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EXECUTIVE SUMMARY

Changes in recent years in federal policies regarding reprocessing and/or
disposal of spent nuclear reactor fuel have produced delays in the development
of fuel reprocessing plants and deep geologic disposal facilities. As a
result, many nuclear power plants are faced with the possibility of shutdown
due to lack of spent fuel storage capacity. In recognition of this problem,
legislative initiatives are underway in Congress to provide appropriate
storage and disposal facilities.

The Department of Energy (DOE), through its Office of Nuclear Fuel Cycle,
has established a program to examine the various alternatives for storage of
spent nuclear fuel, solidified high-level wastes (HLW), and transuranic (TRU)
wastes until an appropriate deep geologic repository is available for disposal
of these wastes. One of these alternatives, a monitored retrievable
storage/interim storage (MRS/IS) facility built on the site of a future
repository, is the subject of this stuay.

The MRS/IS facility evaluated in this study is composed of a Waste
Handling Facility where the incoming waste shipments are received and the
individual fuel assemblies/HLW canisters/TRU containers are examined and
decontaminated and/or repackaged as appropriate before transfer to the storage
areas. The facility is also composed of storage areas where the spent fuel
assemblies and HLW canisters are stored in either large metal storage casks
standing on support pads or in subsurface drywells with the surrounding soil
providing shielding. In the storage areas, remote-handled TRU wastes (RHTRU)
are stored in concrete casks standing on support pads, and contact-handled TRU
wastes (CHTRU) are stored in a surface warehouse. Transfer of the stored
wastes from the storage areas to the repository is accomplished after the
repository is opened.

The objectives of this study are: 1) to develop a preconceptual design
for an MRS/IS facility that would become the principal surface facility for a
deep geologic repository when the repository is opened, 2) to examine various
issues such as transportation of wastes, licensing of the facility, and
environmental concerns associated with operation of such a facility, and



3) to estimate the 1ife cycle costs of the facility when operated in response
to a set of scenarios which define the quantities and types of waste requiring
storage in specific time periods, which generally span the years from 1990
until 2016.

“

The Tife cycle costs estimated in this study include: the capital
expenditures for structures, casks and/or drywells, storage areas and pads, "~
and transfer equipment; the cost of staff labor, supplies, and services; and , *
the incremental cost of transporting the waste materials from the site of
origin to the MRS/IS facility (and in the case of spent fuel, returning the
spent fuel to the reprocessing plant).

Three scenarios are examined to develop estimates of life cycle costs of
the MRS/IS facility. In the first scenario, HLW canisters are stored,
starting in 1990, until the co—]oéated repository is opened in the year 1998.
Additional reprocessing plants and repositories are placed in service at
various intervals. In the second scenario, spent fuel is stored, starting in
1990, because the reprocessing plants are delayed in starting operations by
10 years, but no HLW is stored because the repositories open on schedule. In
the third scenario, HLW is stored, starting in 1990, because the repositories
are delayed 10 years, but the reprocessing plants open on schedule.

The undiscounted life cycle costs for the MRS/IS facility estimated in
this study range from $0.5 to $2.5 billion, depending upon the scenarios.
Expenditures for metal storage casks are estimated to range from $0.30 to
$1.77 billion. Cost reductions resulting from the use of drywells instead of
metal casks could range from 30.21 to $1.25 billion. Other cost reductions
resulting from consolidation of spent fuel assemblies into closely packed
arrays and from the use of large storage casks for offsite shipment of spent
fuel and HLW could be more than $1.6 billion.

The principal conclusions derived from this study are the following: .

e C(Co-locating the MRS/IS facility with a repository will reduce overall .
waste management system costs by eliminating the duplication of
facilities that would occur if the storage and repository facilities
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were located separately. Since the MRS/IS facility becomes the
surface facility for the repository, the useful life of the
structure is extended significantly, thus allowing a longer

amortization period and a smaller annual amortization charge.

The stored waste materials would be transferred directly from
storage to the repository without Teaving the site, thereby

minimizing the potential for transportation accidents and the
possible exposure of the public resulting from such accidents.

Because the 1ife cycle cost of an MRS/IS facility is likely to be in
the $0.7 to $2.5 billion range, all avenues available for reducing
costs should be explored. The use of drywells instead of metal
casks, consolidation of spent fuel assemblies, and the use of the
large storage casks for shipment of wastes all show promise for cost
reductions. Water pool storage, an alternative not examined in this
study, should also be carefully evaluated for comparison with the
dry storage alternatives, to select the most cost-effective approach.
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1.0 INTRODUCTION

Until 1975, commercial power reactor owners had planned to store spent
fuel at the reactor for a short period prior to shipment to a reprocessing
plant. Reactors built in that era generally has storage space for only one or
two batch discharges of spent fuel plus a full core discharge capability.
However, changes in recent years in federal policies regarding reprocessing
and/or disposal of spent nuclear reactor fuel have produced delays in the
development of fuel reprocessing plants and deep geologic disposal
facilities. As a result, many nuclear power plants are faced with the
possibility of shutdown due to lack of spent fuel storage capacity. 1In
recognition of this problem, legislative initiatives are underway in Congress
to provide appropriate storage and disposal facilities. In response to these
legislative initiatives, the Department of Energy (DOE), through its Office of
Nuclear Fuel Cycle, has established a program to examine the various
alternatives for storage of spent nuclear fuel, solidified high-level wastes
(HLW), and transuranic (TRU) wastes until an appropriate deep geologic
repository is available for disposal of these wastes. One of these
alternatives, a monitored retrievable storage/interim storage (MRS/IS)
facility built on the site of a future repository, is the subject of this
study.

