would have to fail and either the containment
boundary of the contents be breached or the con-
tents supports be damaged to cause a significant
failure.

The lifting attachments are also used inside
facilities to lift the package from a transport skid
and place the package into a loading station. For a
facility, those steps may be a critical lift requiring
a higher level of safety significance than would
be found in transport. Quality inspection require-
ments, design loads in excess of transportation
requirements, and post-load test inspectability are
issues that may influence the category actually
placed upon the lifting attachments,

Lifting/Tiedown Hardware Somectimes,
bolts are used in a lifting attachment. the bolts
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should have the same category as the lifting
attachment. Like the lifting attachment, the bolts
may have more rigorous quality requirements for
use inside a facility than for transportation.

Tiedown Lugs. A transportation packaging
is held to a vehicle with tiedowns and other simi-
lar devices. The packaging will often have attach-
ments and lugs for connection of the tiedowns.
The lags are not necessary for containment, criti-
cality control, or shielding in either normal or
accident conditions.

Vessel Outer Sheli. The vessel outer shell
provides structural support for the Type B (Nor-
mal Form) package. The shell is typically welded
to the vessel shell bottom head and the vessel
shell upper head. The shell often i1s the outer wall
of gamma shielding. The vessel outer shell usu-
ally is required to maintain configuration of the
package in an accident condition. Many packag-
ing designs provide features that mitigate the con-
sequences of failure of the vessel outer shell. For
example, breaching the vessel outer shell still
requires a breach of the vessel inner sheli before
containment is breached, and impact limiters pre-
vent vessel outer shell warpage that could open
lid seals. Some packagings have gamma shielding
that does not melt during the fire scenario. If the
gamma shielding were able to melt and leak out
through a vessel outer shell breach, then the shell
should be a Category A item.

5.3.3 Category C items

Dunnage. Dunnage is a packing material that
is placed between the packaging and the contents
to prevent movement of the contents during nor-
mal and sometimes accident transport conditions.
Dunnage may be required to provide energy
absorption and reduce the impact load. If the dun-
nage in a package is required to reduce impact
loading on the containment boundary, it is a
higher category item.

Packaging Hardware. Keepers are often
used as a redundant feature to prevent bolts and
nuts from becoming unscrewed, pins from falling
ov'. and lifting attachments from being improp-
erly used. Small bolts and nuts, cotter pins, detent



pins. and lockwires have been used for this func-
tion. Lanyards are often used to attach bolts and
keepers to the packaging to prevent misplacement
of the parts. The keepers and lanyards usually do
not have a direct safety implication and will not
cause containment failure, loss of criticality con-
trol, or reduction of shielding capabilities if not
present.

Protective Cover Type B (Normal Form)
packaging may have a protective cover and possi-
bly some attachments. The cover serves to reduce
accumulation of ice and dust from the surfaces of
the package and has no safety function.

Security Lockwire and Seals Sccurity
lockwire and seals are used in packaging to
ensure that the contents shipped in the package
are not tampered with. The function is a safeguard
issue and not one of safety.

Skids/Forklift Channels. Sometimes, Type
B (Normal Form) packaging has a shipping skid
that may be equipped with channels for use with a
forklift. Those assemblies have safety consider-
ations that are similar to lifting attachments and
shall have the same category as the lifting attach-
ment. Sometimes, the skid or a portion of the skid
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15 used as an impact limiter. It should be classed
as Category A in those cases. Like the lifting
attachment, the skid (including forklift channels)
may have more rigorous quality requirements for
use inside a facility than for transportation.

Vent and Drain Port Plug and Pressure
Relief Device Outer Seals. The outer plug
seals are used in testing the sealing capability of
the inner seals and are not required for normal or
accident conditions. If an outer seal leaks during
testing, the test fails, requiring rework and retest-
ing. Therefore, the outer seals may be of a lower
category.

vent, Drain, and Leak Check Port Plug
Cover Plates. A cover plate is often placed over
a vent, drain, or leak check port to control cleanli-
ness in the ports and to provide protection from dirt
and ice that ray hamper receipt operations.

Vessel Lid Outer Seal. The outer lid seal is
used in testing the sealing capability of the inner
seal and is not required for normal or accident
conditions. If the outer seal leaks during testing,
the test fails, requiring rework and retesting.
Therefore, the outer seal may be of a lower cate-
gory item.
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5.4 Packaging for Type B
(Special Form) Shipments

This section discusses considerations for
assigning classification categories to components
for a Type B (Special Form) packaging. This is a
packaging designed to transport special form
radioactive material that has a total activity
greater than an A quantity (e.g., radiography
sources). Figures § and 6 depict two conceptual
schematics of the components used in this type of
packaging.

In most of the types of containers discussed in
this report, the containment function will include
control of direct radiation sources to prevent the
release of airborne contamination. However,
radioactive materials that have been classed as spe-
cial form are sealed in such a way that contamina-
tion is not expected to be spread. Therefore, for
Type B (Special Form) packaging, the contain-
ment function is required to retain the radioactive
assembly inside a shielded area. Pressure-tight
seals are not required for this function.

5.4.1 Category A ltems

Impact Limiters. Impact Limiters are made
up of a shell filled with energy-absorbing materi-
als that limit mechanical damage in an accident.
The function of the energy absorber is to crush
during the accident. In crushing of the energy
absorber, the impact limiter is performing its
function, and crushing is not considered to be a
failure of the matenal. Therefore, the properties
of the materials used for energy absorption are
important to the proper function of the impact
limiter and to the safety of the package. Many dif-
ferent types of materials may be used as energy
absorbers. In the past, plastic foams, metal honey-
combs, and wood have been used. The shell is a
metal skin that covers the energy-absorbing mate-
rial and protects that material from minor damage
and weather. In some cases, the shell may provide
structural support to the impact limiter assembly.
In such cases, the individual parts of the impact
limiter assembly may have a lower classification

NUREG/CR-6407

ro
o

category. Failure of the impact limiterwould
result in a high potential for containment failure.

Temperature Control Components.
Temperature control components may be required
for packaging to withstand an accidental fire,
Therefore, the packaging must prevent excessive
heat from causing failure of the package under
this extreme. [tems such as fins, radiant heat
shields, and insulation may be required to control
temperature under accident conditions.

Vessel inner Shell. The vessel inner shell
provides containment and shielding for the body
of the package under normal and accident condi-
tions. The Type B (Special Form) packaging
transports contents that have high external radi-
ation and is provided with its own containment,
Cladding of the radioactive source provides the
primary level of containment.

