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ABSTRACT

This study investigates spent fuel cask handling experience at existing
nuclear facilities to determine appropriate cask decontamination and
maintenance operations at the potential Yucca Mountain repository. These
operations are categorized as either routine or nonroutine. Routine cask
decontamination and maintenance tasks are performed in the cask
prepavation area at the repository. Casks arve taken offline to a separate
cask maintenance area for major nonroutine tasks, The study develops
cunceptual designs of the cask preparation area and cask maintenance arvea.
The functions, layouts, and major features of these areas are also
described.

This work was completed December 1989,
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EXECUTIVE SUMMARY

This study identifies necessary cask decontamination and maintenance
opérations at the potential Yucca Mountain repository and develops a
preliminary conceptual design of the assoclated facilities, These
facilities {the cask preparation area and the cask maintenance area of the
repository waste-handling building) are designed to meet the cask
decontamination and maintenance requirements outlined in "Generic
Requirements for a Mined Geologic Disposal System" (DOE, 1986a). General
arrangements of the facilities are developed using a modular approach so
that the design concepts can be adapted, with minor modifications, to
other potential spent fuel handling facilities in the Federal Waste
Management Systems (FWMS),

The nature and extent of cask decontamination, maintenance, and
reconfiguration that will be needed at the repository are highly
uncertain, The associated operations depend on many factors, including
the configuration of the FWMS (e.g., with or without other spent fuel
handling facilities), the function.l requirements of each element in the
FWMS, and the design features of the casks to be used in the system,
because the development of casks to be recelved at the repository ig still
in an early stage, a rveference cask design is chosen. This study is based
on a reference FWMS configuration and varlous assumptions regarding cask
decontamination, maintenance, and reconfiguration at the repository,

These configurations and assumptions provide a basis for developing
conceptual designs of the facilitiles necessary to conduct the above
operations. This work was done during the pre-Advanced Conceptual Design
phase as reflected in SAND84-2641, Site Characterization Plan-{onceptual

Design Report.

U3

An extensive literature review and a survey of spent fuel handling
facilities have been conducted, and the results are used to determine the
cask processing operations, facilitles, and equipment recommended to
pertorm similar operations at the repository. These operations sevve as a

basis for identifying cask decontamination and maintenance tasks and for

- vii -
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designing the facilities for performing these tasks, Functlional block
flow diagram: of cask processing operations, including routine and

nonroutine cask decontamination and maintenance tasks, have been prepared.

The cask preparation area is deslgned to facilitate routine cask
decontamination and maintenance, as well as other routlne cask preparation
operations needed to unload fuel and ship the cask offsite. Major
features of this area include: (1) separatlon of the cask preparation
area from the receiving and shipping bay and (2) capabllity of
transferring casks to the cask maintenance area for nonroutine operations,
Because casks may be radloactively contaminited when they are transferved
into the cask preparation area after spent Luel unloading, the area is
designed as a separately ventilated area to prevent the potential spread
of contamination to the receiving and shipping bay. The capability of
transferring casks from the routine handling path in the cask preparation

area to the maintenance area (offline) increases the availabillty of the

cask preparation area for processing additional casks while nonroutine

cask decontamination and maintenance operations are conducted offline.

Routine cask decontamination tasks In the cask preparation area include
manually wiping the cask exterior surface (localized areas), the cask
outer cavity, and the cask-to-hot-cell adapter during cask preparation for
shipment offsite. Also, routine cask maintenance tasks are performed in
the cask preparation arca, including visual inspection of cask components
and containment verification tests of unloaded casks prior to shipment
offsite. These malntenance tasks ave commonly termed "preventive

maintenance . "

The cask maintenance area facilitates nonroutine decontamination and
maintenance and permits cask reconliguration (e.g., fuel spacer
changeout) . The arca includes various shielded cells with tiltered
ventilation exhaust to accommodate (1) operations that need to be
performed remotely and (2) operations where high levels of contamination

are prescento,

vidi
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The cask extarior, interior cavity, and internal components (fuel basket
and spacer); can be decontaminated in the cask maintenance area, There are
separate facllitles and equipment for each of these decontamination
operations. A remote automated spray system, equipped with high-pressure
nozzles, is used to thoroughly decontaminate the entire cask exterior
surface, 1if neceSsary. Two methods of cask interior cavity
decontamination are implemented in the facllity design: (1) flushing,
which 1is done for cagsks requiring minor cask cavity decontamination, and
(2) manually decontaminating the cavity (with or without the fuel basket
present) with long-handled wet vacuum and sluicer instruments, which is
performed on casks requiring extensive innetr cavity decontamination.
Facilities similar to those for cask exterior decontamination are provided
for decontaminating fuel baskets and fuel spacers removed frum the cask

cavity.

The cask maintenance tasks that can be performed in the cask maintenance
area include the replacement of removable and interchangeable cask
components, The components include fuel baskets, fuel spacers, closure
head seals, valves and valve components, fasteners, and other hardware,

Storage areas fov the components are also incorporated into the design.



manner that accommodates an MRS in the FWMS, They are also developed
using a modular design approach so that they can be adapted, with minor
modifications, to the MRS, \

1.3 Organizational Approach
The report consists of seven sections plus two appendices,
Section 1.0 1s the introduction,

Section 2.0 presents the bagses for the conceptual design of the
cagsk decontamination and maintenance facilities. These bases consist of
the functional requirements and performance criteria, a description of

the reference cask system, and major assumptions.

Section 3.0 discusses the operations necessary for processing

transportation casks at the repository.

Section 4.0 addresses the conceptual design of the cask
preparation area, where routine cask decontamination and maintenance

operations are performed.

Section 5.0 addresses the conceptual design of the cask
maintenance area, where nonroutine cask decontamination and maintenance

operations are performed.

Section 6.0 presents the conclusions and recommendations of this

report,
Section 7.0 lists the references.

The appendices present supplemental information, including
pergsonal communications (addressing operational experience with cask
processing at existing waste-handling facilities) and cask internal

contamination data.
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1.0 INTRODUCTION

1.1 Purpose

The purpose of this study is to identify transportation cask
decontamination and maintenance tasks needed at the potential Yucca
Mountain repository and to develop design concepts for the associated
facilities. The design concepts developed in this report can serve as a

basis for further stages of design of the repository.

1.2 Scope

This study assesses transportation cask processing at the
repository receiving facilities to develop a basis for the facilities and
equipment needed to conduct cask decontamination and maintenance
operations. The facilities are designed to meet the requirements stated
in "Generic Requirements for a Minel Geologic Disposal System”

(DOE, 1986a).

This report describes a reference cask design and summarizes
general industry practices and experience with cask handling. This
information forms a basis for recommended cask-processing operations at
the repository. Cask reconfiguration operations are alsc addressed as

part of this study.

Because spent fuel casks are the primary type of cask received at
the repository and decontamination and maintenance of other casks (2.g.,
high-level waste casks) would not be as frequent or extensive, this study

emphasizes spent fuel cask processing.

The conceptual designs of the facilities discussed in this study
are developed based on the assumption that spent fuel is shipped to the
repository directly from reactor facilities; i.e., no Monitored
Retrievable Storage facility (MRS) exists in the Federal Waste Management

System (FWMS). However, the facilities described here are designed in «

1-1
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2.0 BASES FOR DESIGN

In this section, design criteria are presented, the reference
transportation cask system is described, and the assumptions about
cask-processing operations are given. These criteria, descriptions, and
agsumptions serve as the bases for the conceptual designs developed in
this study.

2.1 Design Criteria

2.1.1 Functional Requirements

DOE (1986a) defines the receiving system of the repository as the
system for accepting high-level radioactive waste shipments from the
external transportation system. The components of the receiving system
covered in the scope of this study are the facilities necessary for the
preparation, decontamination, and maintenance of transportation casks,
Other cask-handling and cask-processing features are considered, as
necessary, to address the operational interfaces with the externul

transportation system.

The general functional requirements identified in DOE (19&6a) for
the cask-processing facilities are to "receive and unload radiocaccive
waste from the external transportation system" and to "prepare and
dispatch transportation system components for a return trip." The

relevant criteria contained in the aforemeuntioned document are discussed

below.

2.1.2 Performance Criteria and Constraints

2.1.2.1 General

The repository recelving faclility shall be designed to handle both
truck and rail shipments of high-level radivactive waste (DOE, 1986a).
The waste will be transported in shipping casks designed specifically for
rail and truck transportation modes. Taie reference transportation cask

system for this study is discussed in Subsection 2.2.



The facility design should ensure that the receiving, shipping,
and inspectiot. functions of the repository interface with external
transportation systems in an efficient and cost-effective manner. The
required functions include "performing decontamination operationé, seal
changes, and replacement of the cask removable components, such as
baskets and sleeves" (DOE, 1986a). Additionally, DOE (1986a) states that
"the repository receiving facility should include proQisions for lag

storage for the casks and storage of the interchangeable cask components.”

2.1,2.2 Radiation and Contamination

According to DOE (1986a), the repository receiving facility shall
provide the capability to check for radiation and contamination on
trangsportation components and to decontaminate them, if necessary.
Radiation and contamination surveys of casks at the repository will be
performed to‘demonstrate compliance with transportation requirements, to
reduce personnel radiation expusures to levels as low as reasonably
achievable (ALARA), and to implement contamination control procedures, if

required.

Transportation casks to be processed at the repository will be
designed to meet the radiation dose rate limits of 10 CFR 71.47 (NRC,
1986) and 49 CFR 173,441 (DOT, 1986). These regulations require that the
maximum levels of radiatior be limited to 200 mrem/hr at any point on the
external surface of the package and 10 mrem/hr at any point z wm from the
accessible surface, The levels of radiation from the reference casks
agsumed in DOE (1986a), however, are given as 50 mrem/hr at the cask
surface and 10 mrem/hr at 2 m from the cask. Cask-processing systems and
features shall be designed so that workers can perform the associated
operations without receiving radiation exposures greater than 1 rem/yr
(DOE, 1986b).

DOT (1986) specifies maximum levels of removable contamination on
the exterior surfaces of shipping casks during transportation. According
to 49 CFR 173.443, at any time during transportation, the level of

removable radioactive contamination on the external surface of the cask

W”HW“MH



shall not exceed 220 dpm/cm2 for beta-gamma emitters and 22 dpm/cm2

for alpha emitters (DOT, 1986). The repository is also required to limit
the external surface contamination to 10% of the above levels prior to
the shipment of unloaded casks offgite (DOT, 1986). Provisions will be
necessary to decontaminate casks that become contaminated to levels that
exceed these limits (e.g., after spent fuel unloading). The facility
design should incorporate confinement barriers and other features to

prevent the uncontrolled spread of radiocactive contamination.

DOE (1986a) sta..s that the total bulldup of contamination in cask
cavities sghall not exceed the limits of 49 CFR 173.427 {(DOT, 1986), which
stipulates that if the "internal contaminatlion does not exceed" 2,200
dpm/cm2 for beta-gamma emitters and 220 dpm/cm2 for alpha emitters,
then the package can be shipped as an "empty radioactive material
package." However, decontamination of unloaded casks to comply with the
"empty package'" limits may be extensive and time-consuiming. Spent tuel
handling facilities that were surveyed (Appendix A) do not perform such
decontamination operations, but return unloaded casks with some Internal
contamination., The above criterion 1g discussed in further detall fu

Subsections 2.3.5 and 3.4.2.

2.2 Reference Transportation Cask System

The conceptual design of the facilities for processing
transportation casks (especlally decontamination and maintenance) at the
repository depends on the FWMS configuration . e., with or without an
MRS) and the associated cask types and their des gns. First, if an MRS
were lncorporated, a smaller number of casks would be received and
processed at the repository than if no MRS exlsted in the FWMS (BNI,
1989). Secondly, because spen- fuel received from the MRS would be
contalned in canisters and the casks containing the canisters are loaded
in a dry environment, the levels »f cask Interior and exterior
contamination would be lower than vhose for spent fuel casks shipped {rom

reactor facilities. Additionally, MRS-to-repository spent fuel casks
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would not require reconfiguration of thelr internals to accept different
fuel types and lengths, as would from-reactor casks, because the
canigsters containing the spent fuel would be uniform in dimension.

Bagsed on the above, the requirements for cask decontamination,
malntenance, and reconfiguration at the repository would be greater 1f no
MRS were incorporated into the FWMS. Therefore, this study is based on
the transportation cask system associated with the FWMS configuration In
which no MRS is present. However, MRS-to-reactor casks are also
generally addressed so that they may be easily accommodated at the

repository 1f an MRS 1s adopted.
2.2.1 (Cask Types

Most of the radioactive waste shipments will arrive at the
repogitory in casks specifically degigned for spent fuel truck or rail
modes of transportation (SNL, 1987). Other types of cagkn, designed for
the transport of various forms of high-level waste (HLW) (e.g., vitrified
HLW and nonfuel-bearing waste) will also be received at the repository.
Because most of the casks to be recelved at the repository will be spent
fuel casks, and spent fuel presents the highest potential for cask
contamination, the processing of spent fuel casks is emphasized in this

study.

DOE (1986a) summarizes the characteristics and common features of
the truck and rail casks that are assumed to arrive at the repository.
Among the spent fuel casks discussed are a 25-ton legal-weight-truck
(LWT) cask, a 40-ton overweight-truck (OWT) cask, a 100-ton 4--axle rail
cask, and a 125-ton 8-axle rall cask. The '"Draft 1988 Mission Plan
Amendment" (DOE, 1988) states that the design and development of OWT
casks have been deferred; therefore, OWT casks are not considered in this

study.

In June 1987, DOE selected contractors for the design of the

following from-reactor spent fuel casks: two LWT cask desipgns
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(with welghts of approximately 25 tons) and three rail-and-barge cask
deslgnse (with weights of approximately 100 tons) (DOE, 1986c)., DOE
intends to select one or more of the truck and rail cask designs for use

in the transportation of spent fuel to the repository.

If an MRS 1s incorporated into the waste management system, other

types of casks may be procured for transporting spent fuel (either as

intact assemblies or consolidated fuel) in canisters from the MRS to the

repository. Large rall casks are expccted to be used to transport spent
fuel from the MRS to the repository (DOE, 1987),

This study assumes that three types of gpent fuel casks will be

accommodated at the repository: (1) LWT cask (approximately 25 tons),

(2) rail/barge cask (approximately 100 tons), and (3) MRS-to-repository

cask (approximately 12% tons),

2.2.2 Description of System

o84
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Cagsks are transported in a horizontal
designed truck trallers or railcars. During
(truck trailer or railcar) supports the cask
for the persconnel barrier that surrounds the

transportation cask system is illustrated in

Three types of persommnel barriers are

systemg currently operating in the U.S. One

orientation on specially
transport, the carrier

and provides tledown points
cask, A typical

Figure 2-1,

used for transportation cask

design consists of a single

structure that must be removed from the carrier frame before the cask can

be unloaded from the carrier (NAC, 1988). The other two designs - a

sliding type and a clamshell type ~ are nonremovable. They remain on the

frame during unloading of the cask from the carrier. Because DOE (1986¢)

states that personnel bharriers should tremain

on the carrier when they are

opened to access the cask, nonremovable types are assumed to be

incorporated in the cask transport system.

no
|
w



Personnsel
Barrier

// Tiedown

Impact Limiter —__|

DIV BN ©©F

Cask Support

1

Carrler

Figure 2-1. Schematic of a Typical Transportation Cask System

Source: DOE (1978)



Structural members on the carrier support the cask at the two
pairs of cask trunnions (described in Subsection 2.2.2.2) located at each
end of the cask body. Tiedown mechanisms secure the cask to the supports
on the carrier at each cask trunnion. A typicdl cask tiedown arrangement
is 1llustrated in Figure 2-2.

2.2.7.2 Reference Cask Degign Features

Two types of spent fuel casks are shown in Figures 2-3 and 2-4.
Cask design features referred to in this study are described below. A

spent fuel cask typically consists of three types of components:

o Cask containment and shielding components
o Components to hold the waste form in position
o Other miscellaneous components

Cask Containment and Shielding Components. This category

comprises the cask body, the closure head(s), and the valved penetrations.

Cask Body. The spent-fuel cask body typically is of
double~ghell construction, The inner shell (typically stainless steel
and/or lead) provides shielding for gamma radiation; the outer shell
(polyethylene, or resin) provides shielding for neutron radiation. The
inner and outer surfaces of these casks (from reactor facilities) are
required to be smooth to facilitate decontamination, as specified in DOE
(1986¢c).

Closure Head(s). The shielded closure head provides
contalnment of the spent fuel in the cask cavity. The closure head is

usually constructed of stainless steel with a uranium

2-7
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inner core for radiati{on shielding, and is fastened to the cask body
either by bolts or by a combinatinn of nuts and threaded studs. 1In
general, there are threaded dinserts (helicoils) in the cack body to

accommodate the holts or studs and thus prevent damage to the cask body.

O-ring(s) form a leaktight seal between the clogure head and cank
body., The O--rings are typlcally held to the Inside of the closure head
by grooves and/or retalning clips., Metsl or elastometr-type O-ring seals
are commonly employed on shipping cavks currently used In the U.S5. (NAG,
1988; TN, 1988; Warrant, 1989). Because the geals loge thelr ability to
keep the primary contalnment leaktight after several uges, they muat he
periodically replaced, Some cask designers suggest replacement of seals
for every loaded shipment; others suggest rcplacement for every 5 and
even up to 15 loaded shipments (NAC, 1988). .or purposes of thils report,
closure head seals are assumed to require replacement at the repository

on a nonroutine basis.

Some cagks currently used in the U.S. incorporate a
double-containment configuration (Johnason, 1988) conslating of an inner
closure b-ad for primary containment and an outer closure head for
gecondary contalnment. Flgure 2-3 shows a single-contalnment cask
configuration; Flgure 2-4 shows a double-contalnment cask conflguration,
This study agsumes that the reference cagsks have double containment.
(Casks with single containment will require fewer operations, go the

recommended cask-handling concepts will accommodate both types of casks.)

Valved Penetrationg. Valved penetrations through the cauk
closure head(s) are typically provided for gas--sampling, flushing,
venting, and leak-testing the containment{s). The valves are usually
gquipped with seals similar to those furnlshed for the closure head.
Like the closure head seals, these valve seals must he replaced

pertodically (NAC, 1988; TN, 1988).



Gomponents to Hold the Waste Form 1o Pesitlon. This category
comprises the fuel basket and fuel spacers,

"vel Hasket. The dnternal cask cavity (or
primarycontainment) of spent fuel casks 1lg typically deslgned to
accommodate a removable fuel basket for carrying fuel asgemblies.
Baskets are designed to accommodate either pregsgurized water reactor
(PWR) type assemblies or boiling water reactor (BWR) type asgemblies; the
crogs-sactional dimenylong of the two types of assemblles differ. Tunl
baskets are usually constructed of alumlinum, with some deslgns
incorporating a neutron-shsorbing material for critlcality control
(Johnson, 1988). Although the rail casks tranaporting spent tuel from
reactor facilities are required to have removable and interchangeahle
fuel baskets, truck casks may be designed specitlceally for one type of
fuel (DOE, 1986¢).  For the purpoge of this stady, truck casks degigned
for use in the federal waste management systvem are assumed to have

removenle and {nterchangeable fuel baskets,

Fuel Spacers. Another component agssociated wlth the apent
fuel cask cavity 1g the fuel spacer., The fuel gpacer supports the fuel
assemblies axlally inside the fuel basket during cask transport and
hundling. There are different fuel spacer lengthy for different lenpgths
ot fuel assemblies, Individual spacers, mounted to the fuel spacer
assembly plate, support fuel assemblies 1n each channel ot the fuel
basket, TIn most current cask designs, the fuel spacer assembly 1s bolted
to the inglde of the closure head, A typical fuel spacer asscmbly s

[Tlugatrated in Flgure 2-5,

For casks belng designed to travgport fuel from reactors, DOL
(19B6c¢) states that "fuel gpacers should be provided in the basket 1t
hecessary to posltion gshorter fuel assemblies near the basket entrance."
Bevause of the prohlems experienced with fuel spacers located in the
buttom of the basket, as discussed by Schmld (Appendix A-1), this study
assumes the fuel gpacer assembly to be attached to the underslde of (he

closure head,



Miscellaneous Gomponents. This category comprises the trunnions
and the impact limiters.

Trunpions. As shown in Figures 2-3 and 2-4, a palr of
trunnlons 18 located acar vach eud ot the cdak body. The cask ls
supported and secured to the carrler frame at each trunnion during
transport, For cask handling, a gpecially designed 11ft rlg (or yoke)
engagey the palr of vrannions Tocated near the head wnd of the cask,
Some vask designs have four Mfeing trunnions (spaced 90° apart in the
same plane) for redundant lifting wystems. DOE (1986¢) requires that
from- reactor casky fncorporate this desipn teavure, Redundant 11f€ting
methods are assumed to be reguired for cask handling at the repository.
A typlecal redundant 1ifting yoke fg 1llustrated 1n Flgure 2-6
(NAG, 1Y88). The two trunulong located near the base ol the cask are
used as the plvot polntg tor rotating the cask to the vertlcal position
when unloading the cask from the carrier (or to the horizontal position

when loading the cask onto the carcier).