The storage facility evaluated in this study employs dry handling and
.storage methods, utilizing a large hot cell facility, metal casks or drywells,
concrete casks, and a surface warehouse.

The study objectives, scope, and study bases are presented in Section 3.
A preconceptual design for the facility is given in Section 4, together with
estimates of construction, operating, and 1ife cycle costs. The relationship
of the MRS/IS facility to other parts of the nuclear fuel cycle and to local
site support systems is discussed in Section 5. The results of the cost
analyses, the advantages and disadvantages of co-location with a repository,
and recommendations for further action are given in Section 6. The
sensitivity of the estimated life cycle costs to variations in the study bases
is examined in Section 7, and the status of system component development and
areas needing further research and development are discussed in Section 8.
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2.0 SUMMARY

The Office of Nuclear Fuel Cycle of the Department of Energy (DOE) has
established a program to examine the various alternatives for monitored
retrievable storage (MRS) and interim storage (IS) of spent nuclear fuel,
solidified high-level waste (HLW), and transuranic (TRU) waste until such time
as appropriate geologic repository/repositories are available. The
alternatives being examined are: 1) a facility co-located with a reprocessing
plant, 2) a facility located separate from any other facilities, and 3) a
facility co-located with a geologic repository. The facility examined in this
study is located on the site where a geologic repository is to be developed,
and it becomes the principal surface facility of the repository when the
repository is opened, thus avoiding duplication of the facilities.

The objectives of this study are to develop a preconceptual design for an
MRS/IS facility to be co-located on the same site as a geologic repository, to
estimate the life cycle costs, and to examine the transportation, licensing,
safety, and environmental issues associated with such a facility.

2.1 STUDY BASES

A number of bases and assumptions are made to facilitate the analyses of
the MRS/IS/Repository concept. These incluade:

1. Construction, operation, and decommissioning of the facility are
major federal actions and are subject to the requirements of the
National Environmental Policy Act (NEPA); the facility is subject to
licensing by the Nuclear Reguiatory Commission.

2. The facility utilizes passively cooled ary storage devices (metal
casks, drywells) for storing spent fuel and canisters of HLW,
concrete casks for storing remote-handied TRU (RHTRU) wastes, and a
warehouse for storing contact-handled TRU (CHTRU) wastes.

3. Transport of the radioactive wastes is accomplished using existing
or currently designed truck and rail shipping containers.

4. A1l costs are based on mid-1982 prices, with future expenditures
discounted 2 percent per year from mid-1982.
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5. The facility is assumed to have the capability to receive, package
as necessary, store, retrieve, and ship radioactive waste materials
either offsite or to the co-located repository.

6. The highly radioactive materials (spent fuel, HLW, and RHTRU) are
assumed to be from reactor fuel that has cooled for at least
10 years since discharge from a reactor.

The types and quantities of radiocactive wastes to be handled by the
facility are defined by three principal scenarios: reference, delayed
reprocessing, and delayed disposal. In all scenarios, the MRS/IS facilities
do not receive any material for storage until 1990. Prior to 1990, spent fuel
is assumed to be stored at reactor sites.

In the Reference scenario, reprocessing plants with capacities of 1500,
1500, 3000, and 3000 metric tons of heavy metal (MTHM) per year are placed in
operation in the years 1989, 2000, 2005, and 2010, respectively. Geologic
repositories with capacities of 1800 MTHM per year in each of the first
5 years of operation and 3000 MTHM per year in each of the succeeding 21 years
of operation are postulated to be placed in operation in the years 1998, 2002,
and 2015,

In the Delayed Reprocessing scenario, the initial operation of the
reprocessing plants is delayed 10 years.

In the Delayed Disposal scenario, the initial operation of the repositories
is delayed 10 years. A1l spent fuel is postulated to be reprocessed, with only
solidified HLW and TRU wastes placed in the repositories.

Transportation of the radioactive materials is accomplished using
presently available or designed shipping containers, with the volume of
material divided evenly between truck and rail transport systems. Large
numbers of shipments are required. The maximum numbers of truck and rail
shipments made annually to and/or from the facility are: in the Reference
scenario, 864 and 142; in the Delayed Reprocessing scenario, 3473 and 454; and
in the Delayed Disposal scenario, 2445 and 579. The costs of transportation
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considered in this study are just those incremental costs attributablie to
utilizing the MRS/IS facility, not the total transport costs associated with
the waste management system.

2.2 CONCEPTUAL FACILITY CHARACTERISTICS

The facility considered in this analysis is postulated to be located on
the Hanford Site, and has reasonable access to highways and rail-track,
electrical service, process water supplies, heavy equipment and transportation
services, and security services available on the Site.

The site for the MRS/IS facility is postulated to be located west of the
200 West area, and occupies about 400 acres of land. In comparison, an area
of about 550 acres is projected to be required for the surface support
facilities for the geologic repository.