Vessel Lid The vessel lid provides contain-
ment and shielding for the upper end of the pack-
aging. A single failure of this component could
either release the radioactive source from the
package or cause direct streaming of radiation to
areas external to the packaging.

Vessel Lid Closure Hardware. 1.ids are
assembled to the packaging with a number of
bolts. The bolts are required for maintaining con-
tainment in the package under normal and acci-
dent conditions. The failure of a single closure
bolt is not expected 1o release radioactive material
to uncontrolled areas. However, if inferior boits
are installed, the containment may be breached
during an acaident condition. Therefore, the clo-
sure bolts are considered as a class to be prone to
a single failure,

Special closure assemblies are often used in
Type B (Special Form) packaging to provide con-
tainment of radioactive sources but allow safe use
of the sources. Failure of an assembly may cause
either release of the radioactive source from the
package or cause direct streaming of radiation to
areas external to the packaging.
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Vessel Shell Bottom Head The vessel
shell bottom head provides containment and often
shielding for the lower end of the package under
normal and accident conditions. A single failure
of this component could either release the radio-
active source from the package or, if shielding is
lost, allow direct streaming of radiation to areas
external to the packaging.

Vessel Shell Upper Head The vessel shell
upper head provides containment and shielding
for the upper cylindrical end of the packaging.
The head may have bolt threads for closure of the
package lid. A single failure of this component
could either release the radioactive source from
the package or cause direct streaming of radiation
to areas external to the packaging.

5.4.2 Category B ltems

Drain Port Plug. In some applications, this
type of packaging may be loaded under water.
Drain ports are provided for removal of water
from the packaging. A plug 1s provided to close
each drain port. The plugs also are not required to
maintain packaging containment under normal
and accident conditions only if cladding of the
contents fails,

Drum. When used as an outer shell, the drum
provides support for the contents in both normal
and accident conditions. In order for the radioac-
tive material to be released, both outer drum and
inner container must be breached. That requires
two failures,

Gamma Shielding. Gamma Shielding is
required to reduce external radiation doses to lev-
els acceptable for transport. Lead, depleted ura-
nium, and various steels have been used in the past
for garnma radiation shielding. The presence and
effectiveness of the shielding is subject to required
testing during fabrication of the packaging. The
shielding usually performs no other function than
shielding and its presence is sufficient to satisfy its
function. The shielding is usually enclosed by an
outer shell and, as a solid, is not subject to removal
during normal conditions of transport. Under
many accident conditions, the shielding remains in
place and stll performs the intended function.
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However, some materials (e.g., lead) may melt in
the event of a fire. If an analysis demonstrates that
the expansion of the lead will not rupture the pack-
age containment, the molten material will remain
in place unless the shielding skin is breached. The
melting of lead also requires the failure of the tem-
perature control components of the packaging.
Therefore, two failures, loss of the outer shell and
melting of the shielding, are required to prevent the
shielding from performing its intended function.
The requirements of a specific design may dictate
that a higher category be assigned to gamma
shielding in some circumstances.

Impact Limiter Hardware. Impact limiter
hardware is used to attach the impact limiter to the
rest of the packaging. The bolts keep the limiter in
the configuration that will protect the packaging
during any crushing that may occur in an accident.
Due to redundancy, the failure of a portion of the
bolts will not result in failure of the limiter to prop-
erly perform the intended function. If the redun-
dancy argument is not applicable, the hardware
should be Category A. The result could be failure
of containment and shielding during an accident.

Lifting Lugs, Trunnions, and Attach-
ments. Type B (Special Form) packages are usu-
ally lifted through an attachment specifically
designed for lifting. Lifting eyes, eye bolts, and
installable assemblies are examples that might be
used. Rigging and a hoist may be used to lift the
packaging. Those attachments have a limited
safety function during transportation. Failure of a
properly designed attachment will not allow a
breach of containment. The impact limiters would
have to fail and the containment boundary of the
contents be breached to cause a significant failure.

The lifting attachments are also used inside
facilities to lift the package from a transport skid
and place the package into a loading station. For a
facility, those steps may be a critical lift requiring
a higher level of safety significance than would
be found in transport. Quality inspection require-
ments, design loads in excess of transportation
requirements, and post-load test inspectability are
issues that may influence the category actually
placed upon the lifting attachments.
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Lifting/Tiedown Hardware. Sometimes,
bolts are used in a lifting attachment. the bolts
should have the same category as the lifting
attachment. Like the lifting attachment, the bolts
may have more rigorous quality requirements for
use inside a facility than for transportation.

Tiedown Lugs. A transportation packaging
is held to a vehicle with tiedowns and other simi-
lar devices. The packaging will eften have attach-
ments and lugs for connection of the tiedowns.
The lugs are not necessary for containment, criti-
cality control, or shielding in either normal or
accident conditions.

Vent and Drain Port Plug and Pressure
Relief Device Seals. Scals arc usually pro-
vided for each vent and drain port plug and pres-
sure relief device. Seals of the packaging are
required only if cladding of the contents fails.
This is a secondary failure.

Vessel Lid Seal. Materials transported in a
Type B (Special Form) package are usually sealed
radioactive sources that have some form of clad-
ding to provide containment. Seals of the packag-
ing are required only if the source cladding fails.
This is a secondary failure.

Vessel Outer Shell. The vessel outer shell
provides protection for the shielding from dam-
age incidental to normal and accident conditions.
Therefore, the shell has a secondary function and
is a Category B item. However, the shell may be
required to contain molten shielding in some
packagings. Under those conditions, the shell is a
Category A item.

5.4.3 Category C ltems

Dunnage. Dunnage is a packing material that
is placed between the packaging and the contents
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to prevent movement of the contents during nor-
mal and sometimes accident transport conditions.
Dunnage is required to provide energy absorption
and reduce the impact load. If Dunnage in a pack-
age is required to reduce impact loading on the
containment boundary, the dunnage is a higher
category item.

Packaging Hardware. Keepers are often
used as a redundant feature to prevent bolts and
nuts from becoming unscrewed, pins from falling
out, and lifting attachments from being improp-
erly used. Small bolts and nuts, cotter pins, detent
pins, and lockwires have been used for this func-
tion. Lanyards are often used to attach bolts and
keepers to the packaging to prevent misplacement
of the parts. The keepers and lanyards usually do
not have a direct safety implication and will not
cause containment failure, loss of criticality con-
trol, or reduction of shielding capabilities if not
present.

Security Lockwire and Seais. Seccurity
lockwire and seals are used in packaging to
ensure that the contents shinped in the package
are not tampered with. The function is a safeguard
issue and not one of safety.

