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1.0 INTRODUCTION

1.1 Objectives

This study is an integral part of the High-Level Waste Canister Envelope
Study Program whose prime objective is to develop design criteria for
the canisters that will contain the solidified high-level radioactive
waste from commercial reprocessing operations. -Rockwell Hanford Opera-
tions, a prime contractor of ‘the Department of Energy, engaged in
chemical processing and management of radioactive wastes, has been given
the responsibility for éonducting this program. The program is part of
the systems study of the National Waste Terminal Storage Program managed
by the Office of Waste Isolation, Union Carbide Corporation; Nuclear
Division, Oak Ridge, Tennessee.

The primary objective of this study is to identify codes, standards and
federal regulations that are applicable to the design and construction
‘of HLW canisters. This task is one of a number of program elements or '
tasks that have been identified for study to achieve the Rockwell
Hanford Operations program objectives. Up to the current time, no
specific codes or standards have been identified to govern the design,
fabrication, and inspection of the high-level waste (HLW) canister!

Some basic regulatory requirements;'applicab1e to processing, packaging,
handling, transport, and disposal of high-level wastes do exist and will
apply to waste canisters. However, there still exists a need for
further development of requirements and acceptance criteria for these
canisters for various phases of the anticipated canister life cycle to
ensure environmental safety. '

In consideration of public scrutiny and acceptance of such containers

for ensuring high integrity and long-term containment of high-level

waste, it is essential that specific codes, standards, and licensing and
quality assurance requirements be identified and implemented for canister.,
design and use. In cases where eXisting requirements of these documents
are not considered satisfactory, or do not address the essential factors,
additional requirements must be established and- jncorporated in appropriate
documents for application to the above-stated objectives.

1-1
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This study deals pfimari]y with identification of those existing codes,
standards, and licensing documents (or portions thereof) that we recommend
be made applicable to the design, fabrication, and inspection of high-
level waste canisters. This study also makes recommendations for develop-
" ment of additional appropriate standards and requirements to ensure
safety, and the integrity of these canisters throughout the various

phases of the anticipated Tife cycle.

1.2 'Background |

At the: present time, no plant facilities are being operated commercially
in the United States for reprdcessing of spent nuclear fuel and solidi-
fying the high-level liquid waste generated from reprocessing operations.
No commercial containers have been designed and constructed for packaging
these solidified wastes. ‘

Title 10, Code of Federal Regulations Part 50 (10 CFR 50), Appendix F,
requires that high-level radioactive 1iquid waste produced from re-
processing of nuclear fuel, be converted to a dry solid and.p]aCed in a
sealed container (canister) within five years after reprocessing and

. transferred to a Federal repository within 10 years after processing.
At the repository, the Nuclear Regulatory Commission (NRC) will take
title to the radicactive waste material and emplace it in geologic
storage. S ‘ ‘

The canister. is considered to be part of an integrated handling and
storage system. During its life cycle, the canister will be exposed to
a variety of environmental conditions. The canister life cycle will
include the following stages: - '

(a) Waste Solidification

- (b) Interim Stbrage at the Fuel Reprocessing Plant
(c) shipping |

(d) Geologic Repository
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The high-level waste canister is deffned as the primary, high-integrity
containment barrier between the solidified radioactive waste and the
environment. As such it must -

) Maintain its integrity while in interim storage at the fuel re-
processing facility, during shipment, and for a retrievability
period of up to five years after emplacement in geologic storage.

0 Be designed and fabricated to permit a remote weld closure and
remote nondestructive examination of the closure.

o Be fabricated of a material that is decontaminabie and is compatible
with the waste form and storage environment.

0 Be compatible with all handling, shipping, and storage equipment
and facilities.

o Be.reasonably economical to fabricate.

1.3 Scope ,
The scope of this study primarily encompasses the following:

(a) Identification and interpretation of applicable codes, standards,
and regulations governing the design, fabrication, inspection,
and 1icensing of high-level waste»cahisters;

(b) Development of preliminary canister closure design concepts for
canisters which meet all applicable codes identified in (a); and,

(c) Determination of.a testing program necessary for canister design
verification. '

To complement the above, this study includes identification of quality

assurance standards to be applied to the design, fabrication; and
testing of the canister.

1-3 .
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Further, investigations have beenumadé relative to such considerations
as overpacking of the canister and materials for fabrication. It is not
within the scope of this study to make specific recommendations based on
these investigations. Rather, discussions of such parameters are
included with particular emphasis on identifying various advantages and
disadvantageé of utilization of certain materials for various phases and
options within the canister life cycle. Similar discussions are also
provided on the necessity of overpacking the canister. These discussions
are considered pertinent as a reference source for further development
of canister design criteria, requirements, and standards'for,the high-
level waste canister.

Rockwell Hanford Operations has identified certain assumptions to be

utilized in this study. These assumptions are outlined in Séction 3.2
of this report. - '

1-4
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2.0  SUMMARY

A study Which identifies codes, standards, and regulatory requirements
for developing design criteria for high-level waste (HLW) canisters for
commercial operation has been performed. This study program is part of
the systems study of the National Waste Terminal Storage Program managed
by the Office of Waste Isolation. The primary responsibility for
conducting this program has been assigned to Rockwell Hanford Operations.

Direct application of existing codes and standards to development,

design verification, manufacture, or testing of an HLW canister is
limited; -however, it is considered that certain provisions of existing
documents will be useful as a baseline for development of canister
design. Some basic regulatory requirements for solidification, packaging
and disposal of high-level waste are contained in 10 CFR 50, Appendix F.
In 10 CFR 71, basic packaging requirements are identified for transport
of lafge quantities of radicactive material for both normal and accident
conditions. However, further development of requirements and acceptance
criteria for the canister is needed. | '

Based on results of this study, it has been determined that the canister
should be designed as a pressure vessel without. provision for any
overpressure protection type devices. Section III of the ASME Boiler
and Pressure Vessel Code is the most comprehensive eiisting code that
can be applied to design, fabrication, inspection, and performance
testing of the canister.  Rules for the design and fabrication of three
different safety classifications of nuclear-grade pressure vessels are
contained in Section III.. It is the recommendation of this study that
the'HLW‘éahister‘be designed and fabricated to .the requirements of the
ASME Section ITI Code, Division 1 rules, for Code Class 3 components.
As an alternative, a new subsection for Section III of the Code can be
developed specifically for the HLW canister,.and based prjncipa]]y on
existing rules for Code Class 3 components. Identification of other
applicable industry and regulatory guides and standards are provided in
" this report. | ' |

2-1
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- Prerequisite to the design.of an acceptab]e HLW canister.is the. deve]op-
ment of DeSIQn Criteria which will. de11neate the overa]] functxona]
requ1rements and standards . the canister must meet  Pursuant. to.the
Design Criteria will be’ the deve]opment of .a.detailed. De51gn Spec1f1ca-
tion.which will provide to the canister designer. and - fabricator minimum
requ1rements for 1nterface load capab111ty, environmental qualification,
material procurement qua11ty assurance, fabrication standards, in-
spect1on, testing, shlpplng, ete. Requlrements for the Design.Specifi-
cation are found in- the" ASME Section ITI Code.

A comprehensive design.verificatien program for the HLW .canisters is
considered imperatfve; It is the recomméndation of this study that
design verification be conducted principally with prototype testing
which will encompass normal and acc1dent service condltlons during all
phases of the can1ster 11fe )

Adequacy. of existing quality assurance and licensing standards for the
canister/ﬁ@?%finvestigated. One of :the recommendations derived from

~ this study is a requirement that the canister be N stamped.. In addition,
acceptance standards for the HLW waste should be established and the
waste qualified to those standards before the canister is sealed.

Selection of a specific material. for fabrication of the HLW canister is
~outside the scope of this study.: However, an overyiew study was made
assuming carbon. steel, stainless steel, and.Inconel. and.Incoloy. series
steels to be the most suitable materia]s'foruwithstandingsthe-required
environmental conditions' "Se1éttion of a specific‘material'wi]] require
a thorough 1nvest1gat1on of . the environmental ‘conditions that the
canister must withstand durlng the varlous phases of.1its. llfe cycle.

A prellmlnany 1nvest1gatlon of ‘use of an overpack.for the canister has
been.made. Based on this 1nvest1gat1on, it'is the op1n1on of Nuclear
Services Corporat1on that the use of an. overpack ‘as an 1ntegra1 part of
overall canister dESIQH, is undes1rab1e, both from a design’ end economics

2-2
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standpoint. Use of an overpack may-also demonstrate lack of capability
to attain a reasonable set of tradeoffs between facility requirements
and canister design. However, use of shipping cask liners and overpack
type containers at the Federal repository may make the canister and HLW
management safer and more cost effective.

There are several possible concepts for canister closure design. These
concepts can be adapted to the canister with or without an overpack. A
remote seal weld closure is considered to be one of the most suitable

closure methods; however, mechanical seals should also be investigated.

2-3
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3.0 DESIGN BASES AND CONSIDERATIONS

3.1 Study Bases _
Outlined below are the study bases and alternatives within the canister

life cycle as defined by Rockwell Hanford Operations for this study.

3.1.1 Waste Management System
' The system associated with management of commercial waste is
composed of: '

(a) Fuel reprocessing plant (FRP)

(b) Post-reprocessing waste soTidification

(c) High-level waste canister

(d) Interim storage facility associated with FRP
(e) Transportation .

(f) Geologic storage at the Federal repository

The above waste management components have been incorporated by Nuclear
Services Corporation into three phases, as shown in Figure 3-1. Phase’
one concerns those activities associated with the licensed reprocessing

facility; phase two, the shipping cask; and phase three, the Federal
repository. g

3.1.2 - Waste Conversion and Transportation ‘
(a) Waste to be converted to a dry solid and placed within a
sealed canister within five years after reprocessing.

(b). Canister (with solid waste) to be transferred to Federal
~ - repository within ten years after reprocessing.

3.1.3°  Waste solidification procedures
" (a) In-can zone melting to form a glass-type waste, or
(b) Continuous melting to form a glass-type waste, or
(c) Calcination and post-stabilization to form a calcine. .

3



FIGURE 3-1: THE THREE PHASES OF
HIGH LEVEL WASTE (HLW) MANAGEMENT
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3.1.4

3.1.5

3.1.6

3.1.7

NUCLEAR SERVICES CORPORRTIOM

Interim storage at Fuel Reprocessing Plant
(a) Water storage or

(b) Air storage

Transportation Mode
(a) Air cooled shipping cask

Geologic Repository

(a) Salt, or

(b) Shale, or

(c) Basalt ’

éﬁ) C;moq&:*é

Other Design Considerations

(a) Canister will require remote handling for operations
including closure welding and decontamination.

(b) Canister should be reasonably economical to fabricate.

(c) Overpacking should be investigated as a means of ensuring

: safety or facilitating handling.

"(d) Canister should be retrievable (with or without overpack)

up to five years after emp]acement in geologic storége.

3.2 'Assumptions

Rockwell Hanford Operations has identified certain assumptions for this
HLW canister study. These assumptions, outlined below, have been
utilized by Nuclear Services Corporation in performing the study.

3.2.1.

3.2.2

3.2.3

Material - 304L stainless steel is the reference materia].

Thermal ‘equilibrium -
350%¢ (canister wall)
800°C (centerline of glass-type waste)
700%C (centerline of calcine waste) .

Canister Dimensions
General range of canister dimensions:
6" - 24" (diameter); '
10" - 16' (length)

' 3-3
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3.2.4 Waste Density
Solidified high-level radioactive waste will have approx1mate1y
the same density as aluminum (3 g/cm3)

3.2.5 Canister Fabrication

(a) Roll and longitudinally weld a right cylinder

(b) Form and circumferentially weld a lower end cap on the
cylinder

(¢) Form and circumferentially weld an upper end cap con-
taining an opening for waste filling and including a
fitting for mechanically locking and weld sealing a
closure cap

(d) Seal weld the closure fitting after filling

3.2.6 Canister Filling
’ Filled to 80% with high-level solidified waste

3.2.7 = ‘Canister Closure :
The canister should be designed to permit remote weld closure
and remote NDE of the closure weld. The weld closure should
be assumed to be made‘in air.