The reference MRS/IS facility consists of three principal sections: the
Waste Handling Facility (WHF), the storage areas, and the support facilities,
with appropriate interfaces. The WHF encompasses the receiving and shipping
stations for transport casks, the shielded cells for inspection, encapsulation
(if needed), container decontamination, and delivery to the onsite transport
system of the received radioactive materials. A1l materials are received dry
and are maintainea dry throughout the handling and storage operations.

The storage areas include large fenced areas containing support pads for
metal storage casks or drywells, depending upon which concept is used for
storage of spent fuel and HLW, storage areas containing support pads for
concrete storage casks used in storing RHTRU wastes, and large concrete
warehouse(s) for storage of CHTRU wastes. Each of the storage systems has
provisions for monitoring each of the system's containment barriers for
detection of release of radioactive material. A reference metal storage cask
(REA 2023) and a reference drywell are postulated for this analysis.

Onsite transporter systems are employed to transfer the spent fuel, HLW,
and RHTRU from the WHF to the storage areas. For the metal and concrete
casks, a tractor-trailer unit is used to move the loaded casks from the WHF to
the storage areas, where a large gantry crane places the casks onto the
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storage pads. For the drywell, a shielded transporter is used which couples
with the top of the drywell for insertion of the sealed canister containing
spent fuel or HLW.

CHTRU wastes are received at the TRU Surface Storage (TRUSS) facility and
stored using normal warehousing equipment. The TRUSS building is constructed
of precast concrete and has appropriate ventilation and monitoring systems to
minimize the potential for release of radioactive materials to the
environment. The TRU wastes stored in the TRUSS facility are assumed to have
been concreted within their shipping and storage containers to reduce the
potential for dispersion of TRU materials in the event of an accident that
breaches the containers.

The conventional support facilities include an administration building,
maintenance building, material warehouse, gate houses, sanitary disposal _
system, water and electrical supply systems, and communication and fire alarm
systems.

2.3 CONSTRUCTION SCHEDULE AND COST ESTIMATES

Design of the MRS/IS facility is estimated to require about 30 months,
with construction initiated about 15 months after the start of the design
work. Construction is estimated to require about 48 months. Elapsed time
from authorization to initial operation is postulated to be about 66 months.

The total cost of the basic facility, including the initial storage areas
and warehouse, is estimated to be $178 million in mid-1982 dollars. Direct
construction costs are about $105 million, with engineering, indirect, and
other costs and contingencies comprising an additional $73 million.

2.4 SYSTEM LIFE CYCLE COST

The 1ife cycle cost of an MRS/IS facility co-located with a repository is
comprised of the capital construction cost, capital and operating costs during
operation, and decommissioning costs. The direct construction costs are
estimated to be $178 million. Operating costs are estimated to be about
$11 million per year, plus canister materials when using drywells.
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Purchases of metal storage casks during the lifetime of the facility are
estimated to cost from $306 million to $1.768 billion, depending upon the
scenarios. Purchases of drywells in Tieu of metal casks are estimated to cost
from $90 miilion to over $509 million. Purchases of concrete storage casks
are estimated to cost from about $42 miilion to over $243 million.

Decommissioning of the MRS/IS facility is limited to the decontamination
and disposal of the storage casks and/or drywells and removal of the storage
pads. The rest of the facility becomes part of the repository system and
would be decommissioned when the repository is closed. It is anticipated
that, at least when metal casks are used, the salvage value of the casks will
exceed the other costs of decommissioning. Hence, no net cost is assigned to
decommissioning in this study.

The 1ife cycle cost of the MRS/IS system is summarized in Table 2.1 for
the three principal scenarios, both undiscounted and discounted at the rate of
2 percent per year.

The fractions of total undiscounted 1ife cycle cost attributable to each
component of cost are illustrated in Figure 2.1 for each of the three
principal scenarios anu storage alternatives.

TABLE 2.1. System Life Cycle Cost(?)

Reference Delayed Delayed
Scenario Reprocessing Disposal
Undiscounted:
Metal Casks 0.731 2.257 2.487
Drywells 0.518 1.973 1.235
Discounted:
Metal Casks 0.578 1.592 1.661
Drywells 0.412 1.376 0.868

(a) Billions of dollars.
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2.5 SENSITIVITY OF COSTS TO CONCEPTS AND ASSUMPTIONS

As shown in Figure 2.1, two components of cost, transportation (in the
Delayed Reprocessing scenario) and metal casks or drywells, contribute most of
the cost and are logical candidates for examination for cost reduction.

If drywells are utilized instead of metal casks, the life cycle cost is
reduced by 29.1, 12.2 and 50.3 percent for the Reference, Delayed
Reprocessing, and Delayed Disposal scenarios, respectively.

If spent fuel assemblies are disassembled and consolidated into closely
packed containers at the reactor sites prior to shipment, the number of
shipments is cut in half, as is the number of casks needed to store spent fuel.

The use of larger shipping casks (i.e., the reference metal storage cask)
also greatly reduces the number of shipments required. The effects of these
changes in the study bases are summarized in Table 2.2, for the base case of
using the reference metal cask.

