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FOREWORD

This standard provides design criteria tor the eguipment and
systems comprising the rod consolidation process 4or commercial
Light Water Reactor (LWR) Spent Fuel Assemblies. The

criteria are applicable to wet and dry, and horizontal and
vertical conscolidation concepts.

The standard 1s intended to be consistent with the reguirements

ot the regulations i1n Title 10, Code of Federal kRegulation, Farte

SO and 72.

The rod consolidation process 1s intended to produce canisters
filled with full lengt! fuel rods that have been removed $rom
spent nuclear fuel. The process removes those components that
maintain rod spacing and thereby allows the individual fuel rods

to be reconfigured into a close packed array.

The standard does not present the storage requirements of the
spent nuclear {4uel either prior to performing consclidation or
upon completion of the process, These criteria are presented in
other American National Standarde. There 1s a section in the
standard which identiti1es interface considerations of the process
with the facility or installatiorn in which consoclidation will

take place,
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30 INTRODUCTION AND SCOPE
1,14 Introduction. This standard 18 intended to be

used by &) those involved 1n specifying the
requirements for the equipment and systems
necessary to coneclidate LWR epent nuclear 4uel
(rod consolidation), b) the designer of
consolidation equipment and systems to define the
minimum regquirements and, <) requlatory agencies
in their evaluation of applications to perform
the process of rod consclidation.

Thie standard continues the set of American
National Standards on the sub;ect of spent
nuclear fuel storage and handling. Similar
Standards (1) are ANSI/ANS-S7.7, Design
Criteria for an Independent Spent Fuel Storage
Installation Water Fool Type)[1] and
ANST/ANE-S7.9, Design Criteria ¢or an

Independent Spent Fuel Storage Installation |
(Dry Storage Types) (2.
|

- ————

(1) Similar Standards as defined in American National Standards
Institute Evecutive Standards Council-%52%5., “ANSI BGuide tc
Resolving Similar/Duplicate Standards Froblems, "
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Scope. This standard provides design criteria
for the process of consclidating LWR spent
nuclear fuel 1n ei1ther a wet or dry environment
pertormed either horizontally or verticaly. The
process 1ncludes the equipment and systems used
to pertorm conenlidation, handle fuel rods and
nonfuel ~beari1ng componente as well as handle
broken fuel rods. This standard also contains
requirements for facility and installation
interfaces, nuclear safety, structural, thermal’,
accountability, safeqguards, decommissioning, and
quality assurance.
Limits of Application. This standard applies tc
the process of rod consolidation. The process 18
intended to be performed at commercial LWR
nuclear power plants, reprocessing facilities or
other 1nstallations which receive, store or
dispose LWR spent fuel, Other limits of
applications are a) the spent nuclear $uel to be
consolidated 1e commercial LWK fuel which b) has
a minimum of one year cooling after discharge
trom the reactor core.
Overall Design Consideration. This standard 1&

based on the following overall considerations
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which reduce the potential harards during the rad
consolidation process: a) short lived high
specific activity radionuclides, particularly
those of lodine and Xenon are no longer present
1n significant gquantities due to the minimum one
year cooling time after discharge from the
reactor core, b) very little remaining
radioactivity 1s 1n a dispersible form, and c)
decay heat is greatly reduced again due to the
minimum one year cooling time after discharge

from the reactor core.
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Design Event. Fostulated occurance used to
establish design requirements to satis+y

operational and safety criteria of the Rod

consplidation system.

Evaluation of the consequences of such occurances
can then be used to specify the performance
reguirements of the FKod consolidation system.
Design Event I

Definition. An event that 1s expected to occur
reqularly or frequently i1n the course of normal
operation of the Rod consoclidation system.
Examplies:

Loading of the Spent Fuel Assembly into the
consolidation equipment.

Removal of the End Fittings.

Removal of the Rods.

Rod array recontiguration.

Transfer of the Canister of consolidated

Rods from the consolidation machine back to
storage.

Confinement and control of debrie (e.g. Crucg).
Design Event 11

Definition. An event that although not occurring
regularly, can be expected to occur with moderate

fregquency or on the order of once during any
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calendar year of Rod consclidation system

4 Cda =i L L™ 3

pperation. A calendar year of Rod consoclidation

J = et e

operation 1s considered to be the processing of
4t T aat s
approximately 25 MTU. d =
2e5.2.2 Examples:

Do madnl A loss of external power supply (single 4ailure

in the electrical system) for a limited duration.

ol P P Handling of Stray Rodis) and broken Rod(s).

Robia o@D Spurious operation of certain active components. 7;ii;‘

2:6:.2:.2.% A single operator error followed by corrective ‘ !
action, T

g . { Design Event 111

Sibsdsl Definition. An infrequent event that could

reasonably be expected to occur once during the

lifetime of the Rod consolidation system,

v PR P Examples:
2ilbeDassd A loss of power for an extended i1nterval.
2:bid:.2:52 Dropping of a Canister of consolidated Rods,

but with no spilling of Kods.
2:6.3.2:3 Failure of a maj;or compeonent of the Rod

consolidation system that cannot be repaired 1n

place,

LebeJ.2.8 Epilling of Kods frcm a Canmaster cof conscolidated
Rods.

2:i0.3:2:85 Incorrect adminietrative control of the
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characteristics of the Spent Fuel Assembly to be
consolidated.

2:6.4 Design Event 1V

2.6.4.1 Definition. @A possible event that, because of
thear ﬁbnsequences. may result 1n the maximum
potential 1mpact on the i1mmediate environs. The
desigrn of the Rég conseolidation eguipment need
not consider those events for which the facility
or installation 18 capable of mitigating the
consequences thereof.

2:8:48,2 Examples:

Lisbs B2, Natural phenomena such as earthquakes, tornadoes,
tornado-induced missties, 4zre§ and floods.

2o BB, 2:,2 Man—-induced, low-probability ev;nts such as
aircraft impact, flammable material explosione,
expleosion~induced missiles.

247 End Fitting (Nozzle). The portion of the Spent
Fuel Assembly which defines the upper and ]ower
extremities. HRemoval of an End Fitting allows
access to the individual Rode.

-:B Handling Equipment. Manually or power operated
devices used for performing relocaticn operations

on Rods, Spent Fuel Assemblies or Canisters.

2.9 Nonfuel ~-Bearing Components (NFBC). «11

components ot a Spent Fuel Assembly except




Rod Removal .

Spacer Grid.
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reactor, still]l i1in the same mechanical
rontfiguration as when 1rradiated, containing Kogs
and Nonfuel-Bearing Comporents.
L+ 16 Stray Rod. A Fod in any one ot the +ollowing
conditions during the Rod Lonsolication process:
a) partly i1nserted i1nto a Canister,
b) 1n a position not normal for the process,
or
c) dropped.
v Stuck Rod. Any Rod which 18 not removed +rom
the Spent Fuel Assembly during the normal

operation of Rod Removal,

11
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PROCESS FUNCTIONS

The 4unction of this process 1€ to perform

Rod Consolidation. The following activities

will typically take place during the Rod

Consolidation process:

&)

b)

c)

d)

e)

$)

Q)

h)

Consclidati»n equipment 1€ prepared

for operation,

Spent Fuel Assembly identification 1s
verified,

Spent Fuel Assembly is placed into the
consolidation equipment,

The End Fitting is removed to gain access
to the Rods,

The Rods are removed from the Spent [Fuel
Assembly using multiple or single Rod
removal techniques,

The Rod array 1s reconfigured and placed
into a Canister,

The remaining Nonfuel-EBesaring Components
are processed to facilitate storage and
dieposal, and

The Canisters are prepared for

storage or subsequent disposal.

12
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PROCESS DESCRIPTION
The process of Kod consolidation has been divided
into subfunctions for the purpose of this
standard. The following are the descriptions of
the subfunctions and will be the basis on which
the design criteria are presented.