Impact Limiters. The lmpact limlters are usually bolted to
cacti end of the asgsembled shipping caslk, The structures are designed to
soften the fmpact resulting from a 30 tt drop on an unylelding surface in
order to mect the requirements of 10 CFR 71 (NRC, 1986). Typilcal impact
Structures ace congtruclted of balsa weod enclosed In an aluminun
weldiment.  Some casks, such ag General Electric's IF-300, integrate the
fipact limiters into ihe cask body (NRC, 1979). Impact limiters of this
dedign are termed "nonremovable." U 1g assumed that casks to be
recelved at the reposttory wlll have removable {wpact Tlmiters, as

fllugtrated In Pigure 2-4.
Ao 20h  Additional Reference Cask Featuron
DOE (19860c) pives preldmioary cask physlcal performance

Specitleationys and cask Interface puldelines, which are assumed to be

applicable to all vasks In the waste management system, DOE (1986¢) doey
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not specify the details of the cask designas, but does identify several
important characterigtics that affect the conceptual design of the
cask-processing facilities at the repository, These characterlstics
include size and weight limits, standardized cask features, and component
interchangeabllity between casks of the same deglgn. Reference cask slze

and welght limits are pregsented in Table 2-1.

Standardization of cask features increases cask lutertace
operational efficiency and limitg the amount of interface equipment tor
processing casks throughout the waste management system. Items for
standardization (within a given welght class or apecific operation) glven

in DOE (1986¢) are as follows:

0 Cas sampling and containment veriticatlon methodology

0 Trunnion sizes and configuration

0 Release mechanisms for tiedown and attachment to carrier

o) Sizeg and types of comnnections and backup closures for gas

and/or llquid penetrationsg

C

flead (1id) fastener configuration and sizes

Component Interchangeabillity between casks of the same design
reduces the need for spare parts, reduces spares storage requirements for
spare parts, and increaseg cask avallability. DOE (1986c¢) requires the
following components to be interchangeable bhetween casks of the game

design:

5] Fuel baskets

¥ Fuel spacery

0 Removable dmpact Timiters
0 Valves and valve covers

IS



XABLE -1

GASK SIZE AND WEIGHT LIMITS

125-Tonb
100-Ton MRS~t o~
Cagk Type CLwre Rall/Barge Repository
Cask dlameter, max" 6 ft 8.5 ft 10 ft
Cusk height, maxd 18 ft 18 tt 18 ft
Crance hook load, max. 25 tons 100 tons 125 tons

Source:  DOLE, 1986¢

a. LWl = legal -weipght truck,

b, MRS-to-repository cask dimensions are assumed.

c. Excluding removable impact limiters.

d. Assumed; corresponds to "loading helght'" in DOE (1906c).

. Gross welght of cask and 1ifting equipment.



o) Seals

o Fittings and connectors

o Lifting gear (for specific cask type)

o) Bolts/threaded inserts and similar hardware

o

Auxiliary equipment

2.3 Assumptions

The major agssumptions that gserve ag the bases for the cask-
processing operations (specifically decontamination and maintenance) at

the repository are discussed below.

2.3.1 Cask Fleet Size

The conceptual design of the facilities for cask decontamination
and maintenance is based on an assumed cask fleet size of 145 casks for
shipment of spent fuel from reactor facilities to the repository. This
fleet consists of 130 truck casks and 15 rail casks. The cask fleet sgize
is estimated on the basis of the spent fuel cask throughput rates
presented in SNL (1987) in conjunction with estimated times for
transportation and cask turnaround at the reactor facilities and

repository.

2.3.2 Central Cask Maintenance Facility (CMF)

A stand-alon~ central cask maintenance facility (CMF) site is
assumed to exist In the federal waste management transportatlon system,
The CMF is located on a site In which the land is owned by DOE, but no
other government-owned facility ig available to share in the cost of
providing any service or utility (Attaway, 1988). The primary function

ot the CMF is to perform cask Certificate of Compliance (CoC) testing



Attaway, 1988). Other functions of the CMF Include servicing,
maintenance, repair, modificatlons, and conflguratlon control of all cagk

gystem elements (Attaway, 1988).

2.3.3 Cagk Maintenance at the Reposltory
The repository shiuld efficlently prepare and diapatch casks for
return to the external teansportation system. Thig may neccssitate
certaln cask maintenance operations. Although a4 central CMI' 1g assumed
to be a part of the federal waste transportation system, In some cases,
casks may not need to be sent to the CMF if maintenance could be
pertormed at the repouitory. Additionally, cask components may become
damaged or worn to the extent that transportation oy fulther handling of

the cask 18 not safe.

For this study, it 1s assumed that the repository will have the
capabilities of performing minor maintenance operations on transportatlon
caskg In order to increase cask avallabdility and rrunnportwtibn gyatem
efticiency, Minor malntenance operationsg are congidered to Ineclude
replacing cask removable components (described in Section 2.2.2.3) that
are damaged or require replacement because of wear and tear., Cask
maintenance operations to be conducted at the repository are discussed in

Subgection 3.4.4.
2.3.4 CGask Reconfiguration

The cask 1nternal structures will need to be changed perlodically
to adapt the casks to different tuel types (PWR and BWR) and lengths,
This function can vary from changing fuel spacers for the shipment of
different-length fuel to a complete basket changeout for the shipment of
a different type of fuel, Attaway (1988) Indicates that a high
percentage of the cask reconfiguraclions will involve a simple change of
the fuel spacer to accommodate a change in the length of the fuel

assembly. Shappert (1988) states that cask reconfiguration may occur at
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the reactor facilities, repository, MRS, or CMF, depending on the scnpe

of reconfiguration and loglstical considerations,

Because casks are processed through the repository in each
shipment, thiy study assumes that the repository will be capable of
performing the cask reconfiguration funcrlon of fuel spacer changeout,
Major cask reconfiguration tasks requiring fuel bagket changeout are
aggumed to be performed at the CMF; thé repogitory will provide limited
capabilities for fuel basket changeout to meet the requlrements of DOE

(1986a), stated in Subsection 2.1.2,

Casks are assumed to rgqguire fuel spacer changeout at the
repository about twice annually., Therefore, based on the assumed cask
fleet size indicated In Subsection 2.3.1, the repogitory would need to
perform fuel spacer changeout operations on about 260 truck casks and 30
rall casks annually. The frequency of the fuel spacer changeout at the
reposltory is highly dependent on transportation system scheduling and
cask fleet size, and should be addressed In future studies as
reconfiguration requirements are further defined., Repodgitory
reconfiguration operations are discussed in more detall in Subsection

3.4.5,
2.3.5% Decontamination of the Cask Interior

As discussed in Subsection 2.1.2.2, DOE (1986a) states that Lhe
inner cavities of unloaded casks shall be decontaminated to
2,200 dpm/cm2 for beta-gamma emitters and 220 dpm/cm2 for alpha
emitters, prior to returning the casks to the external transportation
syatem, Thig requirement has been a subject of great controversy (see
paper by Pope and Rawl in Appendix B of Renniceh, 1988)., kzxtensive cask
digassembly and decontamination operations would be required Lo meet
these limits., This would signiticantly increase cask turnaround vime at
the repogitory and could result In significant cccupational radiation
exposures,  Additlonally, 1t is even questionable whether 1t s possible

to verify that contamination levels in the cask cavity will remain

220



3.0

CASK~PROCESSING OPERATIONS

This section identifies the operations necessary to meet the
functional requirements and performance criteria for proceasing
transportation casks at the repository. Cask-processing
operations are described in order to identify where and when
decontamination and maintenance tasks need to be performed and to
furnish a background for these tasks. Cask decontamination and
maintenance operations are identified to provide a basils for the
conceptual deslgn of the assoclated facilities, described in
Sections 4,0 and 5.0.

Cask-processing operations at the repository can be divided into

five general categories:

0 Recelving

o Cask preparation for fuel unloading

o) Fuel unloading

o} Cask preparation for shipment offsite
o Shipping

Cask-processing operations (e.g., cask preparaicions and
maintenance) are usually dictated by the cask Certificate of
Compliance (TN, 1988). The operations described in this section
apply to the reference cask system described in Subsection 2.2,
and are identified on the bhagis of the reviews and surveys of
cask-handling experience at nuclear facilities and other

repository design requirements digcussed in Section 2.0,

Recelving

There are four major cask-recelving operations:

o} Inspection of the shipment

3-1



3.1.

1

o Removal of the ancillary equipment

o Survey of radiological conditions of‘the cagk

o} Unloading the cask from the carrier

A functional block flow diagram of these major cask recéiving
operations, along with their associated tasks, is shown in

Figure 3-1. A discussion of these operatlions 1s given below,

Inspection of the Shipment

Upon arrival at the repository site, the incoming shipment
undergoey a serles of preliminary inspectiong, including a review
of shipping documentation, a radiological inspection, and a visual
ingpection for contraband and ftor damage that may have occurred

during transport,

3.1.1.1 Review of Shipping Documentation

3.1.1.2

The shipping papers required by DOT (1986), per 49 CFR 172.200
through 172.205, are reviewed to verify that the shipment is
proper and that pertinent radiological information is included in
the shipping documentation. The shipment is then admitted to the

admittance and inspection area,

Radiological Inspection

In accordance with 10 CFR 20.205 (NRC, 1986), the shipment is
promptly inspected (within 3 hr of arrival during working hours
and within 18 hr of arrival during off hours). The inspection
includes both a radiation and contamination survey of the
transport system for compliance with the requirements of

49 CFR 173.441 and 173.443, respectively (DOT, 1986). If these
requirements are not met, the NRC must be notified, per

10 CFR 20.205 (NRC, 1986). 1If there are any significant problems
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with contamination of the shipment (very infrequent and unusual
circumstances), the affected areas would be covered or contained
and the cask transferred to the WHB for corrective action,

3.1.1.3 Visual Inspection

301!2

The shipment is visually inspected for contraband (DOE, 1986a) and
damage. If contraband is found or if any other security problems
are identified, necessary corrective actions are taken on the
spot., Should any of the cask system components be damaged, the
components are identified for remedial action (e.g.,

maintenance)., Minor maintenance will be performed at the

repository and major maintenance at the CMF,

Removal of Ancillary Equipment

After the prellminary inspections have been completed, the cask is
tranaferred to the WHB, where the cask system ancillary equipment
is removed so that the cask can be removed from the carrier. The
ancillary equipment includes the personnel barrier, impact
limiters, and cask tiedowns. Methods and equipment required for
performing the operations depend on the design of the ancillary
equipment. The operations for removal of ancillary equipment are
described below and are based on the reference equipment design

presented in Subsection 2.2.2,

The security geals on the personnel barrier are inspected for
tampering and then removed. The personnel barrler fasteners are

released, and the personnel barrier 1s opened to access the cask,

Once the personnel barrier has been opened, the security seals on
the impact limiters are inspected and removed. The impact
limitery are unbolted, removed from each end of the cask, and
stored. DOE (1986c) states that the carrier design should have
provisions for the storage of the 1lmpact limiters, thus reducing
the storage area requirements of the recelving faclility, Because
of this requirement, impact limiters are assumed to be stered on

each end of the carriler,



3.1,

The cask tiedowns, which secure the cask to the carrier at the
trunnions, are subsequently released to allow the cask to be
removed., This operation usually consists of removing a specific
number of bolts and releasing load binders at each trunnion (as
described in Subsectlon 2.2.2),

The ancillary equipment is visually inspected for damage us the
components are removed, Repairs to any damaged ancillary
equipment can be performed in the WHB while the cask 1s being
unloaded, Significant damage may warrant dispatching the
equipment to the CMF for remedial action.

Eger (1979) tabulates some of the types and frequencles of repairs
that were needed for transport vehicles during spent fuel
shipments to GE-Morris., These repairs were needed only
infrequently (about 1% of the shipments) and typically included

mluor tasks guch as replacement of broken bolts and fasteneras,

Robotic methods for removing (or displacing) ancillary equipment
have been proposed and researched and are being developed and
demonastrated (Strip, 1987; Yount, 1984; Berger, 1986). Because
the ancillary equipment is located close to the loaded cask,
robotic handling has the potential to slgnificantly reduce
occupational radiation exposures, DOE (1986c) atates that the
cask tiedowns and impact limiters should be compatible with
contact, remote, and remote-automated handling methods. TFeatures
required to facilitate robotic removal of anclllary equipment are

discusased by Griesmeyer (1988).

Survey of Radiological Conditions of the Cask

A radiological ourvey of the cask exterior surfaces 1s usually
performed prlor to unloading the cask from the carr'~r. The
survey conslsts of measurements of direct radiation and removable
surface contamination and is performed to meet the requirements of
49 CFR 173.441 and 173.443, respectively (DOT, 1986).
Additionally, the survey determines 1f the cask needs to be

decontaminated prior to further handling.
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Some transportation casks received at the repository may be
ulighfly contaminated on their exterior surfaces, as dlscussed in
Subsection 3.2.1. ¥For "exclusive use" shipments of radioactive
materials, 49 CFR 173.433(b) (DO, 1986) states that the remg¢able
(nonfixed) radiocactive contamlnation on any package at any time
during transport shall not exceed 220 dpm/cmz for beta-gamma
emitters and 22 dpm/cm2 for alpha emlitters, when averaged over

an araea of 300 cm2 (DOT, 1986)., If the contamination survey
indicates that these limits are exceeded, the incident must be
reported to NRC, as stipulated in 10 CFR 20,205 (NRC, 1986).

In addition to meeting the above requirements, the contamination
and radiation surveys identify whether it is necessary to take
corrective action (e.g., decontamination) or preventive measures
to limit the spread of contamination and reduce operational
expoaures prior to further handling of the cask. Decontamination
operations that may be required are discussed in Subsection
3.2.1. If high radiatlion levels are detected, manual operations
near the affectéd areas are controlled to reduce occupational

exposures,

A contamination survey of the impact limiters, where they
interface with the cask body, 1s also performed (Schilthelm,
Appendix A-2). 1If necessary, the contaminated surfaces are

decontamlaated by manually wiping the affected areas,

At spent fuel-handling facilities operating in the U.S., the
contamination survey 1s performed manually. Typically, most of
the aswipes are taken at predetermined locatlions, and the remaining
are taken at random locations, The swipes are analyzed and the
results obtained., The contamination survey can take two operators
from 1 to 2 hr (Appendix A). Because the repository will perform
thls operation a significant number of times and the operation
requires close proximity to the cask (if performed manually),
remete or remote-automated methodg have the potential for

glgnificantly reducing occupatlional radiation exposure.
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1.4

Application of robotic methods for performing the operation is
under development (Griesmeyer, 1988)., The Remote Radiation Survey
and Analysis System (RRSAS) Program at Sandia National
Laboratories was initiated in January 1986 to investigate robotic
performance of the visual inapection, contamination survey, and
radiation survey of cask systems (Griesmeyer, 1988), A conceptual
design of an RRSAS for conducting the radiclogical survey is
illustrated in Figure 3-2,

Any decontamination before unloading would most likely be limited
to parts of the cask that are contacted by handling equipment.
Decontamination of these areas would be desirable, depending on
the levels of contamination, to prevent contaminating the
cagsk-handling equipment and to minimize the potential for
subsequently spreading contamination. Based on the information
presented in Subsection 3,2.1, decontamination is not expected to
be routinely needed before the cask 1s removed from the carrier.
If it is needed, the decontamination will most likely involve only

a manual wiping of the trunnioms.

Unloading the Cask from the Carrier

Once the results of the radlovloglcal survey have been evaluated
and any corrective measures that may be required while the cask
remains on the carrler have been completed, the cask 1s ready to
be removed from the carrier. A cask lifting yoke is attached to a
crane, which iy then positioned over the cask head end. The yoke
is lowered to the cask and attached to the cask lifting

trunnions. The crane then rotates the cask to a vertical
position, 1lifts it free of the rear cask suppcerts, and transfers

it to the facllity where cask preparation takes place.
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3.2

3.2.1

Cagk Preparation for Fuel Unloading

The major operations for cask preparation for fuel unloading are
decontamination of the cask exterior (if necessary) and sampling
the cask cavities (which involves removing the outer 1id).
Recommended operations at the repository are based on operational
experience with cask preparation for fuel unloading at
waste-handling facilities. A functional block flow diagram of the
recommended operations for preparing the cask for fuel unloading

is presented in Figure 3-3. These operations are discussed below.

Decontamination of the Cask Exterior

If a cask is significantly contaminated when received, its
exterior may have to be decontaminated to prevent the spread of
contamination during further cask-handling operations. The
contamination survey, as discussed in Subsection 3.1.3, determines
the need for this decontamination. Operational experience with
contamination of casks received at spent fuel-handling facilities
is used to provide a basis for cask decontamination operations at

the repository.

Past experience indicates that casks received at waste-handling
facilities are usually not significantly contaminated. Kennedy
(1981) reported that 5 out of 48 (about 10%) spent fuel shipping
casks surveyed were contaminated to levels exceeding the maximum
allowable limits for transportation of 220 dpm/cm2 beta-gamma

and 22 dpm/cm® alpha (DOT, 1986). Schmid (Appendix A-1)
indicated that only 1 in 120 shipments exceeded the above
contamination limits. On the small fraction of casks received at
waste-handling facilitles, the contamination was typically limited
to localized areas (Appendix A). Mullen (Appendix A-4) indicated
that contamination of NLI 1/2 casks received at Idaho National
Engineering Laboratory's Test Area North (INEL-TAN) facility was
limited to areas on and around the trunnions, with occasional

slight contamination on the upper and lower surfaces of the cask
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body. These areas are not covered by the protective inflatable
shroud used during the cask loading operations in nuclear power

plant spent fuel pools.

Although the levels of contamination on a small fraction of casks
received at waste-handling facilities have exceeded the
transportation limitu, these levels do not necessarily indicate
the need for immediate decontamination (prior to further cask
handling). In the facilitles surveyed in Appendix A, casks were
seldom decontaminated prior to fuel unloading. Exterior
decontamination of casks received at Idaho National Engineering
Laboratory's Idaho Chemical Processing Plant (INEL-ICPP) is seldom
performed and, when it is, it is typically limited to wiping any
local hot spots on the casks (Denny, Appendix A-5).

On the basis of the above experience and repository requirements,
decontamination of spent fuel casks prior to unloading at the
repository is expected to be a nonroutinc operation, and is most
likely to be limited to manually wiping local areas on the cask
exterior that could otherwise spread contamination during further
cask handling. The areas include those that interface with tools
and equipment necessary for performing subsequent cask preparation

operations for fuel unloading.

On rare occasions, extensively contaminated or dirty casks may
require a thorough wash and decontamination using high-pressure
hot water in combination with decontamination solutions. Thorough

decontamination methods are discussed in Subsection 3.4.1.

Sampling of the Outer and Inner Cavities of the Cask

After the cask has been removed from the carrier, transferred to
the cask preparation area, and decontaminated (if necessary), the
outer and inner cavities of the cask are sampled. Cask cavity
sampling is typically included in cask operating procedures
(Watson, 1980; Appendix A). The reasons for sampling the cask

cavities are discussed below, along with the methods and
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experience at operating facilities. This information provides a
basis for determining the appropriate methods for cask cavity
sampling at the repository.

3.2.2.1 Sampling of the Outey Cavity

For casks with double containment (i.e., two lids), the volume
between the inner and outer 1lid (outer cavity) is sampled to
determine if the inner 1id seal has maintained its integrity
during transport. Because the operating pressure of the inner
cavity in most transportation casks currently used in the U.S. is
above atmospheric pressure (Johnson, 1988), the outer cavity
(normally at ambient pressure) will be at elevated pressure if the
inner 1id seal loses its integrity (assuming that the outer 1lid
seals don't leak). Also, if radioactive fission product gas is
released from gpent fuel rods, it could migrate into the cask
outer cavity if the inner 1id seal leaks. In such a case,
removing the outer 1lid of the cask could result in the release of
the radioactive gas into occupled areas of the cask preparation
area. Therefore, the outer cavity is sampled to determine the
condition of the inner seal and to prevent the potential release

of radioactivity into the cask preparation area.

Operating procedures for the NLI 1/2 (NRC, 1980) and NLI 10/24
casks (double~contaimnment configuration design) include a routine
pressure check of the outer cavity prior to removing the outer
closure head. The pressure check involves removing a cover plate
from the outer cavity drain valve box, attaching a pressure gauge
and lsolation valve assembly to the draln valve, and obtaining a
pressure readiirg (NRC, 1980). If excessive pressure exists in the
outer cavity, steps are taken to obtain and analyze a sample of

the cavity gas.

Obtaining a gas sample requires a sample bottle, valves, and
connections that are attached to a standard connector on the
cavity penctration valve assembly for withdrawing the gas sample
(TN, 1988). Gas samples can be analyzed for radioactivity levels

using a gamma detector and/or for isotopic inventory using a mass
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gpectrometer (NAC, 1988). Gamma radiation readings are not
considered significant unless they are in the high tens of mR per
hour range (NAC, 1988). The time required to manually obtain and
analyze the gas sample is typically in the range of 1/2 to 1 hr
(Schilthelm, Appendix A-2; Mullen, Appendix A-4).

High gas sample activity does not preclude unloading; it indicates
that problems could be encountered in removing the fuel assemblies
and that special procedures may be required. If high activity is

detected in the outer cavity gas sample, the gas should be vented

and the cavity purged to the filtered ventilation exhaust system.

Experience with cask shipments indicates that the existence of

fission gas in the outer cavity of the cask is very unlikely.

Based on the above operational experience, a routine pressure
check of the outer cavity of the cask will be performed at the
repository. If high pressure is detected, a gas sample 1s taken
and analyzed with a gamma detector. If high radioactivity is
detected, the gas sample is rurther analyzed with a mass
spectrometer, Because most casks shipped to other nuclear
facilities have been received without high pressure in their outer

cavities, obtaining a gas sample will be a nonroutine operation at

the repository.