Skids/Forklift Channels Sometimes, Type
B (Special Form) packaging has a shipping skid
that may be equipped with channels for use with a
forklift. Those assemblies have safety consider-
ations that are similar to lifting attachments and
shall have the same category as the lifting attach-
ment. Sometimes, the skid or a portion of the skid
is used as an impact limiter. It should be classed
as Category A in those cases. Like the lifting
attachment, the a skid (including forklift chan-
nels) may have more rigorous quality require-
ments for use inside a facility than for
transportation



5.5 Packaging for Type B
(Fissile) Shipments

This section discusses considerations for
assigning classification categories to components
for a Type B (Fissile) packaging. This is a pack-
aging designed to transport fissile material that
does not meet the fissile material exemption stan-
dards in 10 CFR 71.53! and has a total radioac-
tivity greater than an A, or an A; quantity (e.g.,
radiated nuclear reactor fuel). Figure 7 depicts
a conceptual schematic of the components used in
this type of packaging.

5.5.1 Category A ltems

Contents Support Structure The con-
tents supports provide mechanical support for the
fissile contents of the package. The structure is
required to maintain spacing between content
assemblies, support neutron absorbers, and pre-
vent content movement into configurations that
have not been analyzed for nuclear criticality. The
structure must function as a single assembly
under normal and accident conditions.

Drain Port Plug. Most Type B (Fissile)
packaging is loaded under water. Drain ports are
provided for removal of water from the
packaging. A plug is provided to close each drain
port. The plugs also are required to maintain
packaging containment under normal and
accident conditions.

Impact Limiters. Impact limiters are made
up of a shell filled with energy-absorbing materi-
als that limit mechanical damage in an accident.
The function of the energy absorber is to crush
during the accideni. In crushing of the energy
absorber, the impact limiter is performing its
function, and crushing is not considered to be a
failure of the material. Therefore, the properties
of the materials used for energy absorption are
important to the proper function of the impact
limiter and to the safety of the package. Many
different types of materials may be used as energy
absorbers. In the past, plastic foams, metal honey-
combs, and wood have been used. The shell is a
metai skin that covers the energy-absorbing mate-
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rial and protects that material from minor damage
and weather. In some cases, the shell may provide
structural support to the impact limiter assembly.
In such cases, the individual parts of the impact
limiter assembly may have a lower category
level, Failure of the impact limiter may result in
failures of containment and criticality control due
to structural damage of those components.

Neutron Absorbers. Neutron absorbers are
often used for control of criticality in Type B
(Fissile) packaging. In other packages, castable
neutron absorbers may be used. The absorber
material is required for criticality control under
normal and accident conditions,

Pressure Relief Device Pressure relief
devices are used to limit the internal pressure of
Type B (Fissile) packaging. Those devices could
include rupture disks or pressure relief valves. In
addition, those devices also are required to main-
tain packaging containment under normal and
accident conditions,

Temperature Control Components.
Temperature control components are required for
two conditions. The packaging is required to
withstand an accidental fire. Therefore, the pack-
aging must prevent excessive heat from causing
failure of the package under this extreme. Con-
versely, the contents of a Type B (Fissile) pro-
duces a significant amount of heat. That heat must
be removed from the package. Items such as fins,
radiant heat shields, and insulation are required to
cortrol temperature under normal and accident
~onaitions.

Vent and Drain Port Plug and Pressure
Relief Device Inner Seals. Two scals are usu-
ally provided for each vent and drain port plug
and pressure relief device. The inner seals are
required for maintaining containment in the pack-
age under normal and accident conditions. The
outer seals are addressed under Category C items.

Vent Port Plug. Many Type B (Fissile) pack-
agings are equipped with a vent port. The port
may be used for transferring gas into and out of
the packages during filling with water. Gas may
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be purged through the port for control of gas car-
ried contamination, radioactive gases, or gases
generated by the contents of the package. Some
packagings require the displacemen: of interior
gas to remove or install the lid. A plug is provided
to close the vent during transport. The plug is
required to maintain packaging containment
under normal and accident conditions.

Vessel Inner Shell. The vessel inner shell is
the interior wall of the packaging and is typically
welded to the vessel shell bottom head and the
vessel shell upper head. The vessel inner shell is
part of the containment under normal and acci-
dent conditions. A single failure could release
radioactive material outside the packaging.

Vessel Lid The vessel lid provides contain-
ment and often shielding for the upper end of the
packaging under normal and accident conditions.
The vessel lid will have closure bolt holes and
sealing surfaces. Vent port, leak check port, and a
pressure relief device are usually installed in the
lid. Attachments or threaded bolt holes are pro-
vided for rigging used to remove the lid from the
packaging. A single failure of the vessel lid could
either release radioactive material from the pack-
age or cause direct streaming of radiation to areas
external to the packaging.

Vessel Lid Closure Hardware. Lids are
assembled to the packaging with a number of
bolts. The bolts are required for maintaining con-
tainment in the package under normal and acci-
dent conditions. The failure of ¢ single closure
bolt is not expected to release radioactive material
to uncontrolled areas. However, if inferior boits
are installed, the containment may be breached
during an accident condition, Therefore. the clo-
sure bolts are considered as a class to be prone to
a single failure.

Vessel Lid Inner Seal. Two scals are usu-
ally provided on Type B (Fissile) packaging lids.
The inner seal is required for maintaining con-
tainment in the package under normal and acci-
dent conditions. The outer seal is addressed under
Category C items.

Transportatior Packagings

Vessel Shell Bottom Head. The vessel
shell bottom head provides containment and often
shielding for the lower end of the package under
normal and acciaent conditions. The vessel shell
bottom head may be welded to the vessel inner
shell and the vessel outer shell. Shielding mateni-
als may extend to the vessel shell bottom head
and in some packaging designs may be located
inside the head. If so, the head may prevent drain-
ing of certain shield materials in the event of a
post-accident fire. A single failure of this compo-
nent would either release radioactive material
from the package or, if shielding is lost, allow
direct streaming of radiation to areas external to
the packaging.

Vessel Shell Upper Head. The vessel shell
upper head provides containment and shielding
for the upper cylindrical end of the packaging.
The head may have sealing surfaces for the pack-
age and bolt threads for closure of the package
lid. The head is typically welded to the vessel
inner shell and often to the vessel outer shell.
Shielding materials may extend to the head. If so,
the head may prevent draining of certain shield
materials in a post-accident fire.