3.3.1 Pressure Retaining Requ1rements
Early in the study, special interest was expressed by Rockwe1] Hanford

‘Operations for a determination of the necessity and/or desirability of
designing the canister as a pressure vessel. Existing regulatory
requirements were reviewed to determine if there were any licensing
standards that would require that the canister .be designed to hold
internal pressure. Such pressure could result from gases released by
the waste with time, or expansion of air within the canister during
heating and cooling. '

Based on regulatory proVisions'of 10 CFR 50,. Appendix F, the high-level
waste must be "chemically, thermally, and radiolytically stable to the

3-4
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extent that the equilibrium pressure in the sealed container will not
exceed the safe operating pressure for that container during the period
. from canning through a minimum of 90 days after receipt at the Federal
repository." (For this study, per Section 3.1.7, a canister retriev-
ability period of five years was used.) Thus, this regulation implies
that the canister should be designed and constructed as a primary
container to withstand internal pressure. Stabilization of the waste
material, based on requirements of 10 CFR 50, Appendix F, is further
discussed in Sections 5.1.3 and 6.1(d).

The desirability of designing the canister as a pressure vessel, from a
technical basis, was also evaluated. If the canister were not designed
to retain pressure, airborne radioactivity could be released at the Fuel
Reprocessing Plant, during transportation, or at the Federal repository.
At the FRP and Federal repository, airborne radioactivity could endanger
site personnel ‘and place strong requirements on the plant ventilating

_ systems to filter and remove particulate and gaseous activity. Both of
these consequences were considered highly objectionable. During trans-
portation, release of airborne particulates and gases from the canister
would place ‘additional restrictions on the shipping cask and pose
hazards to the public. Thus, from a technical basis, it was also
considéred desirable to design the canister as a pressure vessel.

It is, therefore, the recommendation of this study that the canister be
designed as a pressure vessel.

Subsequent to the dec1s1on that the canister shouid be designed as a
pressure vessel, the necessity for overpressure pratection was also

examined. That is, the canister will be sized and fabricated for a

specific design pressure.

Section 5.2 of this report recommends that the ASME Section II] Code*
be applied to design and construction .of the canisters. Part ND7110(b)

*American Society of Mechanical Engineers Boiler and Pressure Vessel Code.
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of Section III specifies that "individual components which are isolable
from system overpressure protection shall be reviewed to determine

whether additional individual overpressure protection is necessary (NB-
7155)."

Overpressure protection could be designed into the canister, which would
prevent it from rupturing. Rupture discs and relief valves are two such
design mechanisms. Thus, if high pressures were encountered in the
canister, a rupture disc or relief valve would operate, relieve the
pressure, and prevent the canister from rupturing. However, radioactive
material would be released to the environment. -

Possible sources of overpressure were then examined to determine if
canister rupture is a credible accident. Kaiser Engineers' studies
(Reference 1) examined internal canister pressure that would result from
entrapped air eipanding during canister heating. These studies indicated
a calculated pressure of 30 psia resulting from air at 14.7 psia and

80°F (during closure) being heated by the waste to 650°F. Kaiser Engineers
subsequently'selected 100-péia as a conservative preliminary design '
pressure.

The other source of canister internal pressure would be gases released
from the waste. However, appropriate stabilization of waste material

" per requirements of 10 CFR 50, Appendix F(as described in Section 3.3.1
and 5.1.3) preciudes'Waste gas release from being a source of internal
pressure. :

It should also be noted that in the ﬁh]ike]y event the canister were to
rupture - at the FRP or Federal repository, the radioactive material
would be contained within the facility containment structures and the
filter exhaust systems would prevent release of this material to the
environment. If the canister were to rupture inside the shipping
container, the container could be designed to retain the waste and
prevent it from endangering the public.

- 3-6
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It is thus the recommendation of this study that the canister be de-
signed without incorporation of any overpressure protection type devices
such as relief valves or rupture discs. Emphasis should be placed on
stabilizing the waste before sealing it in the canisters and thus
satisfying the provisions of 10 CFR 50, Appendix F. Provision should
also be made for monitoring gas release from the unsealed canister for a
finite period, and for leak festing the sealed canister. Maximum gas
release and leak rates should be established as part of the acceptance
criteria. Testing of the canister is discussed in Sections 3.6 and 5.3.

As an additional means to ensure canister quality and; as described in
Section 5.1 of this report, the canister should be designed and manu-
factured in compliance with the ASME Code (e.g., N-stamped).

3.4 Materials ‘ .

Selection of a material that would provide an acceptablie level of
performance within expected environments is among the more significant
problem areas to be resolved in the design and fabrication of HLW
canisters. A thorough investigation of factors affecting the selection
of canister materials is outside the scope of this report. However, an
overview‘of available information, which provides a framework for code
and standard studies, is presented herein.

Optimally, a single material will be selected from candidate mater1als
that exhibit acceptable levels of strength, duct111ty, corrosion res1stance
and ease of decontamination.

Careful consideration must be given to selectijon of a material that will
withstand the environmental conditions to which the material is exposed
during the various phases of the canister life cycie. These phases are
i]]ustrated in Figure 3-1. Section 3.1 (Study Bases) identifies the
various alternatives and opt1ons for the life cycle phases. During the
first phase of its design life the canister may be in this event, used
as a container employed in the waste solidification process. In this
‘event, the selection of a melt and fil1ling process for the solidified

3-7
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waste should have as a goal, minimum fabrication degradation of the
canister. The method of filling the canister should ensure that the
seal weld area remains free from contaminants and that the external
surface is easily decontaminated. The canister should also be supported
to maintain design dimensions during canister filling. One concept of
canister filling that accomplishes these goals is shown in Figure 3-2. .
The concept involves the use of a double walled funnel to fill the
canister from a cdntinuous melt furnace; a barrier to prevent contamination
of the exterior surface of the canister, and the use of an inert gas
cover during filling and canister cooling. It shquid also be pointed
out that preformed and cooled waste in slug, pe]]et (or other form)
could be Toaded into canisters. This would eliminate such canister

V degradation problems as high temperature, stress corrosion,.yield, and
distortion. ’

If suitable environmental protection can be pfovided, during canister
filling and a material selected to withstand the filling environment,
then the canister may be produced without reliance on an overpack
canister. However, subsequent phases of the canister.life require
suitable material performance during interim storage and long term
~geologic storage, which impose additional constraints on the choice of
canister material. ' o

Candidate materials that. have been assumed for this study to be most
suitable include carbon steel, stainless steel, and Inconel and Incoloy
series steels. '

Carbon steel, although economical and easy to fabricate, exhibits rel-
atively poor resistance to corrosion. The-most‘wfde1y used material in

the nuclear industry for corrosive environments, and whﬁch_requires a

high degree of cleanliness, is low carbon content austenitic stainjess
steel. This material, however, becomes susceptible to stress corrosion
cracking if used in a sensitized condition. -High tempefatures associated
with the waste solidification and canister filling processes (e.g., in-

can zone meTting.cou1d result in sensitization of stainless steel materials.

3-8



FIGURE 3-2
CANISTER FILLING CONCEPT
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Regulatory requirements which preclude use of sensitized steel are
provided in Regu]atory Guide 3.37. Austenitic stainless steel exhibits
poor corrosion resistance upon emplacement in a salt bed environment.

Alloys such as Inconel and Incoloy have also been proposed because of
their resistance to corrosion and'apparent lack of susceptibility to
stress corrosion cracking.

It is the recommendation of this study that material selection be based
on the use of a material that provides the most appropriate balance of
the following characteristics and facility trqdeoffs;

a. HLW solidification process and loading plus processing
quality assurance |

corrosion resistance

adequate strength and ductility for canister design pressure
relatively easy to procure and fabricate '

weldability or mechanical seal

ease of decontamination

@ - o a o o

cost economy

If possible, the material should be selected from a list of materials
presently accepted by the Nuclear Regulatory Commission for use in ASME
components (see Régu]atory Guide 1.85), and confirmed by a suitable
qualification program (see ‘Section 3.6). '

- 3.5 Overpack
The use of an overpack has been proposed (Reference 2) as an acceptable

method for maintaining the primary barrier function of the canister for
conditions in which degradation of the canister material cannot be
controlled to an acceptable degree. '

Nuclear Services Corporation has made a preliminary investigation of
the use of a canister overpack as an integral part of the design. The
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three phases of the canister life cycle (referred to in Section 3.1.1)
with provisions for overpack were considered. Based on the results of
this investigation, it is the opinion of Nuclear Services Corporation
that the use of an overpack, as an integraT part of design, results in
an undesirable design and economic constraint on the waste management
system. This determination is primarily based on our rationale that the
overpack would: '

Need to be constructed to standards equivalent to the canister.
b. Provide increased thermal insulation of the HLW material.
c. Complicate design, testing, and handling of the container
system.

Certain advantages of using an overpack have previously been discussed
(References 2, 3, and 4). These advantages are outlined below and are -
related to the above-mentioned three phases of the canister life cycle.
Nuclear Services Corporat1on has identified possible a]ternat1ves that
would e11m1nate the need for overpack for these.cases.

'A. Phase 1 - Activities Associated with Licensed Processing Facility

(1) Facilitate decontamination
"Altérnatives

0 Use preformed, §olid glass s1ygs, pellets, buttons, etc.
to fill the canister and eliminate use of the canister in
the solidification process. )

0 Provide a barrier and an inert gas cover to preclude
contamination of the exterior surfaces of the. canister

~ (See F1gure 3-2).

(2) Replace canister due to degradation during interim storage
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Alternative

o Select a canister material capable of withstanding the
environment and control storage environment to prevent
unacceptable material degradation.

(3) Act as a primary bafrier in .the evént that the canister is
breached as the reprocessing facility.

‘Alternative
0 The FRP'will be a licensed facility which is provided
 with containment structures and high efficiency filtering
systems to contain and remove particulates and gases
released from the canister. Facility operating procedures
can be implemented to ensure proper control of equipment
and systems.

B. Phase 2 - Shipping Cask

(1) Act as a primary barrier in the event that the canister is
breached during shipping.

Alternative A

o 'The canisters will be transported in a shipping cask
under-a Nuclear Regulatory Commission license. The
shipping cask will be designed and tested for normal
transportation environments and design accidents. . The
shipping cask can be designed to serve as a sealed
secondary barrier to prevent release of gases and parti- -
culates from the canister.to the environment. The
damaged  canister can be returned to the FRP for rework
and cleanup. The. shipping cask can be designed with a
removable liner to facilitate decontamination.
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C. Phase 3 - Federal Repository

(1) Act as a primary barrier in the event that the canister is
breached at the Federal repository.

Alternative '

0 The Federal repository can be designed with suitable
containment structures and filter systems and equipment
to prevent release of particulate or gaseous activity
from the .canister to the environment. 'Facility operating
procedures can be implemented to ensure proper control
of equipment and systems.

(2). Provide additional resistance to corrosion during near-term
geologic storage. '

' A]ternativgs:

) Provide adéquate wall thickness for the canister to allow
for corrosion. '

0 Sleeve the geologic storage media to separate the canister
from the corrosive environment. '

A]though the planned use of an overpack canister as an integral part of
the waste management system is considered undésirab]e, some means of
overpacking may be useful for accident situations. For example, if the
canister were breached at the Federal repository, an overback may
‘provide a convenient containment package for transporting the démaged
canister back to the FRP for'recanning. Use of Shfpping cask liners

and provision for an overpack type container for canisters at the Federal
repository may appreciably increase the safety and cost effectiveness of
‘the HLW management program.
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3.6 Test1ng - De51gn Deve]opment & De51gn Verification
A thorough testlng program properly lntegrated within the overall
design process, is recommended for.the canister.. The canlster functions

as a transportab]e, pressure- reta1n1ng barrler dur1ng all three phases
of its design life.’ Four maln ‘concerns.related- to’ the deSIQH of the
canister are described below. - The re]at10nsh1p of test programs. _and the
de51gn code as tools in prov1d1ng a canister that meets design objectives
sat1sfy1ng .these concerns ‘is also prov1ded 0f primary.concern in the
design of an HLW canister is’ the provision of the following:

a. an acceptable level of material compatibility with design
environments (waste processing and so]idification,Ainterim
storage, transportation and long term storage).

b. adequacy for all design loads (e.g.,. internal pressure,
handling loads, thermal gradients. and vibration during trans-
portation) - - D .

