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ABSTRACT

Development of transportation systems to move radioactiwve
waste and unreprocessed spent fuel to proposed federal waste
repositories is an integral part of the National Waste Terminal
Storage Program, To meet this requirement, shipping casks must
be designed, licensed, and fabricated. To assist the manager
charged with this responsibility, a Cask Procurement Plan has
been formulated, This plan is presented as a logic diagram
that is suitable for computer analysis. 1In addition to the
diagram, narrative material that describes various activities
in the plan is also included.

A preliminary computer analysis of the logic diagram indi-
cates that, depending on the result of several decisions which
must be made during the course of the work, the latest start
dates which will allow prototype delivery of all types of casks
by December 1985, range from November 13977 to March 1982.
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FOREWORD

In February 1976, the U3 Energy Research and
Development Administration {(now US Department of
Energy ~ DOE) announced an expanded waste manage-
ment program for defense and commercial radioactive
waste. The commercial radioactive waste disposal
program, which was designated the N Waste
Terminal Storage (NWTS) Program, represented the
principal programmatic effort of DOE for ultimate
and final disposal of commercial radioactive waste.
Management and technical direction for the NWTS
Program was assigned to the Office of Waste Isolation
{OWI), Union Carbide Corporation, Nuclear Division,
Dak Ridge, Tennessee. This report describes work
performed at Sandia Laboratories under Contract No.
E{29-1}-789 for the Office of Waste Isolation.




II.

III.

1v.

VI.

VII.

VIIL.

IX.

TABLE OF CONTENTS Page
INTRODUCTION. tseveennaracocnsrnrnnssossnsacsansses 11

THE PROCUREMENT PLAN,.veeeeeoscsnossresasssossnnns 15

CASK PROCUREMENT MANAGEMENT TASK.eeeoevevacsancnse 20

Technical Expertise
Time Schedule.....veveveevacess
Critical Program Interactions.....

CASK INVENTORY DEFINITION TASK.
Task ActivitY.eecocecauaeoo.
Technical Expertise
Time Schedule.....
Critical Program Interactions.....

CASK DESIGN TASKei.eeeeenovooososansasans . 28
Task Activity........ccovveun . 29

LWR Spent-Puel Shipping Casks.. . 31
High-Level Waste shipping Cask. . 37
Clad-Waste Shipping CasKecicissssssesrsses 29

Technical Disciplines Associated with
Cask DeSigN...sseececeaacccasassonen
Technical Expertise
Time Schedule...........0vvenee
Critical Program InteractionS....sesessec..

CASK LICEINSING TA3K.......
Pask Activity.
Technical Expertise.
Time Schedule.....cevineecens
Critical Program InveractionS...ccesceeses

CASK TESTING TASK...ceeeernaonoraaaaannssenns
Task Activiey.......
Technical Expertise......
Time Schedule....cevverns,
Critical Program Intetactlons.............

CASK FABRICATION TASK....esrrrrvrssoncaanonnas
Task Activity.....
fechnical Expertise
Time Schedule......cvvvvsarnnss
Critical Program Interactions.............

CASK LEGAL CONSIDERATIONS....cceccscsacsssocessnes 61
Task Activity.....ieeae . . 61
Technical Expertise... . . 64
Time Schedule.....ccouveeeeens . 64
Critical Program InteractionS.....cccicevecens. 64



XI,

XII.

XIII.

CASK MAINTENANCE AND REPAIR TASK.easiceveeaaassnsne
Task ACtivVity.eesoveuveveooss
Technical Expertise,.
Time Schedule.seseeaascnvsens
Critical Program InteractionS.cceccvecnarcees

CASK DECOMMISSIONING AND DISPOSAL TASK....vsssnse
Task Activiky....
Technical Expertise,.
Time Schedule..ieveerrrvrrrossonnas
Critical Interactions....ceeesscniiiosesvonans

cerasadaa

PRI

CASK ACCIDENT-RECOVERY TASK.
Task ACtivitY.eeeooeaacaness
Technical Expertise.........
Time Schedule...

Critical Interac

OliSeesssvsnsosnsssonsescvan
DISCUSSION AND CONCLUSIONS.ccvecscassesssoccasvons
REFERENCES . u4iiesecesonusosnssnsnsasstssoannsnsanss
APPENDIX A GlOSSALY ceennnanosonscassscsonnsssnnns

APPENDIX B Preliminary Computer AnalysSiS....eeus

Page




II

III

v

[C I Ry XY

List of Tables Page
Pracurement Plan OptionS....ecvseccscaccaccvnnnass 19
Existing LWR Spent-Fuel Shipping CaskS..ceaesaces. 32
Time Required to Complete Selected Program Tasks.. 44

Critical Path Parameters for Program Plan Ophiens. 81

List of Figures

Cask Procurement PlaN.....sesvaccavcesssosnanannns
Cask Procurement Management Task.
Cask Inventory Definition Task..
Cask Design Task.... ... iieannnanns [ 1]
LWR Spent-Fuel Shlpplng Cask Procurement-
Interactions and Decisions Pertaining to Cask
SelectiOnNseeeacascscacsnssrsrnescncecesasanssennes 35
High-Level Waste Shipping Cask Procurement-
Interactions, and Decisions Pertaining to Design.. 38
Technical Disciplines and Interactions Involved

in Shipping Cask DeSign.....ceseeenecceacnrennnnas 41
Cask Licensing TasK......
Cask Testing Task....

Cask Fabrication Task........ . 58
Cask Legal Considerations Task... . 62
Cask Maintenance and Repair Task...... veees 68
Cask Decommissioning and Disposal Task e 7

Cask Accident-Recovery Capability Task............ 76



I. INTRODUCTION

It is necessary that an adequate transportation system be
developed to move the spent fuel and radioactive waste generated
by the nuclear power industry. For this reason, the Department
of Energy (DOE}, through the Office of Waste Isolation {(OWI),
has sponsored several studies to determine what activities and
time schedules are necessary to ensure that waste-transportation
systems will be available when needed to service federal waste
repositories.

At the present time, it is uncertain when a final decision
will be made concerning a disposal method for radiocactive waste
from the commercial light water reactor {LWR} nuclear power indus-
try of the United States. In this report it is assumed that an
acceptable technology for the geologic disposal of such waste
will be deveioped. Recycling of reactor spent Euel~~the chemical
recovery of uranium and plutonium Erom thc discharged fuel ele-
ments prior to the waste disposai~—is considered to b2 a possible
eventuality. However, the so-called “"throw-away" fuei cycle, with
or without a design contingency for future recovery and recycle,
will probably establish the initial time constraints for cask
procurement activities.

A plan has been developed that is suitable for use by a pro~
gram manager who is charged with the responsibility of insuring
that an appropriate number of casks be available when needed.
This plan considers all relevant activities starting from a

determination of the optimum inventory of cask types and ending
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with provisions for ultimate disposal of casks which are no longer
serviceable. Waste rorms which are considered in this plan are
defined in the Glossary, Appendix A.

The procurement plan is presented as a logic diagram (PERT
chart[1l]) with supporting narrative material to rclarify the nat-
ure, intent, and relevance of the identified activities. This
type of management tool has been found to be invaluable for the
successful management of complex engineering projects. For this
reason, a considerahle body of computer software has been devel-
oped that accepts information in logic~diagaram form and provides
management-oriented project~status information during the zoursc
of the project.

The plan is based on the requirement that shipment of spent
fuel from its present storage locations to a geologic storage site
will commence in late 1985. Current DOe policy for placing unre-
processed spent fuel ir geologic repositories will establish
critical path time constraints for this program plan. Time con-
straints for shipping high-level waste (HLW) from 2 recycle plant
to repositories are also considered. Although this 1985 date may
slip, for the purpose of initial computer analysis of the program
plan & program start date of April 1978 and an initial delivery
date for prototype casks of December 1985 was assumed., A re-
evaluation of the plan with any other start and finish dates is
possible.