TABLE 2.2. Effects of Changes in Study Bases

Reference Delayed Delayed
Scenario Reprocessing Disposal

Undiscounted Life Cycle Cost 0.731 2.294 2.487
(% Billions)

Fuel Consolidation at -41.4
Reactor Sites
(% change)

Ship in Storage Casks -36.2 -50.2 -45.,3
(% change)

Fuel Consolidation and -36.2 -66.5 -45.3

Shipment in Storage Casks
(% change)

2.6 CONCLUSIONS AND RECOMMENDATIONS

Several conclusions can be drawn from the results of this study. First,
co-locating the MRS/IS facility with a repository has several advantages.
Overall waste management costs can be reduced by eliminating the duplication
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of facilities that would occur if the MRS/IS facility and the repository were
located separately. Amortization of the capital expenditures on facilities
would take place over a longer period of time, perhaps 40 years rather than
the 15- to 20-year life of the MRS/IS facility, thereby reducing total system
costs. In addition, the stored materials would be transferred directly from
storage to the repository, without leaving the site, thereby minimizing the
potential for transportation accidents and the possible exposure of the public
resulting from such accidents.

Second, the likely cost of an MRS/IS system is large, 30.5 to
$2.5 billion. Thus, all avenues available for reducing costs should be
explored. Based on the unit costs assumed for the reference metal cask and
for the reference drywell, the drywell is less expensive by from 12 to
50 percent. Use of fuel consolidation and larger shipping casks has the
potential to reduce system costs by from 36 to 66 percent.

Third, the basic technology needed to construct and operate an MRS/IS
facility is generally well-developed. Additional information on aliowable
fuel element cladding temperatures in dry storage would be very helpful, as
would the development of validated heat transfer calculational codes for
predicting cladding temperatures. Also, information to assist in the
licensing of large storage casks for use in shipment as well as in storage
would be very useful.

Fourth, a review of the scenarios examined in this study and the
associated transportation costs suggests that the waste management system
might be considerably more cost-effective if there were two MRS/IS facilities,
one located at the reprocessing plant to hold spent fuel for reprocessing, and
one located at the repository to store HLW and TRU wastes until the repository
is placed in operation. This situation is not examined in this study, but
should be evaluated before establishing a site-specific program.

Finally, in view of the massive quantities of radioactive material to be
stored and the time duration of the storage, the use of a water pool for
storage of spent fuel, HLW, and RHTRU might be cost-effective. A detailed
analysis of a water pool facility comparable with the analysis presented in
this study for dry storage facilities should be made before embarking on the
construction of a cask or drywell storage facility.
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3.0 OBJECTIVES, SCOPE, AND BASES OF STUDY

The monitored retrievable storage/interim storage (MRS/IS) facility is
conceived as a government-owned, contractor-operated facility for providing
temporary storage for spent fuel and/or reprocessing wastes. The MRS/IS
program would provide federal contingency capability for storing spent nuclear
fuel until reprocessing facilities can eliminate the need for such storage,
and woula provide federal capability for storing solidified high-level wastes
(HLW) and transuranic (TRU) wastes until appropriate waste disposal
repositories become available. It is assumed that the actual repository will
not exist when the MRS/IS facility is built. Therefore, consideration of
facility capabilities that could initially serve the needs of the MRS/IS
facility and subsequently serve the needs of the repository is an important
aspect of this study, in terms of projecting life cycle costs. Similarly,
support services, in the form of existing roads, railroads, and other utility
services, and extensions of those services, as they apply to the
MRS/IS/Repository, are also important considerations.

3.1 OBJECTIVES AND SCOPE

The objectives of this stuay are to: 1) develop a preconceptual design
for an MRS/IS facility to be co-located on the same site as a geologic
repository, 2) to estimate the life cycle costs, and 3) to examine the
transportation, licensing, safety and environmental issues associated with
such a facility.

The scope of this study is Timitea to consideration of an MRS/IS facility
that is located on a site with a geologic repository. The functional
requirements of the facility include the ability to receive, handle, transfer,
store, and ship spent reactor fuel, solidified HLW, and transuranic wastes,
both contact-handled (CHTRU) and remote-handled (RHTRU). Storage concepts
considered are: 1) dry storage casks, 2) drywells, and 3) warehouse storage
for CHTRU. The MRS/IS facility is to be constructed on a modular basis, with
additional storage space developed annually to accommodate the quantities of
waste projected to need storage each year. ATl wastes are to be stored in a
retrievable manner.
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3.2 STUDY BASES AND PLANNING ASSUMPTIONS

To facilitate comparison of the study results, a number of generic
assumptions have been made to provide a common basis for the individual site
studies. These are: 1) the facility is located and constructed so it can
also serve as the basic surface facility for a permanent geologic repository,
and 2) facility capabilities and capacities are based on the assumption that
no additional pool expansions or dry storage at reactors are available or used.
Basic assumptions are identified in the following subsections.

3.2.1 Regulatory Considerations

Building and operating an MRS/IS facility is a major action by the federal
government and is subject to the requirements of the National Environmental
Policy Act (NEPA). The facility is also subject to licensing by the Nuclear
Regulatory Commission (NRC).

The interim storage facility will be decommissioned after its contents
are transferred to permanent repositories.