Typical cask cavity-sampling equipment 1s illustrated in

Flgure 3-4. The equipment consists of a skid thet contains a
vacuum pump, a motor, a filter, a vacuum gauge, and valves,
Various other connectors and attachments for the cask (not shown)
are also needed. Similar equipment is recommended to support

cavity-sampling operations at the repository.

After the pressure check of the outer cavity (and gas sampling and
venting, if required), the outer closure head is removed. Removal
of the outer closure head begins with loosening the closure head
fasteners (and removing them 1if they are not captive to the

head). The closure head is removed from the cask and transferred
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Figure 3-4. Typical Cask Caviby-Sampling Equipment

Gource: TN (1988)
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to storage using an appropriate lifting fixture attached to a
crane, A support stand is usually provided to prevent damage to
the cloaure head seal during storage and to allow visual

inspection of the seal for wear and potentlial damage.

Swipes are taken in the outer cavity to determine if contamination
exists (particularly in areas that are to be accessed for further
operations, such as inner cavity gas sampling and loosening the
inner closure head fasteners). According to Schilthelm (Appendix
A-2), routine smears of the outer cavity of the NLI 1/2 indicate

that the area 1s typically free of removable contamination.

Sampling of the Inner Cavity

With the outer closure head removed, the inner cavity penetration
valves on the inner closure head are accessible for sampling the
inner cavity. Sampling the inner cavity determines the general
condition of the fuel prior to unloading and characterizes any
radiocactive gases that would be released into the unloading hot

cell when the inner closure head is removed.

Since dry fuel unloading operations are proposed for the
repogitory, operational experlence at dry unloading facilities is
used to determine the methods to be recommended for the
repository. For dry unloading operations, lnner cavity sampling
routinely includes a pressure check and obtaining gas sample of
the inner cavity (TN, 1988; NAC, 1988).

Elevated pressures may exist in the cask inner cavity that could
he sufficient to unseat the inner closure head (after the bolts
are loose) and allow an uncontrolled release of cavity gas to the
cask preparatiorn area (NAC, 1988), Therefore, if high pressures
are found, the inner cavity gas 1s vented through a confined
system to the flltered ventilation exhaust system., Before the
inner cavity gas is vented, a gas sample is routinely obtalned and
analyzed (Mullen, Appeudix A-4), Gas sampling and analysis of the

inner cavity are similar to gas sampling and analysis of the outer

3-15

L

g

I HII

/1

"

I

1!

g

Wwoon

PRI



3.3

cavity. Mullen (Appendix A-4) indicated that gas sampling and
analysis at INEL-TAN typically takes approximately one hour before
the operators are confldent of the results and the cask cavity can

be vented,

Based on the above operational experience, cask-handling
operations at the repository will include a routine pressure check
and gas sample of the inner cavity, analysis of the gas sample,
and venting of the gas to the filtered ventilation exhaust

system, Once the operations have been completed, the inner
closure head bolts are loosened and the cask is prepared for fuel

unloading.

Because cavity sampling and closure head removal operations are
performed close to the loaded cask, remote or remote-automated
methods may sgignificantly reduce operational exposures. Robotic
methods for performing these operations have been proposed and
researched, and are being developed and demonstrated (Yount, 1984;
Berger, 1986; Strip, 1987). Features necessary to facllitate
robotie methods for performing the operations are discussed by
Griesmeyer (1988).

Fuel Unloading

The repository operations for unloading waste from casks are based
on dry unloading into a hot cell, as propoged in SNL (1987).

Major tasks associated with fuel-unloading operations include
mating the cask to the hot cell, accessing the cask cavity,
removing the fuel, visually Inspecting the cask inner cavity
components, and quantifying residual contamination in the unloaded
cask, In the following subsections, various tasks are discussed
that are typlically performed or have been proposed at
waste-handling facilities during fuel unloading. The recommended
operations for fuel unloading at the repository are also
digscussed. The recommended operations are illustrated in the

functional block flow diagram presented in Figure 3-5.
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3'3.1

Cagk-to-Hot-Cell Mating

The general method of unloading waste from casks received at the
repository, as presented in SNL (1987), involves positioning the
cask under the unloading hot cell and lifting the waste from the
cask through a port in the hot cell floor. The cask 1s mated to
the port in the hot cell floor using an annular device that
provides a ventilation barrier between the hot cell and the area
where the cask is positlioned for unloading. The radioactive'
corrosion products (crud) on the surfaces of spent fuel assemblies
are known to spall off the surfaces during dry unloading
operations (McKinnon, 1987a, 1987b; Dzladosz, 1986). The
ventilation barrier provided by the annular device confines this
radioactive contamination to the cask inner cavity and hot cell
environment and reduces the potential of contaminating the cask
exterior surface, ags well as the area where the cask 1s poaitioned

for fuel unloading.

Dennis (1988) proposes that a cask-to-hot-cell adapter be placed
on the top of the cask to mate with the unloading hot cell port.
The adapter is sized to fit between the cask head and the
underside of the hot cell floor around the unloading port. An
inflatable seal on the top rim of the adapter is inflated when the
cask 1s positioned at the unloading port. During fuel-unloading
operatlons, the cask-to-hot-cell mating device and cask outer
cavity may become contamlnated, Contamination on the adapter and
the outer cavity surfaces may be introduced into the cask
preparation area, where the adapter is removed after fuel-

unloading operations,

In the dry cask unloading operationg at COGEMA's TO facility (at
the La Hague plant), the cask is mated to the unloading hot cell
using a mechanical closure device that is lowered from the cell
and 1s connected to the cask, so that only the top of the cask is
exposed to the environment of the unloading cell (Blomeke, 1988).
According to Bonnet (1986), the use of the retractable device at
COGEMA's TO facllity hasgs been succegsful in preventing
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contamination of the cask's exterior sdrface. However, owing to
the lack of design details and limited operatlonal information
about COGEMA's retractable device, the cask-to-hot-cell adaptor
proposed by Dennis (1988) is assumed for this astudy.
Cask~to-hot-cell mating devices should be evaluated in future
gtudles,

Fuel Removal

When the cask is positioned and mated to the unloading port, the
ot cell port shleld plug and cask inner closure head can be
removed to allow access to the caslk inner cavity. These items are
removed using a crane locaﬁed ingide the hot cell and appropriate
lifting fixtures, if required. A stand for the inner closure head
18 usually provided at waste-handling facilities to protect the
closure head O-ring seal from damage during storage.

Additionaliy, the stand faclilitates visual inspection of the
closure head seal and fuel spacer, as discussed in

Subsection 3,3.4,

With the inner closure head removed, the seal surface on the top
of the cask body is exposed and is susceptible to damage by
forelgn objects or impacts with handling equipment. Seal surface
protectors have been used during fuel-loading and fuel-unloading
operations in the industry (McKinnon, 1987a, 1987b; TN, 1988) and
have been proposed for routine use in future dry unloading
facilities (Watson, 1980), Surface protectors "ensure that crud
or particles did not lodge on these surfaces and result in
blemishes or scratches that could compromige the finish of the
sealing surfaces" (McKinnon, 1987b), Since repair of seal
surfaces can be an extensive operation (see Subgectlon 3.,4.4.4), a
way of protecting the surface 1s recommended for fuel-unloading
operations at the repository. A typical seal surface protector is
i1llustrated in Figure 3-6.
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Figure 3-6. Typical Cask Gaal Surface Proleclor
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3.3.3

After the seal surface protector has been emplaced on the cask,
the fuel is ready for unloading from the cask., A fuel-handling
tool attached to the crane in the unloading hot cell grapples the
asgembly and lifts it into the hot cell for transfer to a

temporary storage location.

Quantification of Residual Contamination

High concentrationy of smearahble surface contamination typically
remain in the cask inner cavity after spent fuel unloading

(NAC, 1988), NAC (1988) states that "the most significant problem
agsoclated with fuel unloading is the accumulation of activity in
the bottom of casks and baskets." The contamination orlginates

from two primary sources:

) Contaminated spent fuel pool water to which the cask cavity

is exposed during loading operations at the reactor facility

0 Radioactive corrosion products (or crud) on the surfaces of
gpent fuel assemblles that spall off during cask loading,

trangportation, and unloading operations

For unloaded casks to he ghipped offsite, DOT (1986) requires that
the radloactive content of a package offered for transport be
included in the shipping documentation (i.e., bill of lading), per
49 CFR 172.203. To meet this requirement, the radiocactive content
of the residual contamination in the cask cavity needs to be
quantified. In addition, as discussed further in

Subgectlion 3.4.2, if buildup of contamination in unloaded casks
becomey excessive, some decontamination may be needed prior to

shipment offsite,

The Lynchburg Research Center (LRC) and General Electric's Morris
(GE-Morris) facilities uvse gimilar operatlions for routinely
quantifying the radioactive content of unloaded casks prior to
shipment offsite (Schilthelm, Appendix A-2; Schmid,

Appendix A-1). The methods used at these facilities consist in
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obtalning swipes and taking direct radiation measurements in the
inner cavity. The results of these surveys are used to calculate
the isotopic and gross activity levels in the unloaded cask. The
surveys are conducted promptly upon removing the casks from the
unloading pool while the cask interior surfaces are damp,

minimizing tive potential for airborne contamination.

Because dry "mnlc: ting is proposed for the repository, th=«
radiological survey should be conducted after removing the fuel
while the cask is under the unloading hot cell (before the inner
1id is reemplaced). Surveying the cask while it is in another
location, such as the cask preparation area, could introduce
airborne contamination into accessible areas. Also, as discusced
further in Subsection 3.4.2, the radiation levels a* the top
opening of the cask (with the inner closure head removed) could

result in increased operator exposures.

Surveying the cask in the unloading hot cell requires a remotely
operated radiation detector and smear tool. The radiation
detector may have to be directionally shielded to prevent
detecting high levels of "background" radiation from spent fuel
and other radiation sources present in the hot cell. Smear pads
and a smear counter are provided for the contamination survey.

The smear counter should be located outside of the hot cell so the
smears would be moved through a transfer drawer in the hot cell
wall for counting; The equipment and facilities for performing

the operations should be evaluated in further studies.

" Wisual Inspection of Cask Cavity Components

The cask cavity and components are visually inspected to verify
that the cask is empty (e.g., no residual waste or other
materials) and to determine that no structural damage of the cask
internal components is visible. Visual inspection requires a
remotely operated viewing system, such as a closed circuit
television (CCTV). Dennis (1988) proposes using a CCTV attached

to an electromechanical manipulator ror the visual inspection task.
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To verify that the cask is empty, each channel of the cask basket
should be visually inspected. Sufficient lighting should be
supplied to allow the entire length of the channel to be viewed.

A visual inspection of the cask cavity for structural damage
should include the cask internal components, inner closure head
seal surface, bolt holes, and alignment pins. The seal surface
protector is removed immediately before inspection of the seal
surfaces. The inner closure head seal and fuel spacers on the
underside of the closure head should also be inspected. Items
requiring maintenance will be identified for remedial action.
Minor maintenance operations, discussed in Subsection 3.4.4, will
be performed at the repository prior to shipping the cask
offsite. Other maintenance will have to be performed at the CMF.

Cask Preparations for Shipment Qffsite

The operations necessary to prepare unloaded casks for return to
the external transportation system are presented below., The
operations are divided into five general categories:

0 Exterior decontamination

o Internal decontamination (or cleaning)

o Cask cavity leak testing

o Cask maintenance

o Cask reconfiguration

A functional block flow diagram of the operations (and their
agssociated tasks) for prepariig the cask for shipment offsite is

presented in Figure 3-7. Owing to the complexity of cask

reconfiguration and nonroutine cask decontamination operations, a
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1

separate block flow diagram is shown for these tasks, in

Figure 3-8. The operationg are dlscussed below.

Decontamination of the Cask Exterior

After fuel has been unloaded from the caik, the cask is returned
to the cask preparation area. Prior to shipment of the cask
offsite, the exterior surface contamination levels must be less
than the limits Imposed by DOT in 49 CFR 173.423(a).
Additionally, other surfaces that may have become contaminated
during fuel-unloading operations (e.g., cask-to-hot-cell adapter)
will have to be decontaminated to prevent the potential spread of

contamination.

The exterior surface of the cask may become contaminated during
fuel unloading, as discussed In Subsection 3.3.1. Additionally,
when the cask 1s received at the repository, the levels of
contamination on its exterior surface may exceed the DOT (1986)
limits for return sziiipment. Kennedy (1981) reported that
approximately 40% of casks surveyed upon recelpt at waste-handling
facilitles slightly exceeded the contamination limits for

49 CFR 173.443(a) (DOT, 1986) for shipment offsite. Mullen
(Appendix A-4) also indicated that these limits were frequently

exceeded for casks received at INEL.

The cask-~to-hot-cell adapter and outer cavity of the cask are also
likely to become contaminated during fuel unloading (as discussed
in Subsection 3.3.1). Subsequent decontamination of these areas
would prevent the spread of contamination during handling
operations and minimize airborne radioactivity in the cask

preparalion area.

Thus, routine decontamination of the cask-to-hot-cell adapter, the
outer cavity of the cask, and the exterior surface of the cask can
be ecxpected at the repository. The methods and extent of these

decontamination operations are described below.
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Prior to removing the cask-~to-hot-cell adapter, it 1s recommended
that the adapter be wiped to remove gross contamination, thereby
reducing the potential for contamination of the lifting fixture
used to remove the adapter and the surface where “ne adapter 1is

stored.

lRemoval of the cask-to-hot-cell adapter allows easy access to the
outer cavity of the cask, The latter should also be manually
wiped to remove any gross contamination from this area of the
cask, thus reducing the potential for contamination of equipment
used during further operations in the area, such as tightening the
inner closure head fasteners and leak testing (discussed in
Section 3.4.3).

In parallel with the above operations, a contamination survey of
the cask is performed on the cask exterior surface. Swipes are
obtained and analyzed to determine whicli areas (if any) need to be
decontaminated for compliance with DOT requirements for shipment
offsite. Cask exterior contamination surveys (obtain, count, and
record the results of the swipes) have been reported to take
anywhere from 1 to 2 hr (Schmid, Appendix A-1l; Stapf, Appendix
A-3; Mullen, Appendix A-4).

As discussed in Subsections 3.2.1 and 3.3.1, contamination of the
exterlior surface of the cask is expected to be localized to small
areas. Thus, routine exterior decontamination operations are
expected to be limited to manual wiping of the contaminated
areas, Chemical solutions may be applied on "tough spots," where
contamination is difficult to remove. After decontamination, the

areas are swiped again to verify that the required limits are met.

Extensive contamination of the exterior surface of the cask after
fuel unloading is expected to be infrequent. If the contamination
survey indicates excesszive contamination over a large amount of
the cask surface, a thorough decontamination of the cask would be
warranted., Extensive decontamination operations performed at

GE-Morris (Schmid, Appendix A-1) and SRP-RBOF (Stapf,
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Appendix A-3) involve manually spraying the cask exterior with
high-pressure steam lances. Occasionally, chemical solutlions have

been used to improve the effectliveness of decontamination.

Extensive manual decontamination is time-consuming. Manual
decontamination of IF-300 casks at GE-Mnrris takes nearly 10 hr
(Schmid, Appendix A-1). Use of automated methods recommended for
thorough cask exterior decontamination at the repository may
reduce the cask turnaround time in the event of significant

contamination.

An automated system for cask exterior decontamination has been
employed at both the La Hague facility in France and the CLAB
facility in Sweden (Blomeke, 1988). The system consists of a
metallic shell that is placed over the cask and rests on a
rotating table, which supports the cask as well as the shell.
Tightness between the shell and the rotating table assembly is
provided by means of an inflatable seal. The cask is
decontaminated in the shell by a high-pressure water spray
system. Water is also sprayed on the inside wall of the shell to
prevent the shells from becoming contaminated. The shell is also
equipped with viewing windows and individual hand-operated spray
nozzles, Blomeke (1988) indicates that the system has been
successful in cleaning and drying a cask within 3 hr, Blomeke
(1988) does not identify t.ie method used for drying the cask;
however, manual wiping and automated methods (such as heat lamps)

can be used at the repository.

Automated methods, such as those described ahove, are recommended
for thorough cask exterlor decontamination at the repository.
Provisions for automated drylng of the cask exterior subsequent to
decontamination 1s also recommended. The system at the La Hague
facility should be further studied for application at the

repository.
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3.4.2

Decontamination of the Cask Interior

The operations to be performed at the repository to decontaminate
(or clean) the cask interior are addressed in thils subsection,

The contamination of the cask interior is discussed, followed by a
discussion of the purpose of decontaminating the cask interior at
the repository. Next, methods of decontaminating the cask
interior, operational experience, and recommended repository
operationg are presented. As mentioned in Subsection 2.3.5, the
cask cavities are assumed to be decontaminated during
reconfiguration operations (discussed Iin Subsection 3.4.5) to the
levels acceptable by the reactor facllity to which the cask 1s to

be dispatched. The basls for this assumption is further addressed
in this subsection.

3.4,2.1 Contamination of the Cask Interior

The interior cavity and fuel basket of spent fuel casks received
at the repository will be contaminated with radiocactive material.
Gross contamination in the form of solid particles, as well as
high levels of "smearable”" contamination, will exist on the cask
cavity and fuel basket surfaces (NAC, 1988). The source of the
particulate radioactive material is the "sloughing off' of crud
from the fuel elements. Crud is the activated corrosion products,
gcale, and precipitants that accumulate on spent fuel during
reactor operation and storage (TN, 1988). Some of the crud comes
off the fuel during loading of the assemblies into the cask at the
reactor facllity, during cask transport, and during fuel unloading
at the recelving facility (TN, 1988). An additional source of
cask cavity contamination is the contaminated spent fuel pool
water to which the cask cavity 1s exposed during fuel-loading
operations at the reactor facility (NAC, 1988).

The levels of contamination on the cask cavity and fuel basket, as
well ag the extent of the gurfaces contaminated, may vary

significantly. NAC (1988) indicates that, when the cask 1s in the
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vertical position, most particles settle to the bottom of the fuel
basket, with a portion escaping the basket and becoming trapped in
the bottom of the cask. Reported smear sample data for TN-8L
trangportation cask cavities indicate levels ranging from

180,000 dpm/100 cm® to 118,000,000 dpm/100 cm® for side smears
and 320,000 dpm/100 cm® to 123,000,000 dpm/100 cm® for bottom
smears (McKinnon, 1987b). Levels of contamination in other casks
and cask models have been reported within these ranges, for both
side and bottom smears, by McKinnon (1987a), Dzladosz (1986),
McCreery (1983), and NAC (1988).

Smear sample data obtained from a TN-8L cask during a particular
shipping campaign showed an increase in the amount of crud in the
botiom of the cask (McKinnon, 1987a). Smears obtained from the
bottom of the cask basket showed that the levels of contamination
increased from approximately 400,000 dpm/100 cmz to 100,000,000
dpm/100 cm2 over four shipments (McKinnon, 1987a).

Reported contamination levels of spent fuel cask cavities and fuel

baskets are summarized in Appendix B,

3.4,2.2 Purpose of Decontamination of the Cask Interior

DOE (1986a) states that the inner cavities of unloaded casks
should be decontaminated to 2,200 dpm/c:m2 for beta-gamma

emitters and 220 dpm/cm2 for alpha emitters, prilor to recurning
the casks to the external transportation system. However, meeting
these stringent 1limits would have various negative impacts on
repository operations, as discussed below. For this gtudy, the
purpose of interior decontamination of the cask 1g to reduce the
buildup of radioactive material in the interior cavity of the cask
to avoid crosgs-contamination of different reactor spent fuel pools
during cask-loading operations and to reduce occupatlonal

exposures during cask-handling operations.

Meeting the cask interior cavity contamination limits in

NOE (1986a) would require extensive cask disassembly and
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decontamination operations, resulting in a significant increase in
cagk turnaround time., Moreover, it is even questionable whether

decontaminating the cask cavity to these levels can be achleved.

Stapf (Appendix A-3) indicates that extenslve decontamination of
the inner cavity and fuel basket of casks at the Savannah River
Plant's (SRP) Receiving Basin for Offsite Fuel (RBOF) took two
operators approximately 8 hr to perform. In the decontamination
operation, the fuel basket was removed from the cask cavity, and
the basket and cask cavity surfaces were manually decontaminated
with steam lances, Fven after these extensive operations, the
levels of contamination were above the limits stated in DOE
(1986a). Performing this operation routinely at the repository
would significantly increase cask turnaround time, which according
to DOE (1986a) should be a total of 8 hr for a truck cask and 12
hr for a rail cask. Also, performing extensive decontamination
operations, similar to that stated above, would result in a

significant increase in operator exposures at the repository.

NAC (1988) states that extensive decontamination of cask cavities
has resulted in average smearable contaminatlion levels c¢f

50,000 dpm/100 cmz. Although these achievable levels meet the
requirements stated in DOE (1986a), NAC (1988) adds that, because
of weeping, the levels have been observed to increage to up to
1,000,000 dpm/100 cm2 in & relatively short period of time.