- ¢. adequacy for low probability accident conditions

d. = assurance of proper function or operation.

3.6.1 'Environmental Testing - _

Testing of canister materials to determine effects of chemical and
radiological environments is recemmended for all.stages of. the canister
life. This environmental ‘testing of candidate materials. should be
performed to insure that the material selected for the canister is
metallurgically cohpatib]e'with the waste and all anticipated fabrication
and de519n environments. Sample testing should specifically include the
effects of high re51dua1 stresses that are ‘likely to be present during |
the canlster lifetime (due .to . such events as welding and differential
expansion between theé’ can1ster and. waste).. Testlng of material .samples
that have been. exposed to representat1ve fabrication and. des1gn processes
can be performed u51ng acce]erated environmental conditions. " Typical
~design rules, such as these of. the: ASME. ITT code, assume that ﬁhe canister
»méterial'remains‘ductile thrdugﬁodt‘its*Tifetime and this shou1d'be a
»verlflcat1on objective of the mater1a1 environmental testlng - Environ-
ments considered in deve]op1ng test requ1rements should 1nc1ude

3-14



NUCLERAR SERVICES CORPORATION

waste processing and solidification
post-fill heat treatment

closure and seal we]dihg

interim storage

transportation

geologic storage

-H ®© A O T o

Special testing may be required to evaluate and control possible sensi-
tization of some candidate materials. The material sample environmental
testing-should have as a goal, demonstration of adequate canister
material properties at the end of the canister retrievabi]ity period.

3.6.2 Design Qualification Testing

The suitability of the canister to perform under specified design
conditions such as internal and external pressure, thermal excursions,
vibration, and impact situations can be demonstrated by test or analysis.
Testing of the canister for most design conditions would probably be
unnecessary since pressure, temperature, and mechanical load effects. are
readily evaluated by analysis for a ductile canister material.

3.6.3 Acc1dent Condition Tests

During the transportation phase of the canister design life, the canister
becomes part of the canister transportation package. However, during
the initial and final stage of its design-life the canister may be
subject to accident conditions during handling and storage. Of primary
concern are severe. impact (e.g., canister drop) accidents. The ob-
jective of such testiﬁg'is not to qualify the HLW canister for all
possible accidents ‘that. the ‘canister might ekperience; but rather for a
level of accidents for which it need not be repaired or replaced.

Although analytical. procedures are available that provide methods for
evaluating ‘severe 1mpact accidents, acceptance criteria may be difficu]t
to define and analytical results may be open to question. Therefore,
testing is recommended to assure that the canister remains sealed as
well as structurally stable following the specified accident conditions.
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The types of testing that should be considered for accident conditions
are:

a. Free drop of the canister onto an unyielding surface. Free

' drop heights and orientation should be selected to encompass
all probable accident impact conditions during phase one and
three of the canister design life.

b. Free drop of the canister onto an object with potential for
penetrating the canister. The severity of this test should be -
developed considering handling and storage environments,
economic constraints, etc.

c. _If the canister is water cooled, it may be desirable to
perform loss of coolant temperature excursion tests if con-
siderable uncertainty exists from analysis.

d. Transpoftation.accident tests should be'carried out within a
designated cask transportation package, using the hypothetical
accident conditions specified in 10 CFR 71, Appendix B.

Although cask accident tests are designed to determine the adequacy of
the cask containment, it is recommended that functional capability of
the canister also be tested within the transportation package. - The

capability requ1rements of the canister under these c1rcumstances-shou1d .
be defined in the system and design specifications. '

3.6. 4 Leak Test Cr1ter1a Deve]opment

Present conceptual closure designs do not rely on the closure sea] weld
to perform as a structural joint. However, the proper functional
requirements of the seal should be established. Leak testing can then
be performed by the FRP to ensure established. levels of leak tightness
have been met. ’
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The establishment of 1eak.test§acceptance4criteriairequireshstudies_of:

a. ~ Potential particle'size‘of the waste form:.due .to breakup.in’
the canister. R . R _

b. MWaste partic1e escape rates. as a.function of canister defect
hole size. ' S :

c. Surface contam1nat1on ofthe canister as a functlon of par-.
ticle release rate. * '

d. The sensitivity of various leak rate defection methods and
dev1ces, and the effect of remote hand11ng on’equipment

N sensitivity. ' o
e. The effect of canister: handllng and age on defect hole size.

If necessary, :leak testing can be performed by.purging the canister with
helium before sealing, then leak test1ng using a helium detector
However, if an elevated internal pressure is desired as a driving force
for the helium, the. canister can'be pierced, purged, and sealed using a
small diameter laser beam. .The technology:to perform this operation
‘would requ1re adaption of test and fabrtcatlon equ1pment used by the
nuclear fuel industry for fue] rods. ' :

3.7 _Other Design Considerations

3.7.1 Canlster Stresses

If the waste is in.can.melted,. the canister can be expected to exper1ence
secondary* type. residual. ‘stresses: due to the difference in the coeff1c1ent
of expansion between glass and steel. However, ‘these res1dua1 stresses
are not: expected to- 51gn1f1cant1y degrade the de31gn mechanical. strength
behavior of the candidate canister materials. “~As:laong. as the canister
material remalns ductlle and is not env1ronmenta1]y degraded . due to such
effects as stress: corrosion;. the’ res1dua1 stresses should have no 519n1f1cant
effect on. performance of ductile metals.. Prlmary* stress loadlngs,

which tend to' cause: high strains and. plast1c flow of the metal .prior to

- failure, will overcome the 1nf1uence of the lower order strains associated
with residual stresses before any significant plastic flow occurs.
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If the canister material cannot be maintained in a ductile state
throughout its design lifetime, then it may be necessary to stress
relieve all parts of the canister and consider mechanical devices to
prevent interference stress between the glass and canister. Such
devices have been examined and are briefly discussed below. (It was
assumed for the basic discussion of codes and standards that a ductile
metal canister material will be used).

One method of preventing the above-mentioned interference stress would
be to insert a core into the canister prior to waste casting, which
would crush upon waste/glass cooling and displace this filler core
material. An x-shaped core dividing the glass into four segments or a
Tiner (of this filler core) adjacent to the canister inner wall have
been considered as possible configurations. If it becomes necessary to
avoid such interference stresses, one candidate material would be a cera
blanket (8 1bs/cu ft.) of approximately 1/2" thickness, manufactured by
the Johns-Manville Corporation. :

A crushable material should be capable of wifhstanding the casting

. temperature (approXimate]y 110000) and be sufficiently rigid to hold its
form during casting. However, the material should not crush below
approximately 30 psig. " In addition, the crushable material should not
exhibit any gas 'generation properties and should. have a nonporous skin

to prevent saturation with:liquid waste/glass mix. If the material were
used as a liner in the canister, it should have high thermal conductivity.

*Primary and secondary stresses as defined by the ASME Section III code.
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3. 7 2 .Load Combinations
It is recommended ‘that all approprlate 1oad comblnatlons for. the. des19n
of the canister be 1dent1f1ed and stress limits for these conditions. be
spec1f1ed as ASME service Timits: A;. B, C, or D. .It is: suggested that
the severlty of load comblnatlons and appllcable ASME service limits be
determined by basing it on a rational approach that evaluates the
probability of occurrence of each load or load ¢ombination.

The recommendations of ANS-50 coordinating working group 2 for. plant
design conditions illustrates a proposed approach for power plant design
- conditions (Table 3-1).. This approach is based on‘a correlation. between
acceptable radiation doses at a site boundary ‘distance of 2500 meters,
and probability of occurrence of design and service loads for a:power
~plant system It is recdmmended'that equivalent criteria for load cate-
~gorization be developed. for waste canister design, based on. probab111ty
of occurrence and consequences, This approach is recommended as.a basis
for the selection of ASME service Timits for applicable’ loads and their
combinations in the design of canisters.so as to minimize the diverse
~and inconsistent.apprqaches which may ‘otherwise develop.

Loading cond1t1ons whlch should be considered in.the. de51gn of an HLW
can1ster should include, but not necessar1]y be 11m1ted to:

a. Internal/external pressure 1nc1ud1ng excursions due to tem-
perature f]uctuatlons S

b. Linear and non-linear :thermal expansion effects, as appllcable,

due to. steady state and accident transient. condltlons C »

c. Deadwe1ght of.. materlal and contents
Impact loads: related to’ ‘earthquake, hand11ng, transportatlon,
and storage accident conditions -

e. Significant ‘inertial loads related to transportation
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TABLE 3-1

SUMMARY OF EVENT CLASSIFICATION
SYSTEM FOR POWER PLANTS

Expeéted'Best Pressure Retaining

Estimate Frequency Integrity & Support :
of Occurrence (F) Stability for ASME III  Offsite Dose
Per Reactor Year - Service Limit Limit
Planned Operations A
F> 107 B Appendix I to 10 CFR 50
1077 > F > 107 B 1% of 10 CFR 100
1072 > F > 1072 c 10% of 10 CFR 100
4 6 D 100% of 10 CFR 100

1007 > F>10

320



NUCLERR SERYICES CORPORATION

4.0 PRELIMINARY PROPOSED CLOSURE DESIGNS

In this sectlon, some descr1pt1ons of proposed canlster closure. des19ns
(w1th and without overpack) are’ presented (Refer ta Sectlon 3.5 for
discussion on canister overpack ) ‘The wide- varlablllty of- conditions
(i.e., accessab111ty, temperature materlals, env1ronment safeguards)
which must be considered; adds complex1ty to” these designs. ‘As indicated
in Section 1.2 of this report, ‘the- basic canister closure method specified
for this study is a remote weld closure. ‘It should be noted in. further
studies relative to'development'of canister ‘design that mechanical type
seals could also be considered; ' o

Codes and standards that may be applied or made applicable to the canister
closure welds include ASME Boiler and Pressure Vessel Code Section IX

and other welding codes and standards Tisted.in Tables 5-2 and 5-3 of

this report. Some of the bases considered for the proposed closure
designs are: ‘

- Simplicity of operations
Leakproofness

.~ Shock resistance -

Remote handling and installation

Remote decontamination

Remote seal welding

Remote viewing

Qa ~hHh 0 O 6O T 2

Following are brief descriptions of canister.closure designs with and
without overpack: "(Refer to Figures'4-1 and 4-2 for details.)

4.1 C'IOSUre Designs for Canister with:Ne Overpack

Four proposed canister closure concepts wlthout overpack are presented
in Flgure 4 1.. Details and brief discussions of these four deSIgns are
presented in the fo110w1ng paragraphs '

Concept la HemisphericaT‘head‘covering canister with threaded
. coupling connection'and'Seal welded around the coupling
by remote operat1on. The hemispherical. head on the top and
4-1



Concept 1b

Concept 1c

Concept 1d
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probably on the bottom of the canister (where a skirt
should be provided for stability pufposes), is one of the
most typical arrangements for this particular use.
Advantages are (1) no reduction of access on top of the
canister, and (2) simple installation, and (3) good shock

-resistance on the top and bottom.

Flat cover with assumed cover -thickness equal to 1/4 of.
the diameter of the canister. The canister shell is
welded directly to the cover, tested and x-rayed prior to
filling of the canister with waste. The p]ug is in--
stalled by remote operation and seal welded. The flat
cover on top may also be used on the bottom of the
canister. The 6" diameter threaded opening provides
necessary access for filling. Disadvantages are: (1)
decrease of access for filling, and (2) less shock
resistance than la. o

Extruded cover reducing the canister diameter to the
minimum opening of 6" with plug remotely installed and
seal welded. This concept is similar to 1b, except it
has better shock resistance. It has the same access for
filling. A~semi-overpack may also be provided over the

" cover (similar to 1d).