3.2.2 Functional Capabilities

The facility has the capability to receive materials from reactors and
reprocessing plants and to ship material to reprocessing plants as well as to
repositories. The facility also has the capability to repackage any material
received from offsite as well as to repackage any onsite material as required
for offsite transport. In addition, it has the capability to receive and to
ship materials by both rail and highway vehicles.

Casks used for shipment of material to and from the MRS/IS facility are
either those currently licensed for the shipment of irradiated commercial fuel
assemblies and TRU wastes or are newly developed ones similar in design and
handling requirements. One or more of the casks has the capability of
transporting either spent fuel or solidified commercial high-level waste.

3.2.3 Storage Systems

The facility will accept both assembled and disassembled commercial
pressurized water (PWR) and boiling water (BWR) reactor fuel that can be
identified and is known to comply with certain specified requirements.
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The facility will accept identifiable solidified high-level waste forms
that are known to comply with specified heat, containment and physical
condition requirements.

The facility will accept identifiable transuranic wastes that comply with

specified contents, packaging and physical condition requirements.

Storage is provided for spent fuel, solidified commercial high-level
wastes, and transuranic wastes only until disposal in the repository is
available.

3.2.4 Economic Bases

A11 costs developed in this study are presented in terms of constant,
unescalated mid-1982 dollars, including expenditures that are made in future
years. Interest rates and inflation or escalation rates are difficult to
predict, but the difference between interest and inflation rates tends to be
around 2 percent, essentially independent of the actual values of the
individual interest and inflation rates. Therefore, in developing the present
values of future expenditures in this study, a discount rate of 2 percent is

used.

Costs are developed in terms of expenditures per year, covering the
construction, operation and decommissioning of the MRS/IS facility. The costs
of transporting the radioactive materials from their points of origin to the
MRS/IS facility are developed separately, but are included in the total life
cycle cost of the system. Each total annual expenditure is discounted to
mid-1982. The discounted annual expenditures are summed to obtain the present
values of the lifetime expenditures for the facility, thus permitting
comparisons between design concepts that may have different expenditure
patterns.

A detailed discussion of the methods used in this study to develop the
estimates of capital, operating, and decommissioning costs is presented in
Appendix A of this report.
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3.3 LEGISLATIVE REQUIREMENTS

A number of bills are present1y under consideration by Congress which
deal with the topics of interim (emergency) storage of commercial spent
nuc Tear fuel, monitored retrievable storage of spent fuel, solidified
high-level wastes, transuranic wastes, and permanent disposal of these nuclear
wastes in deep geologic repositories.

Each of the bills under serious consideration (S.1662, H.R.3809,
H.R.6589) has provisions for the establishment of repositories, mechanisms to
assure full recovery of the costs of storage and disposal operations from the
waste generators, and procedures to assure that interested states and Indian
tribes can be involved in the siting process. Several of the proposed bills
differ regarding who has title to the radioactive material while in storage
prior to final disposal in a repository. The federal government takes title
in one bill (S.1662), and the waste generators retain title in the other two
bills (H.R.3809, H.R.6589).

Specific provisions unique to interim storage, monitored retrievable
storage, and transuranic waste storage are discussed in the following
subsections.

3.3.1 Interim (Emergency) Storage of Spent Fuel

The bills contain language that would make licensing of additional
storage capacity at existing reactor sites easier, by eliminating some of the
issues that would otherwise have to be considered (availability or
desireability of alternatives, the need for power from the reactor, any issues
relating to reactor operation, etc.).

The capacity of the interim (emergency) storage facilities would be
limited [1700 (H.R.3809) or 2800 (S.1662) metric tons], would be exempt from
licensing if located at an existing federal site (H.R.3809), and would not be
a major federal action as defined in the NEPA (H.R.3809). The operation of an
interim (emergency) storage facility is limited to 5 to 7 years (President's
letter), or 8 to 12 years (S.1662).
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The interim (emergency) storage provisions are intended to provide a way
to avoid shutdown of operating power reactors in case full core discharge
capability is lost as the quantities of fuel in storage pools approach the
pool's capacity. This type of storage is intended as a very limited effort,
of relatively short duration. Longer-term storage of radioactive materials
such as spent fuel, solidified high-level waste, and transuranic waste would
be provided for by monitored retrievable storage facilities, which are
discussed in the next subsection.

3.3.2 Monitored Retrievable Storage

The DOE is directed to submit to Congress within 1 year of passage of the
enabling legislation a proposal to develop one or more MRS facilities. This
proposal is to include site-specific designs, specifications and cost
estimates, and a plan for integrating the MRS facilities with the deep
geologic disposal repositories also mandated by the legislation.

In all cases, an environmental assessment (EA) is required at the time
the proposal is submitted, with an environmental impact statement (EIS) to be
issued before construction is initiated. The MRS must be licensed by the
NRC. During the NEPA and licensing processes, issues normally considered,
such as the need for the facility, alternate sites, and alternate designs,
need not be considered.

No specific instructions are given in the various House bills regarding
the capacity of an MRS facility. However, in the Senate bill (S.1662), until
a second repository is in operation, a limit of 70,000 metric tons of spent
fuel is placed on the combined capacity of an MRS facility and the first
repository when located within 50 miles of each other.