5.5.2 Category 8 ltems

Drum. When used as 2n outer shell, a drum
provides support fo: the contenis in both normal
and accideat conditions. In order for the radioac-
tive matzrial to be released, both outer drum and
inner drum or container (nust be breached. That
reguires two failures,

Gamma Shielding. Gamma shielding is
required to reduce external radiation doses to lev-
els acceptable for transport. Lead, depleted ura-
nium, and various steels have been used have
been used in the past for gamma radiation shield-
ing. The presence and effectiveness of the shield-
ing 1s subject to required testing during
fabrication of the packaging. The shielding usu-
ally performs no other function than shielding and
its presence is sufficient to satisfy its function.
The shielding is usually enclosed by the inner and
outer shells and, as a solid, is not subject to
removal during normal conditions of transport.
Under many accident conditions, the shielding
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Transportation Packagings
gimng

remains in place and sull performs the intended
function. However, some matenials (e.g., lead)
may melt in the event of a fire, Given that an anal
ys1s demonstrates that the expansion of the lead
will not rupture the package containment, the
molten material will remain in place unless the
outer shell 1s breached. Therefore, two failures
loss of the outer shell and melting of the shield
ing, are required to prevent the shielding from
performing its intended function. The requite

ments of a specific design may dictate that a

higher category be assigned to gamma shielding

Impact Limiter Hardware. !mpact limiter
hardware is used to attach the impact limiter to
the rest of the packaging. The bolits keep the lim
iter in the configuration that will protect the pack
aging during any crushing that may occur in an
accident. Due to redundancy, a failure of a portion
of the bolts will not result in failure of the limiter
to properly perform the intended function. If the
redundancy argument is not applicable, the hard
ware should be Category A. The result could b

ilure of containment and criticality control dus

 an accident

Leak Check Port Plug and Seal The

leak-tight characteristics of Type B (Fissile)

packaging are tested after manufacture or modifi

cation of the package and as part of the load ng

PrOCESs In this process, gas pressures and sam

* taken from between the inner and oute
Similar tests are performed on vent

ses, a4 between-seals tap is

seal that provide an mitia

I'he plug and attendant sea

| Of containment protection

Other considerations are that the plug may pro

vide a w?:l\‘ld‘!!i;‘ function in some packaging

designs. Often, the port has a small diameter in a

de ep hole and i1s subject to columnation of the

radiation

Lifting Lugs, Trunnions, and Attach-
ments. Type B (Fissile) packagings are usually
lhfted and attached to transportation skids through
trunmions, The trunnions are attached to the

y limiited s (v funct
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transportation. Failure of a properly designed
single trunnion will not allow a breach of contain
ment or criticality. Failure of all trunnions could
cause the package to leave the transportation skid
However, the impact limiters would also have to
fail and either the containment boundary be
breached or the contents supports be damaged to

cause a signiricant failure

I'he trunnions are also used inside facilities to
lift the package from a transport skid and place
the package into a loading station. For a facility,
those steps may be a critical lift requiring a higher
level of safety sigrificance than would be found
in transport. Quality inspection requirements,
design loads in excess of transportation require
ments, and post-load test inspectability are ies
that may influence the category actually placed

upon the trunnions

Similar classifications would apply if lifting
lugs or other attachments are used for tiedown

and lifting Type B (Fissile) packaging

Lifting Tiedown Hardware. Somciimes
bolts are used to attach trunnions to a Type B
(Fissile) package I'he bolts should have the same
category as the trunnion. Like the trunnions, the
bolts may have more rigorous quality

4 |

requirements for use inside a facitlity than tor

transportatior

Neutron Shielding Shielding is often pro
led to reduce the neutron dose external to the
package I'he design usually dictates that

tron shielding be placed external to the gam na

shielding and the vessel outer shell. The mater #ss
f consiruction are often Light weight hydrocar
bon materials with a high hydrogen content. This
type of matenal typically has a low melting point
that may be lost in the event of an accidental fire
It is common practice to design packaging so that
neutron shielding is required for normal condi
tions but not required for the accident conditior
Under an accident condition, the radiation dose is
allowed to rais above levels required for nos

mal tr insport




Neutron Shielding Shell. A thin skin of
metal may be used to cover neutron shielding dur
ing normal t-ansport. The skin allows for decon
tamination of the package after underwater
loading prevents detenoration of shielding due to
wei *.and protects the shielding from minor
damage incidenta! to transport. Temperature con
trol devices such as f
skin. The skin is

structura mponents and, therefore, has neghigi

ble effect

ns may protrude through the

usually thin compared with
any containment and on criucaity

Tiedown Lugs. A transportation packaging
is held to a transportation skid or vehicle with tie
downs and other similar devices. The packaging
will often have attachments and lugs for connec
tion of tf edowns. The lugs are not necessar
for cont ient, cniticality control, or shielding

in either normal or accident conditions

Vessel Outer Shell. The vessel outer
provides structural support for the Type B (Fissile
pac kage. The shell is ty pically welded to the vessel
shell bottom head and the vessel shell upper head
I'he shell often is the outer wall of gamma shield
ing and sometimes is the inner wall for neutron
shieiding. Temperature control components such

as fins are often attached to the vessel outer shell

]
I'he vessel outer shell usually is required to main
tain configuration ot the package in an accident
condition. Many packaging designs provide fea

1

tures that miutigate the conseqguences of faile €

the ve i outer shell. For exan

""13.
vessel outer shell \I-H requires a bre da(
sel inner shell before containmer
impact hmiuters prevent

that could pen | seal

gamma shielding that does

scenano, If the gamma shielding we

leak out through a vessel outer shell breact

the shell should be a higher category
5.5.3 Category C ltem:s

Dunnage

1 bt

Transportation Packagings

and reduce the impact load. If Dunnage in a pack
age 1s required to reduce impact loading on the
containment boundary, the dunnage is a higher
category item