Not all issues involved in transportation of radiocactive waste
have been resolved. Therefore, the plan presently includes a

decision poiat and related contingencies in several tasks.

12



Information on which decisions are made will be based on results
of plan activities and national policy decisions.

Following the logic diagram and the narrative material, several
points concerning time scheduling that result from the initial
analysis 0of the diagram are discussed. This information shows the
importance of an early start on the procurement activities if the

desired operational date i; to be met,

13-14



II. THE PROCUREMENT PLAN

The Cask Procurement Plan is shown in Figure 1. This plan is
presented as a logic diagram which can be analyzed by available
computer software. Several options presented in the plan are de-
fined in Table I. Since this diagram is a proposed plan, it has
been subjected to a minimal computer analysis. An example of
the type of information that can be generated is shown in Appendix
B.

An important result that can be decermined from the logic dia-
gram is the duration of the critical path. This is the expected
time that will be required to complete the program. Depending
upon eventual decisions to use existing casks or design new casks,
different times for some activities of the program plan will be
reguired. These options produce different lengths for the criti-
cal path with the result that the latest start dates for the pre-
sent plan range from November 1377, to March 1982.

Although it is useful to have the complete overview of the
plan which Figure 1 provides, the plan is easier to comprehend if
it is divided into program activities. Therefore, in the follow-
ing sections the activities that constitute the ten major tasks

in the plan are described.

15-16
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Table I

PROCUREMENT PLAN OPTIONS

Use existing LWR spent fuel
shipping cask

Modify existing LWR spent
fuel shipping cask

Design new shipping casks
for LWF spent fuel or high-
level waste {HLW)

Design new shipping cask for
clad waste (CW)

19



III. <CASK PROCUREMENT MANAGEMENT TASK

Task Activity

The purzuse of this task is to provide management direction,
coordination, and control of the individual tasks that constitute
the cask procurement effort. The portion of this procurement plan
that represents this task is reproduced in Figuie 2.

The organization and responsible individual selected as mana-
ger of Cask Procurement would administer the plan, have authority
ts modify it as national policy changes, and interact with the
funding agency to insure that tie appropriate resoutces ace
available to accomplish the procurement effort.

Initiation oF the plan would occur through selsction of prin-
cipal investigators for each of the tasks and formulation of their
respective scopes of work. After the prototype casks have beaen
delivered and accepted, the program is assumed to be complete.
However, fabrication of production casks would continue beyond the
duration of this program. One of the last management activities
in this program would be to arrange for a cask—inventoiy production

schedule.

Technical Expertise

The Manager oF Cask Procurement activities should have
knowledge of shipping cask technology and experience in the manage~
ment of technclogy programs. The program manager should have a
staff of persons who are tecnnically qualified to porovide liaison

with the principal investigators of each task. Since the logic

20
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diagram would serve as the primary scheduling tool, the services

cf an individual qualified to update the diagram as needed and

obtain computer-generated project~status information from it would

be required. Also, individuals qualified in Einancial and budget
matters will be needed to oversee the budgeting and control processes

for the program.

Time Schedule

The duration of the management task is determined by the time

required to complete the procurement pragram.

Critical Program Interactions

The management function involves interaction with all other

tasks.

22
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IV. CASK INVENTORY DEFINITION TASK

Task Activity
In this task, the types and number of shipping casks that must

be available in future years to transport radioactive waste gener-
ated by LWR power plants to Einal disposal sites will be determined.
The optimum inventory of shipping casks and the associated trans-
portation strategy must be determined by an economic analysis
which examines all relevant cost factors. Ffigure 3 represents the
portion of the program plan which depicts this task,

An appropriate methodology for solving the problem posed here
is the discounted-cash-flow technique. This approach provides a
means of comparing cost streams when expenditures are made at
different future times. Simply stated, this analysis proceeds as
if funds for all future costs were available and start to earn
interest at the present time., Then, as expenses are incurred, they
are paid from this reserve fund. Any strategy which either reduces
or postpones costs is desirable because the reguired initial size
of the reserve fund (present value of costs) is reduced., The
optimum transportation strategy is that which aminimizes the present
value of all future costs. The effect of inflation, insofar as it
is predictable, can be included as negative interest,

To perform the proposed cash-flow analysis, information about
possible shipping systems must be known or assumed. Examples of

the data required are:

23
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1. A schedule of the guantity of each type of waste that
must be shipped in future years,

2, Average shipping distances,

3. Average shipping speeds for various transportation modes,
4. Base-line waste cooling times,

5. Shipping capacities of various new and existing casks,

6., Total additional costs for design, testing, and licensing
of each possible new or existing cask type,

7. Fabrication costs for each cask type,
8. Expected cask lifetimes,
9., Bstimates of when various costs would be incurred,

10. The weight and resulting shipping charges for each cask
type,

11. The average cask turnaround time and maintenance down
time,

12, The maintenance costs for each cask type,

13. The overhead costs for the transportation system if they
are a sensitive function of the cask inventory, and

14. Possible noneconomic constraints such as limited access
to transportation facilities at particular plants, etc.
This list is not exhaustive, ané it is clear that definitive infor-
mation in many areas will be lacking during the early phases of the
cask procurement program.

The initial output from this task would be a tentative identi-
fication of casks which are not essential in an optimum transporta-
tion strategy, This information would allow early identification
of those cask types for which design efforts may be eliminated.
After this milestone is completed, the cask inventory definition

can be periodically updated as more reliable information is obtained.

25
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Finally, late in the procurement program, the latest inventory

definition would be used when placing orders for production casks.

Technical Expertise

The principal investigator for this task should have experi-
ence in detailed economic analyses of complex engineering projects,
Other investigators will be required to assist in the gathering
and processing of input data discussed above and must have or
acquire information about characteristics of barge, rail, and
truck transportation, characteristics of existing 3nd conceptual
shipping casks, engineering~development procedures, and waste

inventory and logistics matters.

Time Schedulc

It is anticipated that this task is to be a part of the Trans-
portation Logistics Study being performed at Oak Ridge National
Laboratory [2}. Assuming that no serious delays are encountered in
the gathering of input data, it is estimated in this program plan
that the analysis needed to obtain the tentative cask inventory
can bc completed in 39 weeks. The task could then be suspended.
However, it is recommended that the task be continued at a low
level of effort until 52 weeks hefore the anticipated date for
ordering follow-on casks. At that time, improved input data will
be available, and an updated inventory requirement can be gener-

ated to assist in defining the size of the production-cask orders.



Critical Program Interactions

Much of the information required as input for this task should
be available from the Cask Design Task. Therefore, extensive inter~
action with that task should be anticipated. Preliminary inventory
results should be communicated to the Cask Design Task as soon as

they become available.

27-28



V. CASK DESIGN TASK

Task Activity

In this task, designs for new waste shipping casks will be
prepared and/or desirable modifications of existing casks defined
so that movement of LWR radiocactive waste can be accomplished in
the safest and most efficient way possible. Detailed design draw-
ings and purchase specifications for prototype casks will rasult
from completion of this task. Casks for shiprent of three types

of waste are considered:

1. LWR spent fuel, either uncanistered or caaistered,
2, High-level waste, and

3. Clad waste.

In general, this task involves the evaluation of existing casks

from the standpoint of the DOE/OWI transportation and economic
requirements, identification of any existing casks that meet these
requirements, and development of new cask designs to meet any un-
satisfied shipping needs. There are numerous decision points that
must be passed prior to completion of the task. The licensing,
fabrication, and testing associated with the development of a new
cask design, or modification of existing casks, are discussed
separately in Sections VI, VII and VIII respectively. Figure 4
shows that portion of the program plan which outlines the activities

in this task.