Similarly, no clearly defined limitation is proposed for the duration of
MRS operations. Instead, the MRS facilities are to remain in service until
geologic repositories are available.

3.3.3 Storage of Transuranic Wastes

The storage of transuranic wastes is addressed specifically in the House
bills, with the intent of storing these materials until a geologic repository
is available. If located on a federal site, the storage facility would not be
subject to Ticensing or the NEPA.
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Several time constraints are proposed in the pending legislation: 1) the
NRC shall issue regulations governing TRU storage within two years of passage;
2) DOE shall cease accepting TRU wastes for storage when an appropriate
repository is available, or 6 years after NRC has issuea their regulations,
whichever occurs first. Thus, TRU wastes would be accepted for storage for a
maximum of 8 years following passage of the enabling legislation.

3.4 FUEL CYCLE SCENARIOS

Three principal scenarios and two alternative scenarios (developed in
Appendix B) are examined for their impact on the life cycle cost of the MRS/IS
facility co-located with a repository. The storage facility is postulated to
begin operation in 1990, with spent fuel requiring storage prior to that time
being stored at reactor sites.

In the Reference scenario, reprocessing plants are postulated to come
on-line in the years 1989, 2000, 2005, and 2010, with capacities of 1500, 1500,
3000, and 3000 metric tons of heavy metal (MTHM) per year, respectively.
Geologic repositories are postulated to be placed in operation in the years
1998, 2002, and 2015, with capacities of 1800 MTHM per year in each of the
first 5 years of operation and 3000 MTHM per year in the succeeding 21 years
of operation.

In the Delayed Reprocessing scenario, startup of each of the reprocessing
plants is delayed 10 years, to the year 1999, 2010, 2015, and 2020, with the
repository schedule remaining the same as that of the Reference scenario.

In the Delayed Disposal scenario, reprocessing starts in 1989, as in the
Reference scenario, but opening of the repositories is delayed 10 years to the
years 2008, 2012, 2015, and 2025.

The alternative scenarios, Early Disposal and Delayed Disposal with No
Reprocessing, represent the lower- and upper-bound situations for storage of ¢
material in the MRS/IS facility, and are not analyzed in this study. w

In the three principal scenarios it is assumed that all spent fuel is
eventually reprocessed. It is also assumed that there is only a single MRS/IS
facility serving the U.S. nuclear power industry. Thus, in the Delayed
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Reprocessing scenario, many spent fuel assemblies (~30,000) are stored for an
extended period of time (~30 years), but Tittle or no reprocessing waste must
be handled. Conversely, in the Delayed Disposal scenario, no spent fuel is
stored, but massive quantities of reprocessing wastes are stored for an
extended time period.

For the Reference scenario, the maximum number of incoming HLW canisters
that must be handled annually is 700 in the years 1992 through 1997. The
maximum numbers of incoming remote-handled transuranic (RHTRU) canisters,
RHTRU drums, contact-handled transuranic (CHTRU) drums, and CHTRU boxes that
must be handled annually are 549, 698, 4868, and 41, respectively, in the
years 1992 through 1997. The maximum inventory of HLW and TRU wastes occurs
in the year 1997, just prior to the opening of the repository, with 4900 HLW
canisters, 3845 RHTRU canisters, 4299 RHTRU drums, 34,076 CHTRU drums, and 286
CHTRU boxes.

For the Delayed Reprocessing scenario, the maximum number of spent fuel
assemblies that must be handled annually is 9590, in the year 2016, when the
fuel is being shipped to the reprocessing plants. The maximum inventory of
spent fuel assemblies stored in the MRS/IS facility is 26,981, in the year
1997. The bulk of these assemblies remain in storage until the year 2012 when
reprocessing plant capacity exceeds the output from the operating reactors.
Since the repositories will be in operation before any HLW or TRU wastes are
created, all of these materials will go directly to the repository.

For the Delayed Disposal scenario, the maximum number of incoming HLW
canisters that must be handled annually is 2,334 in the year 2007. The
maximum numbers of incoming RHTRU canisters, RHTRU drums, CHTRU drums, and
CHTRU boxes that must be handled annually are 1,830, 2,327, 16,227, and 135,
respectively, in the year 2007. Tne maximum inventory of HLW and TRU wastes
occurs in the year 2016, just following the opening of the third repository,
with 29,598 HLW canisters, 22,157 RHTRU canisters, 28,169 RHTRU drums, 192,923
CHTRU drums, and 1,643 CHTRU boxes.

The repository co-located with this MRS/IS facility is assumed to come
on-line in 1998 for both the Reference and the Delayed Reprocessing
scenarios. Since all of the original MRS/IS facility except the interim
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storage areas would then be serving and supporting the underground repository,
there would be no further activities related to interim storage. The removal
of the wastes stored in the various interim storage areas and their transfer
to the repository are assumed to be parts of the repository operation. As
indicated in Appendix B, this transfer would be accomplished over a period of
several years.

Although the repository co-located with this MRS/IS facility would come
on-line in 2008 in the Delayed Disposal scenario, the storage facility would
still be required to receive wastes until after the second and third
repositories open in 2012 and 2015, respectively. Assuming the first
repository would be co-located with this MRS/IS facility, then the activities
of this facility would be shared with the repository from 2008 to 2016. At
that time, all activities would be transferred to the repository.