End Fitting Removal. End Fitting Removal

permits access to the fuel Rods. This can be
accomplished by cutting aor mechanical unfastening
ot one or both of the End Fittings from the fuel
assembly. This portion of the Rod Consolidation
procese also provides for handling of the End

Fittings,

Rod Removal. The separation of the individual
fuel Rods from the Spacer Gride and other
Nonfuel ~Bearing Components 1s accomplished in
the RKod Removal portion of the Kod Consolidation
process. In order to do this, the Spent Fuel
Assembly is restrained as necessary. 10
facilitate fuel Rod separation, the removal
device may be attached to the Rode by clamping
mechanically or bonding. FRoc Removal is
accomplished by controlled separation +rom the

Spent Fuel Assemblv, Rodse can be removed either
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as a group or i1ndividually.
Rod Array Reconfiguration. Hod array
reconfiguretion 18 the transformation of the Kod
array from that found 1n the fuel assembly
to a closer array required by the consclidated
Rod Canister. @A transistion device may be used
to accomplish reconfiguration.
Consolidated Rod Packaging. Fackaging of fuel
Rods 1s performed in order to:
a) maintain the reconfigured geometry,
b) provide structural support for the
Kods, and
c) +acilitate handling and storage of the
Rods.
Nonfuel -Bearing Component Handling. Nonfuel-
Fearing Component (NFEC) handling provides {for
volume reduction, packaging, or other processing
of residual Spert Fuel Assembly structural
materials and other nonfuel 1tems. Examples of
these components are End Fittings, Spacer bGrids
and guide tubes, This subfunction could include
the following steps:
-
a) cutting/shearing,

b) compaction.

14
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¢) component and/or material segregation,
d) packagino.
l a
Off-Normal Rod Handling. Of4-normal kod

handling 1ncludes the capability to retrieve,

'
transter, and prepare +for storage, 6amaged.

étray. and portiong cf broken égds
encountered during Rod Consolidation activities.
Examples of the required operations invalved are:
tools designed for remote removal of hroken or
Damaged Rods from Spent Fuel Assembliess and
consolidated RKod Canisters; and the collection of
loose material, Stray Fods and fu=l pellets.
Auxiliary Operations. This i1ncludes operaticons
that are necessary to support Kod Consclidation
or that are for general use throughout the
consclidation process. Examples of auxiliary
operations are:

a) decontamination,

b) accountability and safeguards,

c) photographic or videotape recording.,

d) maintenance,

lifting and transfer,

visual monitoring.
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PERFORMANCE REQUIREMENTS
The equipment and subsystems which comprise the
LWR Kod Consolidation process shall be ogesigned
to perform the following functions under the
designated Design Events.
End Fitting Removal. Equipment provided for
End Fitting removal shall meet the +4ollowing
perfaormance requirements:
Ferform normal process function under Design
Event 1.
Frevent Rod damage during tastener removal
or the cutting operations for Design Event 1.
Freclude dropping End Fittings during or
following End Fitting removal cperations for
Design Events 1 and I1.
Maintain support of the ébent f@el Assembly
during Design Events 1 and 11.
To the extent required by the facility,
provide +¢cor local g;n+inement of radivactive
particulate during Design Events I and II.
Rod Removal. Egquipment provided 4or disassembly
operations shall meet the following performance
requirements:
Ferform normal process {function under Design

Event 1.

16



-

o
(5]

L]
.

b3
o

&
B
~

= -

Pt

el

ANE-57.10
NOV,. 1984

Frevent Rod damage and breach during Design

Event 1.
Freclude uncont

Design Events I

rolled 4uel kod movement during

and I1.

Frevent Rod damage due to loads, distortions,

displacements,

or deflections i1mposed on fuel

Rods by equipment during of Design Event 11,

Maintain fuel é
subcritical con
through IV.

To the extent r
for local é;nfn
during Design E
Frovide for fue
decommi ssioning
through IV.

Rod Array Recon
provided for re
array shall mee
requirements:
Ferform normal
Event 1.
Frevent Rod dam
displacements,

Rods by equipme

L

» l I
ods and Spent Fuel Assemblies 1n a

figuration for Design Events 1

equired by the facility, provide
nement of radioactive particul ate
vents 1 and 11.

1 removal and decontamination/

following Design Events 11

figuration. Eguipment

configuration of the fuel Rod

t the following performance

process function under Design

age due to lcads, distortione,

or deflections 1mposed on fuel

nt during Design Event 11.

17
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Maintain fuel Rodes 1n a subcritical confiqguration
for Design Events 1 through 1V.

Frevent Rod damage during Design Event 1.
Freclude uncontrolled fuel Fod movement {or
Design Events I and 11.

To the extent required by the facility, provide
for local 6;n4xnement of radioactive particul ate
during Design Events 1 and I1I.

Frovide for fuel removal and decontamination/
decommissioning following Design Events 11
through IV,

Consolidated Rod Packaging. Faclaging of Rods

is accomplished through the use of a Canister,
The Canister shall meet the following performance
requirementes:

Be dimensionally compatible with interfacing
equipment for Design Event 1.

Be structurally adequate to withstand handling
and operating loads with & full complement of
FRods during Design Events I and I1I.

Allow for adequate cooling capability to

protect the rods from temperatures that would
jeopardize the i1ntegrity of the fuel cladding for

Design Events 1 through IV.

1§ the Canister is of a sealed configuration,
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accommodate pressure differential without
collapse or permanent deformation during Llesign
Events I through 1V.
A subcritical configuration shall be maintained
throughout packaging during Design Events 1
through 1IV.
The packaging equipment shall meet the following:
Fertorm normal process function under Design
Event 1.
Frevent égd damage during Design Event 1.
Freclude uncontrolled fuel Rod movement during
Design Events 1 and 11.
Frevent Rod damage due to loads, distortions,
displacements, or deflections imposed on fuel
Rods by equipment during Design Event I1.
Frovide for fuel removal and decontamination/
decommissioning following Design Event 11 through
iv.
To the extent required by the tacility, provide
for local éonfinement of radicactive particulate
during Design Evente 1 and 11.
Nonfuel ~Bearing Component Handling. Equipment
required for Nonfuel-Bearing Component handling

which i1ncludes component cutting, shearing and

compacting equipment, storage containers, tools,
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storage racls and equipment stands shall meet
the following performance requirements:
Ferform normal process function under Deesign
Event 1.
Frovide for the één#xnement of debris and free
Nonfuel ~Bearing Component hardware during
cutting, shearing and compaction 4or Design -
Event 1.
To the extent required by the +acility, provaide
for local éanfxnement of radicactive particulate
during Design Events 1 and 11.
Maintain the capability of storage racks and
equipment stands to receive and allow withdrawal
of components, containers or equipment following
Design Evert 11.
Off-Normal Rod Handling.
Off~-normal Rod handling includes the capability
to retrieve, transfer and prepare tor storage;
Damaged, Siray and portions of broken Ré;s.
Equipment provided +or off-normal Réd handling
shall me=t the following performance
requirements:
Remove and retrieve fuel Rod sections and

associated debrie 4rom tuel assemblies or work

area following Design Event I1.
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Transter fuel Rods and associatec debris to an
to an appropriate storage container tollowing
Design Event I1.
Frovide for and maintain subcriticality guring
Cesign Evente [ through IV.
To the extent required by the tacility, provide
for local één41nement ot radiocactive particul ate
during Design Events 1 and 11.
See Section S.4.1 for applicable performance
requirements for off-normal g;ds etorage

containers,

Auxiliary Operations. Equipment, tools, and
fixtures required to support g;d ngsolidatxon
operations shall perform their function during
the Dasxgn E;ents that are applicable to the
particul ar operation they support.

Facility or Installation Interfaces.