Thus, it ls questionable whether achleving the levels specified by
DOE (1986a) for cask internal contamination is practical,

Baged on the discussion above, this study assumes that the
repository will not decontaminate cask cavities to the levels
gpecified by DOE (1986a). The repository, however, will provide
the capabllities of decontaminating the inner cavity of unloaded

casks, for the purposes dlscugsed below.
Unloaded casks shipped from the reposlitory to the reactor sgite may

introduce additional contamination into the reactor's apent fuel

pool or assoclated cleanup systems if there is excesgsive
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contamination in the cask's inner cavity., Because the levels of
contamination in the pool water and the amount of crud on fuel
varies from reactor to reactor, crogg-contamination is a primary
concern when shipping an unloaded cask to a, reactor facility other

than the facility from which the cask was recelved,

Another problem assoclated with the bulldup of contamination in
the cask cavity 18 the potentlal for Increased operational
exposures during ceask handling. Although routine cask-handling
operations are performed manually, or '"hands on", with the closure
head(s) in place (e.g., containing the radloactivity),
contamination has been known to build up in the cavity valves
(especially bottom drain valves), producing high radiation levels
around the valves (Mullen, Appendix A-4), Mullen (Appendix A-4)
states that at the end of a shipping campalgn, high radiation
levels were measured around the drain port of & TN-8L shipping
cask, Crud had accumulated in the quick-disconnect valve of the
drain port, requiring the valve to be replaced prior to returning
the cask to Trangnuclear, Inc, Manual cask-handling operations
requiring interface with the valves (such as cask cavity flushing,
venting, drying, and leak testing) may result in increased

operator exposures,

Shappert (1988) states that unloaded casks will be shipped from
the repository, MRS, or CMF as radioactive material packages
containing Type B, Type A, or limlted quantitles (defined in

49 CFR 173), depending on the amount of residual contamination iIn
the cagk cavity. Thesge facilitles would not need to decontaminate
cagk Interiors to levels below the empty package limlts,

Attaway (1988) Indicates that, at the CM}', the cask cavity ila
aggumed to be decontaminated to the levels acceptable by the
reactor facllity to which the cask 1g to be dlgpatched, Thisa
agssumption 1s congigtent with current cagk fleet operatlons

experience by NAC (1988),

This report assumes that, when a cask 1s returned te the same

reactor facllity in which 1t orlginated, any contamination bufldup
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in the cask cavity will be the responsibility of that facility,
The repository will decontaminate the cask cavity when the cask 1a
to be digpatched to another reactor facillty to prevent
nsrosg-contaminatlon resulting from previous cask use by another
facility, fThis 48 consistent with current cask fleet operational
experience in the U.S8, (NAC, 1988)., As discusased in

Subsection 2.3.%, decontamination of the interlor cavity of the
cagk, 1f needed, will be performed as a nonroutine operation in

conjunction with caak reconfiguration,

3.4,2.3 Methods of Decontamination of the Gask Interior

To determine the extent and methods of interior decontamination
required, the cask cavity contamination levels need to be
aspessed, Before assigning a cask to a facility for use in a
shipping campaign, NAC ensures that the levels of mobile
contamination in the cask cavity are acceptable by the receiving
facility (NAC, 1988).‘ The amount of contamination present in the
cask cavity is determined by filling the cask with water,
obtaining a sample of the water, and analyzing the sample

(NAGC, 1988). A similar procedure ls routinely used at
wagte-handling facilities before casks are placed in their spent
fuel pools (Schmid, Appendix A-1; Stapf, Appendix A-3; Denny,
Appendlx A-5).

The procedures for sampling the contaminatlon levels of the inner
cavity (dismcugsed above) are recommended, prlor to reconfiguration
operations at the reposltory, to indicate the extent and methods
of decontamination required. The quantificatlion of resldual
contamination in the cask cavity (discussed in Subsection 3.3.3)
will also provide an Indlcatlon of the uxtent of decontamination

requlred,

Two general methods for reducing contamination in the cask cavity
have been used by the industry. The first and most common method
{g flushlng the cask cavity with deminerallzed water, The second

method, which s Infrequently performed (NAC, 1988), involves



ramoving the closure head(s) and the fuel basket from the cask
cavity and using direct methods ftor removing contamination from
the surfaces of the cask cavity and fuel basket., These two
techniques and thelr applicabllity to operations at the repository
are discusped below,

Gask Flushing. NAC (1988) states that flushing is considered only

a cleaning operation, whose purpose is to remove as much of the

mobile contaminanta in the cask cavity as practical (NAC, 1988).
Some aspects assoclated with cask flushing and the applicability
of flushing to repository operations are described below,
including time requirements, the effectiveness of flushing,

generation of radicactive waste, and occupational exposures.

Operationsg for cask flushing typlcally require flushing the cask
with approximately two volumes of water (NAC, 1988). Flushing the
cavity of IF-300 rail casks at GE-Morrls is performed at flow
rates of about 30 gpm., Based on the cavity dimensions presented
in Blomeke (1988), flushing an IF-300 cask with two volumes of
water at this flow rate takes approximately 1 hr. Obtainable flow
rates for flushing, however, depend on the cask design and, in
particular, on the size of the cavity penetration valves used for

flushing,

The effectiveness of flushing also depends on the cask deslgn,

The configuration of the bottom of the fuel channels and the
convolution of the drain lines can inhibit the dislodging of crud
during flushing (TN, 1988). NAC (1988) indicates that when crud
particles settle in the bottom of the cask, they become trapped on
ledges and in seams, where a substantial portion remalns even
after flushing operationa. DOE (1986c¢), however, states that the
Interior surfaces of casks designed for use In the Federal Waste
Management Sysatem should be of sufficlent smoothness and contour
to limit the accumulation of partlculate residue and to facllitate

removal .,
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lushing the cask cavity generates contaminated liquid waste and
{ncreases the potent?dal for increased occupatlonal exposures.
Using the cask dimensions presented in Blomeke (1988) and flushing
with two cask volumes of water, an NLI 1/2 truck cask generates
220 gal of 1liquid radioactive waste and an IF-300 raill cask
generates 1,800 gal of liquld radioactive waste as a result of
flushiing operations. Based on these values and the throughput
rates presented in 8NL (1987), routine flushing of all casks at
the repository would generate approximately 750,000 gal of liquid
radioactive waste annually.

In addlition to the generation of liquid radioactilve waste, crud
and contamination can accumulate in the drain lines used for
flushing (Schmid, Appendix A-1). The buildup of the highly
radioactive crud in the drain lines can result iln increased
occupational exposures during flushing and other manual operations
performed in the area. Schmid (Appendix A-1) states that the cask
drain hoses at GE—Morris‘require replacement about once a year in

order to reduce occupational exposures.

Therefore, routine flushing of casks 1s not recommended at the
repository because 1t (1) increases cask turnaround time,

(2) generates significant amounts of liquid radioactive waste
requiring treatment, and (3) increases operator exposures,
Occaslonal flushing, however, may be desirable to reduce the level
of contamination in the cask cavity to that required by the
reactor facllity to which the cask ia to be dispatched (after
reconfiguration), It is recommended that the effectiveness of
flushing on reducing the levels of contamination In the cask

cavity be studled further,

A pumpout gystem is used at GE-Morrls for cask flushing

(BEger, 1979). Water is pumped into the bottom of the cask to fill
and flush 1t. Water displaced during flushing is pushed up to a
higher collection point from which 1t flows to the liguld waste
collection and treatment facility by gravity. Water 1s pumped

from the bottom of the cank for draining,
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Direct Interior Decontamination. If extensive contamination is
present in the cask cavity, direct methods for reducing cask
interior cavity contamination levels may be required at the
repository prior to dispatching the cask to a different reactor
facility. Direct methods for decontaminating the cask cavity

require removal of the inner closure head to access the cavity.

Direct interior decontamination has been performed with the cask
(and fuel basket) submerged in a pool of water (NAC, 1988; Schmid,
Appendix A-1) or placed in a dry environment. Becanse large
amounts of liquid radioactive wastes are generated if the rask and
fuel basket are immersed in water, a dry environment is
recommended for these operations at the repository. It is also
recommended, however, that the cask cavity be filled with water
for shielding if there are high radiation levels due to extensive

contamination buildup, as discussed below.

The buildup of contamination in the cask cavity can produce
intense radiation fields. Upon removal of the cask inner closure
head for reconfiguration and/or decontamination, operators may be
exposed to high radiation levels. The radiatior levels at the top
opening of casks, with clnsure head(s) removed, have been reported
in the range of 1 rem/hr for an NLI 1/2 truck cask (Schilthelm,
Appendix A-2) and up to 40 rem/hr for a TN 8-L truck cask

(NAGC, 1988). NAC (1988) indicates that levels as high as 200
rem/hr have been experienced with other cask models. Owing to
high radiation levels that may result when accessing the unloaded
cask cavity, removal of the Iinner closure head for cask internal
decontamination and reconfiguration at tiic repository is
recommended to be performed either remotely and/or with the cask

cavity filled with water,

Reconfiguration operations, discussed ir Subsection 3.4.5, require
removal of the fuel spacer assembly from the inner closure head.
Because of the potential for high contamination and radiation
levels of the fuel spacer, the spacer should be decontaminated
(while attached to the inner closure head) prior to changeout,

These operations are described further in Subsection 3.4.5.
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Extenslve cask interlor decontamination operaticns at the
repository may involve removing the fuel basket from the cask
cavity. The need for removing the fuel basket for interior
decontamination will generally be dictated by the levels of
contamination in the cask cavity. The extent of contamination is
determined during the operations for quantifying the radiloactive
content of the unloaded cask (described in Subsection 3.3.3) and
the water sample obtained prior to reconfiguration (described in
Subsection 3.4.2.3).

If decontamination of the fuel basket is required, it is
recommended that the basket be removed from the cask cavity
remotely in order to reduce operator exposures, Levels of
radiation from fuel baskets (removed in an air environment) have
been reported in the range of 500 mrem/hr at 2 in. from the outer
surface (after consliderable flushing) up to 2 rem/hr (NAC, 1988).
When removed in air, the basket 1is kept wet (or damp) to reduce
potential for airborne contamination (Schilthelm, Appendix A-2).
NAC (1988) repoits that it takes two operators no more than 10 to

15 min., to remove a basket from a cask.

Decontamination of fuel baskets is typlcally performed manually
with lances supplied with elther high-pressure water or steam
(NAC, 1988; Stapf, Appendix A-3). Since baskets will be highly
contaminated and will exhibit high radiation levels, TN (1988)
recommends that the basket cleaning area be enclosed and separated
from other work areas and be almost entirely remotely operated,

TN (1988) adds that separate facilities are recommended for
cleaning baskets as opposed to casks. Other recommendations
include providing the capability for inspecting the baskets by
CCTV and assigning a controlled area for the storage of basgkets

after they have been cleaned (TN, 1988).

Decontaminating the Interior cavity of casks can be performed with
the cavity either filled with water or dry. As previously
discussed, water helps reduce the potential for alrborne

Co :
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recommended that decontamination of the cask cavity at the
repository be performed with the cavity filled with water to avoid

alrborne contamination and reduce operator exposures,

Wet decontamination methods have been employed using a wet vacuum
(Schmid, Appendix A-1; Brundin, 1986), high-pressure water lances
(hydrolazing) (NAC, 1988), and/or long-handled scrubbing
instruments (NAC, 1988; McCreerv, 1983). Use of hydrolazing and
wet vacuuming is recommended for cask cavity decontamination
operations at the repository. Hydrolazing provides a means for
removing gross contamination that may be loosely bound to the
surfaces of the cavity. Wet vacuuming provides the capability of
removing the loose particulate matter, as well as contaminated
water during hydrolazing. These decontaminaticn methods may be

used with the fuel basket in the cask cavity or with it removed.

Leak Testing of the Cask Cavity

Routine leak testing of cask cavities 1s assumed to be performed
at the repository prior to shipping the unloaded cask offsite.
The bases of this assumption are discussed below. Follow...g this
discussion, leak-testing methods and operational experlence are
dzscribed. The recommended methods for leak testing at the

repository are presented.
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DOE (1986a) states that the repository 1is required to prepare
transportation components for a return trip. Leak testing of
unloaded casks is not necessary to meet regulatory or cask CoC
requirements (unless the cask cavity contains Type B quantities of
residual contamination, which is unlikely). However, preparation
operations should verify that cask compeonents function properly
prior to dispatching the cask. Therefore, routine leak testing at
the repository is recommended to ensure that cask containment
components (i.e., closure head and valve sealsg) perform their
required function before the cask is returned to a reactor

facility.



Additionally, leak testing of unloaded casks at the repository is
consigtent with operational experience at other waste-handling
facilities., Leak testing of cask cavities is routinely performed
on unloaded casks before shipment offsite at the GE-Morris
(Schmid, Appendix A-1), INEL-TAN (Mullen, Appendix A-4), and
SRP-RBOF (Stapf, Appendix A-3) facilities. Schmid (Appendix A-1)
adds that‘the routine leak-testing operations are performed at
GE-Morris because faulty seals can be more easily repaired and
equipment and spare parts are more readily avallable there than at

the reactor facilitles.

Routine leak testing of unloaded casks for shipment offsite will
be performed at the repository for both inner and outer
containments. If faulty closure head or cavity penetration valve
seals are detected during leak-testing operations, remedial
action, such as seal replacement (discussed in Subsection 3.,4.4),

will be performed.

3.4.3.2 Leak-Test Methods

Various leak-test methods are employed on casks currently used in
the U.S. (NAC, 1988; TN 1988; Schmid, Appendix A-1; Stapf,
Appendix A-3). Leak-test methods depend on cask design and
facility operating procedures, and include helium tests, pressure
tests, hydrostatic tests, and air bubble tests. Hydrostatic tests
are typically performed only for annual CoC testing (NRC, 1979;
NRC, 1980). Because an air bubble test requires that the cask bhe
submersed in water, it is not recommended for repository

operations.

Helium Leak Tests. Helium leak tests are performed by

pressurizing the cask contalnment with helium and running a
"sniffer" probe along the edge of the containment boundaries
(closure head, valve, etc.) at a specified rate (unit distance per
unit time) to detect helium (NAC, 1988). According to Schmid
(Appendix A-1), helium leak testing of IF-300 casks takes more

time than the pressure tests required by other cask designs; leak
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testing takes approximately 30 min for the closure head seal and

approximately 15 min for each penetration valve seal.

Alr Pressure Testsa. Air pressure tests involve pressurizing or

evacuating a control volume and observing a pressure drop or
increase, respectively. The control volume can be either the
entire cask cavity or an interspace volume of the containment
boundaries. The closure heads of NAC-1 casks are equipped with
two O-ring seals, and the interspace volume between the two seals
is pressure—-tested (NAC, 1988). Some containment penetration
valve designs used on cagks incorporate a similar concept.
Pressure test sensitivity is highly dependent on the size of the
control volume being tested and the sensitivity of the equipment
and instruments required for the tests (TN, 1988). Sensitivity of
the tests and the size of the control volume also dictate the time

needed to carry out the test.

Although the required test method will depend on the cask
operating procedures, pressure tests are assumed in this study.
One reason for this assumption 1g that the equipment and
instruments used for pressure tests (NAC, 1988; TN, 1988) are
gimilar to those used for cask cavity sampling (discussed in
Subsection 3.2.2). Thus, equipment requirements in the cask

preparations area can be reduced.

Cask Maintenance

During cask handling and transportation, cask components are
subject to damage and nor.al wear and tear. Throughout
cask-handling operations at the repository, cask components are
visually inspected to identify components that require
maintenance, such as replacement, cleaning, and other corrective
measures. The degree of cask maintenance operations may range
from simple tasks to complex tasks involving significant time

requirements.
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As discussed in Subsection 2.3.3, it is assumed that the
repository provides the capability of performing minor maintenance
on casks in order to return the casks to the transportation system
in an efficlent manner. Minor maintenance operations will also be
performed to meet the requirements of DOE (1986a), presented in
Subgection 2,1.2.1,

3.4.4.,1 General

Cask maintenance activities can be categorized as follows: CoC
maintenance, maintenance routinely performed for each shipment,
and unscheduled maintenance, covering nonroutine activities such
ay the repair or replacement of parts subject to damage and wear
and tear (NAC, 1988). As discussed in Subsection 2.3.2, annual
cask maintenance operations for the cask CoC will be conducted at
the CMF (Attaway, 1988).

Routine maintenance performed for each shipment typically is
limited to visual inspection of cask components and containment
verification or leak testing (discussed in Subsection 3.4.3), The
visual inspections are performed to identlfy any need for
nonroutine maintenance, discussed later In this subsection. Leak
testing is also routinely carried out for containment verification
purposes, 1ldentifying faulty containment seals that require
replacement or maintenance, For certain types of casks, closure
head O-ring seals may be replaced frequently or on a scheduled
bagils (depending on cask deslign); however; frequent seal
replacement 1s not assumed in this study. Seal replacement is

therefore considered a nonroutine operation.

Nonroutine cask maintenance operations te¢ be performed at the
repository are generally expected to be limited to replacement or
repalr of coumponents that can be removed from the cask. Eger
(1979) tabulates the types and frequencies of nonroutine cask
maintenance tasks that were needed for 486 shipments of spent fuel
to GE-Morris. These malntenance tasks were needed only

infrequently (1 or 2 ghipments out of 486) and typically included
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minor repalrs such as replacement of drain valves. Other cask
removable components (discussed in Subsection 2.2.3.3) that may
requlre nonroutine maintenance include closure head seals and
fasteners, valves and assocliated equipment, trunnlons, baskets,
and fuel spacers. Maintenance operations and experlence

pertaining to these components are discussed below.

Closure Head and Components

Components associated with the cask closure heads that may require
nonroutine maintenance include the O-ring seals, fasteners, and
threaded ingerts (helicoils). Penetration valves are usually
considered a part of the closure head, but in this report,
maintenance of the valves and assoclated components are covered in
Subsection 3.4.4.3, which deals with cavity penetration valves and
components, Replacement‘of closure head O-ring seals will
probably be the most frequent nonroutine maintenance operation at
the repository. As discussed in Subsection 2.2.2.2, the closure
head seals will periodically require replacement owing to their
limited lifetimes. Defects or damage to the seals may be
identified during visual inspection. Defects that are not
vigually evident, but cause a faulty seal, will be identified
during the leak-testing operations.

Seal replacement involves removing the closure heads (inner and
outer) from the cask body and placing them on stands. Typlcally,
the seal is removed from a retaining groove (retalning clips may
also need to be removed), which is cleaned out and filled with
vacuum grease, and a new seal 1g installed (TN, 1988). Schmid
(Appendix A-1) indicated that replacement of the closure head seal
on an IF-300 cask takes two operators approximately 30 min.

O-ring seal replacement operations for an NLI 1/2 inner closure
head have been reported to take 15 to 20 min (Schilthelm, Appendix
A-2),

Because of the low radiation levels associated with outer closure
head seal replacement on unloaded cagks, the operation can be

performed manually. The need for outer closure head seal
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replacement will be identified In the preparation area during
visual inspection prior to fuel unloading or during containment
verification after fuel unloading. Based on the relatively short
operational times for seal changes indicated above, the
maintenance operation may be performed in the cask preparation

area,

Replacement of the Ilnner closure head O-ring seals is more complex
than replacement of the outer closure head, owlng to the higher
levels of contamination and radiation from the inner cavity upon
removal of the Ilnner closure head, As 1is the case with internal
decontamination operations, inner closure head seal replacement
operations should be performed with the cask cavity filled with

water to avold these radiation and contamination problems,

Clogure head fasteners (holts or studs and nuts) and the threaded
inserts (helicoils) typically provided in the cask body to
accommodate the fasteners are subject to wear and tear, or may
periodically require replacement (NAC, 1988)., The heads of the
fasteners are gusceptible to rounding off due to torquing or
removing the fasteners with worn sockets., The fastener threads
are gusceptible to crogss threading if improperly installed or
removed. If the closure head (inner and outer) fasteners are
damaged or show wear and tear, they should be replaced at the
repogsitory. Replacement of inner closure head fasteners may
require removal of the head i1f the fasteners are captive to the
clogure head. I1f thils 1s the case, these operations should be
performed with the cask cavity fllled with water, for reasonsg

previously discussed.

NAC (1988) states that the most frequent unscheduled maintenance
item is the replacement of helicoils. Helicoills are threaded
inserts in holes that are drilled and tapped in the cask body to
accommodate the closure head bolts or studs., Fallure occurs
elther by cracking or by "backing out" of the tapped hole in the
cask body (NAC, 1988). The helicoils for inner and outer closure

heads are visually inspected during cask-handling operations to
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identify the need for their replacement, Because replacement of
inner closure head fasteners and helicoils requires that the inner
closure head be removed, filling the cask cavity with water is

recommended, for reasons previously dilscussed.