Packaging Hardware. ! ccpers are ofter

used as a redundant feature to prevent bolts and

nuts from becoming unscrewed, pins from falling
out, and liftirg attachments from being improp
erly used. Small bolts and nuts, cotter pins, detent
pins, and lockwires have been used for this func
tion. Lanyards are often used to attach bolts and
keepers to the packaging to prevent misplacement
of the parts. The keepers and lanvards usually do
not have a direct safety implication and will not
cause containment failure, loss of criticality con
trol, or reduction of \?':r.‘i\fi!!_x' ;.1{‘;”‘1]1[1&‘\ iIT not

present

Protective Cover Type B (Fissile) packag
ing will often have a protective cover and poss|
bly some attachmernts. The cover serves to reduce
accumulation of 1ce and dust from the surfaces of

the package and has no safety functior

Security Lockwire and Seals Sccurity

lockwire and seals are used in packaging to

sure that the contents shipped in the package
are not tampered with. The function is

ssue and not one of safety

Skids/Forklift Channels. Sometim

B (Fis packag

Vent and Drain Port Plug and Pressure
Relief Device Outer Seals. i

r }
i )
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I ging

retesting. Therefore, the outer seals may be a

lower category item

Vent, Drain, and Leak Check Port Plug
Cover Plates. A cover plate is often placed over
a vent, drain, or leak check port to control cleanli
ness in the ports and to proviae protection from dirt

and ice that may hamper receipt operations

NUREG/CR-6407

Vessel Lid Outer Seal. The lid outer seal is
used in testing the sealing capability of the inner
seal and is not required for normal or accident
conditions. If the outer seal leaks during testing,
the test fails, requiring rework and retesting
Iherefore, the outer seal may be a lower category

inem




Transportation Packagings
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on Pac kaging Categones 1, 11, and I1] cCOmpoOng

ation categones for Transportati
racka

Table 5 Classific

Containment vrain port pliug
Leak check port
Pressure relief de
Vent and
nner
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6. DRY SPENT FUEL STORAGE SYSTEMS

This section provides detailed descriptions of
the components that make up the two dry spent
fuel storage systems: the metal shielded type and
the concrete shielded type. Table 6 (located at the
end of ihis section) presents the classification
categories for those storage systems. Vendor
assignment of classifications that are different
from those in the table is acceptable but must be
Justified as discussed in Section 3.

6.1 Metal Shielded Type
Storage Systems

This section discusses considerations for
assigning classification categories to components
for a metal shielded type system for storage of
spent fuel. Figure 8 depicts a conceptual sche-
matic of a vertical metal shielded storage system
with typical components used in this type of sys-
tem, while Table 6 lists the categories assigned.
This type of system may be construcied in a hori-
zontal configuration also. One method of storage
in the metal shielded type of storage system is to
employ an integral shielded storage cask. In this
type of system, the shielded cask may be loaded
and sealed in a facility. The loaded and sealed
cask is then moved to the storage location. In
other versions of this system, an inner cask may
be loaded in a facility, then placed in a transfer
cask and moved to the outer storage cask. The
inner cask is then placed in the outer storage cask.
Various designs of this type have been tested and
used in the past.

Another variation on this type of storage sys-
tem is to use a shielded outer cask that contains an
inner cask. Spent fuel is loaded into the inner cask
inside a facility. That cask is then moved to the
shielded outer cask in a shielded transfer cask.
The inner cask may then be transferred into the
shielded outer cask for storage.

6.1.1 Category A ltems

Basket Assembly The basket assembly
provides mechanical support for the fissile con-
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tents of the storage system. The structure is
required to maintain spacing between content
assemblies, and support neutron absorbers, and
prevent content movement into configurations
that have not been analyzed for nuclear criticality,
The structure must function under normal and
accident conditions.

Drain Port Plug. Most inner casks and con-
tainment type storage casks are loaded under
water. Drain ports are provided for removal of
water from the casks. A plug is provided to close
each drain port. The plug 1s also required to main-
tain containment under normal and accident condi-
tions.

Inner Cask Bottom Head The inner cask
bottom head provides containment for the lower
end of the cask under normal and accident condi-
tions. The bottom head is welded to the inner cask
shell. A single failure of this component could
release radioactive matenial from the inner cask.

Inner Cask Lid The inner cask lid provides
containment for the upper end of the cask under
normal and accident conditions. The lid will have
closure bolt holes and sealing surfaces. Vent port,
leak check port, and a pressure relief device are
usually installed in the lid. Attachments or
threaded bolt holes are provided for rigging used
to remotely handle the inner cask and remove the
lid from the cask. A single failure of the lid could
release radioactive material from the inner cask.

Inner Cask Lid Seals Scals are usually
used on containment lids. The seals are required
for maintaining containment in the inner cask
under normal and accident conditions.

Inner Cask Shell. The inner cask shell is the
cylindrical wall of the removable inner cask that
contains the spent fuel. The shell is typically
welded to the inner cask bottom head and the
inner cask shell upper head. The inner cask shell
is part of the containment under normal and acci-
dent conditions. A single failure could release
radioactive material outside the system.,
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Dry Spent Fuel Storage Systems

inner Cask Shell Upper Head The inner
cask shell upper head provides containment for
the upper cylindrical end of the cask. The head
may have sealing surfaces for the inner cask and
bolt threads for closure of the inner cask lid. The
head 1s typically welded to the inner cask shell.

Leak Check Port Plug. The leak-tight char-
acteristics of inner cask or containment-type
outer storage casks are tested after manufacture
and as part of the loading process. In this process,
gas pressures are measured and samples are taken
from between the two lid seals. Similar tests are
performed between inner and outer seals. In all
cases, a between-seals tap is made outside the
inner seal. The inner seal provides an initial level
of containment. The plug and attendant seal are a
second level of containment protection. Other
considerations are that the plug may provide a
shielding function in some cask designs. Often
iimes, the port has a small diameter in a deep hole
and is subject to columnation of the radiation.

Lid Closure Hardware. Some lids are
assembled to either the inner cask or the contain-
ment type outer cask with a number of bolts. The
bolts are required for maintaining containment in
the cask under normal and accident conditions.
The failure of a single bolt is not expected to
release radioactive material to uncontrolled areas.
However, if inferior bolts are installed, the con-
tainment may be breached during an accident
condition. Therefore, the bolts are considered as a
class to be prone to a single failure.

Bolts may also be used for closing a shielding-
type outer cask. Those bolts are of . secondary
function and may be considered to be Category B
components.

Lifting Lugs/Trunnions/Grapples. Some
dry spent fuel storage systems may be provided
with lifting lugs for handiing inside a facility.
Containment type outer storage casks are usually
lifted through trunnions. Failure of a properly
designed lifting lug or trunnion may result in
dropping an outer cask, dropping an inner cask
while in a shielded area, or an inner cask within a
transfer device. Those accidents could result in a
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breach of containment or criticality. Direct radi-
ation effects are himited to levels allowed under
accident conditions. Damage could be imposed
on the facility as well. The movement of nuclear
fuel in a facility is a critical lift requiring a high
level of safety.