- Extruded cover reducing the canister access to a minimum

opening of 6". A threaded plug is provided. . This
concept ‘is a typical gas holder arrangement with reduced

‘access for filling.” Shock resistance of the cover is
- comparable to la. ‘A semi-overpack- above the cover may be

prbvidedAto increase shock resistance on the top.

Concepts la, lc, and 1d are considered the most suitable for the canister

without overpack.
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...................

Four proposed c]osure concepts “for. the canister w1th overpack are pre-
sented in Flgure 4-2 and the fo]]ow1ng paragraphs These c]osure
concepts can be app11ed if use of an. overpack proves necessary

Concept 2a

Concept 2b

Concept 2c

C&mthd

This 1s a double shell arrangement with two. identical
hem1spher1ca] covers connected with coup]lngs to the
canister and overpack. A 1/4" filler seal weld is used

* for complete closure. Advantages are similar to those

for concept'1a,'which'provides for full canister opening
and good shock resistance. '

Canister similar to 1c and has an overpack with inverted
cover which can'be,threaded=andAseal'we]ded,.orfwelded
without threading by remote operation.. This concept |
provides a heavy overpack with. the canister set deep
inside.'~Advanta§e$’inc1ude good shock protection on the
ends, with the canister protected by the'eXtended walls

‘of the overpack, reinforced by the cover.

Canister with extruded cover. The overpack has an
inverted cover'and,can be threaded and seal welded, or

welded without threading by remote operation. Advantages
~ similar to that of Concept 2b. o

Canister and overpackeare assembled and tested before
f1111ng Therefore, two plugs are.1nsta11ed and seal

welded by remote operatlon One. poss1b]e disadvantage of
this concept would be secoridary stresses caused by differen-

tial expanSIon between a stainless:steel, TInconel and

Incoloy can1ster and a carbon steel overpack

Concepts 2b 2c, and 2d are con51dered to be the most.suitable concepts
- for canister: w1th overpack '
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CONCEPT TYPE & DESCRIPTION MATERIAL WELDING PLUG
1 g 3 4 5
COUPLING
. 'x‘-"s‘ii’t"ﬂ%""“ ﬁm’“ i COVER & BACKING
N D & SEAL NELDED PLATE
. REMOTE WELDING
" BY REMOTE OPERATION (ASTH-304L, PROCELURE NONE
CARBON: STEEL, A
INCONEL, OR_INCOLOY)
osa  FLAT COVER WITH . | cover & p.us SEAL WELD MACHINED TO -
» 5 THREADED PLUG msnuzo (ASTHM-304_, AROUND THE PLUG TOLERANCE + 1/64"
& WELDED BY REMOTE : CARBON STTEL, BY REMOTE WELDING THREADED ASA
OPERATION - IKCONEL, DR INCOLOY) - PROCEDURE 8 PITCH THREAD,
PLUG WITH POLY LOK SEAL 4 THREAD PER INCH
L COVER & PLUG
‘ o4 GLTH THREADED PLUG EARBON STEEL,
A ITH TH (
le 0/3  INSTALLED & WELDED INCONEL OR xucm.on SAME AS 1b SAME AS 1b
8Y REMOTE OPERATION PLUG WITH -
ds= . POLY-LIK SEAL
& nin, '
D
v d + 27 1/2"min. o .
SEAL WELD- 2 COVER & PLUG
y P m,, | Gt
CARBON STEEL
1 ' o) D/4 INSTALLED & WELDED INCONE. OR INCOLOY) SAME AS 1b SAME AS Tb
: \ BY REMOTE OPERATION PLUG WITH POLY
de SEMI OVERPACK LOK SEAL
] W .
! &"nin. (OPTIONAL)
NOTES:

1. PLUGS FOR CONCEPT NUMBERS 1b, 1z, and 1d
SEAL WELDED WITH APPROX 1/4" FILLET WELD.

N

Figure 4-1.

Preliminary Closure Designs

Canister Without Overpack




CONCEPT

NO TYPE & DESCRIPTION MATERIAL
SEAL WELD CANISTER,
CANISTER COVER
& COUPLING
(ASTM-304L,
CARBON STEEL,
2 INCONEL, OR
INCOLOY]
N OVERPACK BODY
SPACERS OVERPACK COVER"
4 -CARBON STEEL
[ HEMISPHERICAL COVER TOP
0/6— & BOTTOM ON CANISTER &
QOVERPACK. )
i 0.+ 9 - FLAT COVER ON
i CANISTER, INVERTED
hd m COVER ON OVERPACK
]
Il avan, |H| o CANISTER,
CANISTER COVER
&L ~/) 8 PLUG.
/o—[7——<SaAL WELD (ASTH-304L,
i SACONEL, OR "
_ EL
2 QNN INCOLOY)
n SNVERTED coveR
: cov
d= \- spacers CARBON STEEL
6"min. )
D e
\ovsmcx
. ™ )
Crzlj /—OVERPACK.
h ' . - -
b 4+ 4 r|  e—————CsEAL WELD
|
& | ) 1 2%
T
”»
2 /4 SAME AS 2b
, . EXTRUDED COVER
TN . ON CANISTER,
- | -SPACERS ~ INVERTED COVER ON
OVERPACK
: SEAL WELD
M
1—.— — .b —
\ *_~ OVERPACK
/— CANISTER, CANISTER
\ i e o
" o STM-304L ON
2 —iI 4 STEEL, INCONEL, OR
T INCOLOY) OVERPACK
N 074 & OVERPACK CYLINDER
1 (CARBON STEEL)
o hud " Lo m
6"min.
\SPACERS
. 0 EXTRUDED COVER
ON CANISTER
- FLAT COVER ON

QVERPACK

?reliminary Closure Designs
Canister With Overpack

Figure 4-2.
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5.0 CODES AND STANDARDS
5.1 Licensing for High-Level Waste Canisters

5.1.1 Licensing and Quality Assurance Programs
Radioactive material must be controlled to protect public health and

safety. The Code of Federal Regulations (CFR) requires privately owned
facilities that process or otherwise handle radioactive material to be
licensed and to operate under a quality assurance (QA) program or the
equivalent (i.e., a system of control procedures). Licensing ensures
that adequate control capability is established; application of a QA
prbgram maintains proper utilization of that capability. Since licensing
and QA programs work together to protect the public, they are addressed
together in this section of the report.

At the present time there are some licensing and QA program requirements
applicable to the waste management system. These requirements provide
partial control over HLW canister applications, and have some effect on
canister design. Additional licensing and QA program requirements~are
needed to adequately protect the public throughout the canister lifétime,
and to enforce the application of verified criteria in canister design.
This section describes eiisting requiréments and indicates additional
licensing that should be established for HLW canisters. |

5.1.2 General Requirements for High-lLevel Waste Disposal
Spent fuel as removed from a nuclear reactor contains a mixture of

special nuclear material* and by-product material.** A fuel repro-

cessing plant (FRP) processes the spent fuel to recover the special

nuclear material for reuse. The by-product material residue is called
_"high Tevel waste" (HLW) and is initially. in liquid form.

*  Special Nuclear Material - (a) plutonium, uranium 233, uranium
enriched in the isotope 233 or. in the isotope 235, and any other
material which the Commission, pursuant to the provisions of
section 51 of the Act, determines to be special nuclear material
but does not include source material; or (b) any material artificially
enriched by any of the foregoing, but does not include source
‘material. : '

** - By<Product Matérial - Radioactive material (except special nuclear
material) yielded in or made radioactive by exposure to the radiation
incident to the process of producing or utilizing special nuclear material.
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10 CFR 50, Appendix F specifies, "...A fuel reprocessing plant's in-
ventory of high-level liquid radioactive wastes will be limited to that
produced in the prior 5 years...High-level liquid radiocactive wastes
shall be converted to a dry solid as required, to comply with this
inventory limitation, and placed in a sealed container prior to transfer
to a Federal repository in a shipping cask meeting the requirements of
10 CFR 71...A11 these high-level radioactive wastes shall be transferred
to a Federal repository no later than 10 years following separation of
fission products from the irradiated'fue1..."

5.1;3 High-Level Wasté Management Effects on Canister Design
Compliance with the requirements in 10 CFR 50, Appendix F, requires the

waste management activities shown in Figure 3-1 and described below.
Each of these activities will place constraints on the design of the HLW
canister.

Phase 1. The FRP, or another licensed facility, will cdhvert the
1iquid HLW to a solid form and seal it in canisters purchased
from a manufacturer.

10 CFR 50, Appendix F, requires that "...The dry solid shall be chemically,
thermally, and radiolytically stable to the extent that the equilibrium
"pressure in the sealed container will not exceed the safe operating
pressure for that container during the period from canning through a
minimhm of 90 days after receipt (transfer of physical custody) at the
Federal repository..." - The methods of solidification, loading and |
sealing as well as chenical compatibility and gas evolution of the dry
waste form and remote handling features’of the reprocessing facility

will have a bearing on the design and material ‘selection for the HLW
Canister.. ' '

Phase 2. The FRP, or another licensed facility, will load sealed HLW
- canisters in a shipping cask to form an acceptable shipping
package and.will arrange for trénspert of the shippiﬁg package
to a Federal: repository. '
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Prior to shipping, the FRP or other facility will be required
to obtain a shipping package license, as prescribed in 10 CFR
71 for a "large quantity"* and based principally upon an
analysis showing the capability of the shipping package to
withstand the conditions defined in Paragraphs 71.32, 71.35
and 71.36 and Appendices A and B of 10 CFR 71; mark the
shipping package and notify the consignee in accordance with
49 CFR 173; and transfer custody of the HLW to the Federal
repository. -

The desfgn of the shipping cask and, in particular, the support structure
for canisters within the cask can impose anywhere from negligible to
rigid constraints on the design of the HLW canister.

Phase 3. As a minimum, the Federal repository will handle the HLW
canisters to the extent necessary for removal from the shipping
cask, lowering down the shaft to the mine level and locating
within the storage tunne]ls. 1In addition,‘the Federal repository
may check canisters for surface contamination and leaks.

Handling requirements at the Federal repository will have a bea?ing on
the ‘design of ‘the HLW canister.

5.1.4 Ex1stlggfkjcen51ng and QA Program Requirements and Gu1de11nes

A review of existing documents was performed to identify documented
requirements applicable to licensing and QA programs in the design,
manufacture, and application of HLW canisters. The types of documents
reviewed included Federal regulations, Regulatory Guides, ANSI Standards
(primarily the N-series), RDT Standards, and the ASME Boiler and Pressure
Vessel Code (ASME Code):. The design of the canister will be determined,
in part, by the tradeoffs of constraints selected for the canister and
its environment in each of the'phases of application shown in Figure 3-1.

~* © JOCFR'71.4 (f); "Large Quantity" -..."a quantity of radioactive
materjal, the aggregate of wh1ch Cin a sh1pp1ng package] exceeds
50,000 -curies. Eand is 'in] 'special form'.
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Therefore, the search for applicable documents extended to those for
fuel reprocessing facilities, large shipping casks for radioactive
material, and anticipated handling systems at the Federal repository.
The documents of interest found by this review are shown in Tables 5-1A,
5-1B and 5-1C. ' -

5.1.5 Applicability of Existing Documents to HLW Management

Phase 1 and 2 activities will probably be performed by the FRP .under a

- facility. license per 10 CFR 50 (see Figure 5-1 and Table 5-1A). However,
since the high-level waste is by-product material and contains no

special nuclear material, these activities could be performed by another

facility under a 10 CFR 33 facility license. | |

10 CFR 50 requires the licensee to operate under a QA program that
complies with the criteria in Appendix B. The scope required for a
license and QA program is adequately prescribed in 10 CFR 50. However,
guideTines are needed to determine how to effectively comp]y'with |

10 CFR 50. Amendments to 10 CFR 71, which upgrade requirementé for
qua]ity assurance of packagings, were made effective in October of 1977.
These amendments included revisions to Sections 71.24, 71.51, 71.53, and
- 71.54, and an addition of an Appendix E, "Quality Assurance Criteria for
Shipping Packages for Radioactive Material," Appendix E, is patterned
closely after Appendix B of 10 CFR Part 50.“_These'amendments should be
appropriately applied to the shibping package.(Phase 2). 'As shown in
Table 5-1B, some Division 3ARegu1afory Guides have been issued for fuels
and material facilities and others are in preparation. In addition,
American National Standards Committee N46 has been formed to establjsh
QA Program Standards for fuel reprocéssihg plants. -

Early balloting on proposed ANSI N46.2-series documents indicates that
this series will efther be very similar to -the ANSI N45.2 series for
nuclear power plants or the ANSI N45.2 documents will be extended to
apply to both types of plants. (See also Table 5-1C.)