3.5 UNIT COSTS AND SCENARIOS FOR TRANSPORTATION

A significant portion of the cost of operating a waste management system
is attributable to the cost of transporting the spent fuel and reprocessing
wastes. These costs are also quite sensitive to the scenario for system
operation that is selected for analysis. The base unit costs associated with
transport of the radioactive materials are presented in this subsection,
together with a summary of the transportation links postulated for the MRS/IS
facility co-located with a repository for the three principal fuel cycle
scenarios. Additional details concerning transportation costs and transport
scenarios are given in Appendix C.

3.5.1 Unit Transportation Costs

Unit transportation costs are presented for four fuel-cycle materials:
spent fuel, HLW, RHTRU wastes, and CHTRU wastes. RHTRU wastes are further
subdivided into three categories: wastes that are packaged in special
cylindrical canisters (including compacted cladding hulls), wastes that are
packaged in "standard" 210-liter (55-gal) drums with surface dose rates less
than 5 R/hr, and drummed wastes with surface dose rates greater than 5 R/hr.
Transportation costs are calculated for shipments by truck and by rail.
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Transportation links of 500 miles and 2500 miles one way are evaluated.
Transportation costs are evaluated only between the boundary fences of the
sending and receiving facilities. A1l handling costs and truck/cask demurrage
charges accrued within the MRS/IS facility boundary are attributed to
operating costs. Rail car/cask demurrage charges are included in the unit
shipping costs.

The reference transportation systems evaluated for this study are listed
in Table 3.1. These systems are selected based on availability,
licensability, and compatibility with the reference waste packages.

Transportation costs are based on the assumption that private industry
will provide the transportation services as a commercial venture, although the
services could be owned and provided by the government. Therefore, total
transportation costs are the sum of the shipping charges, special equipment
and security costs (where applicable) and shipping container rental fees. The
unit transportation costs for truck and rail shipments of the six different
cargoes are summarized in Table 3.2.

Special equipment charges and security costs are currently required for
shipments of spent fuel and may be required for shipments of high-level wastes
in the future. The costs for HLW shipments shown in Table 3.2 incluce these
additional costs.

3.5.2 Transportation Scenarios

The transportation requirements are derived from the fuel cycle scenarios
developed in Section 3.4 and Appendix B. The primary assumptions used to
calculate the number of shipments for each scenario include:

e A1l waste volumes are transported from the source site(s) to the
MRS/IS facility by rail and truck. Fifty percent of the waste
volume is assumed to be delivered by rail and 50 percent of the
waste volume is assumed to be delivered by truck.

e The transportation containers and their load capacities for each of
the waste forms are as listed in Table 3.1.
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TABLE 3.1. Reference Transportation Systems Selected for this Study

Waste Packages Leasing
Shipping Shipping Per Fee
Material Mode Container Shipment ($/Day)
Spent Fuel Truck NAC-1 1 PWR or 2000(2)
2 BWR
Rail IF-300 7 PWR or 5750
18 BWR
High-Level Truck NAC-1 1 canister 2000
Wastes
Rail IF-300 5 canisters 5750
RHTRU Special Truck HLW-T 11 canisters 1750
Canister
Rail HLW-R 5 canisters 4375
RHTRU Drums Truck CNS 14-170 14 drums 175
<5 R/hr
Rai1(b) CNS 14-170 42 drums 525
RHTRU Drums Truck CNS 7-100 7 drums 175
>5 R/hr
Raj1{b) CNS 7-100 21 drums 525
CHTRU wastes Truck TRU-PACT 36 drums or 700
3 boxes
Rai1(c) TRU-PACT 72 drums or 1400

(a) Leasing fee for the NAC-1 is caiculated from a schedule.

6 boxes

(b) It is assumed that three of these shipping containers can be

transported per rail car.

(c) Assumes two truck TRU-PACT versions are transported per rail car.
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TABLE 3.2. Round-Trip Transportation Costs for Truck and Rail
Shipments of Spent Fge] and High-Level and
Transuranic Wastes(a

Round-Trip Unit Transportation Costs

Shipping One-Way Miles ($/Shipment)(b’c)
Material Mode 500 2000 2500
Spent Fue1(d) Truck 12,170 29,010 34,710
Rail 91,140 216,920 262,240
High-Leve1(d) Truck 12,200 34,210
Wastes
Rail 91,210 262,410
RHTRU Wastes; Truck 9,280 23,030
Special Canisters
Rail 69,670 - 193,770
RHTRU Wastes: Truck 3,450 10,825
Drums <5 R/hr
Rail 21,090 57,530
RHTRU Wastes; Truck 3,380 10,645
Drums >5 R/hr
Rail 20,770 55,680
CHTRU Wastes Truck 5,310 14,380
Rail 25,600 70,600

(a) Transportation costs include shipping charges, special equipment and
security costs (where applicable) and shipping system rental fees.

(b) Rounded to the nearest 10 dollars.

(c) These costs do not include demurrage fees for truck shipments which
are, on average, $29.30 for each hour of turnaround time at the
terminal facilities. Rail demurrage fees are included in shipping
system rental fees.