Lifting Lug/Trunnion Bolts. Sometimes,
bolts are used to attach trunnions to a dry spent
fuel storage system. The bolts should have the
same category as the trunnion,

Neutron Absorbers. Necutron absorbers
may be used for control of criticality in many dry
spent fuel storage systems. Castable absorbers
may be used in other systems. The absorber mate-
rial i« required for criticality control under normal
and accident conditions.

Outer Cask Inner Shell. The outer cask
inner shell is the interior wall of the cask and is
typically welded to the cask bottom head and the
cask shell upper head. In some metal shielded
type systems, the outer cask provides contain-
ment for the radioactive contents of the cask. In
those systems, the outer cask inner shell is part of
the containment under normal and accident
conditions. A single failure could release radioac-
tive material outside the cask.

In systems that use an inner cask for contain-
ment, the outer cask provides only shielding. The
outer cask inner shell provides support for the
shielding and therefore has a secondary safety
role. In that case, the outer cask inner shell, may
be considered to be a Category B item.

Outer Cask Lid. For systems where the cask
provides containment, the cask lid is a primary bar-
rier to the release of radioactive material. The lid
provides containment and often shielding for the
upper en:’ of the cask under normal and accident
conditior - The lid will have closure bolt holes and
sealing surfaces. A vent port, leak check port, and
a pressure relief device are usually installed in the
lid. Attachments or threaded bolt holes are pro-
vided for rigging used to remove the lid from the
cask. A single failure of the lid could either release
radioactive material from the package or cause
direct streaming of radiation to areas external to
the cask.



In systems that use an inner cask for contain-
ment, the outer cask provides only shielding. The
outer cask hid provides support for the shielding
and therefore has a secondary safety role. In that
case, the outer cask lid may be considered to be a
Category B item.

Outer Cask Lid Seals. Scals are usually
used on containment lids. The seals are required
for maintaining containment in the cask under
normal and accident conditions. Depending on
the design, the outer seal may be a lower category
item.

Outer Cask Shell Bottom Head. For sys-
tems where the outer cask provides containment,
the outer cask shell bottom head is a primary bar-
rier to the release of radioactive material. The
head provides containment and often shielding
for the lower end of the cask under normal and
accident conditions. The bottom head may be
welded to the inner shell and the outer shell.
Shielding materials may extend to the bottom
head and in some cask designs may be located
inside the head. If so, the head may prevent drain-
ing of certain shield materials in the event of a
post-accident fire. A single failure of this compo-
nent could either release radioactive material
from the cask, or if shielding is lost, allow direct
streaming of radiation to areas external to the
cask.

In systems that use an inner cask for contain-
ment, the outer cask provides only shielding. The
outer cask bottom head provides support for the
shielding and therefore has a secondary safety
role. In that case, the cask bottom head may be
considered to be a Category B item.

Outer Cask Shell Upper Head For
systems where the cask provides containment, the
outer cask shell upper head is a primary barrier to
the release of radioactive material. The head pro-
vides containment and shielding for the upper
cylindrical end of the cask. The head may have
sealing surfaces for the cask and hid bolt holes
threads for closure of the cask lid. The head is
typically welded to the outer cask inner shell and
often to the outer shell. Shielding materials may
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extend to the head. If so, the head may prevent
draining of certain shield materials in the event of
a post-accident fire.

In systems that use an inner cask for contain-
ment, the outer cask provides only shielding. The
outer cask shell upper head provides support for
the shielding, and therefore, has a secondary
safety role. In that case, the outer cask shell upper
head may be considered to be a Category B item.

Pressure Relief Device. Pressure relief
devices are used to limit the internal pressure
within the containment boundary. Pressure relief
devices could include rupture disks or pressure
relief valves. In addition, these devices also are
required to maintain containment under normal
and accident conditions.

Temperature Control Components.
Temperature control components are required for
two conditions. Spent fuel produces a significant
amount of decay heat that must be removed from
the storage system. Conversely. the storage sys-
tem is required to withstand an accidental fire.
Therefore, the system must prevent excessive
heat from causing failure of the cask under this
extreme condition. Items such as fins, radiant heat
shields. or other thermal control methods may be
required to control temperature under normal and
accident conditions.

Vent and Drain Port Plug and Pressure
Relief Device Seals. Scals are usually pro-
vided for each vent and drain port plug and pres-
sure relief device. The seals are required for
maintaining containment in the cask under nor-
mal and accident conditions.

Vent Port Plug. Many containment-type
outer storage casks and inner casks are equipped
with a vent port. The port may be used for trans-
ferring gas into and out of the casks during filling
with water. Gas may he purged through the port
for control of gas carried contamination, radioac-
tive gases, or gases generated by the contents of
the cask. Some cask designs require the displace-
ment of interior gas to remove or install the lid. A
plug i1s provided to close the vent during
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transport. The plug is required to maintain con

tainment under normal and accident conditions
6.1.2 Category B items

Gamma Shielding. Gamma Shielding is
required to reduce external radiation doses to ley
els acceptable for storage. Lead, depleted ura
nium, and various steels may be used for gamma
radiation shielding. The presence and effective
ness of the shielding is subject to mandatory test
ing during fabrication. The shielding usuaily
performs no other function than shielding, and its
presence is sufficient to satisfy its function. The
shielding is usually enclosed by the inner and
outer shells and, as a solid, i1s not subject to
removal during normal conditions. Under many
accident conditions, the shielding remains in
place and stll performs the intended function
However, some materials (e.g., lead) may melt in
the event of a fire. Given that an analysis demon
strates that the expansion of the lead will not rup
ture containment, the molten material will remain
in place unless the outer shell is breached. There
tore, two tailures, loss of the outer shell and melt
ing of the shielding, are required to prevent the
shielding from performing its intended function

Neutron Shielding Shielding is often pro
vided to reduce the neutron dose external to the

storage system. The designs usually dictate that the
neutron shielding be placed external to the gamma
shielding and the outer shell. The materials of
construction are often lightweight hydrocarbon
matenals with a high hydrogen content. This type
of matenal typically has a low melting point and
may be lost in the event of a accidental fire. It is
common practice to design a cask so that neutron
shielding is requirad for normal conditions but not
required for the accident condition. Under an acci
dent condition, the radiation dose is allowed to

raise to above levels required for normal storage

Outer Cask Outer Shell. The outer cask
outer shell provides structural support for the
shield matenal or may serve as the gamma shield
ing of the metai shielded type storage system. The
shell may be welded to the cask bottom head and

the cask shell upper head. The shell often is the
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outer wall of gamma shielding and sometimes is
the inner wall for neutron shielding. Temperature
control components such as fins are often
attached to the outer shell. The outer shell may be
required to maintain configuration of the cask in
an accident condition. Many storage system
designs will provide features that mitigate the
consequences of failure of the outer shell. For
example, in & containment type outer storage
cask, breaching the outer shell still requires a
breach of the cask inner shell before containment
is breached. Many casks have gamma shielding
that does not melt during the fire scenario. If the
gamma shielding could melt and leak out through
an outer shell breach during a fire, the design
requiremeiiis ray uictate that the shell should be
a Category A item