3.4,4,3 Cavlity Penetration Valves and Components

Penetration valves and components, including quick disconnects,
relief valves, valve geals, and O-rings, will need to bhe repalred
or replaced if they fail (NAC, 1988). NAC (1988) adds that "valve
seals. and seal surfaces requl. e attention perlodically depending
on the quantities of particulate materlal present in flush or pool
water and on the effectiveness of flushing during cask-handling
operations." Other valve components that may require periodic
replacement are the valve box cover, cover gaskets, and cover

fasteners,

This study assumes that maintenance operations on cavity
penetration valves and their assoclated components will be
performed at the repousitory, if necessary. Maintenance tasks that
require extensive disassembly of the valve components for
rebuilding may warrant replacing the entire valve assembly to
reduce time requlrements. Schmid (Appendix A-1) indicated that 1t
takes 1 to 1-1/2 hr to remove the presgssure rellef valve device on
the IF-300 cask. This duration is assumed to be an upper bound

for valve maintenance operations at the reposgitory,

TN (1986) indicates that repalrs on cask cavity drain valves could
result in dislodging accumulated internal contamination, which
could cause high radiation levels, The amount of contamination
dislodged could range up to several curles (TN, 1988). Therefore,
portable shilelding and local containments may be needed for valve
repair operations at the reposltory in order to reduce operator
exposuresg and the potential for alrborne contamination. Also,
maintenance of penetration valves on the Inner closure head could
require removal of the closure head, which would mean that the
cask cavity would have to be filled with water to reduce the

potential for airborne contamination and operator exposures,
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3.4.4.4 QOther Cask Components

3.4.4.5

Various otber cask components, in addition to those addressed
sbove, may requlre replacement or maintenance at the repository as
a result of incurred damage or wear and tear, For example, the
cagk trunuions, tiedowns, closure head seal surface, and closure

head seal retentlion groove may also need maintenarnce,

Cask trunnions and the surfaces of the carrier supports may
experience galling, as might occur during cask rotation to and
from the carrier (TN, 1988). Depending on trunnion deslgn, the
trunnion bushings (NAC, 1988) or the entire trunnlon component may
have to he réplaced. NAC (1988) indicates that the need for
replacement ils typlcally determined by visual inspection.
8imilarly, the cask tliedowns may exhibit wear and require
maintenance. Removable cagk trunnions or trunnion bushings can be
replaced in the cask preparation area durlng other cask
preparation operations. Because the tiedowns are assoclated with
the cask carrler, maintenance on the cask tiedowns is performed in
the receiving and shipping bay while tle cask 18 removed from the

carrier.

Durling closure head handling and cask handling with the closure
head(s) removed, the closure head sealing surfaces and sgeal
retention grooves can be marred, which reduces thelr effectiveness
(I'N, 1988). Depending on the extent of marring (e.g., a scratch
or a deep dent), the surfaces may require polishing, machining, or
a weld overlay (NAC, 1988; TN, 1988). TN (1988) indicates that
the repalr of a gealing gurfaces can he a difficult and
time-~consuming operation, Because of the complexity of repairs to
sealing surfaces, these maintenance operations are assumed to be

performed at the CMF.

Quallty Agsurance and Document

Quality assurance and documentation of cask malntenance operations
will be required at the repowitory. Qualifled personnel,

procedures, and spare parts will be provided for performance of
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3.4.5

the maintenance operations discussed previously. Records of all
maintenance and repalr operations ronducted at the reposltory are
needed to gupport the requirements of the transportation systam
(Attaway, 1588).

The repository will have to verify that the maintenance operations
are performed in accordance with the requirements of the cask CoC
(Attaway, 1988). Established procedures and personnel qualiffed
for conducting the maintenance previously discussed will allow
timely performance of the neceggary work, The repository will be
required to furnish a sufficlent supply of certified replacement
parts that mcet the original design and fabrication criteria
identified in the cask CoC (TN, 1988).

The repository will conduct records management activities similar
to those required by the CMF, but on a amaller scale. Activitles
to be included are Iinformation acquisition, storage and retrieval,
and maintenance documentation (Attaway, 1988). Fach maintenance
operation performed will be documented and used to update the cask
history file. This report assumes that all cask records and
documentation will be controlled and malntained at the CMF,
Therefore, the repository records management activities will
interface with those of the CMF to keep the required decumentation

up-to-date,

Cask Reconfiguration

Occaslonally, casks will require reconflguring (e.g., the changing
of cask interior components) in order to accept a different type

or length of spent fuel.

The fuel spacer assembly is typically mounted to the underside of
the inner closure head (ag dlscussed in Subsection 2,2.2.2),
Replacement of the fuel spacer assembly requires removal of the
inner closure head from the cask, exposing the cask cavity.
Considerations for removal of the inner clogure head from the

cask, diascussed in Subsection 3,4.2, apply to apacer changeout
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operations, With the Inner closure head removed, necessary
decontamination of the cask interior may proceed in conjunction

with fuel spacer changeout operations.

Fuel spacer removal operations may be performed elther manually
("hands on") or remotely at the reposltory, depending on the
levely of radiation from the spacer assembly, Significant levels
of contamination on the fuel spacer assembly may result in high
radiation levels and the potential for alrborne contamination
during changeout operations, NAC (1988) reported a radiation
level of 100 mRad/hr during a survey of the bottom of the inner
¢losure head for an NLI 1/2 truck cask., Common industry practice

1s to manually change fuel apacers (sea Appendix A).

Based on the dlgcusslon above, fuel spacers are assumed to he
routinely decontaminated prior to being removed from the inner
closure head for manual changeout, The method proposed for
decontaminating the fuel spacer assembly 1s silmilar to the method

recommended for decontaminating tha fuel basket.

Once the inner closure head and fuel spacer are decontaminated,
the closure head 1a placed on a stand ao that the fuel spacer can
be removed, At GE-Morris, the closure head is placed on and
mounted to a speclally deslgned gtand that flips the closure head
upslide down, facilitating access to and removal of the fuel spacer
(Schmid, Appendix A-1), Removal of the fuel spacer involves
loosening (and removing, 1f necesgary) the nuts or bolts that
fasten the spacer asgsembly to the inner closure head (NRC, 1978;
NRC, 1979; NRGC, 1980; Schmid, Appendix A-1). Subsequent to

removal, the fuel spacer agsembly is stored In a controlled area.

A fuel spacer assembly, of the size requlired by the reactor
facility to which the cask ls to be dispatched, is retrieved from
storage and emplaced on the inner closure head. Once cask
Internal decontamination operations are complete, the closure head
18 placed on the cask, If removal of the fuel basket 1s required

for elther decontamination or reconfiguration, a clean bhasket is
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3.5

retrievad from wtorage and placed in the cask cavity prior to
placing the inner closure head on the cask, Subsequent operations
would include those tasks necessgry to prepare the cask for
shipment offelte, aw dlacussed in previous subsections,

Shipping

Once all cask preparation operations have been completed, the cask
is traneferred from the cask preparation area back to the cask
carrler for shipment offasite, The operations necessary for
shipping the unloaded cask offuite are haslcally the reverse of
those for recelving (Subaection 3,1). A functlonal block flow

diagram of these operations 1s shown in Plgure 3-9,

The cask ls transferred from the cask preparation area to the
shipping and recelving bay. Using the cask 1ifting yoke, the cask
ls lowered and placed on the cask supports of the carrier. The
cagk tiedowns are engaged and the impact limiters are rasemplaced
on each end of the cask., The personnel barrier ig subsoquently

cloged over the cask,

The cask and carrler are transferred to the inspection area of the
reposltory and prepared for dispatch. Dlspatch preparation
includes performing a final contamination and radiatlon survey,
glmilar to that described in Subsection 3.1.1, and 18 performed to
meet DOT (1986) requirements contalned in 49 CFPR 173.443(a) and

49 CFR 173,441, respectlvely. Other operations include preparing
and compiling the necessary documentation for shipment, iuncluding

the shlpping manifest, discussed in Subgection 3.1.1.

Summary. of Gagk-Processing Operations

Cask-processing operations propogsed for the repository are
presented in Subsections 3,1 through 3.%5. Ior purposes of thig
gtudy, the areas for cask preparation are separated into two

facilitles, one for routine operatlons (cask preparatlion area) and
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the other for nonroutine operations (cask maintenance area). The
general layout and iuterface of the repository receiving
facilities for cask-processing operations are illustrated in

Figure 3-10.

The functional block flow diagrams and the discussion of cask
decontamination and maintenance presented in the previous
subsections are used to provide a basis for the conceptual design
of the cask preparation area (Section 4.0) and the cask

mainrenance area (Section 5.0).
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4.

1

CASK PREPARATION AREA

The conceptual design of the cask preparation area is presented in
this section. The cask preparation area is designed to provide the
necessaryvfacilities for routine operations (and certain nonroutine
operations) associated with preparing casks for fuel unloading and
for shipment offsite, as described in Subsections 3.2 and 3.4,
respectively. Table 4-1 summarizes the operations that the cask
preparation area is designed to facilitate. This work was done
during the Pre-Advanced Conceptual Design phase as reflected in

SAND84-2641, Site Characterization Plan-Conceptual Design Report.

General Arrangement

The conceptual design of the cask preparation area is illustrated
in Figure 4-1. Major features of the cask preparation area include

the following:

o Separation of the cask preparation area from the receiving and

shipping bays

o Cask preparation stations for routine cask preparation

operations

o Capabilities for transferring casks from the preparation area to

a separate area for nonroutine cask operations

The size of the cask preparation area (i.e., the number of cask
preparation stations) depends on the required cask throughput
rates; therefore, a generic module of two cask preparation stations
is shown in Figure 4-1 as an example. Multiple modules may be

needed for high cask throughput rates.

The conceptual design of the waste-handling building (WHB) in
SNL (1987) incorporated the receiving and shipping bay and the
cask preparation area as a common area with the same ventilation
system. However, the tacility design should incorporatie
corifinement barriers to pievent the spread of contamination.
Because some cask preparation operations involve potential

4-1
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TABLE 4-1
SUMMARY OF CASK PREPARATION AREA OPERATIONS

Routine Operations

o Sample cask outer cavity*

o Remove outer closure head*

o} Survey outer cavility for contamination
o Sample cask inner cavityx

o Loosen inner closure head fasteners*

0 Install cask-to-hot-cell adapter

o] Remove cask-to-hot-cell adapter

o Spot-decontaminate cask-to-hot-cell adapter and cask outer cavity
0 Contamination survey of cask exterior
o} Spot-decontaminate cask exterior

o] Leak-test cask inner and outer cavities

- o Reemplace and secure closure headsk

Nonroutine Operations

o Sample outer cavity gas for radioactivity*
o) Perform minor maintenance on outer closure head
") Spot-decontaminate cask exterior and outer cavity (prior to fuel

unloading)

) * Denotes robotic operation
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contamination (especially after unloading spent fuel from casks),
a ventilation barrier is provided to separate the cask preparation
area from the receiving and shipping bay. The cask preparation
area ventilation 1s furnished with a filtered exhaust system
because of the potential for airbonﬁe contamination. Any
operations involving potentihjgr0n&amiﬁation would be performed in
the cask preparation area, &¢7£h;t the receiving and shipping bay
need not have a filtered ventilation exhaust gsystem, This
separation prevents the potential spread of contamination and
significantly reduces the portion of the WHB requiring a filtered

ventilation system,

The cask preparation area 1s separated from the receiving and
shipping bay by a wall. Ventilation barrier doors allow the cask
to be transferred between the two areas, A cask transfer car
moves the cask between the cask preparation area and the receiving
and shipping bay, as well as the cask unloading station. The
transfer car 1s designed to accommodate the truck casks and rail
casks described in Subsection 2.2. There is a cask preparation

gstation for each cask transfer car in the preparation area.

As discussed previously, the cask preparation area is designed for
routine preparation operations., Therefore, capabllities are
provided for transferring casks from the preparation area to a
separate area (l.e,, the cask maintenance area described in
Section 5.0) for nonroutine cask preparation operations. The
arrangement allows the cask to be transferred within a confined
area to prevent the potential spread of contamination to cther
areas.

A 150-ton bridge crane 1s used to transfer the cask offline to the
cask maintenance area for performing the nonroutine cask
preparation operations (described in Section 5.0). A clear path
is provided in the preparation area to avoid lifting a cask over
other casks when it 1s being transferred to the maintenance area
and to minimize cask 1ift heights. The bridge crane is designed

with sufficlent capacity to accommedate redundant lifting methods
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of the cask types described in Subsection 2.2, There are
redundant 1lifting yokes in the preparation area for each cask type,

The cask preparation stations have the necessary facilitles for
performiﬁg the operations lis-ed in Table 4-1. These facillities

are described below.

Cask Preparation Stations

Major features incorporated into the design of the cask

preparation stations are as follows:

o Robotic arm
0 Storage, laydown, and elevating work platforms
o Gas-gsampling and leak-testing equlpment

These features are further described below.

As discussed In Subsection 3.2, manual operations on loaded casks
may significantly contribute to occupational exposures at the
repository. The remote-automated or robotic operations are based
on the methods currently being developed and demonstrated, as
discussed by Berger (1986). Routine operations associated with
cask preparation for shipment offsite are assumcd to be performed
manually (at thls point, the major radiation sources have been
removed trom the cask), with a few exceptions, Robotic cask
preparation operations assumed for design purposes are identified
in Table 4-1.

A wall-mounted traveling crane equipped with a rohotic arm is
provided in the cask preparation area to facilitate preparing
casks for fuel unloading. Depending on the number of cask
preparation stations and time assoclated with the remote-automated
operations, the number of robotic arms required in the preparation

area will vary., Although floor-mounted robots were proposed in
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SNL (1987), a wall-mounted traveling vobotic arm is chosen for
this study because 1t covers a larger working volume than a
floor-mounted robot (Griesmeyer, 1988). The crane supporting the
robotic arm 1s also equipped with a hoist for handling the cask

outer closure head and cagk~to-hot-cell adapter,

The cask preparation stations are equipped with various platforms,
including an equipment and tool storage platform, an equipment
laydown platform, and an elevating work platform. Because most

cask preparation operations are performed near the top of the

* cask, the platforms are at an elevation near the top of the cask

to minimlze handling times.

To reduce operator exposures during manual operatlons, the
platforms are supported on each side by concrete walls to provide
shielding between cask preparation stations where cagks may be
handled simultaneously. The storage and laydown platforms are
equipped with stalrways to the floor of the cask preparation area
for operator access. Additionally, a walkway along the length of
the cask preparation area allows operators to access each of the

stationg.

The storage platform has sufficilent space for the equipment and
tools necessary for routine cask preparation operations. One
equipment and tool storage platform services two cask preparation
stations to increase equipment and tool utilization. The
equipment includes robotic end-effector tools, cavity penetration
valve attachments for gas-sampling and leak-testing operations,
and radiological survey equipment, such as smear tools and holder,
a smear counter, a gas counter, and radiation detectors. Rags for
spot—-decontamination, a contalner for solid radioactive waste
(e.g., contaminated rags), and smear pads are supplied in the

storage area.
There is a laydown platform for the outer closdre head and

cagsk-to-hot-cell adapter. A closure head support stand, similar

to that used at GE-Morris (described in Subsection 3.4), prevents
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damage and allows visual inspection and replacement of the closure
head seal. Lifting fixtures necessary for handling the outer
closure head and cask-to-hot-cell adapter are alsgo stored on the

platform.

Each preparation station has an elevating platform that
encompasses the ~ircumference of the cask, The platform affords
operators easy access to the entire cask surface for performing
the radiologlical survey and spot-decontamination operations. The
platform folds up to allow transfer of the cask to and from the
preparation station. The platform is also designed to extend
horizontélly toward the cask to accommodate both truck and rail
casks, The conceptual design of the platform 18 similar to that
being used at Germany's Gorleben gtorage facility, 1llustrated in
Blomeke (1988),

The cavity gas-sampling, venting, and leak-testing equlpment is
located under the storage platform to allow for more laydown space
on the platform. The equipment includes a high-volume vacuum pump
(and low-volume pump, if necessary) and filter. The vacuum pump
exhaust 1s connected to the filtered ventilation exhaust system.
Equipment process lines run up te the equipment storage platform,
vhere necessary gauges and valves are provided. Process hoses on
the equipment storage platform interface with the cask and the

process lines.
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CASK MAINTENANCE AREA

The conceptual deslgn of the cask maintenance area is described in
this sectlon. The facllities nreded to perform the cask
maintenance operations comply with Appendix B of the Generic
Requlrements document (DOE, 1986a).

The conceptual design is based on the expected (and assumed)
frequency of cagk malntenance, decontamination, and
reconfiguration operations discussed in Sectlon 3.0. In addition,
the cask maintenance area 1ls designed to allow these opgrations to
be performed efficlently while minimizing operator exposures and

the potential spread of contamination.

General Arrangement

The cask maintenance area consistg of the following four general
facilities:

0 Malntenance/preparation stations
0 Decontamination and reconfiguration facilities

0 Maintenance shop
o  Temporary cask gtorage area

The maintenance/preparation stationsg are designed to facilitate
nonroutine cask maintenance and some routine cask preparation
operations for shipment offsjite. The decontamination and
reconfiguration facilities are designed to facilitate

(1) automated cagk exterior decontamination, (2) cask inner cavity
and internal component decontamination, and (5) cask
reconfiguration. The maintenance shop supports cask and equipment

maintenance operations.

5--1



Figure 5-1 deplcts the general 1ayout of the cask maintenance
area, Flgure 5-2 presents a more detailed arrangement of this
area, showing both the facilitles and the equipment., Major
features of the cask maintenance area are described below., The
four general facllitlies of the maintenance area are described in

the subsections that follow.

As 1llugtrated in Figure 3-2, the cask maintenance area 18 located
at -the end of the cask preparation area. Thilg arrangement allows
casks to be transferred from the preparation area to the
maintenance area for performing nonroutine decontamination and
maintenance. Time-consuming nonroutine operations are performed
offline in the cagk maintenance area so that the cask preparation
stations described in Subsection 4.2 can he used for processing
additional casks. This increases the overall throughput rate of

casks in the cask preparation area,

The 150-ton bridge crane described in Subsection 4,2 transfers
casks from the cask preparation area to the cask maintenance

arca, The casks can be placed at elther of the two cask
maintenance/preparation stations or, if neither of the stations ig
avallable, at the tempciry cask storage area, As 1s the case in
the cask preparation area, there is enough space for

(1) transferring casks to locations in the cask maintenance area
(1.e., maintenance/preparation stations and tempcrary storage
area), (2) minimizing the height the cask is lifted, and

(3) avoiding lifting the cask over other casks.

As shown in Figure 5-2, there are two process lines for casgk
maintenance, decontamination, and reconfiguration operations. On
the basis of preliminary time estimates, two process lines will
accommodate the expected frequency of casks requiring nonroutine
maintenance, decontamination, and maintenance, FEach process line
has a transfer car, similar to those used in the cask preparation
area, to move the cask between the maintenance/preparation

stations and the decontamination and reconfiguration facili.les,
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Cask decontamination support equipment (not shown in Figure 5-2),
including a tank, pump, and filter, is used to collect the process
liquid waste generated in the cask maintenance area, prior to
directing the waste to the repository radiocactive waste treatment
facilities (described in SNL, 1987).

The four general facilities constituting the cask maintenance area

are described below.

Maintenance/Preparation Stations

The maintenance/preparation stations are similar to the stations
in the cask preparation area. There are two stations equipped
with cask transfer cars, elevating platforms, and a platform for
equipment storage and laydown. The cask transfer car and
elevating platform are of the same design as those in the cask

preparation area and serve similar purposes.

The following functions are performed at the maintenance/

preparation stations:

o Cagk cavity flushing and sampling

o Nonroutine cask maintenance

o Decontamination and maintenance verification

o Cask preparation for shipment offsite

Cask-flushing equipment 1s provided to flush the cask cavity, to
fill the cavity for internal decontamination, to conduct
maintenance and reconfiguratlion operations, and to purge the
cavity of any contaminated water. Equipment is also furnished for

sampling the levels of mobile contamination in the cask cavity.

Major cask-flushing equipment is located under the equipment

storage platform, This equipment consists of supply and drain
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5.3.1

hoses and pumps (if necessary). Other equipment, such as
penetration valve attachments, water sample bottles, and
radiological instruments for analyzing the water sample, is

located on the equipment storage platform.,

Cask maintenance operations that can be performed at the stations
are those described in Subsection 3.4.4, except replacement of
fuel baskets and fuel spacers. The flushing equipment described
above 1s also used to fill the cask with water to limit airborne
contamination and provide shielding for operators performing
manual maintenance in the decontamination and reconfiguration
facilities, where the inner closure head is removed., These
maintenance operations may include replacement of the inner
closure head seal, fasteners and helicoils, and inner cavity

penetration valves,

Additional facilities, e.g., leak-testing equipment and
radiological survey instruments, at the cask
maintenance/preparation stations permit decontamination and
maintenance verification and other cask preparations for shipment
offsite., The equipment and instruments are similar to those in

the cask preparation area, described in Subsection 4.2.

If extensive cask decontamination (interior or exterior) or
reconfiguration of the cask internal components is needed, the
cask transfer car moves the cask through the ventilation barrier
doors and into the decontamination and reconfiguration
facilities. These facilitles are described below.

Decontamination and Reconflguration Facilities

General

The decontamination and reconfiguration facilities are used to
perform thorough cask exterior and interior decontamination and
cask reconfiguration operations. There are two process lines with

cask transfer cars that move casks to various cells designed for

H\H\ ||!'l\



5.3.2

specific operations. A transfer cart on a third process line
moves the fuel basket and inner closure head (with the fuel spacer
assembly attached) between cells.

Each cell has shield walls to reduce operator exposures and
ventilation barrier doors to prevent the spread of contamination.
Operating galleries permit personnel access around the
decontamination and reconfiguration facilities and have shielded
viewing stations to facilitate remote operation in certair cells,

There are personnel access doors for each cell.

The decontamination and reconfiguration facilities comprise seven

specific areas designed to accommodate particular operations:

o Cask exterior decontamination cell

() Cask interior decontamination station

o Cask interior decontamination and spacer changeout area
o Spacer and basket removal cell

o] Spacer and basket decontamination cell

o} Spacer transfer station

o Basket and spacer storage cell

The conceptual design of each of these facilities and the

operations associated with them are described below.

Cask Exterior Decontamination Cell

The cask exterior deccntamination cell 1s used to perform a
thorough remote-automated decontamination of the cask surface.
Remote decontamination operations can also be performed in the
cell. The cell confines contamination during exterior
decontamination operations, and ventilation exhaust is directed

through filte.s prior to release.