4
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10 CFR 33 defines an applicable type of license called a "Type A specific
license of broad scope." For a facility other than an FRP performing

the Phase 1 and 2 activities above, Parégraph 33.13 of 10 CFR 33 sets
rules for the applicant's organization and control procedures which
should be equivalent to a QA program required in 10 CFR 50, Appendix B,
in ensuring public health and safety. The new Appendix E to 10 CFR 71
adds QA program requirements specifically applicable to the canister.

Since Phase 3 activities are performed by Federal repositories owned and
controlled by the Federal Government, the facility may'be exempt from.
licensing and QA program requirements and subject only to special
requirements-estab]ished within the Department of Energy.

 5.1.6 Recommended. QA Program Bases to Ensure HLW Canister Quality
High-level waste canisters must provide high-integrity containment for
radioactive material (see 5.1.1 above and 10 CFR 50, Appendix F). As

related to the need for quality‘in manufacturing, this function coincides
with the safety-related function of nuclear power plant components for
‘which the ASME Code, Section III was established. Consequently, as
discussed in Section 5.2 of‘this report, Nuclear Services Corporation
recommends Federal regulations requiring a special 1icense for HLW
canisters as required for shipping packages and making it mandatory that
HLW canisters be N-stamped.* The special license is a means by which
appropriate Phase 1 (see Figure 3-1) processing and process quality
control can be enforced. Compliance with the ASME Code will establish a
baseline of quality for the HLW canister, and require Qrganizations that
design or fabricate HLW canisters to operate under a Code-compliance QA
program and, thereby, ensure predictable quality in delivered items.

High-level waste should be stabilized prior to placement in the canister
or sealing. the canister. Acceptance standards should be established for
the solidified waste. It should be assured that the waste meets these
standards before sealing of the canister.

* Compliance with the ASME Code, Section III, Division 1 may be
required, but N-stamping specifically excluded from .the requirement.
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TABLE 5-1A

FEDERAL REGULATIONS

APPLICABLE TO HLW MANAGEMENT LICENSING

Requirements in Federal regu]atiohs consist of licensing and QA program
criteria for a fuel reprocessing plant, general administrative controls
required for other by-product material licensed facilities, special

licenses for shipping packages, and shipping requiremehts.

10 CFR 50 Licensing of Production and Utilization Facilities

(applicable to facility license for FRP complex)

10 CFR 50 App. B, Quality Assurance Program

10 CFR 50 App. F, Policy Relating to the Siting of Fuel
Reprocessing Plants and Related Waste Management Facilities

Part 33.13 - Requirements for the issuance of a Type A specific
Ticense of broad scope '

10 CFR 71 - Packéging of Radioactive Material for Transport....

Part
Part
Part

Part
Part

Part
Part

'Part
Part

7
7
7

7
71

Al
71

71
71

.24
31
.32

.34
.35

.36
.51

.53
.54

Quality Assurance
General Standards for all packaging

‘Structural standards for Type B and large .

quantity packaging .
Evaluation of a single packagev

‘Standards for normal conditions of transport for

a single package _

Standards for hypothetical accident conditions for
a single package o
Establishment and maintenance of a qua11ty assurance
program

Preliminary determinations

Routine determinations
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Appendix A - Normal Conditions of Transport

Appendix B - Hypothetical Accident Conditions

Appendix E - Quality Assurance Criteria for Shipping Packages
for Radioactive Material

49 CFR TRANSPORTATION

Part 173.22 Shipper's Responsibility

_Part 173 " Shipper's Genera1.ReqUirements.ahd Packagings
Part 173.389(b) Large Quantity Radioactive Material

Part 173.398 Special Tests (Same as 10 CFR 71, Appen. A&B)
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TABLE 5-18B

REGULATORY GUIDES APPLICABLE TO HLW
MANAGEMENT LICENSING

The Nuclear Regulatory Commission issues Regulatory Guides under ten
subject headings, called divisions. The divisions of primary interest
to this report, and the documents that are app]iéable, are listed in
this Table. Also included are new Regulatory Guides of interest that
are under development. ' '

Regulatory Guides are the principal mechanism employed by the Nuclear
Regulatory Commission (NRC) to implement Federal regulations. These
documents state the positioh of the NRC, endorse more detailed documents
such as ANSI Standards and the ASME Code, and generally request that
licensees conform to the Guide or establish an equally effective alternate
system.

Division 1 - Power Reactors

1.26 Quality Group Classifications and Standards for Water, Steam, and
Radioactive Waste Containing Components of Nuclear Power Plants.

(Provides a basis for construction of the HLW Canister to ASME
Code, Section IIl, Code Class 3.)

1.28 Quality Assurance Program Requirements (Design and Construction
of Nuclear Power Plants). (Endorse ANSI N45.2)

Division 3 - Fuels and Materials Facilities

3.3 Quality Assurance Program Requirements for Fuel Reprocessing
Plants and for Plutonium Processing and Fuel Fabrication Plants.

(Endorses a QA program for the Fuel Reprocessing facility that
" conforms to ANSI N45.2-1977.)
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The following Regulatory Guides are under development:

a. Quality Assurance for the Design, Construction, and Opération
of Fuel Reprocessing Plants

b. Guide for Design of Irradiated Fuel Receiving and Storage
Facilities -

c. Temporary Storage of High-Level Liquid Waste at Fuel Reprocessing
Plants.

Division 7 - Transportation

7.5 Administrative Guide for Obtaining Exemptions from certain NRC
Requirements Over Radinactive Material Shipments.

(Provides a mechanism for NRC licensees to obtain an exemptionA
~from DOT regulations.) '

7.7 Administrative Guide for Verifjing Compliance with Paékaging
Requirements.for Shipments of Radioactive Materials.

(Endorses ANSI N14.3-1975.)
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TABLE 5-1C

STANDARDS APPLICABLE TO HLW
MANAGEMENT LICENSING

The American National Standardé Institute issues administrative and
technical standards in a number of fields. The ANSI N-series, for the
nuclear power industry, is. of interest for this report. The applicable
“issued ANSI N-Standards, and-others under deVelopment and of interest,
are listed. There are no RDT Standards applicable to HLW Management.

5.8-1967 Radioactive Waste Categories, Definition of

14.5 (being Leakage Tests on Packages for Shipment of Radioactive
developed)  ~ Materials '

14.10.1-1973 Administrative Guide for Packaging and Transporting

Radioactive Material

14.10.3-1975 Administrative Guide for Verifying Comp1iahée with
Packaging Requirements for Shipments of Radioactive
Materials ‘

15.13-1974 " Fuel Reprocessing Facilities, Nuclear Material

- Control System (a guide to practice)

45.2A& 45.2.X QAAProgram Requirements for Nuclear Plant (may be

Series ‘made applicable to Fuel Reprocessing Plants, or else
46.2 and 46.2.X series now being developed will be
issued)

101.3-1972 Guide to Principal Design Criteria for Nuclear Fuel
‘ Reprocessing Facilities.

305-1974 Design Objectives for Highly Radioactive Solid
Material Handling and Storage Facilities in a Re-

processing Plant.
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5.2.1 Current Status of Requirements
- At the present time, as shown in Section 5.1 of this report, facility

lTicense requirements (administrative controls) exist for waste processing
facilities. .Shipping package license requirements are shown to be adequate
for HLW canister transport. Section 3.0 shows that specific concepts

are under study for the Phase 1 (see Figure 3-1) operations of high-level
waste forming and canister loading and sealing, and limiting dimensions
have been selected for canisters. However, since design and application
criteria for HLW canisters are meager at this time, directly applicéb]e
codes and standards are limited. Those that may be applied or made
applicable to the development and design verification of the HLW canister
are presented in Table 5-2. This table includes some codes and standards
which can be applied to fabrication and testing for the canister development
and design verification phases.

The limited number of applicable codes and standards available now in no
way detracts from the projected usefulness for these types of rules and
guidelines. Suchvdocuments will play a major role in defining quality
characteristics and providing for verification of quality achievement in
HLW canisters to ensure public health and safety. -

In the following paragraphs, codes and standards are briefly'described
and -applications are recommended. '

5.2.2 Codes

5.2.2.1 Purpose and Scope

Codes are intended to provide a means for ensuring a basé]ine of quality
(i.e., safety and reliability) in all items of a type or for a given
function. The scope of codes varies from a single aspect such as design
to a comp1ete control system over all e]ements of a specified item.
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- 5.2.2.2  The ASME Code

The ASME Boiler and Pressure Vessel. Code (ASME Code) is the most compre-
hensive code app11cab1e to the: de51gn fabrlcatlon 1nspect10n and
test1ng of pressure retalnlng components and. component supports whose
fallure could, if not controlled,: endanger.the public safety.

'The ASME Code current]y includes eleven sections, of which. five (Sections
I, 111, IV VIII and X) address specific types of containers or containers:
with a common safety-re]ated function; five (Sect1ons I, V, VI, VII and
IX) provide supporting rules for mater1a1s design or selected operations;
and one (Section XI) addresses’inservice. 1nspect10n at nuclear power
plants ‘

5.2.2.3 Selection of Applicable ASME Code Section
The HLW canister will perform two safety-related functions:
a. Containment of radioactive material. = ‘

b. Containment of gas and vapor at modest but finite pressures (probably
less than 100 psi) due to: '
(1) A temperature increase in the canister resulting in
contained air heating or increase in the vapor pressure
of volatile materials such as cesium and ruthenium
compounds, or
(2) He11um buildup by actinide (a,n) reactions.

-Based on the containment. functlons .either Section. III "Nuclear Power
Plant Components, ™ Division'1, "Meta] Components" or Sectlon VIII,
"Pressure Vessels," DIVISlon 1 or 2 cou]d be selected.

Section III‘is'special1y tailored'for nuclear. application The primary
vsafety consideration is containment of radiocactive mater1a1 under
pressure. Section- III generally provides specific rules for vessel
materials, .fabrication, and.inspection.. In Section VIII the primary
safety consideration is .pressure containment ard does not generally
provide specific.rules:for vessel materials, fabrication, and. inspection.
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Consequently, Section ITI. prov1des a better matchup with the canister's
function and thus.is recommended by~NucIear Serv1ces Corporat1on for
appllcatlon to canister manufacture. (deta11 des1gn fabr1cat1on, and
qua]1ty contro] lnspectlon and . testlng durlng fabr1cat10n)

For appllcatlon of ‘the ASME Code, Section’ III Division 1. to the manu-
facture of canlsters, the scope Statement. in NA=1100 cou]d be mod1f1ed
or a code case issued to 1nc1ude HLW canlsters

. 5.2.2.4 . App]lcab]e ASME Code Subsection .