Transfer Cask. A transfer cask may be used
to move the loaded and sealed inner cask between
the support facility and the storage pad (concrete
support pad). The transfer cask will contain
gamma shielding and possibly neutron shieiding
It will have a loading end cover, lifting and han
dling features, and may be required to operate in
the vertical or horizontal mode. Because the inner
cask provides containment, the transfer cask is not
required to be sealed

6.1.3 Category C ltems

Cask Hardware. Kcepers are often used as a
redundant feature to prevent bolts and nuts from
becoming unscrewed, pins from falling out, and
lifting attachments from being improperly used
Small bolts and nuts, cotter pins, detent pins, and
lockwires have been used for this function. Lan
yards are often used 1o attach bolts and keepers to
the cask to prevent misplacement of the parts. The
keepers and lanyards usually do not have a direct
safety implication and will not cause containment
failure, loss of criticality control, or reduction of

shielding capabilities if not present

Concrete Support Pad. A concreie support
pad is required to provide a stable foundation for
the metal shielded storage system I'he [\M must
maintain a level, relatively smooth surface for the
cask to rest on and must withstand all normal or

accident condition loads




Protective Cover. A protective cover and
possibly some attachments may be provided for a
metal shielded type of storage system. The cover
serves to reduce accumulation of ice and dust from
the surfaces of the cask and has no safety function.

Security Lockwire and Seals. Sccurity
lockwire and seals are used in storage systems to
ensure that the contents loaded in the cask have
not been tampered with. The function is a safe-
guard issue and not one of safety.
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Shielding Shell. A thin skin of metal may be
used to cover shielding. The skin allows for
decontamination of a cask after underwater load-
ing, prevents deterioration of shielding due to
weather, and protects the shielding from minor
damage. Temperature control devices such as fins
may protrude through the skin. The skin is usually
thin compared with structural components and,
therefore, has negligible effect on any contain-
ment, shielding, and on criticality.
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6.2 Concrete Shielded Type
Storage Systems

This section discusses considerations for
assigning classification categories to components
for a concrete shielded type system for storage of
spent fuel. Figure 9 depicis a conceptual sche-
matic of a horizontal concrete shielded system
with typical components used in this type of cask,
while Table 6 lists the classification categories
assigned. In the concrete shielded dry spent fuel
storage system, fuel is loaded into a dry shielded
inner cask inside a support facility. That inner
cask 1s then sealed and moved to the storage loca-
tion in a shielded transfer cask. The inner cask 1s
then placed inside a concrete structure for stor-
age. This type of system may also be constructed
in a vertical configuration,

6.2.1 Category A ltems

Basket Assembly. The basket assembly
provides mechanical support for the fissile con-
tents of the storage system. The structure is
required to maintain spacing between spent fuel
assemblies, and support neutron absorbers, and
prevent content movement into configurations
that have not been analyzed for nuclear criticality.
The structure must function under normal and
accident conditions.

Drain Port Plug. Most inner casks are
loaded under water. Drain ports are provided for
removal of water from the inner cask. A plug 1s
provided to close each drain port. The plugs also
are required to maintain containment under nor-
mal and accident conditions.

Inner Cask Bottom Head. The inner cask
bottom head provides containment for the lower
end of the cask under normal and accident condi-
tions, The bottom head is welded to the inner cask
shell. A single failure of this component could
release radioactive material from the inner cask to
areas external to the packaging.

Inner Cask Lid The inner cask hid provides

containment for the upper end of the packaging
under normal and accident conditions. The lid
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may have closure bolt holes and sealing surfaces
or it may be artached to the inner cask lid by weld-
ing. A vent port, leak check port, and a pressure
relief device are usually installed in the lid.
Attachments or threaded bolt holes are provided
for rigging used to remotely handle the inner cask
and remove the lid from the packaging. A han-
dling grapple may be included to provide a means
of inserting and removing the inner cask from the
concrete structure. A shield plug may also be
attach to this lid. A single failure of the lid could
release radioactive material from the inner cask.

Inner Cask Lid Seals Secals are usually
used on containment lids. The seals are required
for maintaining containment in the inner cask
under normal and accident conditions.

Inner Cask Shell. The inner cask shell is the
cylindrical wall of the removable inner cask that
contains the spent fuel. The shell is typically
welded to the inner cask bottom head and the
inner cask shell upper head. The inner cask shell
is part of the containment under normal and 2cci-
dent conditions. A single failure could release
radioactive material outside the inner cask.

Inner Cask Sheli Upper Head. The inner
cask shell upper head provides containment for
the upper cylindrical end of the packaging. The
head may have sealing surfaces for the inner cask
and threaded lid bolt holes for closure of the inner
cask lid or it may be attached to the inner cask lid
by welding. The head is typically welded to the
inner cask shell.

Leak Check Port Plug. The leak-tight char-
acteristics of the inner cask are tested after
manufacture and as part of the loading process. In
this process, gas pressures are measured and sam-
ples are iaken from between the two lid seals.
Similar tests are performed between inner and
outer seals. In all cases, a between-seals tap is
made outside the inner seal. The inner seal pro-
vides an initial level of containment. The leak
check port plug and attendant seal are a second
level of containment protection. Other consider-
ations are that the plug may provide a shielding
function in some inner cask designs. Often, the
port has a small diameter in a deep hole and is
subject to columnation of the radiation.
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Figure 9. Schematic of a hypothetical concrete shielded type dry storage system.
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Lid Closure Hardware. Some lids are
assembled to the main body of the inner cask with
a number of bolts. The bolts are required for main
taining containment in the inner cask under normal
and accident conditions, The failure of a single bolt
18 not expected to release radioactive matenal to
uncontrolled areas. However, if inferior bolts are
installed, the containment may be breached during
an accident condition. Therefore, the bolts are con

sidered as a class to be prone to a single failure

Lifting Lugs/Trunnions/Grapples. Spent
fuel storage inner casks use lifting lugs or equiva
lent attachments for handling inside a facility
Failure of a Lifting lug may allow a breach of con
tainment or a criticality condition. Damage to
other parts of the facility are also a possibility. If
the inner cask is inside a transfer device, direct
radiation effects are limited to levels allowed for
accident conditions. The movement of nuclear
fuel in a facility 1s a critical lift requiring a high