The cell is located adjacent to the maintenance/preparotion
stations so that casks that require only exterior decontamination

can be processed with minimal movement. Other casks that require

(63}
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exterior decontamination after internal decontamination and
reconfiguration operations can be decontaminated and then moved
directly to th: maintenance/preparation station. This arrangement
facilitates efficient cask-handling operations. Ventilation
barrier doors at each end of the cell allow casks to move to and

from the exterior decontamination cell,

A set of spray headers 1s used to decontaminate the cask exterior
surface. The headers are retractable to adjust for differences in
cask diameters. Each header is equipped with a system of
high-pressure spray nozzles. The spray header system is supplied
with steam, water, and chemical solutions. The pressure,
temperature, and mixture of the decontamination liquid are
adjustable to accommodate specific decontamination needs.

Remctely operated spray wands (not shown in Figure 5-2) are
provided at the viewing stations to allow operators to perform a

directional spraydown of specific areas of the cask.

The floor of the exterior decontamination cell slopes toward a
sump, where contaminated liquid waste 1s collected. This liquid

is directed to the repository waste treatment system,

The cask exterior decontamination cell is also designed to
accommodate the removal of the inner closure head and fuel

basket. A hatch in the roof slab affords access to the spacer and
basket removal cell, located above the exterior decontamination
cell., The spacer and basket removal cell design and operations

are described in Subsection 5.3.5.

Cask Interior Decontamination Station

The station is designed so that cask interior decontamination
operations can be performed from above, in the interior
decontamination and spacer changeout area. A hatch in the roof of
the station permits access between the two areas. Ventilation

barrier doors that allow cask movement in and out of the station



separate the station from both the exterior decontamination cell
and the basket and spacer storage cell. To allow emplacement of
fuel baskets (if required), access is provided from the station
into the basket and spacer storage cell.

Cask Interior Decontamination and Spacer Changeout Area

The cask interior decontamination and spacer changeout area is
designed to facilitate extensive cask Interior decontamination and
fuel spacer changeout operations. Since these operations are
performed manually, as described in Subsections 3.4.2.2 and 3.4.5,
respectively, operators occupy this area during interior

decontamination and fuel spacer changeout operations.

Hatches in the floor slab permit access to each of the cask
interior decontamination stations, where the casks are
positioned. A portable railing around the hatch enhances safety
when the hatch is open.

Wet vacuum and sluicer equipment is supplied for each cask process
line to perform the cask interior decontamination operations. A
manually operated, long-handled sluicer, equipped with a vacuum
attachment, is used to decontaminate the cask cavity. The sluicer
and vacuum are equipped with water and vacuum process lines,
respectively. ,There 1s an equipment cabinet containing a vacuum
pump and necessary gauges, valves, and attachments. The
contaminated liquid collected by the vacuum during decontamination

is directed to the repository waste treatment sys .m.

The area is also designed to facilitate fuel spacer changeout. A
5-ton bridge crane in the cell removes the inner clogure head
(with fuel spacer attached), through the hatch that accesses the
spacer transfer station be.ow (described in Subsection 5.3.7). A
stand, similar to that described by Schmid (Appendix A-1), is used

to support the inner closure head for fuel spacer changeout.

After the fuel spacers have been removed from the closure head and

decontaminated, they are stored in a storage area. Because truck

5-10



5.3.5

cask fuel spacers are changed more frequently than rail cask fuel
spacers, the interior decontamination and space changeout area has
a truck cask spacer storage area. Storage space is available for
an assumed number of 40 truck spacers (assemblies) of about 2 ft
in diameter. Because of their larger size, rail cask fuel spacers
are stored in the basket and spacer storage area described in
Subsection 5.3.8. The 5-ton crane transfers the rail spacers to
and from the spacer transfer and inspection station for storage
and retrieval, respectively. There 1s a storage area for the

tools necessary for fuel spacer changeout operations.

In addition to interior decontamination and reconfiguration, the
facility has the capability of replacing inner closure head seals
if the operation cannot be performed at the maintenance/
preparation stations; previously described. The inner closure
head stand used for fuel spacer changeout can also accommodate

gseal replacement.

Spacer and Basket Removal Cell

The spacer and basket removal cell is designed to be capable of
remotely removing the inner closure head (with the fuel spacer
attached to it) and fuel basket from either of the cask exterior
decontamination cells and transferring them to the spacer and
basket decontamination cell (described in Subsection 5.3.6).
Because of the high radiation and contamination levels associated
with baskets and spacers, this cell is designed as a contained
area, equipped with a filtered ventilation exhaust to prevent the
spread of contamination and shield walls to reduce operator

exposure.

A 5-ton bridge crane handles both the inner closure head and fuel
basket. The crane\is operated remotely from either of the viewing
stations in the operating galleries at each end of the cell. Two
hatches permit access to the casks in the cask exterior
decontamination cells located below. A CCTV enables the operator

to view crane cperations through hatches when removing the



5.3.7

components from the cask, Another hatch in the middle of the cell
floor 1s employed to transfer the inner closure head and fuel
basket to the spacer and basket decontamination station located
below, as described in the subsection that follows,

There is sufficient laydown area in the spacer and basket removal
cell for the necessary lifting fixtures as well as the inner

closure head, if required.

Spacer and Basket Decontamination Cell

The spacer and basket decontamination cell is designed to
facilitate remote-automated and remote methods for decontaminating
fuel spacers (attached to the inner closure head) and fuel
baskets., As recommended by TN (1988), the spacer and basket
decontamination cell is enclosed and separated from the cask
cleaning areas, The facility design and the equipment furnished
in the cell are the same as those used for the cask exterior

decontamination cell,

The decontamination cell receives inner closure heads and fuel
baskets from the spacer and basket removal cell through the hatch
in the cell ceiling. A transfer car, designed to accommodate
inner closure heads and fuel baskets, supports the components
during decontamination and transfers them out of the cell for
further processing. A roll-up ventilation barrier door separates

the cell from the spacer transfer station.

Spacer Transfer Station

The spacer transfer station is designed to allow the
decontaminated inner closure head and fuel =spacer to be
transferred into the interior decontamination area located above,
The station also permits remote visual inspection of fuel baskets
and spacers, if necessary, as recommended by TN (19885. Although
the potential for contamination and radiation levels are

relatively low in this area, the station is designed as a
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contained area and is equipped with filtered ventilation and
shield walls. Even after decontamination of the fuel basket, the
expected levels of contamination warrant the use of flltered
ventilation and shielding of the station. Roll-up ventilation
barrier doors at each end of the station allow the transfer car
and its cargo to interface with both (1) the spacer and basket

decontamination cell and (2) the basket and spacer storage area,

In addition to the viewing wihdows located on each side of the

station, there is a remotely operated CCIV system in the station
to allow visual inspection of fuel baskets (as recommended by TN
[1988]). After visual inspection, baskefs are transferred to the

basket and spacer storage cell for storage.
The station also allows rail cask spacers to be transferred
between the internal decontamination and spacer changeout area and

the basket and spacer storage cell.

Basket and Spacer Storage Cell

The basket and spacer storage cell permits the storage of fuel
baskets (for both truck and rail casks) and rail cask fuel
spacers, and facilitates remote emplacement of baskets in casks.
Because of the levels of contamination on decontaminated fuel
baskets (up to 1,000,000 dpm/100 cmz [NAC, 1988]), the storage
area design provides containment, filtered ventilation, and
shielding.

A remotely operated, 5-ton bridge crane is used for handling the
fuel bhaskets and spacers. The crane 1s operated from the viewing
stations in the operating galleries, at each end of the area (both
upper and lower floors). The cask cavity can be observed from

windows in these stations and via the CCTV mounted on the crane.

If casks require a fuel basket, the cask transfer car 1s moved
from the interior decontamination station to the basket

emplacement station in the basket and spacer storage cell.
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A ventilation barrier door connects the storage area with the

gpacer transfer and inspection station,

The cell is designed to store an assumed number ¢7 6 truck cask
baskets (approximately 2 ft diameter), 4 rail-cask baskets
(approximately 5 ft diameter), and 20 rail-cask spacer
assemblies. Equal numbers of PWR and BWR fuel baskets can be

furnished.

Mairtenance Shop

The maintenance shop supports the cask and equipment maintenance
operations. It 1s sized to accommodate the storage of cask

replacement parts, a work area, and support offices.

Certified cask replacement parts, such as closure head O-ring
seals, valves and valve components, fasteners, helicoills, and
other hardware, are stored in the shop. Replacement parts are

supplied for the cask types addressed in Subsection 2.2.

The shop contains a work area equipped with tools, work benches,
decontamination equipment, and calibration instruments. There is
an electropolishing tub for the decontamination of tools and
parts., Calibration instruments are furpished for equipment and
tools used for both the cask preparatidn area and the cask

maintenance area.

The shop also contains a QA office for cask maintenance

documentation and a health phyvsics office.

Temporary Cask Storage Area

The temporary cask storage area is used when the maintenance/
preparation stations are occupied or a transfer car in the cask

preparation area is not readily available. The temporary storage

.area 1s sized for the storage of 4 casks (either rail or truck).
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CONCLUSIONS AND RECOMMENDATIONS

Study Regults

This study discusses the design requirements and performance
criteria in DOE (1986a) and other documents pertaining to cask
decontamination and maintenance, specifically in the areas of
contamination control, replacement of removable cask components,
and storage of interchangeable cask comporients. Conceptual designs
of the cask preparation area and cagsk maintenance area are
developed to comply with these requiréments. It is recommended
that these concepts be c¢nsidered in further stages of design of
the repository receiving facilities.

An in-depth analysis of cask-processing operations has been

performed in this study to identify cask decontamination and

maintenance tasks required at the repository. The analysis

provides a basis for the conceptual design of facilities necessary
to accommodate the tasks, A summary of the cask processing

operations and associated facilities is shown in Figure 6-1.

Various cask-processing operations are identified in this study
that have not been considered in detail 1In previous conceptual
deslgns, including quantification of cask internal residual
contamination, cask containment leak testing, and internal
decontamination. It is recommended that the cask-processing
operations identified in Section 3.0 of this report be addressed

further in future repository design studies.

The cask preparation area and cask maintenance area described in
this study are designed using a modular approach so that the
concepts may be incorporated into the design of other cask-handling
facilities (e.g., the MRS). They are also designed to be easily
modified as the repository responsibllities for cask maintenance,
internal decontamination, and reconfiguration operations are

further defined,
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Even if the Federal Waste Management System (FWMS) includes a cask
maintenance facility (CMF), it is recommended that cask
reconfiguration nperations for fuel spacer changeout be performed
at the repository. This maximizes cask availability and reduces
the number of casks that have to be sent to the CMF.
Reconfiguration requirements of the FWMS facilities are

recommended for further study.

Areag for Further Study

Because of the lack of design information for casks being
developed for use in the FWMS, the cask-processing operations
identified in this report are based on an assumed cask system
design. As new casks are developed, the cask-processing
operatiors and associated repository design should be updated for

applicability to the specific cask designs.

A review of requirement documents for the various facilities in
the FWMS (DOE, 1986a; Attaway, 1988; Shappert, 1988) indicates
that requirements for cask reconfiguration at each of the
facilities are not clearly specified. Reconfiguration
reguirements will depend on a variety of factors, such as cask
fleet size and transportation scheduling. The requirements for
cask reconfiguration at the repository are recommended for further

study.

As discussed in Subsections 2.3.5 and 3.4.2, the limits for
interior contamination in unloaded casks for shipment offsite
stated in DOE (1986a) may be impracticable or unattalnable. The
acceptable levels of Interior contamination of unloaded casks
specified In transportation system requirements documents
(Shappert, 1988; Attaway, 1988) are less stringent. The
requirements for internal contamination should be studied further
and, for the sake of consistency, revised in the relevant

requirements documents.
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The cask interior decontamination operations developed in this
study are based on various assumptions, including the expected
levels of contcomination, the acceptable levels of contamination,
and the estimated frequency and effectiveness of cask internal
decontamination. It is recommended that the buildup of
contamination in cask interiors be studied further to better

ldentify associated decontamination requirements.

The conceptual design of the cask preparation area developed in
this report is based on the use of robotic methods for performing
preparation operations on loaded casks. The feasibility of
robotic operations and the ability to reduce operator exposures
should be addressed in future studies, Comparisons of manual,
remote, and remote-automated (robotic) methods should be
considered in the areas of cost, operability, maintainability, and

occupational exposures.

Dry cask unloading and maintenance operations, similar to those
proposed at the repository, are used at COGEMA's La Hague Plant
(Blomeke, 1988). Published information pertaining to design and
operation details is limited. Therefore, a tour of the La Hague
facilities should be made to observe operations and design details

to facilitate the development of the repository design.
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Appendix A-1

Personal Communication
General Electric Morris Operations

From: Douglas J. Hartman To: Steve Schmid
of: Bechtel National, Inc. Of: ' General Electric
At: San Francisco, CA At: Morris, IL

Date: Various times between January 18, 1988 and March 2, 1989

D. Hartman and S. Schmid discussed the handling and processiing of spent
fuel transportation casks at General Electric's Morris Operations
(GE-Morris). The faclility receives spént fuel shipments mainly via rail
using IF-300 transportation casks; several shipments by truck utilizing
NLI 1/2, NAC-1, IF-100, and IF-200 transportation cask have also been
received. The facility 1is designed for cask-unloading operations
directly adjacent to the spent fuel storage pool.

A health physics survey of the shipment, consisting of radiation and
contamination measurements, is performed prior to unloading the cask from
the carrier (railcar or truck trailer). Schmid stated that approximately
40 contamination swipes are taken from the exterlor surface of the IF-300
cask and about 10 swipes are needed for a contamination survey of the
carrier. It takes two operators from 30 to 40 min to perform the
contamination swipes of the incoming shipment. An average of 90 min is
required to count the swipes and obtain the results. According to
Schmid, approximately 10 out of 120 loaded casks recelved at the facility
have exceeded the limits of 49 CFR 173.443(a) for removable surface
contamination (22 dpm/cm2 beta-gamma, 2.2 dpm/cm2 alpha), and on one
occaslon, a cask exceeded the limits of 49 CFR 173.443(b) (220 dpm/cm2
beta-gamma, 22 dpm/cm2 alpha).

After the cask has been unloaded from the carrier, its exterior surface
1s routinely washed and decontaminated, if required. Dirt or oils on the
cask tend to make subsequent decontamination more difficult. The IF-300
rall casks received at GE-Morris frequently have significant amounts of
diesel o0ils on their exterior surface from locomotive exhaust. A
solution of trisodium phosphate and hot water is typically used for the

wash and decontamination of the exterior surface of the cask.
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The IF-300 cask cavity is filled with deionized water. A sample of the
water is obtained for analysis to determine the general condition of the
spent fuel, as well as the "mobile" radioactive contamination bulldup in
the cavity. A gamma scan of the water in the sample bottle 1is performed
to determine the isotopic concentration of the sample. Schmid provided
values of the cavity‘water sample that he felt were representative of
what 1s usually experlenced for the IF-300 cask. These values are as

follows:

o} Initial water sample reads 16,000 dpm/ml of Co-60. After the
cavity has been flushed for 30 min, the concentration is reduced
to 1,800 dpm/ml of Co-60.

0 Concentration of cesium is typically in the range of
1073 uCi/ml. The facility license limit for fuel unloading
1s 1071 pci/mi.

Subsequent to obtaining the water sample, the IF-300 cask cavity is
flushed with the deionized water at a flow rate of 30 gpm for about

1/2 hr, corresponding to approximately one volume of the cask cavity.

The flush solution and cavity cover gas are directed through the facility
drain lines to the spent fuel storage pool line filter. According to
Schmid, because of the buildup of crud in the cask drain hoses, the hoses
require replacement about once a year to reduce operational radiation

exposures.

For the NLI 1/2 transportation casks, the pressure of the volume between
the inner and outer closure heads (outer cavity) is routinely checked
prior to removing the outer closure head. Sampling of the primary
containment (inner cavity) of the NLI 1/2 is similar to sampling of the
IF-300.

After the primary containment has peen sampled and flushed, the closure
head bolts are loosened and most of them removed. The remaining bolts

are removed prior to submerging the head of the cask in the fuel pool.

Because of the spring-loaded design of the closure head Graylock O-ring
seal, the bolts on the IF-300 cask head are loosened sequentially.
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Schmid indicated that it takes two operators from 1 to 3 hr to loosen and
remove the 32 bolts (using air wrenches) on the IF-300 cask closure head.

Once the cask has been placed at the bottom of the fuel pool, the closure
head is lifted off the cask and removed from the pool, and remains
suspended from the crane. The closure head seal is visually inspected
for damage or wear and tear. Schmid stated that the closure head seal on
the IF-300 cask is replaced every 5 shipments (or 10 closures). The
T-section O-ring seal is held in place to the closure head by three
retaining clips and set screws. Schmid noted that it takes two operators

abproximately 30 min to replace the seal,

After fuel unloading, the cask cavity and closure head seal surfaces are
visually inspected using an underwater camera. The cask is removed from
the storage pool, and the cavity 1s drained upon completing the visual
inspection of the cask cavity. Before the closure head is reemplaced on
the IF-300 cask, the cavity is surveyed to determine the radioactive
sontent of residual contamination buildup for the shipping manifest. The
inner closure head on the NLI 1/2 needs to be reemplaced to drain and
purge the inner cavity of any free-standing water. The closure is
removed to survey the inner chvity. Schmid said that a combination of a
contamination swipe and direct radiation measurements is used to

calculate the radioactive content of the unloaded cavity.

A swipe 1is obtained from the fuel basket, near the head of the cask, and
analyzed to determine the isotopic distribution of the radioactivity in
the cavity. Although the surface is damp during the swipe, the swipe,
according to Schmid, is used strictly for qualitative purposes, thus not
affecting the results of the calculated gross activity in the unlecaded
cask. Direct radiation measurement of the cask cavity 1s subsequently
obtained. Schmid pointed out that for the IF-300 cask, typical radiation
levels run on the order of 40 R/hr at the top opening of the cask and up
to 100 R/hr near the bottom of the basket,

Schmid indicated that the calculated gross activity levels in an unloaded
IF-300 cask cavity are on the order of 7 Ci, consisting mostly of Co—60;
Ni-63, and Fe-55. The average activity levels correspond to Type A
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quantities as defined in 49 CFR 173.431. Thus, ' .e unloaded casks are
shipped as Type A packages of radiocactive materials. Schmid said that he
has never run across unloaded casls containing Type B quantities of
radioactivity.

After the radlation measurements of the cask cavity have been taken, the
closure head is reemplaced and the bolts are torqued, Schmid stated that
the cask cavity is not routinely flushed after fuel uiloading, The cask
cavity of the IF--300 is purged to remove any standing water and then
filled with helium for leak testing. Each cavity penetration valve aid
the closure 1lid seals are lenk-tested, A thermostatic conductivity
sniffer probe is utilized for detecting helium leakage through the valves
or closure head seals. Schmid noted that the residual water typically in
the cask cavity after draining and purging does not significantly affect
the sensitivity of the leak test. He added that each penetration valve
seal requires about 15 min for leak testing, as opposed to around 30 min

for the closure head seal.

Even though leak testing 1s not required by the regulatory agenciles for
Type A packages, Schmid noted that it is routinely performed on IF-300
casks because if any faulty seals are detected, the facilitles and spare
parts are readily avallable on site. He added that the helium leak test
is tedious and takes more time than the pressure tests required on other
cask types. He suggested that routine leak tests be made simple and ag

easy to interpret ar possible.

Before the cask 1s loaded on the carrier. the exterior surface of the
cask is decontaminated to one half the DOT limits specified in

49 CFR 173.443(a) for shipment offsite. Because of the complex geometry
of the exterior of the IF-300 cask, the decontamination operations
include the use of spray wands (supplied with high-pressure steam or
decontamination solution) and manual scrubbing. Schmid stated that more
than 10 hr is spent decontaminating the exterior of the IF-300 prior to

shipment oiffsite.

During annual (or internal) maintenance or cask reconfiguration, the

IF-300 cask is placed in the spent fuel pool to accommodate the removal
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of the fuel basket, schmid sald that it takes approximately 1-1/2 hr to
remove the fuel basket. An underwater vacuum 1s used to remove loose
contaminants from the fuel basket and cask cavity.

On IF-300 casks, fuel spacers, provided for each fuel channel of the fuel
basket, are attached to a mounting plate that bolts to the underside of
the closure head. The fuel spacer "assembly" 1ls reemplaced by placing
and mounting the closure head on a stand that is designed to flip the
closure head upside down., The bolts that hold the spacer assembly are

removed, and a crane lifts the spacer assembly from the closure head.

Bottom spacer configuration for the IF-300 requires that the individual
spacers be lowered into each fuel channe! -.d rest on the bottom of the
cask backet. ©Schmid stated that the spacers will occasionally migrate up
the fuel channel during transport of an unloaded cask, After the cask
hes been upended, the aspacers may not reposition‘themselves at the bottom

<f the basket, in which cese manually repositioning of the fuel spacers
is required.