Structural design of the C;nxster and matinn
clearances with stands, racks, casks and other
supporting structures shall be such to preclude
overstressing of supporting structures during
Design Events 1 through 1V.

Maintain subcriticality i1n the event of physical

and nuclear interactions with adj acent

subfunctions for Design Events I through IV,

2]
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DESIGN REQUIREMENTS

The design requirements {or the é;o ﬁonsol:dat:on
system are presented separately by subfunction,
The Design Events to which these reguirements
apply are presented i1n Section 3.0,

End Fitting Removal

Codes and Standarde. The End Fitting removal
equipment shall be designated non-nuclear safety
(NNS) (1) and shall be designed in accordance with
commercial codes and standards. The following
codes and standards represent an acceptable level
of design and construction for components
providing structural support.

1) ASME Boiler and Fressure Vessel Code Section
VIII Division 1,[4]

2) Materials shall conform to Section III
subsystem NF of the ASME Codel(S], or AISC-SIZ
1978 Specifications for Design, Fabrication

and Erection of Structural Steel for bBuildinges

L&l.

4
£

Z) Cranes and hoists used +4+or hand): g Sbent Fuel
Assemblies and Rods shall m:et the regquiraments
tor the auxiliary handling crane i1n ANSI/ANS~

57,1, 1980(713.

———————— -

As defined 1n ANSI/ANS~-S1.,1 19B7 - Nuclear Satety Criteria
for the Design of Stationary Fressurized Water Reactor
Flante [2)

22
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Conditions of Design

Design of the knd Fitting Kemoval eguipment

shall provide adeguate clearances when cutting

to remove the End Fitting such that fuel {6d'

are not damaged.

All surfaces contacting tuel Kégs shall be free

of burrs, sharp corners, edges and weld beads

that could breach the +tuel Rgd cladding.

All materials of construction shall be capable of

withstanding cumulative radiation exposures

anticipated in the intended service.

Flacement of controls for any system shall be

such as to enable the operator to use the

controle while observing cperations or

instruments monitoring the functioning of the

equipment being controlled.

All operator controls in systems for use in wet

environments shall be designed +or manipulation

with gloved hands.

The following requirements apply to components

normally underwater:

a) Lubricants and hydraulic +luids ehall be
compatible with water chemistry

requirements.

23
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b) Rust i1nhibitive coatings shall be compatible
with wear conditions and water chemistry
requirements,

c) Compeonente, such as wheels, bearings and
cablee shall be capable of dry operation for
limited periods 4or functional chechkout and
testing.

d) Materials shall be compatible with the wetted
materials of the primary reactor coolant
system. For example: avoid the use of
sulfur, mercury and their compounds and
alloys, or lead, cadmium, halogens and their
compounds and alloys unless encapsul ated or
otherwise prevented +rom coming into contact
with the pool water.

The equipment shall be designed to permit removal

and replacement, or repair of functional

components. Underwater actuating components
should be capable of being removed and i1nstalled
without lowering the pool water level.

Suitable fastener lochking devices, e.9., bent

metal tabs, or lock wires shall be used to

prevent parts from falling from the equipment.

Commercial componente, assemblies, and sub-

assemblies should be selected to facilitate

24
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repair, replacement and i1nterchangeabilit,,
Galvanic and chemical corrosion shall be
evaluated as part of the material selection

process.

Means should be provided for the local collection

of debris resulting from cutting operations.
Lubricants, sealants and protective coatings
shall be compatible with their intended service
and envaronment,

Interfaces. The End Fitting removal equipment
ehould interface with the Rod Removal equipment
and HWNFBC eguipment.

Testing, Inspection and Maintenarnce

Frovision shall be made 1n the design of the
equipment to permit functional testing.
Frovision shall be made to permit routine
maintenance and i1nspection of components to
assure that acceptable performance levels are
maintained.

Design Documentation. Documentation shall be

maintained to substantiate conformance with

applicable standards and with applicable federal,

state and local requirements. Design

documentation, (drawings, specifications, and

calculations) shall be checked 1n accordance with

25
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the quality assurance plan of Section &.14,
Rod Removal
Codes and Standards. The Rod Removal
equipment shall be designated non-nuclear satety
(NNE) (1) and shall be designed 1n accordance with
commercial codes and standards. The following
codes and standards represent a acceptable level
ot design and construction for components
providing structural support.
1) ASME EBoiler and Fressure Vessel Code Section
VIII Division 1(41],
2) Materials shall contorm to Section 111
subsystem NF of the ASME CodelSl, or AISC-S326
1978 Specifications for Design, Fabrication and
Erection of Structural Steel for Buildings [61].
Z) Cranes and hoists used tor handling Spert
Fuel Assemblies and Rods shall meet the
requirements for the auxiliary fuel handling
crane in ANSI/ANS-S7.1 1980(7].
Conditions of Design

The Rod Removal equipment shall be designed to

(1) As defined 1n ANSI/ANS~S1.1 1987 = Nuclear Safety Criteria
for the Design of Stationary Fressurized Water Reactor

Flantsel[T)
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maintain subcriticality 1n accordance with

Section 6.9.1.

Fail sate latches should be utilized 4cr moving

and lifting mechanisms,

All surfaces contacting fuel Rods shall be free

ot burre, sharp corners, edges and weld beads

that could breach the fuel Rod cladding.

Devices for fuel Rod Removal shall be designed

not to breach fuel cladding or damage Rods.

Means shall be provided *to preclude i1nadvertent

release of a fuel Rod by the handling equinment.

Loss of power shall not result 1n dropping of

fuel Rods.

Flacement of controls for any system shall be

such as to enable the operator to use tha

controls while observing operations or

instruments monitoring the functioning of the

equapment being controlled.

All operator controls for systems used 1n

wet environments shall be designed +4or

manipulation with gloved hands.

The 4cllowing requirements apply to components

normally underwater:

a) Lubricants and hydraulic 4luids €hall be
compatible with water chemistry

requirements.
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b) HRust 1nhibitive coatings shall be compatible
with wear conditions and water chemistry
requirements.,

c) Componente such as wheels, bearinge and
cables shall be capeble of dry operation for
limited periods 4or functional check-out and
testing.

d) Materials in contact with the pool water
shall be compatible with the wetted materials
of the primary reactor coolant system. For
example: avoid the use of sulfur, mercury and
their compounds and alloye or lead. cadmium,
halogens and their compounds and allaoys or
unless encapsulated or otherwise prevented
from coming into contact with the pool
water.

Controls, interlocks or other features shall be

provided to minimize the potential for dropping

or jamming fuel Keods during handling operations.

The equipment shall be designed to permit removal

and replacement, or repair ot functional

components., Underwater comporients should be
capable ot being removed and i1nstalled without
lowering the pool water level.

Suitable +astener locking devices: e.0., bent

28
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metal tabse, or locl wires shall be used to
prevent parte 4rom 4alling +rom the equipment.
Commercial Components, assemblies, and sub-=
assemblies should be selected to +acilitate
repair, replacement and i1nterchangeability.
balvanic and chemical corrosion ghall be
evaluated as part of the material selection
process.,
Lubricants, sealants and protective coatings
shall be compatible with their intended service
and environment.
Means shall be provided to restrict movement of
the fuel assembly during kRod Removal without
damage to the Spent Fuel Assembly structure that
would preclude further KRod Hemoval.
During the Rod Removal, means shall be provided
within the operational envelope tor the
collection of the particulate matter released
from the operation.
All materials of construction shall be capable
of withstanding cumulative racdiation exposures
anticipated in the intended service.
Intertaces. The Kod Kemoval eguipment should
interface with the End Fitting removal equipment

and the +uel Kod array reconfiguration equipment.

29
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b,2.4 Testing, Inspection and Maintenance,

b.2.48.1 Frovieion shall be made i1n the design ot the
equipment to permit functional testing.