29
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The large number of possible alternatives that must be consid-
ered in this task make a complete logic diagram of its activities
quite complicated. Instead of including all known details in the
program plan, diagrams of portions of the Cask Design Task have
been prepared that more fully show the many activities and deci-
sions that have been identified. The detailed diagrams are

elaborations on activities shown in the overall program plan.

LWR Spent-Fuel Shipping Casks. At the present time, several

iicensed LWR spent-fuel shipping casks are available for use.

Table II lists these existing casks. Certain details concerning
each of the casks are given, including payload, gross weight, costs,
and estimated fabrication times. An assessment would be made to
determine whether to use or modify one or more of these existing
designs and/or to develop new ones,

Depending on logistics and economics, use of several differ-
ent casks will probably be desirable, For example, rail casks in
general will offer the advantages of larger payloads and lower
freight charges per ton-mile compared with truck casks.* However,
many existing and planned nuclear power plants do not have rail
access. Therefore, in the short-term, at least some truck casks

will be required., For the long term, the relative economic

*Reluctance of the domestic rail industry to accept spent-fuel
shipments, and state and local restrictions on truck and rail
shipments, must be monitored and adjustments made in the program
plan as required.
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TABLE II

Existing LWR Spent-Fuel Shipping Casks

Payload
Cask {#Assenvlies) Mode of Gross Weight

Ldentification Owner/Suoplier PR BaR Transportation  (short tons)

NLI-1/2 NL Industries 1 2 Truck 22
Barmwell, SC

NAC-12 Nuclear Assucance Corp 1 2z Truck 24
Atlanta, GA

NF5=5 Nuclear Assurance Corp 2 4 Truck 25
Atlanta, GA

™22 Transnucleat 3 8 Cverweight 36

T4-9° white Plains, NY a 7 Truck

1F-308 General Electric Co 7 18 Rail 74
Nuclear Energy Div
3an Jose, CA

NLI-18/24 ML Industries 18 2% Rail 98
Barmell, SC

129 Transnuclear 12 32 Rail 97
thite Plains, NY

NAC-22 Ruclear Assurance Corp 7 12 Rail 1)

NAC-3 Atlanta, GA 12 Rail 10e

Cost and Fabrication

Rental, leasing, or purchase prices depend on cask capacity and whether or not technical
services are provided by the supplier. Some suppliers require a maintenance or service
contract with lease or pu:chaseE Some suppliers offer a lease with option to buy. Prices
range approximately as foliows:

Cask Type Purchase Price {$M} Lease ou Rental Pricesd Fabrication Lead Times (mo!
[

Truc. 9.5 o 1.25 5500 to 51682 per day or 12 to 24
$200K to SSU8K per year
CENE 2.0 to 4.0 $2K ta $4K per day or 24 to 42

$9.7t to S1M per year

Zrormerly Nuoclear Fuel Services NES-9.
he TN-8 and TN-D are versions of the sae cask designed exclusively for PWR and BWR
fuel, respectively.

COverweight permits are required cesulting in an increased Ereidnt cost which must be
aortized by the increased payisad compared with legal weight trucks. The permit
requirement introduces uncertainties in ohtaining permission to ship along certain routes.

Jrhe TN-12 is not yet licensed for use in the United States.

SThedAC~2 and NAC~3 are currently under design.

EThe cost ranges quoted are believed to be reasonably accurate. Firm quotes are
available only from the ranufacturers.
9same suppliers may require a long-term lease. Some prices include full technical
setvices.
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merits of rail casks versus the cost of installing railheads must
be examined.* It is expected that truck casks will continue to
be a necessary part of any LWR spent-fuel shipping system in the
foreseeable future.
Three specific applications of LWR spent-fuel shipping casks
are envisioned in the waste disposal program:
1. Spent fuel is shipped uncanistered from a reactor or
interim storage site to a reprocessor or disposal site.
2. 8pent fuel is shipped uncanistered from a reactor site
to an interim storage site. There the fuel is canistered
and then shipped to a geologic disposal site for temporary
or permanent disposal,
3. 38pent fuel is canistered at the reactor plant and shipped
directly to a geclogic disposal site.
The first option will require no canistering of the fuel unless
isglation of leaking elements is required. The second option will
require double handling of the fuel, which will increase transporta-
tion «osts, but will avoid the duplication of canistering facilities
inherent in the third option. The second option may also require
two types of cask internal structures, or interchangeable baskets,
to accommodate canistered and uncanistered fuel elements. in any
case, because of the expected saturation of on-site spent- uel stor-
age at many reactor plants, transport of uncanistered fuel will

probably be required for some time. Of the casks listed in Table

*It is possible to establish an intermediate loading point at
which truck-cask payloads may be transferred to a rail cask,
or at which qruck casks may be mounted on rail cars, for long-
distance haujing.
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II, the only one for which a specific claim is made of its suit-
ability to transport canistered fuel is the NLI-18/24. Depending
on the canister design, the other casks listed may or may not
accammodate canistered spent fuel.

Figure 5 shows schematically the interactions and decisions
that are required before selection of designs far LWR spent-fuel
shipping casks can be made. There are three poassible alterna-
tives: (1) use of one or more existing cask models, (2) modifi-
cation of one or more existing cask models, and (3) design of one
or more new casks. In fact, it is possible that the cask fleet
will consist of casks from a combination of these alternatives.

Although Gesign of a new cask or modification of an existing
cask can begin as soon as possible, such efforts will have little
guidance until several fundamental guestions are answered.
Development of an efficient shipping system will depead on early
coordination between persons performing economics and logistics
studies and persons knowledgeable about the characteristics and
availability of existing casks and the state-of~tha~art of cask~
design technology. Only by such interactions can comprehensive
decisions be made regarding the most economic approach to the
final shipping system.

Policy direction is another area of primary importance in
determining the direction of this task. The Cask Program Manager
must remain in close coatact with DOZ and/or OWI in order to incor~
porate any program changes caused by revisions in Fuel-cycle policy

direction, An example of this is the recent decision to ship
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LWR spent fuel to repositories and indefinitely delay reprocessing.
This policy would delay the generation of HLW and CW materials,

If relicensing and interface problems do not become intract-
able, then LWR spent fuel cask designs which are now available or
under development by private industry are expected to be adequate
to meet foreseeable needs. The path in Figure S involving design
of a new LWR spent-fuel shipping cask is included because, although
feasible, sole use of existing cask designs has not yet been shown
to be an optimum solution.

There are two additional factors which may justify the need
for a new cask design. First, the casks listed in Table II are
designed to carry relatively short-cooled fuel. Since there is a
sizable backlog of long-cooled fuel presently in storage, the need
for shipping snort-cooled fuel may never arise. The existing casks
are overdesicned when used to transport long-cooled fuel, and an
economic penalty in the form of a lower payload-to-gross-weight
ratio will be incurred relative to casks designed specifically for
long-cooled fuel, A detailed economic/logistic analysis may well
indicate an advantage in designing a new cask for such applications.

Second, if fuel recycle is initiated at some time in the Ffuture
and LWRS use mixed U-Pu oxide fuels, the neutron source strength
in the spent fuel for projected cooling times prior to shipment
will be considerably greater than current U-oxide (non-recycle)
spent fuel. The decay thermal source also will be greater for
mixed-oxide fuel than for U-oxide fuel. Thus, to ship mixed-
oxide spent fuel in existing casks, the required cooling time of

the spent fuel must be increased from that currently specified.