The ASME Code, Section III Division 1.includes rules for three Code
Classes (Subsect1ons NB, NC and ND) and . three spec1a1 types of. components
(Subsections NE, NF and NG). '

The internal pressure and corrosion, radiation effects, and external
Ioading anticfpated for the HLW canisters are STmiIarrto;those for
nuclear poWer plant components for which Regulatory. Guide 1.26.recommends
Code Class 3. On this basis of comparison, application of Code Class 3
for the canister is considered to be satisfactory. : The existing design
rules in SubseCtion ND are conSidered adequate with possibly two ek-
ceptions:  (1).rules for fatlgue in the event:.that vibration during
transportatlon or temperature excursion cycles dur1ng f1111ng become
significant Timitations on design; and .(2) design rules (e.g., stress
Iimits) for low orobability'accidentfoccurrences:(e.g., service level D
occurrences for ASME components).” ‘In.this event, fatigue rules could be
applied from Subsection NB-3200 and. service level. D design limits for
severe accidents could.be applied 'from Appendlx F of Sectlon III With
these possible exceptlons, 1t is-not. considered’ necessary to Impose the
more str1ngent ‘rules of .Code ‘Classes ‘1-or 2 unless. it is.verified
through subsequent ana]ys1s and test1ng .that. claSSIflcatlon of Code
C]ass 3 wille resu]t in questlonable can1ster 1ntegr1ty
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Remote handling and h1gh temperature gradlents durlng canister IoadIng

and sea]1ng, and 1ong term exposure. to salt or other dlsposal mlne medla

are unlque considerations. One alternative wou]d be to add ‘a.new.

Subsection NH “HLN Canlsters" to ‘the . Sect1on III ‘code to prov1de

Aguldance to cope ‘with these unlque condltlons [The ASME . prev1ously did
this for Class MC Components (Subsection NE),. Component Supports (Subsectlon
NF) and Core Support Structures (Subsectlon NG)]

If requ1rements do not vary too great]y among HLWcanister, madels, the
addltlon of a new Subsectlon NH. may offer dlst1nct advantages

a. NH=2000;‘"Materia1S“'f Specifications could be Timited to materials
proven by development and design verification testing to be applicable
to a. particular phase or the entiré canister 1ifeline:

b. NH‘3000""Desjgn .~ Methods and data could be limited -to those
proven by development and design verification testing or analysis
to be applicable to the canlster ‘ ‘

c.. NH-400Q, 5000;'6000fand<8000.(Fabrication, Testing, Examination and
Nameplates, Stamping and Reports) -"These rules could be'thepsame
as the corresponding ND Articles. ' '

d. NH 7000, "Protection Against’ Overpressure" --Rules of. this type are
presumed to be unnecessary - S .

Thus, there is. a ch01ce, elther Code C]ass 3'.could. be selected and
spec1a1 requirements prescrlbed ‘in’ standards. and enforced by Regulatory
Guldes, or Subsection NH could be established. to cover. both common and
spec1a1 requ1rements appllcable to all HLW canister. models. However,
the establishment of a new Subsection would require a few years to
implement with.a considerable time investment 'of the ASME. Nuclear
Services'Corporation recommends ‘that the selection be deferred until
further characterization of conditions and tradeoffs have been completed,
and the scope of requirements is better understood. At that time, the
advantages of one means of" promu]gat1on over the other w111 be easier to
determine. ' ‘
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5.2.3 Standards

Standards are widely distributed documents addressed to a particular

topic and published by‘one or more technical societies. Standards may,

as examples, define administrative controls, technical methods, fab-
rication processes, quality assurance or quality control measures, or
acceptance criteria. The flexibility and availability of standards make :
them very useful for creating quality base lines, or for assuring
application of -uniform, proven methods in critical activities. In the
nuclear industry, fhé ANSI Standards and particularly the ANSI N-Standards
have proven to be highly acceptable and effective. - Adherence to or
application of a standard in the nuclear industry is generally enforced
by promulgation of a Regulatory Guide by the Nuclear Regulatory Commission
(NRC) that endorses the standard. This places an obligation on licensees
to adopt the standard or develop equiVa]ent-measures that are acceptable
to the NRC, and to require in purchasing documents thap lower-tier
organizations.also conform to the standard.

‘Testing requirements and proceddres fo} quality control of the processing
facility (see Section 5.3.3.5) should be established in ANSI N Standards.

' :5.2;4 Development Objectives’
There is much work yet to be accomplished to develop and verify design

requirements for the high-level waste canister. ‘An essential part of
this development must be a coordinated effort that will:

a. Request the ASME to extend the scope of Section III to include
" design and manufacture of high-level waste canisters.

b. Adopt the rules of Subsection ND (Class 3) of the ASME Code,
Section III for the canisters, or create a new Subsection NH to
establish an adequate baseline of rules for canister quality.

c. (1) Adapt 10 CFR 50 (or 10 CFR 33, see Section 5.1) to cover all

requirements common to any type of facility licensed to perform the
Phase 1 activities in Figure 3-1, or
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(2) Create Federal regulations that include special license
requirements for facilities that perform Phase 1 activities,
including the provision of Design Specifications to Manufacturers
for production of high-level waste canisters (see Figure 5-1).

Develop ANSI N-Standards for the uniqueArequirements in the Phase 1
or 2 activities of Figure 3-1.

. . Develop Regutatory Guides to enforce conformance to the ASME Code

and ANSI N-Standards for requirements not enforced by Federal
regulations.

Develop Regulatory Guides (and, perhaps, ANSI N-Standards) to
establish acceptance criteria for high-level waste canisters at the

- Federal repository.

. 5.2.5 Design Development Output

There are three options to be considered as the output or -point of

completion for HLW canister design development and design verification:

1.

Detailed design documents for use in defining and manufacturing
one or more fixed-design models of the canister.

Design Specifications (see ASME Code, NA-3250) .for use in detailed
design of canisters that reflect the requirements for one or more

" defined HLW management systems.

Design Criteria, verified to be in compliance with Federal regu-
lations and codes and standards applicable to HLW canisters manu-
facture and use in the three phases of canister application, and
that provide sufficient detail from which to derive canister Design
'Specifications for a particular HLW management system.
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0pt1on No. 1 appears un11ke1y to be se]ected .at 1east in the foreseeable
future. Optlon No. 2 may eventual]y be. se]ected but. probab]y not until

cons1derab1e HLW management . and dlsposa1 experlence has. been galned both

‘by the Federal and the pr1vate organ1zat10ns in:the system Thus, it is

~ assumed that 0pt1on No. 3 will be se]ected for 1n1t1a1 app]lcatlon and
may remaln the pr1nc1pa1 bas1s for some time. '

5.2.6 ° De51gn Ver1f1cat1on

Append1x B of 10 CFR 50 and all standards, such.as ANSI N45. 2 and ANSI
N45.2.11, thattprovxde ¢riteria for design control require design
verification. Each document'permfts design verification by document
rev1ew, alternate calculations, or testing, as appropr1ate to the
part1cular case. However, there is also the question of when design
elements for the HLW canister should be verified.

It is assumed in this report that HLW canister Design Criteria must be
the keystone for design cdntro];“Then, as described in Section 5.3,

_ Qesign,Specifications will be derived from the criteria and translated
into detailed design documents for use in manufacturing. o

‘Design verification for these activities should be limited to reviews
and alternate calculations to verify that-design.information has been
properly understood and correctly translated. ' )

A1l design development and design verification of prototype canlsters to
prove the acceptability of design features and data must be. performed to
establish the HLW canister’ de51gn criteria.’” 'In other words all. 1nformat10n :
-accepted for inclusion - in' the HLW canlster design criteria must have
been prev1ous1y verified for compllance and’ appllcablllty .Organizations
such as fuel reprocessing p]ants, that will use: these crlterla will not
have appropr1ate fac111t1es or' the background data necessary for design
ver1f1cat1on associated w1th de51gn development. ‘
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5.2.7 . Desig;;Cr1ter1a .
As the keystone for ‘design’ control,-the HLw‘canlster Des1gn Criteria

must account for the cond1t1ons 1mposed on the canister. durlng each of
the three phases of canlster use. . These. condltlons w1]1 1nc]ude both
‘normal and acc1dent cond1t1ons assoc1ated w1th

Phase ]--'Naste processing facility-design, processing, methods applied
for remote handling, decontam1natlon, 1nter1m storage, and
quality control. Y :

Phase 2 - Transport conditions transmitted through the shipping cask
to the HLW canister, such as thermal gradients and trans-
portat1on vibration or the effects of 1ncomp1ete support for
the canlster ' S '

Phase 3 - Acceptance criteria for loaded canisters at the Federal
repository, handling’ methods on. the surface and underground.

~ As design development and designiverificationiprogresses,4the work and
results shouldibe'published in Unclassified'reports.. Proven. criteria
may then. be incorporated in Federal“regulations:for'specia1 licenses to
use HLW canisters, the ASME Code for application in manufacturing and,
as appropriate, in ANSI N4Standards‘entorced by:Regulatory Guides.

5.3- Manufacturc and Use’ of the‘HLW'Can1ster

5.3.1 Scope and.Status
This section covers appllcatlon of .the HLW canister Design. Crlterla
after deve]opment and de51gn verlflcatlon of prototype canisters have
been comp]eted It includes the. preparatlon of Spec1f1catlons (see ASME
Code, NA-3250) for canister procurement manufacturlng in comp11ance
with Sectlon TIT, Division.1 of-the ASME Code, canister loading, sealing
_and transport under spec1a1 11censes, and final disposal. at the Federal
rep051tory ' ‘ ‘
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Most of the requirements and guidelines for HLW canister manufacture and
use will derive from the development work covered in Section 3.6 and 5.2 '
of this report. The codes and standards that may be applied or made
applicable to canister manufacture and use include those in Table 5-3,

as well as those in Tables 5-1A, 5-1B, and 5-1C and the codes as presented
in Table 5-2, which are related to fabrication and testing.

5.3.2 Proposed Control System .

The control system for manufacture and use of HLW canisters that is

proposed by MNuclear Services Corporation is outlined in Figure 5-1 and

' discthed in Sections 5.1 and 5.2. The proposed system may be summarized
as follows: o ' '

a. HLW canister design criteria - Documented possibly in ANSI N-
Standards. '

b. Design'§pecifications for canister;procuremeht - To be derivedifrom
the HLW canister Deeign Criteria and to be in compliance with the |
specified subsection in the ASME Code, i.e., Subsection ND or NH.
Canister procurement is assumed to be the responsibility of the ‘
fuel reprocessing plant or other licensed, waste processing facility.

c. Canister manufacture - Required by the Design Specifications to be
in compliance with the specified subsection in theQASME Code,
. Section IIl, Division 1 and to be performed by a manufacturer

‘holding an appropriate ASME Certificate of Authorization. N-
stamping each canister is recommended.

5-20



NUCLERR SERVICES CORPORATION

d. Phase 1 use of the canister (see Figure 3-1) - Required by Federal

reguiations to be performed under a special license, or by Regu-
latory Guides that obligate the fuel reprocessing plant or other
licensed, waste processing facility to employ specified processes,
quality control, canister handling procedures, and other measures
to ensure public health and safety.

stated in d. above. The FRP will obtain a special license for the

shipping package that contains loaded canisters per 10 CFR 71 and

to control transport of'this package to the Federal repository per
- 49 CFR 173. '

f. Phase 3 use of the canister - As required byithe Department Qf

Energy for operatfon of the Federal repository which (it‘is rec-
ommended) includes acceptance criteria for loaded canisters trans-
ported to the Federal facility. ‘

5.3.3 Application of the System

When the HLW canister Design Criteria have been established and the ‘
proposed control system implemented, canister manufacture and use will.
proceed as follows. ‘ '

5.3.3.1 " The fuel reprocessingAplant (FRP)* will derive Design Speci-
fications from the Desfgn Criteria for use in canister procurements.
Prior to use in procurement, the Design Specifications will be required
to be reviewed to ensure that criteria have been fully and correctly
applied. This is a form of design verification.

5.3.3.2 The canister manufacturer will translate the Design Specifications
into detailed design documents for use in manufacturing, as prescribed

in his QA pnogfam; Prior to use, these design documents will be required

to be reviewed ‘to ensure that sbecifications have been fully -and correctly
applied. This,Atoo, is.a form of design verification.