level of safety

Lifting Lug/Trunnion Bolts. Bolts might
be used to attach lifting lugs or other equivalent
attachments to an inner cask. The bolts should

have the same category as the lugs

Neutron Absorbers. Ncutron absorbers
may be used for control of criticality in many dry
spent fuel storage stems. Castable neutron
absorbers may be used in other systems. The
absorber matenals are required for criticality con

trol under normal and accident conditions

Pressure Relief Device. Pressure reliet
devices are used to limit the internal pressure
within the inner cask containment boundary
Pressure relief devices could include rupture
disks or pressure relief valves. In addition, those
devices also are required to maintain containment

under normal and accident conditions

Vent and Drain Port Plug and Pressure
Relief Device Seals Scals are usually pro

vided for each vent and drain port plug and pres

sure relief device. The seals are required for
maintaining containment in the inner cask under

normal and accident conditions
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Vent Port Plug. Many inner casks are
equipped with a vent port. The port may be used
tor transfernng gas into and out of the inner casks
during filling with water. Gas may be purged
through the port for control of gas carried con
tamination, radioactive gases, or gases generated
by the contents of the inner cask. Some inner cask
designs require the displacement of interior gas to
remove or install the hid. A plug is provided to
close the vent during transport. The plug is
required to maintain containment under normal
and accident conditions

6.2.2 Category B ltems

Access Door Lifting Lugs The access
door lifting lugs are used to install and remove
that lid. A failure of the lugs could result in signif
icant radiation exposure to facility personnel

Concrete Base Unit and Roof Siab. The
concrete base unit and roof slab provide physical
support tor the storage system. The base unit
includes the walls, floor, and ends, while the roof
slab represents the ceiling that houses spent fuel
storage casks. Shielding may be either an integral
function of the structure or may be provided by
other components. The structure maintains the
configuration of the system under normal and

accident conditions

Concrete Structure Access Bolts. Bolts
may also be used for closing the concrete struc
ture shielded access door. Those bolts are of a sec

ondary function

Gamma Shielding. Gamma shielding is
required to reduce external radiation doses to ley
els acceptable for storage. Concrete 1s the mate
rial used for shielding in this type of storage
system. The presence and effectiveness of the
shielding 1s subject to mandatory testing during
tabrication. The shielding usually performs no
other function than shielding and its presence is
sufficient to satisfy its function

Inner Cask Support Structure. The inner
cask support structure provides support for the
inner cask under normal and accident conditions
Failure of the structure may allow breach of the

containment or a criticality condition




Inner Cask Top Shield Plug. An inner
cask top shield plug may be required to reduce
radiation exposure to operating personnel after
the inner cask has been loaded into the storage
cask and before the shielded access door is in
place. The plug provides additional shielding in

the storage mode

Neutron Shielding. Shielding may be
required to reduce the neutron dose external to the
storage system. Concrete is often of sufficient

thickness to suffice for neutron shielding

Shielded Access Door. The shielded
access door provides physical closure of the con
crete storage system and shielding of the inner
cask. The access door is held in place by the con
crete structure access bolts and handled with the
attached lifung lugs. Because the inner cask pro
vides containment, the access door is not required
to be sealed. The access door must remain in
place to shield operations personnel in the storage

mode

Transfer Cask. A transfer cask may be used
(o move the loaded and sealed inner cask between
the support facility and the storage pad (concrete
support pad). The transfer cask will contain
gamma shielding and possibly neutron shielding
It will have a loading end cover, lifting and han
dling features, and may be required to operate in
the vertical or horizontal mode. Because the inner
cask provides containment, the transfer cask is
not required to be sealed

Dry Spent Fuel Storage Systems

6.2.3 Category C items

Cask Hardware. Kcepers are often used as a
redundant feature to prevent bolts and nuts from
becoming unscrewed, pins from falling out, and
lifting attachments from being improperly used
Small bolts and nuts, cotter pins, detent pins, and
lockwires have been used for this functior. Lo
yards are often used to attach bolts and keepers 1o
the system to prevent I!H\piklu‘nwnl ot the parts
l'he keepers and lanyards usually do not have a
direct safety implication and will not cause con
tainment failure, loss of criticality control, or

reduction of shielding capabilities if not present

Concrete Support Pad. A concrete support
pad is required to provide a stable foundation for
the concrete shielded storage system. The pad
must maintain a level, relatively smooth surface
for the cask to rest on and must withstand all nor

mal or accident condition loads

Roof Slab Lifting Eyes. Concrete structure
root slab lifting eyes are used to move the con
crete slab during construction of the structure
Ihese eyes have no safety function when spent

fuel 1s In storage

Security Lockwire and Seals. Sccurity
lockwire and seals are used in storage system to
ensure that the contents loaded in the cask have
not been tampered with. The function is a safe
guard issue and not one of safety

NUREG/CR-6407




Dry Spent Fuel Storage Systems

Table 6. Classification categories for dry spent fuel storage systems

Funcuion Component Metal shielded Concrete shielded

Containment® Drain port plugs / A
Inner cask bottom head
Inner cask Lid
Inner cask hid seals
Inner cask shell
Inner cask shell upper head
Leak check port plug
Lid closure hardware
Quter cask inner shell”
Outer cask 1id®

Outer cask lid seals’

P e 2 B 2

Outer cask shell bottom head®

Outer cask shell upper head®

> »P

Pressure relief device

Vent and drain port plug and pressure relief device seals

»> P

Vent port plug
Criucality contro Basket assembly
Neutron absorbers
Shielding Gamma shielding
Inner cask top shield plug
Neutron shielding
Heat transfer Temperature control components
Structural integrity? Cask hardware
Concrete base unit and roof slab
Concrete structure access bolts
Concrete support pad
Inner cask support structure
Outer cask outer shell
Operations support Access door hifting i\Jg\
Lifting lugs/trunnions/grapples
Lifting lug/trunnion bolts
Protective cover
Roof slab lifting eyes
Securty lockwire and seals
Shielded access door
Shielding shell

Transfer cask

2 Containment boundary of the cask jefins J by the parts that would be wetted if the cask interior were | with waler

b If the cask is used for containment bo e sary; however, if the cask 1s used only for sr ielding and not for containment boundary, this component
nay be Category B
Shielding may be Category A in specific designs

d Required to mamtamn configuration in either normal or acc ident conditions
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