Again, a detailed economic/logistic analysis may indicate an ad-
vantage in designing a new cask if such applications arise in the
Euture.

The schematic plan shown in Figure $ does not provide details
associated with the design of a new cask. There are numerous tasks
associated with cask design which are common to all design efforts.
Therefore, shipping-cask design is discussed separately in this

section under "Technical Disciplines Associated with Cask Design."

High-Level Waste Shipping Cask. No existing casks have been

identified which are capable of transporting HLW from a fuel re-
cycle plant to a repository in the form and concentration that is
presently envisioned. Figure 6 shows a schematic diagram of the
steps necessary to procure a HLW cask.

One area of uncertainty in HLW cask design involves the
fission-product and actinide concentrations achieved in the recycle-
plant end product. Interactions with recycle plant projects should
be used to update the waste geometry and source characteristics
as necessary. Another area of uncertainty involves the problem of
mixed-oxide-fueled LWRs after initiation of recycling., High-level
waste from mixed-oxide spent fuel will have a considerably greater
neutron source strength and a larger thermal source than similar
HLW from current-generation fuel. Considering the existing backlog
of spent fuel, design of a cask for recycled-fuel HLW in the near
future appears unnecessary. However, a cask designed for current-
generation HLW would not be adequate for transporting HLW resulting

from recvaled fuel unless the cooling time for the latter were
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increased relative to the former. This is analogous to the speat-
fuel shipping cask recycle-fuel problem. If a spent-fuel shipping
cask is designed for short-cooled recycled spent fuel, then a spec~
ial HLW cask would probably be required also. If the recycled spent
fuel is allowed to cool until current-generation spent-fuel s-ipping
casks can transport it, then a HLW cask designed f{or current-genera-
tion waste could probably serve to transport the HLW from the long~-
cooled recycled spent fuel,

In order to retain the option to service reprocessing facili~
ties, conceptual design of a shipping cask for transporting HLW
should be developed. However, there is no ‘mmediate need to initi=-

ate detailed design.

Clad-Waste Shipping Cask. Clad waste from LWR spent-fuel

recycling is included in the "large guantity" category as defined
in 14 CFR 71{3]. Unlike spent Euel and HLW, however, CW is a rela-
tively low-intensity radiation source, and the shielding required
for a CW shipping cask should not exceed the eguivalent of a few
inches of lead.

A decision concerning the design of a CW shipping cask can
be made only after an examination of the available alternatives
that satisfy the logistics and economics of a recycle/repository
plan. The interactions and decisions regarding a Cw shipping cask
are identical with those reyuired for the HLW cask. Figure 6
shows schematically the alternatives available to a Cask Program
Manager for a HLW and, also, a CW shiéping cask. However, the

design effort and cost of a CW shipping cask should be considerably
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less than that for a HLW cask. Conceptual designs of a shipping
cask for transporting CW Erom current-generation spent fuel should
be developed. Conceptual designs of HLW and CW casks would serv.

as input for the design ¢of receiving/shipping facilities.

Technical Disciplines Associated with Cask Design. The pre-

ceding discussions have referred to the need to design various
shipping casks or containers without providing any details as to
what such an effort entails. The actual level of effort will depend
on the particular cask requirements, For those casks under consid~
eration here, the following technical areas are relevant: heat
transfer, structures and containment, source characterization, and
radiation shielding,

Particular points to be considered in each of these areas are
shown schematically in Figure 7. A high level of interaction among
persons working in the vacious technical disciplines is easentiai.
Guidance Erom economics and logistics studies during early concep~
tual design phases, along with policy direction, should be available
to provide reasonably well-defined objectives for the designers.
These objectives should include information on desired cask charac~

teristics and operational constraints such as:

1. Mode of transportation;
2. Payload, size, and weight contraints;

3., Fuel characteristics (e.g., cooling time, fuel-element
elongation, bow, twist, ekbe.):

4, Interface requirements;

5. “aximum allowable temperatures in normal and accident
conditions;
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6. Whether or not canistering of spent fuel is allowed or
required; and

7. Loading and unloading constraints (e.g., under water,
in air).
Cost minimization, preparation of a Safety Aaalysis Report for
Packaging (SARP), and possible test procedures and reguirements
should be considered during the design phase. A secondary cespon~
sibility of the design team is to verify the fabricability of their
designs including availability of raw materials, manufacturing

capacity, and special assembly techniques.

Technical Expertise
The personnel needed to perform the Cask Design Task must

include individuals who are knowledgeable about the characteristics
of existing casks and containers and the technology of cask design.
The principal investigator should have comprehensive knowledge of
shipping casks and/or cask-design technology.

During the design phase the task personnel should include:

1. Heat transfer specialists,
2. Radiation transport sgpecialists,
3. Structural/mechanical engineers, and

4, Design engineers.

Ttese individuals should be knowledgeadle, or have access to
carnsultants in the fizlds of metallurgy, nuclear-fuel and nuclear~

waste source characterization, and design definition,



Time Schedule

The estimated time required to design shipping casks is
affected by the decisions pertaining to cask selection. Licensing
and fabrication times are similarly affected. Table III shows the
range of fabrication times for existing LWR spent~fuel shipping
casks. These ranges indicate a variation both with the cask
size and model.

An estimate of the time required to complete specific tasks
in the procurement plan {(Figure 1) as a function of the option
selected are shown in Table III. Four options, labeled a, b, c,
and d, are defined in this table. To some extent the times shown
in Table 111 depend on the level of effort devoted to each task;
the present time estimates are believed to be realistic minima.
The assumption has been made that there will be a reasonably high
incentive to complete this program. Additional funding might re-
duce some of the times slightly, but at a capidly diminishing
amount of time saved per additional dollar invested.

The area of greatest uncertainty in the time schedule for
cask procurement is the licensing procedure. Although this should
not deter the cask procurement program, the requlatory uncertainty

must be considered and the program plan updated as required,

Critical Program Interactions

Interactions will occur between activities of the Cask Design
Task and other program tasks. 1In the early phases of the Design
Task, information will be provided for the Inventotry Definition

Task. During the detailed design or modification of a cask, infor-
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mation must be generated to support the areas of testing, licen-
sing, and fabrication. At various steps in the design phase,
information must be provided to support the Maintenance and Repair,
the Decommissioning and Disposal, and the Accident-Recovery Capa-
bility Tasks. Following receipt of bids for the fabrication of
prototype new casks, design-team personnel should be available

for consultation with fabrication-task personnel.
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VI. CASK LICENSING TASK

Task Activity

The timely and cowplete preparation of the Safety Analysis
Report for Packaging (SARP) associated with new cask designs or
modification of existing casks is provided for in the Cask Licen-
sing Task. This effort entails the assembly of all data pertinent
to the NRC license applications, proper execution of all forms and
requirements associated with such license applications, and follow
up on any questions or comments from NRC during review of the appli-
cation. The effort should result in the issuance of Certificates
of Compliance by NRC at the end of the task.

When licensing a modified versjon of an existing cask, the
time and eEfort required to accomplish this task will depend on
the extent of such modifications. 1t is probable that an amended
license may be granted without extensive delays. Therefore, the
following comments apply mainly to the most time-consuming case in
which a license is to be obtained for an entirely new cask design.

The poction of the Cask Procurement Plan associated with the
licensing task is reproduced in Figure 8. Based on the decisions
reached in the cask design/logistics/economics evaluation, the
licernsing effort may involve several designs. A SARP for each
design should be prepared concurrently with the actual design
effort. Special regquirements, such as experiments to substantiate
information presented in the SARP, should be coordinated with the

design team(s) and the Cask Testing Task.
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Technical Expertise
The principal investigator for the Cask Licensing Task should

have a broad background in radioactive waste transportation. He
should have assistance Erom someone experienced in tegulatory acti-
vities, including SARP preparation and NRC licensing procedures.
Documentation of the cask~design activities required for the 1li-
cense application should be performed with the assistance and con-
sultation of the cask~design team and should utilize the services

of a technical editor.