$.2.8.2 Frovision shall be made to permit routine
maintenance and i1nspection of components to
assure that acceptabie perftormance levels are
maintained.

b.2:% Decsign Documentation. Documentation shall be
maintained to substantiate conformance with the
applicable standarde and with applicable federal,
state and local requirements., Design
documentation, f{(drawings, specifications, and
calculations) shall be checked 1n accordance with
the quality assurance plan of Section 6.14.

&.3 Rod Array Reconfiguration.

-1 | Codes and Standards. The Red array

reconfiguration equipment shall be designated
non-nuclear safety (NNS) (1) and shall be designed
in accordance with commercial codes and
standards. The following codes and standards
represent an acceptable level of design and

construction for components providing structural

————————— - -

As defined 1n ANSI/ANS~S1.1 1987 - Nuclear Safety Criteria
for the Design of Stationary Fressurized Water Reactor
Flantsl[ X3
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support:

1) ASME kEoiler and Fressure Vessel Lode Section
VIII Division 1[4),

2) Materials shall conform to Section 111
subsystem NF of the ASME CodelSl, or AISC-5T26
Specifications for Design, Fabrication and
Erection of Structural Steel for Buildings
1978L61.

=) Cranes and hoists used {+or handling Spent
Fuel Assemblies and Rods shall meet the
requirements +or the auxiliary 4uel handling
crane in ANSI/ANS~S7.1 1980(71].

Conditions of Design

The Rod array reconfiguration equipment

shall be designed to maintain subcriticality

in accordance with Section 6.9.1.

All surfaces contacting fuel Kods shall be +ree
of burrs, sharp corners, edges and weld beads
that could breach the fuel Rod cladding.

Means shall be provided to preclude inadvertent
release of the fuel Fod by the handling
equipment, Loss of power shall not result in i
dropping of +uel Kod.

Flacement of controls for any system shall be |

such as to enable the operator to use the |
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controls while pbserving operations or

instruments monmnitoring the +unctioning of the

equipment being controlled.

All operator controls tor wet systems shall

be designed for mamipulation with gloved hands.

The +ollowing requirementse apply to components

normally underwater:

a)

)

g2

d)

Lubricants and hydraulic fluide shall be
compatible with water chemistry
requiremente.

Fust i1nhibitive coatings shall be compatible
with wear conditions and water chemistry
requirements.

Components, such as wheels, bearings and
cables shall be capable of dry operation for
limited peripcds for functional check-out and
testing.

Materials shall be compatible with the wetted
materials of the primary reactor coolant
system. For example: avoid the use ot
sulfur, mercury and their compounds and
alloys, or lead, cadmium, halogens and their
compounds and alloys unless encapsulated or
otherwise prevented +rom coming 1nto contact

with the pool water.,

Controls, interlocks or other +eatures shall be

provided to minimize the potential +or dropping
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or j;amming fuel Rods during handling operations.
The equipment shall be desigred to permit removal
and replacement, or repair of functional
components. Underwater components should be
capable of being removed and i1nstalled without
lowering the pool water level.
Suitable fastener locking devices, e.g., bent
metal tabs or lock wires shall be used to
prevent parts from falling from the eguipment.
Commercial Components, assemblies, and sub-
assemblies should be selected to facilitate
repair, replacement and interchangeability.
Galvanic and chemical corrosion shall be
evaluated as part of the material selection
process.
Lubricants, sealants and protective coatings
shall be compatible with their intended service
and environment.
During the Rod array reconfiguration
means shall be provided within the operational
envelope for the collection of the particul ate
matter released from this operation.
All materials of construction shall be capable

ot withstanding cumulative radiation exposures

anticipated in the i1ntended service.
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Interfaces. The Rod array reconfiguration
equipment should i1ntertace with the Kod kRemoval
and Rod packaging equipment,
Testing, Inspection and Maintenance.
Frovision shall be made 1n the design of the
equipment to permit functional testing.
FProvision shall be made to permit routine
maintenance and inspection of componentes to
assure that acceptable performance levels are
maintained.
Design Documentation. Documentation shall be
maintained to substantiate conformance with the
applicable standarde and with applicable tederal,
state and local requirements. Design
documeritation (drawings, specifications, and
calculations) shall be checked in accordance with

the quality assurance plan of Section 6.14.
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A, Consclidated Kod Fackaging

o1 Codes anc Standards. The Canister provided for

packaging ot reconfioured kode shall be
designated as non-nuclear safety (NNS) (1) and
shall be decigned 1n accordance with commercial
codes and standaras. The followinng code
represents an acceptabie level of design: ASME
Boiler and Pressure Vessel Code, Section 111,
Division 1, Fart NF(5],

6.4.2 Conditions of Design

6:4.2.1 The design shall maintain fuel Kod cladding
temperature 1n accordance with Section &.11 when
the Canister 1s loaded with fuel Kods.

6:8:.2:2 The consolidated Rod packaging equipment shall be
designed to maintain subcriticality in accordance
with Section 6.9.1.

©:.2.2.3 Allowable design s*resses used 1n the design of

the Canister shall be 1n accordance with the ASMS

Foiler and Fressure Vessel Lode, Section 111,

Pivision 1, Part NF[S)] for loads and methods

specified in Stection &.10.

(1) As defined in ANSI/ANS-51.1 1962 - Nuclear Satety Craitera:
for the Design of Stationary Fressurized Water Reactor
Flants({ ).
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bGalvanic and chemical corrosion shall be
evaluated as part ot the materizal selection
process.

Frovisione shall be made in the Lanister to
allow for drainage or vacuation.

Interfaces. The Canister shall be dimensionally
compatible with the Rods, the consolidation
packaging, and spent fuel handl:ng eguipment.
The Canister shall also be compatible with the
immediate storage system beyond the Kod
Consolidation « yuipment.

Testing, Inspection and Maintenance.

Frovision snall be made i1n the design of the
equipment to permit 4unctional testinag.
Frovision shall be made to permit routine
maintenance ano i1nspection ot components to
assure that acceptable performance levels are
maintained.

Design Documentation. Documentation shall be
maintained to substantiate conformance with the
applicable standarcde and with applicable +4+ederzl,
state and local requirements. Design
documentation (drawings, specificationns and
calculations) shall be checked 1n accordance with

Section &6.14,
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Flacement of controls shall be such as to epable

trhe operator to use the controls while observing

operations or 1nstruments monitoring the
functioning ot the equipment being controlled.

Fail safe latches should be utilized for moving

and li4ting mechaniems,

The following requirements apply to components

normally underwater:

a) Lubricants and hydraulic fluids shall be
compatible with water chemistry requirements.

b) FRust 1nhibitive coatings shall be compatible
with wear conditions and water chemiestry
requirements,

) Components such as wheels, bearings and
cables shall be capable of dry operation for
limited periods tor purposes of funttional
check-out and testing.

d) Materials shall be compataible with the wetted
materials of the primary reactor coolant
system, For example: avoid the uee of sulfur,
mercury and their compounds and alloys, or
lead, cadmium, halogens and their compounds
and alloys unless encapsulated or otherwise
prevented 4rom coming into contact with the

pool water,
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The equipment shall be designed to permit removal

and replacement, or repalr of {+unctional
components. Underwater actuating components
should be removable and installable without
lowering the pool water level.

Suitable 4astener lochking cevices, e.0., bent
metal tabs, or lock wires shall be used to
prevent parte 4rom talling 4rom the equipment,
Commercial Components, assemblies, and
subassemblies should be selected to tacilitate
repair, replacement or i1nterchangeability.
Galvanic and chemical corrosion gshall be
evaluated as part of the material selection
process.

Lubricants, sealants and protective cpatings

shall be compatible with their intended service

and environment.