*or other licensed, waste processing facility throughout this section.
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5.3.3.3 The canister manufacturer will plan and control manufacturing,
including procurement of material, items, and services, in accordance
with his QA program. Manufacturing controls will include:

a. Fabrication per documented plans,

b. Performance of special processes per written, qualified procedures
and by qualified personnel, ‘

c. Performance and documentation of inprocess quality control, e.g.,
inspections, witnessing, and testing,

d. Independent inspections and document reviews by an Authorized
Nuclear Inspector (ANI),

e. Performance of final inspection and pressure testing, witnessed by
the ANI, '

f. Preparat1on of Data Reports and certification by the ANI,
N-stamping each HLW canister, if required,

h. Shipment of completed canisters and documentary evidence of qua11ty
to the FRP. |

5.3.3.4 The FRP will convert the high-level liquid waste into an
acceptable dry solid form,Adnd load this solid waste into canisters.

The conversion and loading may be separate steps or combined. As dis-
cussed in Section 5.1.6, provisions should be included to verify that
the chemica] composition -of the dry waste form meets acceptance criteria
to ensure compatibility between the waste and canister. Waste should be
stabilized prior to placement in the canister or scaling the canister.

5.3.3.5 The FRP will seal the canister,. by mechanical means, welding,
or both, to form a high-integrity containment barrier for the high-level
waste. Prior to sealing it must be verified, by measuring the rate of
~gas evolution or other means, that any gases released by the waste will
be within specified limits so as not to exceed maximum design pressure
of the canister. After sealing, canisters must be leak- tested, by the
use of a helium Jeak detector or other means, to ensure that radiocactive
constituents in the waste cannot be released to air or water in con-
centrations eiceeding those specified in 10 CFR 20. o
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Sealed HLW canisters must be tested for removable surface contamination,
by swipe-tests or other means, to ensure that acceptance criteria at the
FRP, for insertion into the shipping cask, and for acceptance at the
Federal repository are met. If excess contamination is detected, the
canister should be decontaminated before any further handling is permitted.

5.3.3.6 The FRP will obtain a sbecia] license for the shipping package
consisting of the shipping cask, internal canister supports and loaded,
sealed canisters. The special license will be obtained from the Nuclear
Regulatory Commission on the basis of an analysis of the capability of
the package to withstand the Appendix A and B conditions and other
1oading conditions as prescribed in 10 CFR 71.

5.3.3.7 The FRP will identify the shipping package, notify thé consignee
(Federal repository) and arrange for transport in accordance with 49
CFR 173.

5.3.3.8 The Federal repository will probably conduct receiving inspection
of loaded canisters to ensure comp]iancé with acceptance criteria.imposed
by the'repository. Accepted canisters will be handled within the

Federal repository facility and placed in Underground media for disposal,
in accordance with rules to be generated‘by the Department of Energy.
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TABLE 5-2
CODES AND_STANDARDS'
CANISTER DEVELOPMENT AND DESIGN VERIFICATION

CODE, STANDARD OR REGULATION  APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS . COMMENTS ON

(CSR) OF DOCUMENT NEEDED IN CSE DOCUMENTS _REVIEWED

Reg. Guide 1.26, Quality Group A]l(z) New CSR required. Include For nuclear power plants. However,

Classifications and Standards. applicability to HLW - = it is considered this could be applied
. for Water-Steam, and - : IR canister. to canisters. Gives guidance on code

Radinactive-Waste- Conta1n1ng : classification of components.

Components of Nuclear Power : ; : A . ' Implies canister would be in quality

Plants (Rev. 3, 2/76)° ' standard Group C (ASME Sec. III,

: Class 3).

Reg. Guide 1.31 €ontrol of A1l NA 10 CFR 50 Appendix B requires that

Ferrite Content in Stainless , measures be established to ensure:

Steel Weld Metal : o materials control, special processes

(such as welding) control, and proper

- testing performance. This guide des-
cribes a method acceptable to the NRC -
staff for implementing these require-
ments with regard to the control of
welding in fabricating and ‘joining
austenitic stainless steel components
and systems.

h2-s

Reg. Guide 1.50 Control of All . NA This ‘guide describes an acceptable
Prekeat Temperature for method of implementing the 10 CFR 50
Welding of Low Alloy Steel Appendix B requirement that measures
: : be established to assure control of
materials and of special processes
such as welding and that proper process
monitoring be performed, with regard
to the control of welding for low-alloy
- steel components during initial
fabrication.

-NOTES:

(1) Fully Applicable
(2) partially Applicable
NA 'Not Applicable



TABLE 5-2 (Cont)

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS COMMENTS ON

- G2-§

(CSR) OF DOCUMENT NEEDED IN CSR DOCUMENTS REVIEWED

Reg. Guide 3.28 Welder All NA This document is similar to Reg. Guide

Qualification for Welding : 1.71 and could apply to the seal weld

in Areas of Limited of the filled canister at the fuel

Accessibility in Fuel reprocessing plant and to the seal:

Reprocessing Plants and in weld of the overpack ¢f one is used.

Plutonium Processing and

Fuel Fabrication Plants

Reg. Guide 3.29 Preheat and ATl 7 NA This guide describes a method

Interpass Temperature acceptable to the NRC staff for

Control for the Welding of meeting the requirements of 10 CFR 50

Low-Alloy Steel for Use in Appendix B and 10 CFR 70 Paragraphs

Fuel Reprocessing Plants and 70.22(f) and 70.23(b) with regard to

in Plutonium Processing and the control of welding of low-alloy

Fuel Fabrication Plants: steel components for fuel reprocessing
plants and for plutonium processing
and fuel. fabrication plants. This
“document could apply to the canister
as part of the fuel reprocessing plant.

Reg. Guide 3.36 Nondestruc- AN ' NA This guide describes a method acceptable

tive Examination of Tubular
Products for Use in Fuel
Reprocessing Plants and in
Plutonium Processing and
Fuel Fabrication Plants

-NOTES:~

(1) Fully Applicable
(2) Partially Applicable
NA Not Applicable

to the NRC staff for meeting the
requirements of 10 CFR 50 Appendix B
and 10 CFR 70 Paragraphs 70.22(f) and
70.23(b) with regard to specifying, in
the interest of standardization,
procedures acceptable to the NRC staff
for the nondestructive examination of
high-integrity tubular products.



TABLE 5-2 (Cont)

CODE, STANDARD OR REGUlATION

“—RPPLICABLE PARAGRAPH

DESCRIPTION OF REVISIONS

COMMENTS ON -
DOCUMENTS .REVIEWED

92-§

(CSR)

Reg. Guide 3.37, Guidance for
Avoiding Intergranular
Corrosion and Stress Corrosion
in Austenitic Stainless Steel

" Components of Fuel Reproces-
sing Plants.

Reg. Guide 7.6 Stress
Allowables for the Design
of Shipping Cask
Containment Vessels

-NOTES:

(1) Fully App]icable
(2) Partially Applicable
NA Not Applicable

OF DOCUMENT

C2 through C7(2)

A1l

NEEDED IN CSR

NA

NA

Provides guidance on qualification
testing and other guidance for
avoiding integranular corrosion and
stress corrosion in austenitic stain-
less steel components of fuel
reprocessing plants.

-Precludes the use of sensitized steel

components.

Provide stress allowables for the
design of shipping cask containment
vessels. -

Reg. Guide 7.6 states that there are

" no design standards for evaluation of

the structural integrity of cask
containment vessels. Therefore, the
staff has adapted portions of Section
III of the ASME Code to form acceptab]e
design criteria.

Normal conditions » serv1ce limit A
(as adapted)

Accident conditions -+ serv1ce 11m1t D
(as adapted)

" NOTE: Containment vessel is defined

as the receptacle on which
principle reliance is placed
to retain the radioactive
material during shipment.

Does not allow buckling; accident
resultant primary membrane stresses
must be maintained below the lesséer.
of 2.4 Sm or .7 Su; membrane plus
bending must be less than 3.6 Sm and"
Su.



APPLICABLE PARAGRAPH

TABLE 5-2 (Cont)
DESCRIPTION OF REVISIONS

COMMENTS ON

CODE, STANDARD OR REGULATION
(CSR)

OF _DOCUMENT

NEEDED IN CSR

DOCUMENTS . REVIEWED °

Reg. Guide 7.8 Load Combina-
tions for the.Structiiral |
‘Analysis of Shipping Casks

ASM= BPV-11I-1-ND, Nuclear
Powar Plant Components,
Class 3

Material

£2-5

‘Design

-NOTES:

(1) Fully Applicable
(2) partially AEp11cable
NA Not Applicabl

A1l

(See below)

" np-2000¢1)

nD-3000¢2)

NA

NA

Revised CSR required. -
Depending upon the final
process. evolved for
filling the canister, it
may become necessary to

" revise this article to
include treatment of
design and testing en-
tailing the process
temperatures involved.
More likely, a specific
Code Case could be written
for this if an existing
one does not cover the
process that will be
evolved. (See discussion
of ASME Code Cases N-47
through-N- 50 below. )

Load combinations for the structural
analysis of shipping casks.

A copy of the suggested load combina-
tions for normal and accident conditions
of transport is provided.

. If the .canister is designed as an

ASME Class 3 .component, then this -
Subsection ND applies. - (See remarks
under Reg. Guide 1.26 in this com-

~ pilation.)

Includes various tests required for
materials of components, but does not

apply to the design of a specific item.

Applies to components that are intended
for use at temperatures not greater
than given in Tables I-7.0 and I-8.0
Appendix I. This is not inconsistent
with the 350°C (662°F) assumed as
equilibrium canister temperature during
early storage period, but some of pro-
posed canister f1111ng processes will
entail temperatures in excess of those
given in the Tables.



TABLE 5-2 (Cont)

CODE, STANDARD OR REGU ATION APPLICABLE PARAGRAPH
(CSR) OF DOCUMENT

DESCRIPTION OF REVISIONS
NEEDED IN CSR

COMMENTS ON
DOCUMENTS .REVIEWED

ASME BPV-III-1-ND, Nuclear
Power Plant Components,
Class 3 (Cont)

Design (Cont) ND-313].2(])

Fabrication ..~ .  np-a000(!)

82-§

.- NOTES:

(1) Fully Applicable
(2) Partially Applicable
NA Not Applicable

“NA

Depends on welding \
process used.

Calls for proof tests to establish
maximum allowable pressure if design

. cannot be adequately determined by

rules given for analysis. (See ND- 6900)

“Article ND 4000 titled "Fabrication and

Installation" contains subsection
ND-4100 General Requirements covering
acquisition of acceptable material for
fabrication; Subsection ND-4200
"Forming, Fitting, and Aligning",
covering material cutting, forming, and
binding; forming tolerances, fitting -
and aligning of parts, requirements

for welded joints in components, and

welding end transitions; subsection

ND-4300 Welding Qualifications covering
types of processes permitted, welding
qualifications, records, and identifying
stamps, and general requirements for
welding procedure qualification tests;
Subsection ND-4400 rules governing
making, examining, and repairing welds;
Subsection ND-4500 brazing; Subsection
ND-4600 heat treatment including welding
preheat and postweld heat treatment;
Subsection ND-4700 mechanical joints

and Subsection ND-4800 expansion joints.



@ e e ®
o TABLE 5-2 (Cont)
CODE, STANDARD OR REGULATION  APPLICABLE PARAGRAPH  DESCRIPTION OF REVISIONS COMMENTS ON

(CSR)

OF DOCUMENT NEEDED IN CSR

DOCUMENTS . REVIEWED

ASME BPV-III-1-ND Nuclear
Power Plant Components,
Class 3 (Cont)

Examination

6¢-§

Testing

Protection Against
Overpressure

Nameplates, Stamping
and Reports

-NOTES:

(1) Fully Applicable
(2) partially Applicable
NA Not Applicable

ND-5000 - M
In ND-5200 thru ‘

" ND5242 it depends upon

category chosen. A1l
the rest except para-
‘graphs<I T

ND-5260, ND-5272, ND-5274
ND-5276, ND-5280

thru ND-5283.7

ND-5700 and ND-5720

np-6000%1) M
ND-7000 - ' . NA
np-g00o (1) NA

'NDE requirements in addition to those
listed in Section V.