Time Schedule

The Cask Licensing Task should begin as soon as a decision to
design a new or to modify an existing cask is made. The level of
effort devoted to the task may vary considerably depending upon
the number and type of designs being developed. The SARP for each
cask design should be conpleted simultaneously with the design,
and the license application should be submitted as soon as poss.ple
thereafter. The time required for licensing will depend on the
design option selected (see Table III) and the completeness of the
SARP.

Following submission of the license applications, the effort
on this task should be reduced to a level consistent with monitor-
ing the progress of the applications through the NRC review process
and answering questions as required. The latter may necessitate
short periods of increased activity. To ensure timely completisan
of the procurement program, fabricati&n of a cask should begin

immediately following receipt of its Certificate of Compliance.
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Critical Program Interactions

To minimize risk, fabrication of all new and madified casks
should await issuance of Certificates of Compliance by NRC.
Therefore, timely preparation and submission of the SARP is vital
to the gverall Cask Procurement Plan. Extensive interactions
between the licensing team and the teams working on the Design,
Maintenance and Repair, Decommissioning and Disposal, and Accident-
Recovery Tasks are essential for the accomplishment of this goal,
In addition, interactions between licensing and testing activities
are necessary for identifying and performing any experiments needed

ta support the SARPS.



VII. CASK TESTING TASK

Task Activity
In this task, any tests deemed necessary to support the cask

design effort, to verify manufacturing techniques, or to provide
support for material submitted in a SARP will be performed. The
tests include those required to verify that prototype casks meet
the design and manufacturing specifications. Development of test
plans and techniques; and scheduling laboratory space, personnel,
and instrumentation (including recording devices and data reduction)
are the responsibilities of the testing personnel. All test acti-
vities should include the preparation of supporting documentation
and reporting of results in a form suitable for use by the design,
or other procurement-plan, personnel. The portion of the program
plan that describes t!is task is reproduced in Figure 9.

The number and types of tests which may be required by the
various phases of the cask procurement plan cannot be delineated
at present. However, they may include any of the following:

1. Thermal or mechanical life tests on components or

material;

2. Shielding tests under normal and hypothetical accident
conditions;

3. Structural tests under normal and hypothetical accident
conditions;

4, Tests of fabrication techniques;

5. Tests of seal reliability under normal and hypothetical
accident conditions;

6. Tests related to chemical reactions, metallurgical
properties, or corrosion;
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7. Tests related to heat conduction and removal;

8. Tests related to radiation damage to components,
structures, or coolants;

9. Tests of decontamination procedures or requirements;

10, Tests related to repair or maintenance; and

11. Tests related to residual activation of structures and
components.

Much of the above information is known with confidence for
common materials but may need experimental verification far less
well known materials. Any features considered for new casks that
are not used in existing casks may require experiments to confirm
their validity and to provide supporting data Eor the SARP. Most
of the tests listed pertain only to the design stage, but some
types of shielding, heat transfer, and seal properties tests could
also apply to nondestructive confirmatory tests perforined on full-
scale prototype casks.

Acquisition of test samples may require consultation with
design personnel regarding suppliers and fabrication techniques.
The design personnel will be responsible for preparing machine draw-
ings or other documents necessary for acquisition or fabrication
of the test samples, and will be responsible for specifying the
precise guantities to be measured. The test personnel will be
responsible for the actual purchase and/or construction of test

samples.

Technical Expertise

The personnel required ta perform the testing activity will

vary from test to test. Generally, each test should be managed by
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an experimentalist who is knowledgeable in the relevant discipline.
In each case, support should be available as required in the form
of technicians, shop personnel, and purchasing and contracts

personnel,

Time Schedule

There is no specific time schedule which applies to the entire
cask testing activity. Once a specific test is identified, the
time required to complete it will depend on bhoth the nature of
the test and the point reached in the design f{i.e., the urgency
with which the test results are needed). Figure 9 shows a nominal
time for test planning and execution. This time is based on the
assumption that a number of tests can be conducted in parallel.

After a prototype cask is delivered, the test personnel are
responsible for performing acceptance testing according to require-
ments specified by the Design Task. Such tests should lead to the
identification of deficiencies (if any) to be corrected by the
manufacturer, and to acceptance of the pratotype on the time scale

shown in Figure 9.

Critical Program Interactions

The major interaction required in the test activity is with
the Cask Design Task activities. The test personnel will perform
measurements called for by the designers in support of the design
and the SARP gregaration. Additional interactions will be required
with the Licensing Task to support the SARP, and with the Fabrica-

tion Task to prepare for receipt Df prototype casks on which



acceptance testing is reguired. After such testing is completed,
the Program Manager can authorize transfer of the prototypes to

DOE/OWI control,
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VIII. CASK FABRICATION TASK

Task Activity ,

In this task, methods for overseeing the [abrication of a
prototype unit of each existing, new, or modified cask design
developed under thes procurement plan are delineated. The portion
of the Cask Procurement Plan pertaining to the Fabrication Task
is reproduced as Figure 18. Most of the following applies only
to new cask designs.

During the design phase of a new or modified cask, it is the
responsibility of the design team leader to make certain that the
design can be fabricated. Upon completion of a design, the fabri-
cation task personnel will be responsible for determining sources
for materials and fabrication capability from information and re-
commendations supplied by the design team. Contacts with potential
suppliers and fahricators should be used to verify the availability
of the various materials needed in the required quantities and for
the desired delivery dates.

The fabrication-task personnel will be responsible for pre-
paring and issuing Requests for Quotation (RFQ) for cask fabrica-
tion, reviewing bids (with consultation from design team members),
and selecting a fabricator for each new design. Following receipt
of a Certificate of Compliance from NRC for each design, the order
for a prototype cask will be placed., Placement of this order and
supervision of the prototype unit fabrication are the respon-

sibilities of the fabrication-task personnel. Follow—-on orders
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may also be placed under this task. When the cask prototype is

completed, it will be delivered to the cask-testing personnel.

Technical Expertise

The expertise required is in the fields of purchasing, con-
tract management, and manufacturing procedures. The principal
investigator should be an individual with a mechanicz2l- or indust-
rial-engineering background. Experience in contract management
would also be desirable. Other team members needed during various
phases of the program should include persons familiar with moterials
and industrial processes, in purchasing and RFQ preparation, and in

contract management.

Time Schedule

Activities in the Cask Fabrication Task begin when an existing
cask design is identified as adequate to meet a transportation need
or when work on new or modified cask designs is completed. For the
latter, the initial effort toward fabrication parallels the design
review, The RFQ package is prepared following receipt of final
drawings from the Dasign Task and may be issued at any time there-
after. Orders for prototypes of a new or modified cask should
await receipt of a Certificate of Compliance from WNRC. Following
placement of such an order, fabrication time will depend on the
specifics of each particular design and the options selected (see

Table III}.
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Critical Program Interactions

Interactions will occur between activities in the Cask Fabri-
cation Task and the Cask Design Task in preparing a bid package
and reviewing the bids received. Interactions will alsa occur
with the testing activity to assure readiness for receipt and

acceptance testing of prototype casks.
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IX. CASK LEGAL CONSIDERATIONS

Task Activity

In this task, those aspects of the cask procurement program
about which significant legal or national policy questions exist
will be identified. Examples are gquestions such as who will be
the eventual owners and operators of the cask inventory, and what
will be the provision for accident liability protection. The por-
tion of the Program Plan which depicts this activity is reproduced
in Figure 11.