Annusl maintenance and testing of the IF-300 include leak testing of the
closure lid and penetiation valves, The leak-testing procedure for the
closure lid seal is similar to that performed routinely for shipment of
the cask offsite, except that the sensitivity of the test is
significantly enhanced. Penetration valve testing requires removal of
the valve, as is the case with the cavity pressure relief device. The
device on the IF-300 cask needs to bhe tested annually., This testing
involves the removal of the valve from the cask, which is a 1 hr
operation. Additional annual maintenarce includes neutron shield fluid

testing, trunnion load testing, and cask support plate testing,
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Appendix A-2

Personal Communication
Babcock and Wilcox - Lynchburg Research (Center

From: Douglas J. Hartman To: Steve Schilthelm
of: Bechtel National, Inc, 0f: Babcock and Wilcox
At San Francisco, CA At: Lynchburg, VA

Date: Various times between February 24, 1988 and March 2, 1989

D, Hartman and S, Schilthelm discussed handling and processing of spent
fuel transportation casks at Babcock and Wilcox's Lynchburg Research
Center (LRS). Spent fuel is shipped to LRC in the NLI 1/2 truck
transport cask., On occasion, the NFS-4 (NAC-1) truck cask has been
utilized for the shipment of spent fuel to the facility,

The LRC facllity is designed for cask unloading in a spent fuel pool,.
.The cask-handling facilities at LRC conslst of a shipping and receiving
bay, a cask preparation area, and a spent fuel unloading/storage pool. A
ventilation barrler separates the cask preparation area from the shipping
and recelving bay., Because of the limitation on the depth of the pool, a
hot cell 1s located over part of the pool to accommodate the removal of
spent fuel from the cask,

Most spent fuel shipments received at LRC are in the form of rods, as
oppoged to intact assemblies, Special baskets (or tubes) are provided
for the NLI 1/2 cask to accommodate the fuel rods., Each basket has a
capacity of approximately a dozen rods. The entire bagket is lifted from
the cask into the hot cell for unloading the fuel rods,

A health physics survey of the incoming shipment, congisting of radiation
and contamination measurements, is performed prior to unloading the cask
from the carrier. Routinely, 50 contamination swipes of the NLI 1/2 cask
exterior and 12 of the trailer are obtained. In addition, about a half
dozen swipes of the impact limiters are obtained after the latter are
removed from the cask. According to Schilthelm, this is done because the
limiters are gtored in the shipping and recelving bay (a noncontamination
area), Schilthelm stated that nearly all of the shipments received at
LRC have met the regulatory limits for removable surface contamination,

Decontamination of the exterior surface of casks received at LRC is rere.
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Cask preparations for unloading fuel from the NLI 1/2 begin with checking
the pressure in the volume between the imnner and outer closure heads
(outer cavity). This pressure check is performed to verlfy that the
inner closure head seal integrity was maintained during transport, The
outer closure head is removed after the pressure check, Schilthelm said
that 15 to 20 min are required to unbolt, remove, and store the outer

closure,

Removal of the NLI 1/2 outer closure head provides access to the inner
cavity penetration valves for performing a pressure check and for
sampling the primary contalinment (inner cavity). Swipes of the cask
outer cavity are obtained prior to these operations, Schilthelm stated
that the outer cavity is typically free of removable contamination.

Two methods have been used for sampling the inner cavity at LRC. In the
first (and more common) method of inner cavity sampling, the cavity is
purged with delionized water and a sample nf the water obtained. The
water sample 1s analyzed for gamma emitters, Schilthelm indicated that
there are no facility limits of radioactive concentrations found in the
samples for fuel unloading. Since the fuel pool contains so much failed
fuel, there 1g little concern about the results of the water sample
analysis. Schilthelm added that significant amounts of Kr-85, diluted in

the water sample, have occasionally been detected.

In the second method of inner cavity sampling, a sample of the cover gas
is obtained. Thils method involves purging the cavity with deionized
water and securing a sample of the displaced gas for analysis.
Approximately 1/2 hr is required for obtalning and analyzing the gas
sample. Schilthelm pointed out that this method is used only if required
by the client,

After the cask ilnner cavity has been sampled, the inner closure head
bolts are loosened and all but a few removed., The remaining bolts are
removed before the cask head 1s submerged in the pool. Schilthelm stated
that the cask exterior gurface 1s sprayed down with deionized water as it
is lowered into the pool. The "film" of deionized water has proved to be
effective In reducing the amount of pool water contamination that is

attracted to the cask surface during fuel unloading.
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Once the cask has been placed in the fuel pool, the inner closure head is
removed from the cask and taken out of the pool for visual 1inspection.
Fuel-unloading operations are subsequently performed. According to
Schilthelm, the inner closure head seal surfaces are visually inspected

while the cask is being removed from the pool.

As the cask is removed from the pool, the exterior surface 1s sprayed
with deionized water and then hand-wiped dry. Schilthelm said that since
LRC's fuel pool is relatively clean, wiping down the cask exterior
surface usually decontaminates the surface enough so that it meets DOT
standards. He added that the levels of cask exterior surface
contamination are kept down to about 10 dpm/cm2 (beta-gamma) for

shipment offsite.

After the cask has been removed from the pocl, the inner closure head is
reemplaced and the inner cavity is purged to remove free-standing water.
Schilthelm stated that the inner cavity of the unloaded cask is not
routinely flushed. He added that some facilities to which the casks were
to be returned did require cavity flushing at LRC prior to shipment
offsite. The inner closure head is removed after purging to quantify the
radioactive content of the unloaded cask cavity for the shipping
manifest. Schilthelm indicated that a combination of a swipe and direct
radlation measurements is used to quantify the radicactive content of

contamination buildup in the cask cavity.

A swipe of the inner cavity surface, near the top end of the cask, is
obtained. Schilthelm stated that the efficiency of the swipe is
typically low because the contamination forms an oxide layer that makes
it difficult to remove. Because inner cavity swipes at LRC have
sometimes produced radiation levels on the order of 1 mR/hr, Schilthelm
warned that care should be taken not to apply too much pressure when
swiping the cavity. Unless the shipment contained failed fuel upon
receipt at LRC, the swipe is analyzed only for gamma emitters. The

predominant peaks of the gamma scan identify the isotopic content.

After swiping, a direct radiation measurement is taken of the inner
cavity. Radiation levels at the top opening of the NLI 1/2, with the

closures removed, are on the order ot 1 R/hr. ‘The results ot the swipe
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and radiation measurements are used to calculate the isotopic and gross
activity levels. Schilthelm stated that calculated gross activity levels
of unloaded NLI 1/2 casks typically average from 100 mCl to 500 mCi, |
These levels, resulting mostly from Co-60 and cesium, correspond to

Type A quantities.

According to Schilthelm, the cask Certificate of Compliance (CoC)
requirements for leak testing do not need to be met if the cask
radioactive content does not exceed that of Type A quantitles. He added
that he has not come across any unloaded casks at LRC that have had
residual contamination buildup exceeding Type A quantities of
radioactivity.

Routine cask maintenance at LRC is limited to visual inspection of the
cask components for wear and tear. Inner closure O-ring seals have been

replaced at the facility, the operation taking 15 to 20 min.

Schilthelm stated that fuel baskets have been removed from the cask
cavity in the cask preparation area at LRC. The baskets typically
produce radiation levels on the order of 50-60 mR/hr at 1 m. He added
that, upon removal, the baskets are covered with plastic before they have
a chance to dry. This is done in order to avoid airborne co.utamination

problems.
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Appendix A-3

Personal Communication
Savannah River Plant - Receiving Basin for Offsite Fuel

From: Douglas J. Hartman To: Joseph Stapf
Of: Bechtel National, Inc. Of: Westinghouse Savannah River Co.
At: San Francisco, CA At: Ailken, S.C.

Date: Various times between January 14, 1988 and April 3, 1989

D. Hartman and J. Stapf discussed the handling and processing of spent
fuel transportation casks at the Savannah River Plant's Receiving Basin
‘for Offsite Fuel (SRP-RBOF). Spent fuel has been received at the
facility in a wide variety of casks including the NLI 1/2 and NFS-4
(NAC-1) truck transportation casks. The faclility currently receives only
spent fuel from research reactors, the majority of which comes from
overseas, The facility 1s designed for cask unloading in a spent fuel

unloading/storage pool.

A contamination survey of the exterior surface of casks received at the
facility consists of 20 to 30 swipes. Stapf sald that the number of
swipes taken may vary considerably, depending on the cask type. He
stated that it takes from 1 to 1-1/2 hr to obtain, count, and record the
regults of the swipes. Significant levels of contamination on the
exterior surfaces of the casks received at the facility are infrequent.
Nearly all the shipments received at the facility have met the regulatory
contamination limits of 49 CFR 173.443(b) (220 dpm/cm2 for beta-gamma
emitters and 22 dpm/cm2 for alpha emittersg). Thus, decontamination of
the cask exterior prior to fuel unloading is seldom performed. Stapf
added that experience at the facllity with "weeping" of contamination
from the cask surface has been limited to localized areas of the cask,
Higher levels of contamination are generally found on weld seams and

valve ports.

Cask preparations for unloading fuel from the NLI 1/2 begin with
routinely venting the outer cavity to the facility offgas system. Next,
the outer closure head captive bolts are loosened and removed. Removal

of the bolts takes about 15 min. The outer closure 1s removed, and
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preparations are made for sampling the primary containment (inner
cavity). Prior to sampling the inner cavity, the top surface of the
inner closure head is surveyed for contamination. (Generally, the
surveys indicate the contamination level to be low. Stapf stated that
instances have occurred where the levels of contamination were higher
than the operators would like to see. The high levels were attributed to
poor decontamination methods at the cask loading facility.) Next, covers
and extensions of the inner cavity penetration valves on the inner
closure head are removed. The inner cavity cover gaa 1s routinely vented
through the penetration valves to the faclility offgas system. Accessing
the valves and venting the cavity takes from 20 to 30 min.

Stapf indicated that sampling of the inner cavity 1s performed by filling
the cavity with delonized water, allowing it td git for 10 to 15 min, and
obtaining a 100 to 150 ml sample of the water, He added that it takes
approximately 45 min to fill the inner cavity of an NLI 1/2. About a

1 ml portion of the water sample 1s placed on a metal planchet and dried
on a hot plate, The dried sample 1s analyzed for both beta-gamma
emitters and alpha emitters. Approximately 45 min is required to obtain
and analyze the water sample. The limits for placing the cask into the
pool for unloading are dependent on a combination of the activity of the
water sample, the volume of the cask cavity, and the condition of the

fuel pool.

Inner closure head bolts are subsequently loosened and all but a few
removed., The remalining bolts are removed before the cask head is
submerged in the pool. Once the cask has been placed in the fuel pool,
the inner closure head is removed and placed on the floor of the pool.
Stapf stated that a manual hoist is used for removing the fuel assemblies
from the cask., After fuel unloading, the inner closure head is
reemplaced on the cask, which 1is subsequently removed from the pool,

drained of basin water, and placed in the cask preparations area.

Preparation of the unloaded cask for shipment offsite includes purging
the inner cavity with air to remove any free-standing water and
performing any leak tests required by the SARP, Typically, the inner

cavity and basket are not decontaminated unless prior arrangements have
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been made for a specific shipment, The facillity was not provided with
the capability to use more aggressive decontamination solutions and
remote decontamination techniques required to remove heavy contamination
from a severe fuel cladding fallure or residue from a highly contaminated
loading basin,

Prior to shipment offsite, the cask exterior is decontaminated with a
steam lance. The lance 1is supplied with both steam and delonized water
where the mixture of the two can be adjusted. The temperature and
pressure are also adjustable., Clayton Cleaner, a mildly caustic soap, 1¢

usually added to the water to facilitate cleaning action,

For one unique program, Stapf stated that steam lance decontamination of
the cask cavity and fuel basket has been performed at SRP-RBOF, The cask
is placed in the decontamination pit of the cask preparations area, and
the fuel basket 1s raised out of the cask using an overhead crane. 7The
basket is decontaminated manually with a steam lance to levels of
approximately 1,000 to 10,000 dpm/100 cm2 beta-gamma, The cask cavity

1s decontaminated by the same method to levels of about 10,000 to 12,000
dpm/100 cmz. Stapf stated that it takes two operators approximately 8

hr to perform the decontamination operations. Approximately half the
time involves decontamination operations and half for allowing the
surfaces to dry, to swipe, and to analyze the swipes. The starting level
of contamination is estimated to be about 2x the level at completion of

the cleaning operation,

On one occasion an empty cask, previously retired from service, wag
received at SRP with a significantly contaminated cavity.

Decontamination of this cask was a major effort, requiring strong
chemicals in a shirlded Canyon cell normally used to remotely
decontaminate reprocessing equipment. This decontamination cell is not a
part of the RBOF facility and therefore was not designed to easily

accommodate shipping casks for decontamination.



Appendix A-4

Personal Communication
Idaho National Engineering Laboratory - Test Area North

From: Douglas J. Hartman To: Carlan Mullen
0f: Bechtel Natlonal, Inc. 0f: EG&G Idaho
At: San Francisco, CA At: Idaho Falls, ID

Date: Various times between February 11, 1988 and March 6, 1989

D. Hartman and C., Mullen dlscussed spent fuel transportation cask
handling and spent fuel unloading performed at the Idaho National
Engineering Laboratory (INEL) Test Area North (TAN) Hot Cell Facility
The TAN Hot Shop (Cell) Facility is a large (50 ft x 170 ft x 75 ft)
concrete-shielded negative-pressure air atmosphere hot cell equipped with
remote electromechanical handling equipment capable of handling spent
fuel shipping and dry fuel storage casks up to 100 tons. Numerous
remotely operated manipulators and hot cell support systems and
capabilities are available to accommodate air transfer of spent fuel
assemblies and large or small radioactive coumponents., A smaller

(10 ft x 30 ft) hot cell is located adjacent to the Hot Shop for

performing remotely detall examination and testing on radioactive

materials.

The Hot Shop Facility has recelved, handled, and unloaded/loaded numerous
shielded transport casks. A partial list of casks received or handled at
the facility, along with the approximate number of unloadings or

loadings, 1is given below.

Number of
Cask_Name Type _Loadings
NL~1 (gingle fuel assembly) Road 5
CNS-128 (waste liner TMI Road 48
EPICOR)

TN-8L (3 fuel assemblies) Road 30
TMI NUPACT-125-B (7 canisters) Rail to date 37

remaining 23




Number of

Cagk Name Type _Loadings
CNS Castor V-21 (21 fuel Onsite only 1
asgemblies, dry storage)
TN-24 (24 fuel assemblies, dry Onsite only 1
storage)
Westinghouse MC-10 (24 fuel Onsite only 1

assemblies, dry storage)

FMIRC (LOFT single assembly, Onsite only 11
fresh fuel)

Numerous INEL onsite only
casks for trangsport of fuel

and radioactive wastes Road/rail 100
‘ plus
TN-~-BRP West Valley (42 BWR Rail scheduled Oct. '89
fuel assemblies, transport/dry
storage)
TN-REG West Valley (24 PWR Rail scheduled Oct, '89
fuel assemblies, transport/dry
storage)

The major spent fuel shipping campalgn associated with the TAN Hot Shop
Facility used a traller-mounted, over-the-rnad overweight (40-ton),
three-fuel assembly TN-8L transport cask, This cask was leased from
Transnuclear Inc. and was transported under contract with TRI-State
Carrier, Three separate shipping campalgns were conducted sequentially
using the TN-8L cask. A total of 69 PWR fuel assemblies from Virginia
Power Company's Surry Plant; 17 PWR Turkey Point fuel assemblies from the
Engine Maintenance, Assembly, and Disassembly (E-MAD) Nevada Test Site
Facility; and three partially disassembled PWR tuel assemblies from the
Battelle Columbus, Ohio, facllity were received, unloaded, and placed in

dry spent fuel storage casks.

As part of thls storage cask testing project, three approximately 100-ton
spent fuel storage casks were received at the TAN Hot Shop, offloaded
from their transport carrier support frames, and prepared for fuel
loading. After the casks had been loaded with spent fuel, each cask was
prepared for temporary séorage and then moved to a cask test pad adjacent

to the Hot Shop by a special designed cask transporter.
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The TMI core debris currently being transported to the INEL for temporary
storage and examination has also been a major shipping, cask, and fuel
canister handling experience for the TAN Hot Shop Facility. As the table
above indicates, nearly 100 shipping casks will be unloaded and

400 canisters containing fuel debris will be handled and placed in

temporary storage,

Ag the TN—BL‘shipping casks were received at the facility, a receiving
survey was performed which consisted of reviewing the shipping papers,
performing a radiological survey, and inspecting the cask and trailer per
a Transnuclear recelving ingpection checklist. This inspection generally
took approximately 2 hr, On one occasion, however, during the TMI EPICOR
resin waste shipping campaign, a CNS-128 waste liner shipping cask and
transport trailer arrived at the facility significantly covered (1l to 2
in.) with ice and road dirt. The ice was removed by applying a jet of
warm water with a high-pressure spray washer to melt the ice. This
operation took approximately 4 hr, and no radiological problems

resulted, All other shipments have been received and unloaded at the

facility without significant unloading delays.

The TN-8L spent fuel casks used to transport the Surry Power Plant fuel
have been loaded with spent fuel under water at the power plant's fuel
storage pool. In this arrangement, an inflatable shroud prevents most of
the outer surface area of the cask from coming in direct contact with
contaminated water in the storage pool. However, certain portions of the
cask, such as the top and bottom of the cask and the lifting and rotation
trunnions, do come in contact with contaminated pool water. At the Hot
Shop, all cask handling and fuel unloading 1s conducted in air, with the
outer surfaces of the cask covered with a plastic sheet to protect them

from alrborne radioactive contamination.

On a few occaslons, the casks, when surveyed at the Hot Shop during
initial receiving, were found to be slightly contaminated above the
allowable shipping limits., This contamination was detected near the
lifting and rotating trunnions located at the upper and lower portions of
the cask. These areas were not protected by the inflatable shroud used

when the cask was loaded in the reactor spent fuel storage pool.
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The lubricant placed on the trunnions for unloading the cask from the
carrier tended to attract contamination and probably came from surface
Joints near the cask body and trunnion interface. The wvariation of
temperature and humidity level between the Surry Power Plant and the INEL
may account for the sweating of thils contamination from the Jjoiuts. No
contamination problems occurred during the fuel transport from the the
E-MAD Nevada Facility, probably because both fuel loading and unloading
were performed in air and temperature and humialty were similar at both
facilities. The TN-8L casks that were shipped back to Surry were
decontaminated and shipped at one half of the allowable contamination
transport level from the INEL to provide a safety factor. Health physics
personnel from Surry and the INEL were sent to each other's facility to
witness radiological techniques in an attempt to eliminate contamination
problems. During the shipping campaigns, those cagsks found to exceed the
shipping contamination levels were not decontaminated prior to unloading
in the Hot Shop because the levels were low and would not contribute to

existing Hot Shop contamination levels,

Prior to the cask fuel unloading, the casks were covered with a plastic
sheeting to prevent them from being contaminated during the air transfer
of the fuel assemblies to the dry spent fuel storage casks. Because of
the surface temperature of the shipping cask, standard poly sheeting
could be used. However, surface temperatures of the storage casks
required the use of teflon sheeting to prevent melting as well as

contamination.

The TN-8L cask unloading followed standard procedures provided by
Transnuclear for the cask, modified as required to interface with the Hot
Shop equipment and operating requirements, and were reviewed and approved
by Transnuclear. Fission product gas of the cask contalnment was sampled
by attaching a gas collection valve tree furnished with the cask to a
sample cylinder and a connection on the cask lid. This was done to
verify that vented gases, 1f they contalned fission gas, would not exceed
facility stack gas operational limits. The radiocactivity levels of the
gas in the sample cylinder were counted in an adjacent health physics
office using a mass spectrometer. This operation typical took about an

hour and was required before cask venting and 1id bolt removal
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could proceed, No fission gas indications were detected in the unloading
operations of fuel shipped from the Surry Power Plant or the E-MAD
Facllity.

No major contamination spread resulted from the alr transfer of spent
fuel from the TN-8L casks to the spent fuel storage casks. Plastic
sheeting was used on the cask personnel work platform to minimize the
amount of decontamination required after each cask unloading.
Decontamination generally consisted of removing the plastic sheeting in
an inward folding manner to trap any contamination inside the plastic
sheet and a radiologic survey to verlfy that contamination levels were

operationally acceptable, This process took epproximately 3 to 4 hr.

After the fuel had been transferred to the storage casks and the 1lid
placed on the storage caskg, the above decontamination and radiological
survey was completed and the TN-8L cask was prepared for loading into the
transport trailer per Transnuclear procedures. Prior to placing the cask
1lid oh the cask, an internal radiological survey was conducted to
determine the contamination levels in the cask cavity. The 1id was
installed, bolted, and torqued, and the cask cavity was backfilled with
nitrogen gas. The cask was leak-tested and its outer surfaces were
radiologically surveyed and decontaminated as required. The cask was
thern placed on the transport trailer and removed from the Hot Shop, and
final shipping preparations (including a final radiological survey and

preparation of the shipping papers) were conducted.

All operations were conducted using detalled operation procedures with
comment sheets and information fill-in sheets. A detailed report could
be developed by reviewing the facility records. This could be valuable
in developing cask-handling time relationships and would allow a very

detalled estimate of specific cask- and fuel-handling operation times,

The low levels of contamination detected on the outer surfaces of the
casks were removed using standard manual decontamination techniques.
This operation took no more than 1 to 2 hr and was performed in

combination with the finnl radiological surveys.
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To collect samples of the curd and to perform radlological surveys inside
the cask, was an aluminum reach pole with a sticky tape on one end was
used. The tape was placed on the interior bottom of the cask and any
loose material was collected on its surface. The pole was removed from
the cask interior and the tape with attached crud placed in a plastic
sample bag. The radiological surveys were obtained in a similar manner,
except that a standard smear tab was used instead of the tape and the
aluminum pole was moved laterally across the bottom of the cask. Surveys
were algo taken on the upper interior surfaces of the cask by a
technician reaching down into the cask cavity from the top of the cask
1id opening. These surveys provided the information on the internal

contamination for the shipping paper preparation,

The fuel assemblies were specifically identified and characterized for
the testing of dry spent fuel storage cask and rod consolidation
performed at the Hot Shop and therefore may not be representative, as far
as crud is concerned, of fuel that may be received at a repository.
Further information on crud characterization from certain fuel assemblies
shipped to the Hot Shop is available in the final informal report,
entitled "Dry Rod Consolidation Technology Project at the Idaho National
Engineering Laboratory" EGG-WM-8059, April 1988.