During the Nonfuel-Bearing Component handling
means shall be provided within the operational
envelope for the collection of the particul ate
material released +rom this operation.
Consideration should be given to prevention of
ryrophoric congitions i1n sheared NFEC auring

dry storage and transport.

Frovisions shall be made 1n the NFELC container to

allow for drainage or vacuation.

Frovision shall be made 1or permanent

¥
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identification of the NFEC containmer which 1€
discernable during storage.

Interfaces, The Nonfuel~pearing Lomponent

handling equipment should 1ntertace with the khod

Consolidation and Spent Fuel Assembly nandling
systems., The Nontuel-Eearing Lomponent disposal
container shall be compatible with the 1mmediate
storage system beyond the Hod Lonsolidation
system,

Testing, Inspection and Maintenance. Frovisionsg
shall be made in the design of the equipment to
permit 4unctional testino. routine maintenance
and i1nspection of components to assure that
acceptable performance levels are maintained.
Design Documentation. Documentatiion shall be

maintained to substantiate contormance with

applicable standards amd with applicable {federal,

state and local requirements. Design

documentation {(drawings, specifications, and

calculatione) shall be chechked 1n accordance with

the quality assurance plan in Section &.14,
Qff-Normal Rod Handling
Codes and Standards. The of+-nermal kod

handling equipment shall be designateg as
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non=-nuclear satety (NNS) (1) and shall be designed
in accordance with commercial cod: and
standards. The following codes represents an
acceptable level of design: AREME Hoiler and

Fressure Vessel Code, Section V11!, Division

1141,

Conditions of Design

The Off-normal Rod handiing equipment &and
containers shall be designed to maintain
subcriticality 1n accordance with Section &.9.1.
Means shall be provided te preclude i1nadvertent
release of the Damaged, Stray, or brolten kRod
sections by the handling device during loss of
power .

Flacement of controls shall be such as to enable
the operator to use the controls whi'!o observing
operations or instruments monitoring the
functioning of the equipment being controlled.
All operator controls 4or wetted systems shall be

designed for manipul ation with gloved hands.

As defined in ANSI/ANS-51.1 1987 - Nuclear Safety Lriteria
for the Design of Stationary Fressurized Water FReactor
Flants( 1.
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bt 2.5 The following requirements apply to components '
normally underwater:

a4) Lubricanteg and hydraulic 4luids shall be *
compatible with water chemistry
reguirements,

b) Fkust inhabitive coatings shall be compatible
with wear conditions and water chemistry
requirements.

c) Components, such as wheels, bearings, and
cables shall be capable of dry operation for
limited periode for 4unctional check=-out and
testing.

d) Materiales i1n contact with the pool water
shall be compatible with wetted materials of
the primary reactor coolant system. For
example: avoid the use of sulfur, mercury and
their compounds ard alloys or lead, cadmium,
halogens and their compounds and alloys
vnless encapsul ated or otherwise prevented
from coming i1nto contact with the pool
water,

b:6.2.6 Controls, interlocks or other features should be
provided to minimize the potential for daropping
or amming broken fuel kods during handling
operations.

TR T The egquipment shall be designed to permit removal

and replacement, or repair of 4unctional

L2
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components., Underwater components should be
removable arnd installable without lowering the
pool water level.
Suitable tactener lochking devices, €.0., bent
metal tabs cor lock wires shall be used to
prevent parts 4rom falling +rom the equipment,
Commercial Components, assemhlies, and
subassembliees should be selected to +acilitate
repair, replacement, or i1nterchangeability.
Galvanic and chemical corrosion shall be
evaluated as part of the material selection
process.

Lubricante, sealants and protective coatings

shall be corpatible with their i1ntended service

and environnents.

All materials of construction shall be capable of

withstanding cumul ative radiation exposure
anticipated in the 1ntend06ﬂb¢rv1ce.
Indicatore showing the torce being applied to
remove broken or Stray Rode shall be provided.
During of#¢-normal Rod handling means shall be

provided within the operational envelope for

the collection of particulate material released

from this operation.

43
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Interfaces. The off-normal Rod handling
equipment should i1nterface with each o+ the other
subfunctions of the Rod LConsolidation process.
Use o+ the oftf-normal Kod handling equipment
should not regquire disassembly of the Rod
Consolidation eystem. The otf-normal Lanister
shall be dimensionally compatible with the
1mmedi ate storage system.
Testing, Inspection and Maintenance
Frovision shall be made 1n the design of the
equipment to permit functional testing.
Frovision €hall be made to permit routine
maintenance and 1nspection of components to
assure that acceptable performance levels are
maintained.
Design Documentation. Documentation shall be
maintained to substantiate conformance with
applicable standarde and with applicable tederal,
state, and local regquirements., Design
documentation (drawings, specitications and
calculations) shall be chechked in accordance
with the gquality assurance plan of bSection &.14.
Auxiliary Operations
Codes and Standards. Auxi liary equipment shall

be designed 1n accordance with commercial codes
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and standards.
Londitione of Desiagn
Flacement of controls shall be such as to enable
the operator to use the contrcls while ocbserving

operetions or instruments monitoring the

functioning of the tools being controlled.

All operator controls 4or systeme used i1n wet

environments shall be designed +or manipulation

with gloved hands.

The following shall apply to components normally

underwater:

&) Lubricants and hydraulic 4luids +or i1mmerced
components shall be compatible with water
chemistry reguirements.

b) HRust i1nhibitive coat-ngs shall be compatible
with wear conditions and water chemistry
requirements.

c) Components such as wheels, bearings and
cables shall be capable of ary operation for
limited periode +or functional check-~out and
testing.

d)} Material in contact with pool water shall be
compatible with wetted materials of the
primary reactor cooclant system. For examp.e:
avoild the use of sulfur, mercury, and their
compounds and alloys or lead, cadmium,

halogens and their compounds and alloys

b5
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unlese encapsulated or otherwise prevented
trom coming in contact with the pool water,
The equipment should be designed to permit
removal and replacement, or repair of functional
components. Underwater actuating components
shall be removable and reinstallable without
lowering the pool water level.
Suitable fastener locking devices, e.g., bent
metal tabs, or lock wires shall be used tc
prevent parts 4rom 4alling from the tools,.
Commercial Components, assemblies, and sub-
assemblies should be selected to +acilitate
repair, replacement, or interchanqgeability.
Galvanic and chemical corrosion shall be
evaluated as part of the material selection
process.
Lubricants, sealants and protective coatings
shall be compatible with their intended service
and environment,
Interface. The auxiliary equipment should
interface with each ot the other subftunctions o4
the Rod Consoclidation process.
Testing, Inspection and Maintenance
Frovisions should be made in the design o4

auxiliary tools and equipment to permit
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funcrional testing.

Frovisione €hould be made to permit routine
maintenance and 1nspection of components to
assure that acceptable performance levele are
maintained,

Desian Documentation. Documentation shall be
maintained to substantiate conformance with
applicable standards and with applicable federal,
state, and local requirements. Design documenta-
tion (drawings, specifications, and calculations)
shall be 1n accordance with the guality assurance

plan of Section &6.14.

w7
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Facility or Installation Interfaces
Various services, systems, or components of the
host facility or installation intertace with the
Rod Consolidation process. Design reviews and
analysis of the host facility or installation
systems shall be performed to assure they have
sufficient capacity, with suitable margins, to
meet the additional requirements i1mposed by the
Fod Consplidation process. In particular the
following considerations s€hall be addressed;
Materiale Compatibility. Evaluate all matericele
introduced i1nto the facility or i1nstallation
operating environment such ae hydraulic fluids
and structural components to assure
compatabilaty.
Radiocactive Farticulate Control. Evaluate the
existing +acility or installation systems such as
spent fuel pool cleaning or hotcell HVAC to
aseure these systems can accommodate -any
radivactive particulate relesased during the Rod
Consclidation cperation.
Thermal Loads. Evaluate the heat removal systems
such as spent fuel peool coolino and hotcell HVYAC

to assure these systems can accommodate the heat
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load trom the 1ncreased concentration of 4uel 1n
storage.