Changing cask technical requirements and regulatory restric-
tions, plus likely delays on key decisions and licensing, make the
uncertainties associated with comprehensive cask development so
lafge that few private companies may be willing to risk their own
funds on such a program. This is particularly true in the case
of a BLW cask, It is expected that the government will fund most
of the develapment activities which comprise the cask procurement
program. Indeed, this approach appears to be necessary if the
United States is to be guaranteed that prototype shipping casks
will be ready for use by the mid-198@8"s target date.

A number of private companies presently offer radiocactive-
material shipment services. In the future, if licensed casks are
available for purchase and operating regulations and shipping char-
ges are such that industry can operate them profitably, then it
is reasonable to expect that the private sector will provide the

capability necessary to meet the demand for shipment of waste.
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Although private industry may be willing to undertake the trans-
portation of radioactive waste, there could well be reasons why
the government may wish to reserve this activity for itself. One
output of this task should be information concerning the relative
advantages and disadvantages of government operation, competitive
private operation, and regulated-monopoly private operation of the
shipping system, respectively.

Another area of qreat importance to the operation of a waste
transportation system concerns the question of insurance protec-
tion against liability incurred by shippers during possible trans-
portation accidents. Therefore, the output of this activity will
be the formulation of possible liability-protection methods.

Of equal importance is the development of a strategy whereby
policy options can be translated into decisions and subsequent
actions. For this reason, it will be important to identify the
officials who must make the necessaty policy decisions. It is
guite possible that Congressional legislation may be required to
solve some of the problems identified here. 1In any case, early
establishment of lines of communication with all decision makers
should enhance the timeliness with which these important decisions
are made and implemented.

The matters described above are ones which are obvious at
this time, After a more comprehensive examination of the general
subjects in this task, other important guestions may be identified

which should be addressed in follow-on activities.
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Technical Expertise

The large number of legal and policy questions associated
with this task suggests that a lawyer should have the aporopriate
training and experience to serve as the principal investigator.
He would, of course, require considerable assistance from others
knowledgeable about such matters as the operation and logistics
of waste transportation systems, the indemnification of accident
consequences, and the decision-making process within the

government,

Time Schedule

In the overall logic diagram, the paths which represent this
task are not part of the critical path,

Despite considerable uncertainty, it is estimated that all
phases of the cask-ownership activity will be completed in four
years and the concurrent activity related t¢ accident-liability
protection will be completed in 2.5 years., However, much of this
task will be completed early in the above-mentioned time periods.
The impetus for decision and implementation is then transferred

to various public officials and agencies,

Critical Program Interactions

There are no critical interactions between this and other
tasks in the procurement plan as constructed. However, it would
be desirable to settle the question oF cask ownership as soon as
possible because the eventual owner presumably will be charged with

the final implementation of plans formulated by the Maintenance,



Decommissioning, and Accident-Recovery Tasks. Any useful informa-
tion generated by other tasks that could provide input here should

be available as needed.
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K. CASK MAINTENANCE AND REPAIR TASK
Task Activity

In this task facilities far routine cask maintenance, repair,
and decontamination will be established. The portion of the pro-
curement plan that depicts this task is reproduced in Figure 12.

Routine maintenance is required for all operating equipment,
and shipping casks are no exception. However, the routine mainten~
ance requirements for such casks should be mimimal. Specific
maintenance requirements must be formulated as the cask designs
evolve, but such matters as seal integrity, corrosion inhibition,
and cleaning and decontamination will be the object of normal
maintenance activities.

Minor accidents during cask usage are inevitable. Therefore,
provision should be made to repair all resulting minor damage. The
damage level below which repairs will be made must be determined
and will influence the physical size and capacity of the repair
facility. Presumably the repairs envisioned here and the routine

maintenance can be accomplished easily at the same facility.

Technical Expertise
Personnel with knowledge of shipoing-cask hardware should

be responsible for formulation of requirements for shipping-cask

maintenance.

Time Schedule
The schedule for this task is flexible, and modest slippage

would not have a serious impact on the overall program.
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Critical Program Interactions

There are two points where input from other parts of the
program are essential. It is necessary to know the cask design
details before proceeding with the design of maintenance facilities.
Since the owners of the casks undoubtedly will be responsible for
their maintenance and repair, the cask owners should also own the
maintenance and repair facility. Therefore, it will be highly
desirable to have the cask-ownersnip questions resolved before

canstruction of the maintenance and repair facility begins.
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XI. CASK DECOMMISSIONING AND DISPOSAL TASK

Task _Activity
In this task the disposal procedure for casks that are no

longer serviceable will be determined. Disposal becomes necessary
when, for example, casks are Severely damaged in accidents, hecome
obsolete in some way, or deterioiate to the point that continued
maintenance becomes excessively expensive, A number of different
types of casks are to be developed in this program, and the disposal
problems associated with each must be addressed. The portion of
the program plan that shows this task is reproduced in Figure 13.
The disposal of unusizble casks may not be trivial for several

reasons. First, neutron emission from the waste, although of modest

intensity, over the long term can produce residual activation of

the cask itself. Second, a considerably more serious disposal !

problem will result if, during a severe accident, the cask materials

become contaminated with the radioactive materials in the payload l

which cannot be removed. Third, the large size of many of the '

casks may mean that tens of tons of cask material, some of it

presumably having a low specific level of radioactivity, will |

have to be disposed of or recycled.
The entire cask-procurement effort could proceed with no {

consideration given to the ultimate fate of unserviceable casks.

However this matter should be investigated so that the thoroughness

with which all phases of cask usage have been examined cannot be

questioned. Such thoroughness undoubtedly will enhance the
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credibility of the SARPs and will allay critics who, in the past,
have raised questions about provisions for ultimate disposal of

obsolete LWR plants and other facilities,

Technical Expertise

This task involves mechanical engineering activities. There-
fore, a person with a mechanical-engineering background and experi~-
ence with radioactive-material shipping containers should be a
suitable principal investigator. Since possible radiation hazards
complicate the disposal problem, the efforts of a health physicist
will certainly be an important contribution to the output of this

task.

Time Schedule

It is estimated that completion of a plan for cask disposal
should require about five months. The only constraint on the dura-
tion of this activity is the need to have information available
in a timely fashion for inclusion in the SARPs, Following this
phase, the task will be completed when plans have been formulated
to insure the availability of any unique facilities needed for
cask disposal, Two years have been allocated for this final

phase, but this duration is noncritical.

Critical Interactions

There are no critical interactions between this task and
other tasks involved extensively with hardware procurement. How-
ever, a number of interactions that will facilitate planning are

important. For example, information needed to answer questions
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about the seriousness of residual activation of the cask should

be available from Cask Designh activities. In addition, any infor-
mation about cask-design features that would facilitate the ulti-
mate disposal of the casks should be communicated to the designers.
An input from Maintenance and Repair is indicated in the Proaram
Plan. The intent of this interaction is to provide an estimate

of the number of damaged casks that must be decommissioned before
they become obsolete. Finally, as mentioned before, input from

this task should be included in the SARPs.



XII. CASK ACCIDENT~RECOVERY TASK

Task Activity

In this task, an accident recovery capability will be assured.
Detailed instructions for existing Radiological Emergency Response
teams will be disseminated and additional trained personnel with
suitable equipment will be assembled as necessary. The need to
assure that this capability enists arises because it is undeniable
that public confidence regarding radioactive-waste shipments would
be improved if it were known that recovery teams would tr spond
promptly, competently, and confidently to any accident that invol~
ves shipping casks. The portion of the Program Plan thxui shows
this task is reproduced in Figure 14.