At the completion of the E-MAD fuel shipping campaign, one of the TN-8L
casks had a high radiation level reading measured at the lower drain port
at the bottom of the cask, Transnuclear asked that the radiation level
be lowered while the cask remained inside the Hot Shop. It was
determined that contamination had collected in the quick-disconnect
coupling at the bottom drain port on the cask and that this was the
gource of the high radiation readings. The quick-disconnect coupling was
replaced, and the radiation measurement was reduced to allowable shipping

levels,

The TN-8L cask unloading turnaround time averaged between 18 and 24 hr.
The actual turnaround time was a function of the time the cask was
recelved at the facility. Selective overtime was uged to optimize
gingle-gshift facillity trained personnel. Other factors that impacted
cask turnaround time included other Hot Shop programmatic work schedules,
Hot Shop equipment maintenance and breakdown, and dry spent fuel storage

cask testing work performed in combination with the cask fuel unloading.
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Avpendix A-5

Pergonal Communication
Idaho National Engineering Laboratory-Idaho Chemical Processing Plant

From: Douglas J. Hartman Tot Ronald Denny
0f¢ Bachtel Natlonal, Inc. 0f: Westinghouse Idaho, Inc,
At San Francisco, CA At: Idaho Falls, ID

Date: Various times between November 18, 1988 and March 7, 1989

D. Hartman and R. Denny discussed the handling and processing of spent
fuel trangportation casks at Idaho Natlonal Engilneering Laboratory's
Idaho Chemical Processing Plant (INEL-ICPP), Denny stated that most of
the shipments received at the facllity are onsite shipments using the
NFS-100 cask. He added that the facility has recelved offsite shipments
of Ferml fuel in the NLI 1/2. ICPP has handled a large variety of
different cask types, According to Denny, these caska are designed for
aoncommercial reactor fuel and are dimensionally smaller than casks
designed for commercial power reactor fuel. The ICPP facility design
provides for both wet cask unloading in a spent fuel unloading/storage
pool and dry cask unloading in a hot cell. Denny noted that, to date, no
spent fuel has been unloaded in the hot cell.

Denny stated that casks recelved at ICPP are fairly clean.
Decontamination of the cask exterior surface for casks received at the
facility is iInfrequently required., The operation 1s typically limited to
wiping any hot spots on thc cask,

(ask preparations for fuel unloading consist of checking the pressure and
gampling the cask containment (cavity) to determine the condition of the
fuel, Denny indicated that the cask containmeni is sampled by filling
the cask cavity with water and directing a portion of the water to a
bucket as the cavity 1s belng drained. A health physician subsequently
performs a gross direct radiation measurement of “he water contained in
the bucket.

As the cask 18 lowered into the fuel pool for unloading, its exterior

surface is sprayed with deilonized water. Denny indicated thet a "film"

of delonized water will remain on the cask, limiting the amount of pool
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water contamination that coméa into contact with the cask surface while
the cask is in the fuel pool., Denny noted that casks rarely remain in
the pool for more than 2 or 3 hr during fuel-unloading operu”).ns. He
added that gross radioactiviity levels of the pool water at the ICPP
facility run about 10“7p01/m1. Once the cask has been posltioned in
the pool, the closure head 1s extracted from the cask and removed from

the pool for visual inspection of the seal,

Denny stated that cloasure head seals have sometimes beeun replaced at the
facility., The operation involves removing the seal from the clogure
head, cleaning the seal groove (or seat), applying vacuum grease to the
seat, and installing a new seal., Denny noted that the operation takes
about 1/2 hr.

After the fuel hag been unloaded from the cask, the cask 18 ralsed from
the pool. Once the cask head rises above the surface of the water, a
syphon hose is inserted into the cask to drain the cavity. In addition,
the cask cavity and closure head seal suvrfaces are visually inspected at
this time. Denny stated that on the NFS-100, if the cavity 1s drailned
uging only the two 1/2 in, drain valves at the base of the cask, the
operation can take approximately 3 hr. Denny added that draining the
cavity of the NFS$-100 using the syphon takes only about 1/2 hr,

Once the cask cavity has been drained, the closure head 1s reemplaced on
the cask and the cask exterlor surface is decontaminated, Denny stated
that the decontamination operation 1s routinely limited to manually
wiping the cask surface dry. On occasion, commercial cleaning solutions
are used on spots where contamination is difficult to remove. Denny
added that the cask cavity penetrations are not leak-tested before
shipment offsite,

A~20



APPENDIX B

CASK INTERIOR CONTAMINATION DATA



S30UR] We3ls
§31TM UOTJ}RUTHRIUO0D2p I81JV

sutuesajd 1913V

euwed-viag
ewwes-e3ag

euwe3-e33g

UNgs -%Z ‘ODgg - %86 ‘1uamdiys yiinog
0Dg9 - %001 ‘3uawdrys 13sITj
00g9 - %66 ‘3IusmdIys YiInog

: 0)gg - 200! ‘Iusmdrys 3sITg

0Dry - %66 -3udmdIys yiinog
0099 - %66 -3udWdIYs 3s8ITg
0099 - %66 ‘3juamdIys yiinoj
00g9 - %66 ‘UBWATYS 3ISITJ

e

O_.09 — 266
0093y - %66

ol

URys — %€ “SDyg1L %L ‘0099 - %06

$910N

o il

S°iL 03 07t

£-v
xTpuaddy 0°L 03 1°0
001 03 52
S,0006L
001 ‘9
00L°¢
009

wy

642°'T4
43
09911
Y 81
601°01
i€l

9z
€ Sit

086°C
4 84T

i 9€5°‘¢

"33y WO 001L/wdp ¢
4 ]

A3TARD YSe)

194seq j§S®D

19qseq jse)
A3TARD JO woljog

muixew -

a8e19a® - A3TAaRD JO 3PIS

aoeJINng Wo33jog lovseq
TTes apT3 ‘wWe3joq 39Ysed
adeIIns W03130Q l9yseq
1Tes 3pIs ‘w0130q 33ysegd
90BRJINS W0330q 1l9yseg
11es 9pIs ‘wolioq 12ysegq
agni [snJy JC Iprsuj
UOTJeo0]

paT3idoacs 10N

L -OVN

T3-NL

(98e101s) viY
3dXI q5e)

VIVAd NOILVYNIWVINOD ALIAVD YOIYIINI SVD J0 NOILVTIIJWOD

i-4 ITdVL

o Y

e

yn



el

Wy v

T TR 1 T

DISTRIBUTION LIST

1 J. W. Bartlett, Director (RWK-1)

Office of Civilian Radioactive
Waste Management

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, DC 20585

F. G. Peters, Deputy Director (RW-2)

Office of Civilian Radioactive
Waste Management

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, DC 20585

T. H. Isaacs (RW-4)

Office of Strategic Planning
and International Programs
Office of Civilian Radioactive

Waste Management
U.S. Department of Energy
1000 Independence Avenue, S.W.
Washington, DC 20585

J. D. Saltzman (RW-5)

Office of External Relations

Office of Civilian Radioactive
Waste Management

U.S. Department of Energy

1000 Independence Avernue, S.W,.

Washington, DC 20585

Samiel Rousso (RW-10)

Office of Program and Resources
Management

Office of Civilian Radioactive
Waste Management

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, DC 20585

J. C. Bresee (RW-10)

Office of Civilian Radioactive
Waste Management

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, DC 20585

C. P. Gertz (RW-20)

Office of Geologic Disposal

Office of Civilian Radiocactive
Waste Management

U.S. Department of FEnergy

1000 Independence Avenue, S.W.

Washington, DC 20585

S. J. Brocoum (RW-22)

Analysis and Verification Division

Office of Civilian Radioactive
Waste Management

U.S. Department of Energy

1000 Independence Avenue, 5.W.

Washington, DC 20585

J. Roberts, Acting Assoc. Dir.
(RW-30)

Office of Systems and Compliance

Office of Civilian Radioactive
Waste Management

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, DC 20585

J. Roberts (RW-33)

Director, Regulatory Compliance
Division

Office of Civilian Radioactive
Waste Management

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, DC 20585

G. J. Parker (RW-332)

Office of Civilian Radioactiv=
Waste Management

U.S. Department of Energy

1000 Independence Avenue, S.W.

Waghington, DC 20585

R. A. Milner (RW-40)

Office of Storage and Transportation

Office of Civilian Radioactive
Waste Management

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, DC 20585

S. Rousso, Acting Assoc. Director
(RW-50)

Office of Contract Business
Management

Office of Civilian Radioactive
Waste Management

U.5. Department of Energy

1000 Independence Avenue, S.VW.

Washington, DC 20585



i

Trudy Wood (RW-52)

Director, M& Management Division

Office of Civilian Radioactive
Waste Msnugement

U.S. Department of Energy

1000 Independence Avenue, S.W.

Washington, DC 20585

D. U. Deere, Chairman

Nuclear Waste Technical Review Board
1100 Wilson Blvd. #910

Arlington, VA 22209-2297

Dr. Clarence R. Allen

Nuclear Waste Technical Review Board
1000 E. California Blvd.

Pasadena, CA 91106

Dr. John E. Cantlon

Nuclear Waste Technical Review Board
1795 Bramble Dr.

East Lansing, MI 48823

Dr. Melvin W. Carter

Nuclear Waste Technical Review Board
4621 Ellisbury Dr., N.E.

Atlanta, GA 30332

Dr. Donald Langmuir

Nuclear Waste Technical Review Board
109 So. Lookout Mountain Cr.

Golden, CO 80401

Dr. D. Warner North

Nuclear Waste Technical Review Board .

Decision Focus, Inc.
4984 E1 Camino Real
Los Altos, CA 94062

Dr. Dennis L. Price

Nuclear Wast Technical Review Board
1011 Evergreen Way

Blacksburg, VA 24060

Dr. Ellis D. Verink

Nuclear Waste Technical Review Board
4401 N.W. 18th Place

Gainesville, FL 32605

C. P. Gertz, Project Manager

Yucca Mountain Site Characterization
Project Office

U.S. Department of Energy

P.0. Box 98608--MS 523

Las Vegas, NV 89193-8608

1 C. L. West, Director
Office of External Affalrs
DOE Field Office, Nevada
U.5. Department of Energy
P.0. Box 98518
Las Vegas, NV 89193-8518

12 Technical Information Officer
DOE Nevada Fileld Office
U.S. Department of Energy
P.O. Box 98518
Las Vegas, NV 89193-8518

1 P. K. Fitzsimmons, Technical

Advisor

Office of Assistant Manager for
Environmental Safety and Health

DOE Field Office, Nevada

U.S. Department of Energy

P.O. Box 98518

Las Vegas, NV 89193-8518

1 D. R. Elle, Director
Environmental Protection Division
DOE Nevada Field Office
U.S. Department of Energy
P.0. Box 98518
Las Vegas, NV 89193-8518

1 Repository Licensing & Quality
Assurance
Project Directorate
Division of Waste Management
U.S. Nuclear Regulatory Commission
Washington, DC 20555

1 Senior Project Manager for Yucca
Mountain
Repository Project Branch
Division of Waste Management
U.S. Nuclear Regulatory Commission
Washington, DC 20555

1 NRC Document Control Desk
Division of Waste Management
U.S. Nuclear Regulatory Commission
Washington, DG 20555

1 P. T. Prestholt
NRC Site Representative
301 E. Stewart Ave., Room 203
l.as Vegas, NV 89101

1 E. P. Binnall
Field Systems Group Leader
Building 50B/4275
Lawrence berkeley lLaboratory
Berkeley, CA 94720



N”MWWM‘

4

6

Center for Nuclear Waste
Regulatory Analyses

6220 Culebra Road

Drawer 28510

San Antonio, TX 78284

W. L. <larke

Technical Project Officer for YMP

Attn: YMP/LRC

Lawrence livermore National
Laboratory

F.O. Box 5514

Livermore, CA 94551

R. J. Herbst

Technical Project Officer for YMP
N-5, Mail Stop J521

Log Alamos Natlonal Laboratory
.0, Box 1663

LLos Alamos, NM  87%45

H. N. Kalia

Exploratory Shaft Test Manager

Los Alamos National Laboratory

Mail Stop 527

101 Convention Center Dr., Suite 820
las Vegas, NV 89109

JooF.o Divine

Assistant Director for
Engineering Geology

U.S. Geological Survey

106 National Center

12201 Sunrise Valley Dr.

Reston, VA 22092

L.. R. Hayes

Technical Project Officer

Yucca Mountain Project Branch--MS 425
U.S. Geological Survey

PO, Box 25046

Denver, €O 80225

V. R. Schneider

Asst. Chiel Hydrologist--MS 414

Office of Program Coordination
& Technical Support

U.S. Geological Survey

12201 Sunrise Valley Drive

Reston, VA 22092

N T B LTI

J. 8. Stuckless

Geological Division Coordinator
Ms 913

Yucca Mountain Project

U.S. Geological Survey

P.0O, Box 25046

Denver, CO 80225

D. H. Appel, Chief

Hydrologic Investigations Program
MS 421

U.S. Geological Survey

P.O. Box 25046

Denver, €O 80225

E. J. Helley

Branch of Western Regional Geolopy
MS 427

U.S. Geological Survey

345 Middlefield Road

Menlo Park, CA 94025

R. W, Craig, Chief

Nevada Operations Office
11,S. Geologlcal Survey

L0l Convention Center Drive
Suite 860, MS 509

Las Vegas, NV 89109

D. Zesiger

U.S. Geological Survey
101 Convention Center Dr,
Suite 860 - MS 509

Las Vegas, NV 89109

R. V. Watkins, Chief

Project Planning and Management
U.S. CGeological Survey

P.0. Boxn 25046

421 Federal Center

Denveyr, CO 80225

A. L. Flint

U.S. Geological Survey
MS 721

P.0. Box 327

Mercury, NV 89023

D. A. Beck

U.S. Geological Survey

1500 E. Tropicana, Suite 20]
l.as Vegas, NV 89119

o o Henone [ TR T R S R

B "\M”U .



P. A. Glancy

U.S. Geological Survey
Federal Building, Room 224
Carson City, NV 89701

Sherman S. C. Wu
Branch of Astrogeology
U.S., Geological Survey
2255 N. Gemini Dr.
Flagstaff, AZ 86001

J. H. Sass

Branch of Tectonophysics
U.S8. Geological Survey
2255 N, Gemini Dr.
Flagstaff, AZ 86001

DeWayne A. Campbell

Technical Project Officer for YMP
U.S. Bureau of Reclamation

Code D-3790

P.0. Box 25007

Denver, CO 80225

K. W, Causseaux

NHP Reports Chief

U.S. Geological Survey
421 Federal Center
P.0O. Box 25046

Denver, CO 80225

W. R, Keefer

U.S. Geological Survey
913 Federal Center
P.0O, vox 25046

Denver, CO 80225

J. H. Nelson

Technical Project Officer for YMP

Scilence Applications International
Corp.

101 Convention Center Dr.

Suite 407

Las Vegas, NV 89109

SATC-T&MSS Library

Science Applications International
Corp.

101 Convention Center Dr.

Suite 407

LLae Vegas, NV 86109

4

L. D. Foust

Nevada Site Manager

TRW Environmental Safety Systems
101 Convention Center Drive
Suite 540, MS 423

Las Vegas, NV 89109

C. E. Ezra .
YMP Support Project Manager

EG&G Energy Measurements, Inc.

MS V-02

P.0. Box 1912

Las Vegas, NV 89125

R. E. Jackson, Program Manager
Roy F. Weston, Inc.

955 L'Enfant Plaza, Southwest
Washington, DC 20024

Technical Information Center
Roy F. Weston, Inc.

955 L'Enfant Plaza, Southwest
Washington, DC 20024

D. Hedges, Vice President,

Quality Assurance

Roy F. Weston, Inc.

4425 Spring Mountain Road, Suite 300
Las Vegas, NV 89102

D. L. Fraser, General Manager

Reynolds Electrical & Engineering Co.

Mail Stop 555

P.0. Box 98521 -
Las Vegas, NV 89193-8521 i

R. F. Pritchett

Technical Project Officer for YMP
Reynolds Electrical & Engineering Co.
MS 408

P.0. Box 98521

Las Vegas, NV 89193-8521

o

B. W. Colston

President/General Manager

Las Vegas Branch

Raytheon Services Nevada

MS 416

P.0. Box 95487 >
Las Vegas, NV 89193-5487



it

i

R. L. Bullock

Technical Project Officer for YMP
Raytheon Services Nevada

Suite P250, MS 403

101 Convention Center Dr.

Las Vegas, NV 89109

R. E. Lowder

Technlcal Project Officer for YMP
MAC Technical Services

101 Convention Center Drive

Suite 1100

Lag Vegas, NV 89109

Paul Eslinger, Manuger

PASS Program

Pacific Northwest Laboratories
P.0. Box 999

Richland, WA 99352

A, T. Tamura

Science and Technology Division

Office of Scientific and Technical
Information

U.S. Department of Energy

P.0, Box 62

Oak Ridge, TN 37831

Carlos G. Bell, Jr.

Professor of Civil Engineering

Civil and Mechanical Engineering
Department

University of Nevada, Las Vegas

4505 South Maryland Parkway

Las Vegas, NV 89154

C. F, Costa, Director

Nuclear Radiation Assessment
Division

U.S. Environmental Protection
Agency

Environmental Monitoring Systems
Laboratory

P.0. Box 93478

Lag Vegas, NV 89193-3478

ONWI Library

Battelle Columbus Laboratory
Office of Nuclear Waste Isolation
505 King Avenue

Columbus, OH 43201

T. Hay, Executive Assistant
Office of the Governor
State of Nevada

Capitol Complex

Carson City, NV 89710

(@2

R, R. Loux, Jr.

Executive Director

Nuclear Waste Project Office
State of Nevada

Evergreen Center, Suite 252
1802 North Carson Street
Carson City, NV 89710

C. H. Johnson

Technical Program Manager
Nuclear Waste Project Office
State of Nevada

Evergreen Center, Suite 252
1802 North Carson Street
Carson City, NV 89710

John Fordham

Water Resources Center
Desert Research Institute
P.0. Box 60220

Reno, NV 89506

Dr. Martin Mifflin

Water Resources Center

Desert Research Institute
2505 Chandler Avenue, Suite 1
Las Vegas, NV 89120

Eric Anderson

Mountain West Research-Southwest
Inc.

2901 N. Central Ave. #1000

Phoenix, AZ 85012-2730

Department of Comprehensive Planning
Clark County

225 Bridger Avenue, 7th Floor

l.as Vegas, NV 89155

Planning Department
Nye County

P.0O. Box 153
Tonopah, NV 89049

Lincoln County Commission
Lincoln County

P.0. Box 90

Pioche, NV 89043

Judy Foremaster
City of Caliente
P.O. Box 158
Caliente, NV 89008



Economic Development Department
City of Las Vegas

400 East Stewart Avenue

Las Vegas, NV 89101

Community Planning & Development
City of North Las Vegas

P.O. Box 4086

North Las Vegas, NV 89030

Director of Community Planning
City of Boulder City

P.0. Box 367 ,

Boulder City, NV 89005

Commission of the European
Communities

200 Rue de la Lol

B-1049 Brussels

BELGIUM

M. J. Dorsey, Librarian

YMP Research and Study Center

Reynolds Electrical & Engineering
Co., Inc,

MS 407

P.O. Box 98521

Las Vegas, NV 89193-8521

Amy Anderson

Argonne National Laboratory
Building 362

9700 So. Cass Ave.

Argonne, IL 60439

Steve Bradhurst
P.O. Box 1510
Reno, NV 89505

Phillip Niedzeilski-Eichner
13013 Lee Jackson Highway
Fairfax, VA 22033

Vernon Poe
P.O. Box 1026
Hawthorne, NV 89415

Jason Pitts
Lincoln County Courthouse
Pioche, NV 89043

Michael L. Baughman
35 Clark Road
Fiskdale, MA 01518

e

—

Glenn Van Roekel

Director of Community Development
P.0. Box 158

Caliente, NV 89008

Ray Willilams, Jr,
P.0. Box 10
Austin, NV 89310

Leonard J. Florenzi
P.0O. Box 257
Eureka, NV 89316

Brad Mettam
P.0O. Box 539
Goldfield, NV 89013

Bjorn Selinder
190 W. First St,
Fallon, NV 89406

Charles Thistlethwalte, ATCP
Associate Planner

Planning Department

Drawer L

Independence, CA 93526

6300 T. 0. Hunter

6310 T. E. Blejwas, Actg,
6312 F. W. Bingham

6313 I.. S. Costin

6315 F. B. Nimick, Actg.
6316 R. P. Sandoval

6316 L. J. Klamerus

6318 R. J. Macer for
100/12432/SAND89-7007 /QA
6319 R. R. Richards

3141 S. A. Landenberger

3145 Document Processing
for DOE/OSTI

3151 G. C. Claycomb

) 6341 WMT Library

6410 D. A, Dahlgren
8523-2 Central Technical Files

"



. Y ' P . o PRIREIEN TR



' o e