Structural Loads. Evaluate systems and
structures such as fuel handling equipment,
storage racks, and the spent +4uel storage area to
assure the additional loads from full Canisters
and NFEC containerse can be accommodated.
Criticality. Evaluate existing facility

systems to assure continued subcritically in
accordance with the facility subcriticality
criteria.

Shielding. Evaluate the facility or installation
shielding features which limit radiclogical dose
to operating personnel such as minimum pool water
operating depth or shielding walles to assure that
Spent Fuel Assembly handling, the kod
Consolidation process, and the subsequent
handling ot $ull Canisters and NFEC container do
not result 1n exposures above the design basis or
criteria.

Decontamination. Evaluate the existing
decontamination systems to assurse the adequate
decontamination of the kod Lonsolidation tools,

equipment, and fi1ntures,
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Radwaste Handling. Evaluate the eristing liquid
and €0lid radwaste systems to ascsure they can
accommodate the additional waste qgenerated from
the Kod Consolidation process.

Maintenance. Evaluate existing maintenance arsas
and equipment to assure that the equipment ot the
Rod Consolidation process can be properly
maintained.

Operational Impacts. Evaluate the Rod
Consolidation process, 1ts operatiorn and physical
location to assure that the safety of the
eristing facility or installation 18 not
adversely affected.

Auxiliary Equipment Storage. Auxiliary

equipment should b2 provided withn restraints for
use during storage periods that are compatible

with requirements of the storage area,
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Nuclear Safety
Nuclear Criticality Safety
Codes and Standards. Nuclear criticality safety
of Rod Consolidation process shall be 1n
accordance with applicable American National
Standards developed by ANS Subcommittee 8.
Conditions of Design
Frior to first use and before implementing design
changes to Kod Consolidation, a criticality
safety analysis shall be performed 1n accordance
with ANSI/ANS-8.17 1987101017,
General criteri1a applicable to Rod Censolidation
process are contained i1n MANSI/ANS-B.17 198201017,
Methods used to calculate subcriticality shall
be validated in accordance with ANSI/ANS &, 1
1983081 and ANSI/ANE~B,17 1987[101),
Credit taken 4or fuel burnup shall be in
accordance with ANSI/ANS~8.17 1987[10].
No credit shall be taben 4or socluble poison.,
The analysis shall demonstrate that fuel will e
handled, stored, and transported in a manner
providing a sufficient factor of safsty tco
require at least two unlikely. indeperndent, and
concurrent changes 1n conditions before =
criticality accident 1s possible.
The analysis shall demonstrate that damaged
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fuel Canisters, or spilled Rods, 1f credible will
remain subcritical.
The analysis shall demonstrate that during the
Canister loading operation, partially loaded
Canisters remain subcritical,
The analysis shall demonstrate that broken Kods,
nellets, and debris in Canisters, containers,
basin areas and +i1lterse, remain subcratical.
Guidance to determine the need for and use of a
criticality alarm system shall be 1n accordance
with ANSI/ANS-8.7 1979(0(91].
kadiological Frotection. This section presents
the radiological protection requirements for the
Rod Consclidation process.
Conditions of Design
Structures, systems and componente +or which
operation, maintenance, and required i1nspeCTIONs
may 1nvolve exposure to radiation shall be
designed, {fabricated, located, shielded,
controlled, and tested s0 a¢ to control external
and i1nternal rad:ation exposure to on-site
perseonnel and the public to levels which are
consistent with the principles of ALARA.

The system design shall consider personnel safety

. )
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and the confinement of radioactive particul ate
under conditione of system 4ai1lure and
misoperation,
All releases of radipcactive particulate i1n ligquad
or airborne effluents to unrestricted areas shall
meet the requirements defined in the facility or
installation Safety Analysis Report.
Design provisions shall be incorporated in the
Rod Consolidation process to prevent or minimize
the accumulation of radiocactive particul ate in
normally occupied areas, For systems that
require nonroutine access, decontamination
capability should be provided.
The Rod Consplidation process design should
1ncorporate provisions to reduce, to the exstent
practicable, the time required to perform work
tincluding maintenance) 1n radicactive
environments.
Frovision shall be made 1n the design to limit
the spread of radicactive particulate, ano
control radiation levels.
Estimates of dose rates which would arise because
of a buildup of contamination within the Rod
Consolidation process shall be based or least

favorable radiation and contamination . di1tions
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that can be anticipated during the lifetime of
the process.
Special precautions shall be taken 1n the ogesign
of shielding and equipment to aveoid high doses to
the extremities of operationing personnel during
access to and mamipulation of Rod Consolidation
equipment,
Design of the RKod Consolidation process shall
provide for control of radiocactive particulate
by appropriate confinement and suitably designed
cleanup systems.
The background environment shall be considered in
determining audio and light intensity levels to
be specified for radiation alarms and access

control devices.

FRod Coneolidatieon equipment should be designed tn
permit ease of decontamination: 1.8., minimize
crevices where contaminants could accumulate.
Where crevices are unavolidable, parts should be
designed to be disassembled to tecilitate
decontamination.

Flow of water or air when ueed +or contamination
control in the Rod Consolidation process shall be
from areas of lower radicactive contamination to

areas of higher contamination.

54



ANGE~S57., 10
NOV. 1934

892 201. 13 In water shielded systems, Rod RKsmoval travel

chall be controlled to prevent losse o0f adequate

shielding 1n the event of sudden fuel Rod

release.
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Structural Analysis
Load combinations and design limite for steel
structures are provided i1n thig section. Sei1smic

loads to be used are besed on the standarog

designation nf the safe shutdown earthgual

(EB8E). SBe:sm ¢ excitation along three corthogonal

directions shall be applied simultanecously. The

square root of the sum of the squares method may
be used to combine the three spatial components
of the earthguale. Seismic calculations shall be
based on plant specific earthquale response
curves or time-history data.

Se1smic loading effects on free-standing systems

shall be considered. Minimum required tactors o4

safety shall be 1.1 against both averturnming and

£liding. These minimum requirements on tactors
of safety ne=2d not be met, provided that any one
of the following conditions 1 met:

1) It can be shown by detailed nonlinear dynamic
analysee that the amplitudes of eliding
motion ar2 minimal and i1mpact betwsen
adjacent equipment or structurees 18
prevented. In addition, minimum reguirement
for the factor ot satety against overturning

18 satisfied.
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2) It can be shown that any sliding or tilting
motion will be contained within suitable
gqeometric constraints such that any i1mpact
forces are incorporated.
b.10,1 Loads
6.10.1.1 Normal Operating Loads (For Design Events 1 thru
IVy. All permanent and transient loads that
could exist or be developed during normal
operation of the system shall be included.
D - Dead load of the structure
L - Live load of the structure
T - Thermal loads
6.10,1,2 Natural Fhenomena Loads (For Design Event V),
E - Loads generated by the SSE
$,10.1.3 Abnormal Operating Loade (For Design Events I1I
and 111).
Ta - Loads due to a temperature rise resulting
from loss of auxiliary cooling systems for
extended periods of time

A - Loade due to dropped components that impact

sysatem
$.10,2 Design Limits
6.10 2.1 Strength

§ - Required strength of a section. member or

connection computed 1n accordance with
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"Allowable Stress Design Method"” of Fart I
of AISC Specifications-1976L6]. The
one-third 1ncrease 1n allowable stresses for
wind and seismic leoading conditions 1s not
permitted.