Prompt response to a shipping~cask accident is essential for
at least two reasons. First, trained personnel must be on-site
as quickly as possible in order to determine the region, if any,
from which the public must be excluded temporarily because of a
possible radiation hazard. Speed is important here so that the
least possible radiation exposure of the public occurs before tha
danger zone is established. Second, economic losses and incanve-
nience to the public continue to mount until the wreckage from

an accident is cleared away.

Technical Expertise

Input from a number of different technical areas will be
required to perform this task. The services of a health physicist

should be engaged so that all cleanup plans provide for adeguate
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monitoring of and protection of personnel from raciation and any
other possibly hazardous materials that might be released from a
damaged cask.

It is probable that some accident-recovery operations will
have to be conducted at remote locations. This will reguire that
a communication system be available to allow recovery teams to call
for information, additional equipment, or other assistance during
the performance of their job. In addition, and probably just as
important, the recovery team must provide, via a communication sys-
tem, -imely information about their progress to appropriate federal,
state, and local official.. .nd to the public. The efforts of a
specialist in field communication systems are needed to formulate
the requirements for such a system.

A person will be needed to formulate plans for dealing with
public reactions following a cask accident. For example, if evacu-
ation or spectator control becomes necessary because of a possible
radiation hazard, plans must be formulated so this is done ir a
way which does not create panic. Since coverage of a cask accident
by the news media is likely to be extensive, it is essential that
complete contingency plans for community relations activities be
formulated so that the media receive timely, accurate information

about any cask accident and the related clean-up activities.

Time Schedule
The estimated times required to accomplish the activities
that comprise this task are shown in Figure 14, but there can be

cor.siderable flexibility in this schedule. The important point
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is that the accident~recovery capability be available when shipping

casks are placed in service.

Critical Interactions

There are no critical interactions between this task and other
tasks invclved extensively with hardware procurement, However,
input from this task for the SARPs would be useful. Once final
cask designs are available, design and procurement of specialized

recovery equipment can proceed without difficulty.



XIII. DISCUSSION AND CONCLUSIONS

The Cask Procurement Plan presented in Pigure 1 jncludes ten
tasks associated with the procurement of a waste shipping system
to support the presently conceived DOE/OWI LWR spent~fuel recycle/
geologic disposal program. Although the Procurement Plan is sub-
ject to revision as the disposal program progresses, there is
sufficient detail in the present version to allow conclusions re-
garding the lead time required to procure various types of shipping
casks. The lead time can be obtained by determining the critical
path througlh the logic diagram for the various types of casks re-
quired (see page 7, "The Procurement Plan,” and Appendix B for
further information regarding the critical path).

The Procurement Plan is a combination of four sub-plans
based on the procurement options which have been identified for
the Program Manager. These options (a-d) were described In Table
I as:

a. Use existing LWR spent-fuel shipping casks,

b. Modify existing LWR spent-fuel shipping casks,

¢. Design a new shipping cask for LWR spent fuel/design
a new shipping cask for HLW, and

d. Design a new shipping cask for CW.

The term "slack"™ is used to indicate the time an activity
or sequence of activities can be delayed beyond its nominal start
date and still satisfy its desired completion date. A negative
slack indicates that the activity in question should start before

the nominal start date by an amount of time equal to the absolute
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value of the slack. The slacks available to the program manager
for each of the four options are shown in Table IV.

Options (a), (b}, and (c) are alternative paths for procure-
ment of casks for LWR spent fuel, The only uncertainty associated
with this goal is whether or not canistering of spent fuel will
be permitted or required. The duration of critical paths through
the Program Plan for the above options were summarized in Table
L1I. The latest start dates and maximum slacks shown in this table
were obtained by using the minimum fabrication time for the truck
and rail casks (see Table II). Conversely, the minimum slacks
given in Table IV assume the maximum cask fabrication times. The
flexibility indicated by this range of slacks is available to the
Program Manager through his selection of a fabricator, but minimi=-
zation of the fabrication time may involve an economic penalty.

Options (a), (b), and (c) for spent-fuel cask procurement are
not mutually exclusive, However, diven the negative slacks associ-
ated with Option {c) and the diversity of LWR spent-fuel shipping-
cask designs available commercially, it is expected that Option
fa) will be the preferred approach for accomplishing the procure-
ment objective for spent fuel shipping casks.

Option (c) encampasses two objectives: namely, procurement of
both spent-fuel and HLW shipping casks by developing new designs.
Casks for these two waste forms will be of similar size and com-
plexity and will require comparable efforts in design, licensing,
and fabrication. Hence, the critical paths would be similar and

in this report are combined under the same option,
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The only option available to procure casks for shipment of
HLW is Option (c). The negative slack associated with this option
indicates that, according to the present Procurement Plan, the
earliest that a prototype HLW shipping cask can be available,
assuming an April 1978 program start date, is liay 1986, However,
the HLW casks would not be required until after a recycle plant
has been in operation Eor some time and would depend on the amount
of on-site storage of HLW canisters available at the facility, the
initial throughput of the reprocessor, and the capacity of the
cask being procured. Due to these parameters, major uncertainties
exist with regard to the required availability date of the HLW
cask.

The only procedure identified for providing casks for CW i=
Option {d). As shown in Table III, the current Procurement Plan
indicates a small positive slack for the most optimistic CW cask
procurement schednle. As in the HLW cask procurement, however,
the required availability date for the CW cask would depend on
the start-np date of a recycle plant. By maintaining close con-
tact with personnel involved in DOE policy direction, the Cask
Procurement Program #anager should be able to make reasonably
accurate decisions regarding the urgency of the various cask
procurement schedules.

In summary, investigations have revealed that cask designs
snitable for the shipment of LWR spent fuel are readily avail-

able. New casks for shipment of long--cooled spent fuel can be



obtained in a timely manner by beginning procurement in fiscal
year 1978. However, a scheduling problem exists if spent fuel or
HLW must be shipped or tests performed with new prototype casks
in the first quarter of calendar year 1986. It is likely that
attempts to accelerate the schedule for procurement of new
shipping casks, as described here, could be partially successful
by pursuing certain of the described tasks in parallel rather

than sequentially.
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APPENDIX A

GLOSSARY

Reactor Spent Fuel

Reactor spent fuel is LWR fuel after its use in a reactor.
Its radioactivity level will depend on such parameters as
burn-up and cooling time. One ar more spent-fuel assemblies
constitutes a “large guantity" of radioactive material, as
defined in 10 CFR 71 {3}, (i.e., it exceeds the Type-B levels
defined below) as well as the Fissile Class IIl category
{i.e., shipments which exceed specified quantities of fissile
material and which require special criticality controls).
Shipping casks for spent fuel require extensive shielding

and heat-removal capabilities,

High-Level Waste

High-level waste {HLW) has been defined as "those agueous
wastes resulting from the operation of the first-cycle sol-
vent extraction system, or eguivalent, and the concentrated
wastes from subseguent extraction cycles, or eguivalent, o
a facility for reprocessing irradiated reactor fuels® {4].
In this definition, no statement is made concerning the con-
centration, composition, or radiation-source density of waste
which gualifies it as "high level." 1In practice, however,
and as used in this document, HLW is presumed to contain
girtually all (99.5 percent} of the fission products {except
, hoble gases, T and Br), 99.5 percent of the transplutonic
actinides, and a small part (0.5 percent} of the U and Pu
contained in the original spent fuel. It iz categorized as
a "large quantity® of radicactive material for transportation
purposes.