Gives requirements and procedures for
pressure testing of components for
usual and special situations.

Gives requirements for protection
against overpressure and for testing
pressure relieving devices. However,
it is considered undesirable to have
any such device on the HLW canister.



TABLE 5-2 (Cont)

CODE, STANDARD OR REGULATION
{CSR)

APPLICABLE PARAGRAPH
OF DOCUMENT

DESCRIPTION OF REVISIONS
NEEDED IN CSR

COMMENTS ON
DOCUMENTS .REVIEWED

0€-5

ASME BPV-III-1-A, Nuclear
_Power Plant Components,.
Appendices

~ ASME Code Case 47, Class 1
Components in Elevated
Temperature Service

ASME Code Case 48,
Fabrication and Installation
of Elevated Temperature
Components

-NOTES:

(1) Fully Applicable
(2) Partially Applicable
- NA Not Applicable

Article 11-1000¢1)

3226 1)

(2)

NA

" Revised CSR required.
Depending upon the process .
and service temperatures
dinvolved in the filling
and sealing process for the
HLW canister, this Code

. Case may provide adequate
guidance for the canister
design and testing. If
not, it should be nodified
as necessary to cover the

. canister case. '

2 NA

NA

Provides rules for substantiating, by
experimental stress analysis, the
critical or governing stress in parts
for which theoretical stress analysis
is inadequate or for which design rules
are unavailable.

Provides guidance for design and
testing of Class 1 components for
elevated temperature service. Can be
applied to Class 3 components.

Gives pressure testing limitations.

Provides rules for fabrication and
installation of ASME Section III,

Class 1 (and therefore Class 3) ele-
vated temperature components, including

various materials qualification testing.



TABLE 5-2 (Cont)

cont, STANDARD OR REGULATION  APPLICABLE PARAGRAPH  DESCRIPTION OF REVISIONS COMMENTS ON

(CSR) . OF DOCUMENT NEEDED IN CSR ’ DOCUMENTS .REVIEWED
. ASME Code Case 49, o N Refers to nondestructive examination
- Examination of Elevated . ' of Section III, Class 1 (and therefore
Temperature Nuclear Components - Class 3) elevated temperature components

Does not,app]y to design verification.

ASME Code Case 50, Testing of = . | 6117(2) S Revised CSR required Gives rules for testing of closure
Elevated Temperature - 6113 ‘ to permit testing at welds, specially designed welded

Compcnents A 6209 temperatures which exceed seals, and hydrostatic tests at
: those for which Sy values elevated temperatures during the

are Tisted in Table I-1.0 construction of Section III, Class 1
However, such testing at (and therefore Class 3) elevated
service temperature would temperature components.
only be needed if satis-
factory design verification
could not be achieved
analytically or by extrapo-
lation of ambient tempera-
ture testing.

Le-§

ANSI N14.5 - 1974, Leakage 6.2(]) NA Gives leakage test requirements for
Tests on Packages for Shipment . : : : design verification, permissible

of Radioactive Materials - leakage, and suggested test methods.
ANSI N101.3 - 1973, Guide to S " New CSR required.” ~° ,  Provides guidance in the preparation
Principal Design Criteria for - .- Similar document. .: of General Design Criteria (GDC) for
Nuclear Reprocessing Facilities "specially for HLW nuclear fuel reprocessing facilities.

' canister. :

-NOTES:

(1) Fully Applicable
(2) Partially Applicable
NA Not Applicable



TABLE 5-2 (Cont)

2€-S

CODE, STANDARD OR REGULATION _ APPLICABLE PARAGRAPH  DESCRIPTION OF REV-SIONS COMMENTS ON
{CSR) OF_DOCUMENT NEEDED IN CSR DOCUMENTS REVIEWED
ANSI N145-1973 Effects of T NA | o None

High-Energy Radiation on the
Mechanical Properties of
Metallic Materia]s

ANSI N305-1375, Design : - New CSR required. Include Defines design objectives related to
Objectives for Highly Radio- -~ .- : - design objectives, criteria facilities for the handling and
Active Solid Material Handling o and verification require-  -:storage of highly radioactive
- and Storage Facilities ina : ments for HLW canister. materials in solid form. However,
Reprocessing Plant ' ' : this reference does not treat design
verification.
ASTM E 8-1972 Tension Testing All _ NA None
of Metallic Materials o
ASTM E 184-62(1968) Effects : All . NA : ) None
of High-Energy Radiation on : i
the Mechanical Properties of
‘Metallic Materials, Standard
Rec. Practice for
ASTM E208-69(1975) Conducting ANl ' NA - None

Drop-Weight Test to Determine
Nil-ductility Transition
Temperature of Ferritic Steels

-NOTES:

(1) Fully Applicable
(2) Partially Applicable
NA Not Applicable



TABLE 5-2 (Cont)

CODE, STANDARD OR REGULATION

APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS

COMMENTS ON
DOCUMENTS .REVIEWED

(CSR)

ASTM A 262-75 Susceptibility
to Intergranular Attack in

Stainless Steels, Standard
Rec. Practices for Detecting

£e-§

-NOTES::

(1)~Fu1]y Applicable
(2) Partially Applicable
NA Kot Applicable

OF_DOCUMENT _NEEDED IN CSR

A m

None



*TABLE 5-3
CODES AND STANDARDS
CANISTER MANUFACTURE AND USE

CODE, STANDARD OR REGULATION

(CSR)

APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS

COMMENTS ON

pe-S

Reg. Guide 1.71 Welder
Qualification for Areas of
Limited Accessibility

ASME BPV-II Material
Specifications

ASME BPV-V Nondestrictive
Examination

ASME BPV-IX Welding and
Brazing Qualifications

ANSI N45.2.11-1974

-NOTES:

(1) Fully Applicable
(2) Partially Applicable
NA HRot Applicable

OF DCGCUMENT NEEDED IN CSR

Al | CNA
AC | NA
Depends on method _ NA

used :

Depends on welding
process used.

6(1) o M

DOCUMENTS .REVIEWED

This regulatory guide describes
qualification and requalification
required when the welders physical
and visual accessibility -to a weld
are restricted.

Applicable to ordering of canister
raw material.

Part A Ferrous Materials

Part C Welding Rods, Electrodes and

Filler Metals

Applicable parts dependent on choice
of canister material.

Section IX of the Code would be used
as the qualification standard for
welding and brazing procedures,
welders, brazers, and welding and

brazing operators.. -

Establishes detailed requirements for
design verification. Possibly useful
to FRP in writing design specifications
for canister.



TABLE 5-3 (Cont)

CODE, STANDARD OR REGULATION
____(csR)

APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS

COMMENTS ON.
DOCUMENTS .REVIEWED

ANST N45.2.13-1974, QA
Requirements for Control .of
Procurement of Items and

" Services for Nuclear Power
Plants

ASNDT

SNT-TL-1A-1975 Recommended
Practice for Nondestructive
Testing Personnel Qualifica-
tion and Certification

Ge-§

NOTES:

{1) Fully Applicable
(2) Partially Applicable
NA Not Applicable

OF DOCUMENT NEEDED IN CSR
10.3.1(2) Revision in CSR required.
10.3.3 Include mention of fuel
A.4.d " reprocessing and waste

management facilities.

AN | M

Treats procurement of items and
includes design verification by
supplier and qualification testing

-and acceptance testing at source.

Possibly useful to FRP for processing

of canister.

Mone



NUCLEAR SERVICES CORPORATION

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Licensing and Regulatory Guides

Existing Federal regulations provide a basis for licensing and control

of high-level waste (HLW) management. Appendix F of 10 CFR 50 clearly
defines the overall HLW management policy. However, there is a need for
further development of specific regulatory requirements and acceptance
criteria. For example, it is recommended that requirements be established
for a special license, or requirements be made obligatory through
Regulatory Guides to:

a. Develop Design Criteria that are based on realistic and cost effective
tradeoffs between canister design and materials, and the environments
for which the canister is exposed during its three phases of use.
These Design Criteria should delineate overall objectives, functional
requirements, and acceptance criteria for the various HLN management
options. |

b. Develop a detailed Design Specification for design and fabrication
of the HLW canister, which implements the requirements of the
Design Criteria for a specific HLW Management System.

€. Require that HLW canisters be manufactured in accordance with the
ASME Code Section IIT, Division 1, rules for either Code Class 3
vessels or in accordance with a new Code Section III subsection to
be developed.

d.  Control the‘solidification procedure for the HL waste and stabilize
the waste which is placed in the HLW canister, to comply with
requirements of 10 CFR 50, Appendix F. This will require the
application of verified processes and processing to established
acceptance criteria. '

e. - Control the seal welding for the HLW canisters in accordance with

qualified procedures,.including verification that acceptance
" criteria have been met. '

' 6-1 .
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- It is further recommended that..the Department of Energy establish
acceptance criteria for HLW canisters at the Federal repository
which will be reflected back into the canister design criteria.

6.2 Codes

It has been concluded that the canister should be designed as a pressure
vessel with no prOyi%ions for overpressure protection devices such as
relief valves o?'rhpture discs. Since the canister is to be not only a
pressure vessel but also a container of radioactive material, it is
cbnc]udéd that ASME Code, Section III, Division 1 rules are the most
appropriate for detailed design and manufacture'of the canister.

Code Class 3 rules (Subseétion ND) provide for‘acceptab1e canister
qua]ity. However, it may prove advantageous to establish a new Sub-
section NH specifica]Ty for ‘HLW canisters that include the general Code
Class 3 rules, and also requirements reflecting the unique conditions,
processes and acceptance criteria from the three phases df canister
application. It is recommended that the selection of Subsection ND or
NH be deferred until later in the Rockwell Hanford Operations Project.

6.3 Standards

From this study a determination was made that a limited number of
existing standards of the type, ANSI N, are pertinent to canister
design, manufacture, and testing. However, it is recommended that ANSI
- N-Standards, spécifﬁca]ly addressed to aspects of canister design, _
application and quality control, and acceptance for disposal, be generated
and enforced by appropriate Regulatory Guides.

6.4 Design Criteria ,
In consideration of the potential output options at the Rockwell Hanford

Operations Project for completion of HLW canister design development and
design verification, establishment of Design Criteria is recommended to
be the first step.' These Design Criteria must be the keystone for
canister design input and control, ‘ R
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It is recommended that the canister Design Criteria represent the
constraints applicable to the canister resulting from realistic tradeoffs
between canister design and requirements for (1) the waste processing
facility, canister loading, and intefim storage; (2) the shipping cask
with loaded canister; and, (3) Federal repository canister handling and
disposal. The Design Criteria should provide an adequate basis for
conversion into .Design Specifications. Acceptance criteria should be
established for receipt of loaded canisters for disposal at the Federal
repository.

6.5 Canister Design Features

Although this study deals with a seal-weld type canister closure,

mechanical closure designs should also be included in follow-on in-
vestigations. A thorough study should be made of welding techniques to
ensure that high integrity seal welds can be made by remote means, using
remotely operated equipment. Remote nondestructive examination will

also be required due to the high-level radiation of the loaded canister.

The canister should be leak tested after closure {by use of helium leak
detector or other means) to ensure that radioactive materials are adequately
contained. ‘

For this study an assumption has been made that suitable materials for
| canister fabrication include carbon steel, stainless stee], and Inconel
. and Incoloy series steels. A thorough follow-on study should be made of
requirements and tradeoffs for each of the three phases of canister
application to determine the most suitable material for canister fabrication.

It has been conciuded that the use of an overpack as-an integral part of
the:cahiSterédesign results in an undesirable design and economic
constraint on the waste management system. A thorough study should be
made relative to overpacking of the canister in the form of removable
shipping cask liners or containers holding more than one canister in
disposal befofé”a detérmination is made as to whether or not to employ
any overpacking. The study should include such considerations as:

(1) the necessity to construct an overpack to. acceptance criteria equlvalent
to the canister, (2) usefulness in interim storage, (3) heat transfer
problems, (4) advantages in canister handling, testing, transport, or

~ geologic storage; and, (5) cost effectiveness.
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