Y - Required strength of a section, member or
connection computed i1in accordance with the
"Flastic Design Method" of Fart 11 cf the
AISC Specification=-1978L&]. In evaluating
the effects of localized stresses caused by
the postulated natural phenomena and abnormal
operating loads, elasto-plastic tehavior ot
the structures may be considered with
appropriate ductility ratios, provided the
accompanying deformations would not result in
loss of function of the affected astructures,
systems, and components.

Materials. Carbon steel materials and properties

used shall be 1n accordance with approved

standards such as the ASTM standardel1l]

approved for use with the AISC Specificationlsl

and Appendix 1 of ASME kBoiler and Fressure

Vessel Codes, Section III(S].

Deformatiocn. The deformations of structures and

structural components under design load
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conditions shall be computed to assure that other
structures, systems, and componente affected by
these deformations multiplied by the appropriate
load factor as required in the following
sections.
Load Combinations. The designated loade ehall be
combined to simulate the most adverse load
conditione considering the possible variations in
their magnitude and direction.
Allowable Stress Design Method. When the
allowable stress design method 18 used, the
following relationship between the 1load
combinations and the allowable stresses S shall
be satisfied:
a) 8 > D &L
b) 1.8 > D+ L + T
) 1.68 > D
g) 1.78 > D + L + Ta + E
e 1.78 > D + L + A
In no case shall the required shear strength
exceed 1.45. For determining the fleiural
strength under load combinations d) and e)
above, the plastic section moduli of steel shapes
may be used; however, the required strength shall

not exceed 1.9S.
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The Rod Consolidation eguipment may underaqgo local
plastic deformation when subj ected to load
combinations e) and d) above, a2 long as the
system maintaine subcriticality in accordance
with Section 6.9. Thermal loade may be
neglected when i1t can be shown that they are
secondary and self-limiting 1n nature, the design
shall provide a sufficient redundancy to prevent
collapse due to the formation of plastic hinges
and when the material 1e ductile.
Flastic Strength Design. When the plastic design
method 1s used, the 4ollowing relationship
between the requirasd strength Y and the load
combinations shall be satisfied.
a Y » 1.7 (D + L)
b)Y ¥ > 1.5 (D #+# L + T)
) ¥ 2 1:2 D+ L »T + E}
g) ¥ > 1.1 (D + L + Ta + E)
e) Y » 1.1 (D + L + A)
The Rod Consclidation egquipment may undergo
plastic deformation when sub; ;ected to load
combinations &) and d) above, a&& long as the

\
[
|
system maintains subcriticality 1n accordance |
with Section 6.%9. Thermal locads may be

|

neglected when 1t can be shown that they are
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secondary and self-limiting 1n nature, the design
ehall provide sutficient redundancy to prevent
collapse due to the formation of plastic hinges

and when the material 1¢ dguctile.
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Thermal Criteria
The section presents the design temperature
limits for the cladding of the fuel Rods during
the Rod Consolidation process.
For Rod Consolidation performed 1n water, the
ma:imum Rod cladding temperaturee under normal
conditions shall not exceed that temperature
which would produce localized boi1ling throughout
the process. This limiting temperature can be
conservatively detined as the boi1ling temperature
of the pool water at the depth which corresponds
to the uppermost possible position of the Spent
Fuel Assembly. FRod temperatures shall be
calculated assuming the worst expected conditions
considering factors such as Rod geometry in the
Canister, cooling flow through the Canister,
maximum pool water temperature, etc.
For Rod Consolidation pertormed in a dry air
environment. The maximum fuel FRod cladding
temperature shall not e:xceed temperature limits
as defined in ANSI/ANS-57.9021. Thermal design
objectives should be met by extending the
required minimum cooling time of the +uel or by
providing engineered systems that enhance kopd

cooling or by use of an 1nert gas blanbet, In
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calculeting the maximum Rod cladding
temperature i1in the ory environment, the worst
e:pected conditions shall be assumed i1ncluding
factors such as the number and geometry o+ the
FRods in the Canister, air flcw through and around
the Canister, contact area and contact resistance

between Rods, ambient air temperature, etc.
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Accountability and Safeguards
The Rod Consocolidation process and asscociated
equipment shall be designed to accommodate
accountability and safeqguard considerations as
presented i1n this section.
The Canister and cover shall =ach be i1dentifiable
by means of & unigque permanent alphanumeric
code(s)., This 1dentification shall be readily
vigible when the Lanister 1s in the consolidation
work area and in the storage area,
Tamper-indicating seals shall be provided tur the
Canister closure. Frovisions shall be
incorporated in the design of the Canmister to
facilitate installation and checking of these
seals.
Frovisions for Cénister identification shall
be consistint with the facility or installation
safeguards and accountability requirementes.
Accountability procedures and records shall be
consistent with the 4acility or i1nsetallation
accountability requirements.
Canisters should contain integral Spent Fuel
Assemblies whensver possible and SNM accounting
may be based on whole numbers ot +uel

assemblies,
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Where an 1ntegral number of Spent Fuel Assembies
ie not achieved and the Lamister containe Fods o4
the same nominal initial enrichment,
accountability shall be effected by a count of
the number of Rods placed in the Canister, In
thie cas=, SNM material amournte may be calcul ated
by multiplying the fraction of esach Spent Fuel
Assembly Fods placed in the Canister times the
total Spent Fuel Assembly SNM content.
Where Rods from a non-integral number of Spent
Fuel Assemblies which contain Rods of differing
nominal i1nitial enrichments, througho = the Spent
Fuel Assembly are to be placed i1n more than one
Canister, & recorde system shall be devised to
ascertain the SNM contents of those Canisters,
Fackaging and accounting arrangemente shall be
provided for individual Stray or Damaged
Fods which result 4rom the Kod Coneclidation
process. Canisters for broken or Damaged
Fode and miscellaneous associated SNM shall
follow the same i1dentification and sealing
requiremente as whole Kod LCanisters.
Fhysical protection requirements for the Rod
Consolidation process shall be dictated by the
requirements of the facility or installation in

which the operation 1s conducted.
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Decomissioning
The Rod Consolidation equipment ehall be designed
to facilitate decommissioning ei1ther as part of
the 4acility or i1nstallation decommissioning or
as a separate system. Frovisions may be made to
facilitate decontamination of structur-ee and
equipment, minmnimize the quantity of radiocactive
wastee and contaninated equipment, =nd +acilitate
the remaoval of radiocactive wasteg and
contaminated material., Examples of such design
features may include the following: ;
&) Large or very long components made in

sections to facilitate =asy removal,

packaging, and shipment.
b} Crevices or cavities be minimized where [

contaminantes could accumul ate.
€) Materials that minimize activation product

tormation or facilitate decontamination be

selected.
d) Exposed surfacee be coated with strippable

materials to esase decontamination.
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Quality Assurance
As & minimum, the following egquipment,
a) End Fitting removal,
b) Rod Removal,
c) Rod array reconfiguration,
d) Consolidated Rod packaging,
e) Off-normal Rod handling
shall be designed and fabricated commensurate
with the guality assurance requiremerite of the
facility, or installation, with a quality
assurance program developed 4rom the applicable
sections of ANSI/ASME NOA~-1 1987, Quality
Assurance Frogram RKeguirements +or Nuclear Fower
Flants{I] that meet the facility or installation
safety requirements.
All other equipment and components of the Rod
Consolidation process shall be designed and
fabricated commensurate with safety requirements
ot the facility or installation &nd in accordance
with the quality assurance requirements of the
facility or installation in which the Fod

Consclidation process is located.
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APFENDIX A

(This Appendin 1s not a part of this standard, Design Criteria
for the Consolidation of LWR Spent Fuel, ANS-57.10, but is
included for i1information purposes only.,)

ILLUSTRATIVE DIAGRAM

The +tollowing diagram depicte the hod Lonsolidation process flow.
Also shown are the applicable sections of this standard.
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APPENDIX B
(This Appendix 1% not a part of this standa-d, Decign Craiteria

for the Consolidation of LWR Spent Fuel, ANS-57.10, but 1s
included for information purposes only.)