In this report HLW is assumed to be Fixed in a so0lid material
{borosilicate glass} at a concentration corresponding to 3 £t
of concentrated waste per metric tonne of U originally present
in the fresh fuel [S5]. Since the U loadings of fresh PWR and
BWR §uel assemblies are 461.4 and 183.3% kg, respectively,

1 ft? of HLW is assumed to contain waste From 0.72 PWR or

1.82 BWR fuel assemblies, Shipping casks for HLW will also
require extensive shielding and heat removal capabilities.

Intermediate-Level Waste

Intermediate-Level Waste (ILW} is used to describe nonrecycle
wastes pf iairly high radiation source intensity. Here ILW
will be defined as that waste which requires the use of Type-§
packages as defined in 1@ CFR 71, in order to transport lé ft
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or more of the waste material in question. Type-B quantities
are defined in the next paragraph. Type-B packages require
shielding equivalent of a few inches of lead but no special
heat removal capability.

Low-Level Waste

Low-Level Waste (LLW} §5 defined here as that waste which, in
quantities up to 1@ £t°, may be transported in the Type-A
packages defined in 18 CFR 71. Type-A packages reguire little
or no shielding and no special heat-removal capability. Type-
A and Type-B quantities are defined in terms of transport
groupings I-VII of radionuclides as follows:

Type A Quantity Type B Quantity
{Ci) ci)
Transport Group Not to Exceed Not to Exceed
1 g.881 28
II ©.850 28
IIL 3 280
Iv 23 208
v 28 5808
VI 14849 Spppa
VIl 1680 Speep

where transport-group nuclides consist of the tollowing:

Group I: Heavy radionuclides_{2 > 81) with half
lives less than 13° years

Group II: Light radionuclidgs (2 < 82) w%th half
lives between 18° days and 14° years

Group III: Light ragionuclides with half livgs less
than 18° days or greater than 19° years

Group IV: Certain short-lived isotopes (half lives
range from several days ta a few years)

Group V: Certain gaseous radionuclides in an
uncompressed form

Group VI: 37Ar, BSK:, and l33Xe

Group VII: 3y



Clad Waste

Clad Waste {CW) is defined as the waste resulting from the
chopping and removing of clad hulls from LWR spent fuel prior
to the first-cycle solvent extraction, or equivalent, in a
Eacility for reprocessing irradiated reactor fuels. This
waste is assumed to constitute all of the fuel cladding plus
8.95 percent of the fission products, excluding °H, noble
gases, I, and Br; 0.15 percent of the Pu, and 8. percent
of the other actinides oriqinally in the spent fuel. The CW
is assumed to be compressed to 78 percent of theoretical
density [5].

Clad Waste from Eive—yesz—cooled spent fuel will contain
gproximately 34 Ci of Pu a Gro I nuclég ? Ci of
e, Yssup IV nuclide, 51 Ci of Cs + Ru + 6an +
Ce + all Group II} nuclides, as well as some 1888
Ci of other nucl:des per ft These activities exceed Type-B

limits and will do so even for cooling times much greater
than five years. Therefore, for quantities of interest, CW
falls under the “"large quantity" category of waste defined in
1@ CFR 71. Shipping casks for CW will require msderate
amounts of shielding, equivalent to a few inches of Pb; how-
ever, no special provisions for heat removal will be required.



APPENDIX B

PRELIMINARY COMPUTER ANALYSIS

The Procurement Plan developed here has been subjected to
a preliminary computer apalysis with the NASA PERT TIME II
3 .ftware system [l]. Here we show two examples for Option (c}
of the output that can r< produced by this analysis program.

The first printout, reproduced in Table B~I, is a listing
of all the activities in the Plan according to their predecessor
and successor event numbers. The column headings are fairly
descriptive. Probably of most interest in the table are the
columns labeled "Expected Start," "Expected Finish," “Latest
Allowed Finish," and "Slack” which is given in weeks,

Table B-IT shows the computer-generated printout that
indicates the length of time reguired to negotiate various paths
through the logic diagram. The critical path is the one having

the smallest algebraic value for the slack.
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Distr:bution:

US Department of Energy (3)
Washirgton, OC 20545
R, B. Chitwood, Asst. Dir. for
Transportation, Div. of
Waste Management

Environmental Control Technology (3)
US Department of Energy
Washington, DC 20545
Attn: W. A. Brobst
J. A. Sisler
J. Counts

Bureau of Surface Transportation Safety
National Transportation Safety Board
Washington, BC 20591
Attn: H. H., Wakeland, Director

For: L. Benner

National Bighway Traffic Safety Adm.

Office ¢f Accident Investigation
and Data Analysis

NASSIF Building

400 Seventh Street SW

washington, DC 20590

Attn: W. E. Scott

A. W. Grella

MIB OHMO

Room 6518, Buzzards Point Bldg
210C Second SW

Washington, DC

Battelle Pacific Northwest Labs (4)
PO Box 999
Richland, WA 99352
Attn: R, J. Hall
R. E. Bhoads
J. D. DeSteese
L. D, wWilliams

Battelle Colunbus Laboratories ({2)
505 King Avenue
Columbus, OH 43201
Attn: S. J. Basham
R. A. Robinson

US Department of Energy (3)
Albuquerque Operations Office
PO Box 5400

Albuquerque, NM 87115

Attn: R. Y. Lowrey

Oak Ridge National Laboratory (3)
PO Box X
Oak Ridge, TN 37830
Attn: J. 0. Blomeke
M. M. Heiskell
D. 5. Joy
L. B. Shappert

Allied-General Muclear Services
PO Box 847

Barnwell, SC 29812

Attn: R. W. Pekterson

J. L. Ridihalgh, President
Ridihalgh & Associates
2112 Iuka Avenue

Columbus, OH 43201

Muclear Assurance Corporation (2)
24 Uxecutive Park West
Atlanta, GA 30329
Attn: R. E. Best
D. R. Miller

J. J. Schreiber (5)

US Department of Energy
Oak Ridge Operations Office
PO Box E

Oak Ridge, TN 37830

D. J. Squires

US Department of Energy
Richland Operations Office
PO Box 550

Richland, WA 99352

K. N. Joy

US Department of Energy
Nevada Operations Office
PO Box 14100

las Vegas, NV 89114
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T, B. Hindman 1280 T. B. Lane

US Depar tment of Energy 1282 T. G. Priddy
Savannah River Operations Office Attn: W. F. Hartman, 1282
PQ Box A 1282 J. T. Paley
Aiken, SC 29801 5200 £. H. Beckner
Attn: M. Cowan
C, D, Jackson 5231 J. H. Renken {10)
US Department of Energy 5231 S. A. Dupree {10)
San Francisco Operations Office 5300 0. E. Jonés
1333 Broadway, Wells Fargo Bldg 5330 R. W. [ynch
Oakland, CA 94612 5340 M. L. Kramm
5402 A. W. Snydet
Office of Waste Isolation {OWI} {19} 5410 D. J. McCloskey
Union Carbide Corporation 5420 J. V. Walker
PO Box ¥ 5430 R. ¥. Jefferson
Oak Ridge, TN 37830 5433 R. B. Pope {20)
Attn: J. M. Asher 5433 G. C. Allen 110)
A. L. Boch 5433 J. M, Freadman {15}
P. D. Fairchild 8266 E. A, Aas
R. K. Kibbe 3141 C. A. Pepmueller {5)
R. S. Lowrie 3151 W. L. Gacrner (3)
5. C, Matthews Far DOE/TIC {Unlimited Release)
L. L. McCauley FOR DOE/TIC (25)
W. C. McClain Attn: K. P. Campbell, 3172-3
J. M, Morrison
A. 5. Quist
W..MH, Pechin
D. W. Turner
J. E. Vath

. D. Zerby
OWI Records {25}