NUCLEAR CRITICALITY SAFETY
B-1.0
The purpose of this Appendix is to point out spec:al
characleristics of the rod consolidation operation that i1mpact on
the nuclear criticality safety analysis. Observations are also
made that should help 1n selecting design features to help ensurs
criticality safety.
B-2.0
The discussion and examples in the Appendix will assume fuel
assemblies and rod systems that are nonirradiated and fully
moderated with water. The standard provides an option to take
credit for fuel burnup and fission products. Also, rod
consolidation could be carried out in a dry +acility recognizing
the fact that unmoderated uranium enriched to lese than £ wti
U225 cannot sustain a neutron chain reaction regardless of the
number of fuel rods (1.e., 15 less than unity!,
B-3.0
For Light Water Reactor (LWR) +4uel assembly handling anc storage,
criticality safety 1s usually controlled by spacing. Compact
storage systems may include & neutron poison between ascemblies,

At the optaimum spacing for criticality, the number of assemblies
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required for criticality is 7 to 10 for Eoiling Water Reactors
(BWR) and T to © 4or Fressurirsed Water kReactore (FWR)., The
reason for these relatively high numbers 18 that the rods within
the assemblies are significantly undermoderated.
B-4.0
When {fuel rods are removed +rom the assembly structure, or are
otherwise released from confinement and allowed to spread apart,
the number of fuel rods required tor criticality si1gnifaicantly

drops, for the BWR fuel.

For BWR assemblies, there is an i1nsufficient number of rods 1in
one assembly for criticality. A 7x7 assembly contains 49

rods. For I to I wti4Z UZTE enriched +uel with 0.5 in, diameter
rods, the minimum critical number of rods 1s 1n the range of 110
to 270 (see Tables 1 and 2).

B-4.2

For FWR assemblies, the situation is different. Une FWR assembily
alone contains a sufficient number of fuel rods for criticality.
Subcriticality is maintained by the close packed. undermoderated
arrangement of rods in the assembly. A 17417 rod assembly
contains B9 rods. For 4 wtiZ UZIE enriched fuel with 0,4 1in.
diameter rods, the minimum critical number of rods 1s 1n the

range of 110 to 140 (see Tables 1 thru ).
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B-4.3
Because of sensitivity of the spacing between the rods to the
critical number of rods, special attention should be given in the
rod consolidation systems to number of rode present and the
potential spacing between rods, e.g9., accidental spreading.
B~-5.0
It may be beneticial to recognize that there 1s a canister size
for each characteristic fuel assembly that 1s georatrically
favorable, Within this confined geometry, the +uel will remain
subcritical, regardless of the number or spacing between the fuel
rods. Two examples are given below on how to estimate "minimum
critical” size.
B~5.1
Consider square canisters that are to contain 0.4 in. diameter
fuel rods. Figure 1 shows canister capacity (number of rods) as
a function of water-to-fuel volume ratio (Vw/V¥) $or several
canister sizes. Superimposed on these curves is a line
representing the minimum cirtical number of 7 wt% UZZS enriched
rods as a function of Vw/V¥. Note that the ‘'critical number"
line is tangent to & canister line at a canister size of about
11x11 in. Thus, below an 11x11 in. canister size, a critical
rod configuration in a single isolated canister 1s rnot possible
for 0.4 in. diameter rods enriched to I wt% U2TS, regardless of

the number of rods or the pitch.
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P-35.2
For cylindrical canisters, a similar approach may be used to 4ind
the minimum critical camister si1ze., Figure T shows & series of
curves giving canister capacity &g a function of the spacing
between rods (Vw/V¥). Superimposed on these curves 1s the curve
giving critical number of rods as a functien of spacing between
the rodse. Neote tirat *he critical curve 1s tangential to the
curve representing a canister diameter of about 11.1 1n.
B-5.3
Survey calculations have been performed to estimate the minimum
gritical cylindrical and square canister sizes for LWR fuel rods
at T wt%Z and € wt% U275 enrichment (see Figures T thru B). For
cylinders, the diameters are 11.7 in. and 9.2 1n,, respectively.
For square canisters, the oimensions are about 10x10 i1n., and
848 1in., respectively,
B-6.0
Rod consolidation operations carried out using canisters not
subcritical by virtue of geometry for all credible numbers of
rods and spacing between rode may require special design fteatures
to ensure subcriticality. Examples are as follows:

a) Mechanically holding close~pached rods together while the

canister i3 loaded
b) Bundling the loose rods together before adding the bundle to
c) a canister

Freventing water addition to the canister.



TABLE !
Critical Number of ®ods in Water
As a Function of Lattice Pitc'

(2 wtX Enriched UOZ)

Effective Cylinder
Lattice Pitch, in, Critical Number Rods Diameter, in.

0.3 in. Dia. Rods

.498 780 14.61 (Min.)
.538 679 14.72
575 633 15.20
610 613 15.87
. 643 617 16.77
675 633 17.83
.761 780 22.32
814 1013 27.20

0.4 in. Dia. Rods

.705 663 19.06
1
|
\
i
|

.506 1380 19.74
.574 659 15.47
.635 470 i4.45
N7 376 14.6)
. 742 363 14.84
767 354 15.16
813 351 15.98
858 356 17.0
.900 374 18.27
.40 401 19.76

0.6 in. Dia. Rods

759 560 18.86

.908 227 14.37
1.076 170 14.72 6T
1.114 167 15.12 <%
1.150 167 15.59 -
1.222 172 16.81 ;;i;

1.280 185 18.35
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Critical Number of Rods in Water

As » Function of Lattice Pitch
(3 wts Enriched UOZ)

Effective Cylinder

} ttice Pitch, in. Critical Number Rods Diameter, in,

0.3 in. Dia. Rods
.538 408 11.42 (Min.)
575 365 11.54
643 320 12.09
675 308 12.44
705 304 12.9
.734 302 13.39
.761 306 13.98
.B14 - 36 15.20
.910 383 18.70
.997 547 24 .49

0.4 in. Dia. Rods

541 572 13.58
.664 266 11.38
767 205 11.54
. 858 186 12.28
.900 182 : 12.76
.940 183 13.35
.978 185 13.98
1.086 205 16.34
1.214 274 21.10
1.330 487 30.83

0.6 in. Dia. Rods

.812 235 13.07

.996 118 11.34
1.150 96.3 11.85
1.220 93.7 12.40
1.286 93.6 13.07
1.350 96.2 13.90
1.410 100.0 14.80
1.467 106 .6 15.91
1.7227 127 20.43
1

~
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, ThAéde 3
Critical Number of Rods in Water
As a Function of Lattice Pitch

{5 wtX Enriched 002)

Effective Cylinder
Lattice Pitch, in. Critical Number Rods Diameter, in.

0.3 in, Dia. Rods

.454 443 10.04
575 233 9.21
.643 193 9.4)
.705 173 9.72
L7161 161 10.16
.Bl14 156 10.67
.864 154 11.26
.910 156 11.93
.955 161 12.72
1.038 177 - 14 .49
1.255 374 . 25.47
0.4 in. Dia. Rods
.606 241 9.88
. 664 182 9.4
767 132 9.25%
.858 113 9.57
.940 104 10.04
1.015 99 4 10.63
1.085 93.0 11.34
1.151 101.3 12.17
1.214 106 13.15%
1.273 114 14.29
0.6 in. Dia. Rods
.908 105 9.76
1.150 62.7 9.57
1.220 59.0 9.84
1.286 57.0 10.20
1.410 56.3 11.10
1.523 .58.3 12.20
1.628 63.1 13.58
1.727 7.3 15.3)
1.821 "B4.4 17.%6

v
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