(d) Costs include charges for special equipment and escort services.
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e The size, weight and capacity of the containers considered for use
are shown in Table 3.3.

e The MRS/IS facility goes into service in 1990. Prior to that time,
spent fuel requiring storage is held either at the reactor sites or
in a temporary storage facility located on a government site.

e Only those incremental offsite transportation costs associated with
the MRS/IS facility that are in addition to the transportation costs
normally required in the waste management system without an MRS/IS
facility are included in the MRS/IS facility life cycle costs.

Other background, bases, and assumptions used for the transportation
aspect of this study are given in detail in Appendix C.

The annual number of incoming or outgoing shipments for the Reference
scenario is listed in Table 3.4. The maximum number of shipments received at
the facility occurs in the years 1992 through 1997. During each of those
years, 651 truck shipments and 135 rail shipments will require remote
handling, and 75 truck shipments and 38 rail shipments of CHTRU will also be
processed by the MRS/IS facility.

TABLE 3.3. Reference Canister Sizes and Weights for Offsite Transportation

Net(a) 3 Average Weight
Fuel Cycle Material Dimensions, m Capacity, m” (ft°) Loaded, kg (1b)
Spent fuel
PWR assembly NA NA 658 (1448)
BWR assembly NA NA 284 (625)

Solidifed high-level
waste canister 0.31 D x 3.1 0.17 (6.0) 1050 (2310)

RHTRU wastes

Hulls canister 0.62 D x 3.1 0.75 (2.6) 3500 (7700)
210 L (55 gal) drum 0.62 D x 0.92 0.17 (6.0)

CHTRU wastes
210 L (55-gal) drum 0.62 D x 0.92 0.19 (6.7) 300 (660)
Metal box 1.2 x 1.9 x 1.9 3.5 (123.6) 4000 (8800)

NA = Not Applicable
(a) Based on maximum of 80 percent full.
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TABLE 3.4. Annual Number of Incoming Shipments at the MRS/IS
Facility (Reference scenario)

HLW RHTRU CHTRU
Year Rail Truck Rail Truck Rail Truck
90 24 117 23 99 13 26
91 47 234 44 201 25 50
92 70 350 65 301 38 75
93 70 350 65 301 38 75
94 70 350 65 301 38 75
95 70 350 65 301 38 75
96 70 350 65 301 38 75
97 70 350 65 301 38 75
98-00 0 0 0 0 0 0
01 10 47 0 0 0 0
02-10 0 0 0 0 0 0
11 47 234 5 1 3 5
12 24 117 0 0 0 0
13 42 210 26 120 16 30
14 70 350 26 120 16 30
15 0 0 0 0 0 0

For the Delayed Reprocessing scenario, the MRS/IS facility is used to
store spent fuel exclusively, since the repository is opened in 1998. The
annual number of incoming shipments for the Delayed Reprocessing scenario is
listed in Table 3.5. The maximum annual number of incoming shipments of spent
fuel occurs in the years 1996 and 1997 when over 2100 shipments are received
each year. The maximum number of shipments away from the MRS/IS facility
occurs in the year 2016 when nearly 4000 shipments are made.

The annual number of shipments for the Delayed Disposal scenario is
listed in Table 3.6. The maximum number of incoming shipments occurs in the
year 2011 when over 3000 shipments of waste are received at the MRS/IS
facility. During that year, it is estimated that 2201 truck shipments and
456 rail shipments will arrive which will require remote handling. 1In
addition, 244 truck shipments and 123 rail car shipments of incoming CHTRU
wastes will be received at the MRS/IS facility.
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TABLE 3.5. Annual Number of Incoming and Outgoing Shipments
at the MRS/IS Facility (Delayed Reprocessing

scenario)
Spent Fuel

Year _Rail Truck
30 76 583
91 84 696
92 107 819
93 110 832
94 165 1268
95 208 1560
96 247 1888
97 246 1903
gg(2)
99-11 0 0
12 105(P) 77
13 -84 -598
14 -145 -1100
15 -295 -2258
16 -452 -3453
17 -164 -1320
18 0 0

(a) Reprocessing initiated.

(b) (-) indicates shipment from
inventory to an offsite
destination.
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TABLE 3.6. Annual Number of Incoming and Outgoing Shipments
at the MRS/IS Facility (Delayed Disposal

s;enario)
HLW RHTRU CHTRU

Year Rail Truck Rail Truck Rail Truck
90 24 117 23 99 13 26
91 47 234 44 201 25 50
92-00 70 350 65 301 38 75
01 94 463 87 398 50 99
02 117 582 108 503 63 123
03-05 140 700 129 603 67 131
06 187 932 173 800 101 196
07 234 1164 215 1006 125 246
08-10 196 980 170 787 98 195
11 243 1212 213 98y 123 244
12 136 674 101 476 60 115
13 76 376 85 399 50 97
14 126 630 85 399 50 97
15 17 83

16 26 122
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4,0 MRS/IS/REPOSITORY FACILITY

The various considerations related to the MRS/IS/Repository facility
whose preconceptual design is developed in this report are presented in this
section. These considerations include licensing aspects, safety and
environmental concerns, functional criteria and facility requirements, site
location and description, system descriptions, schedule and cost
distributions, and life cycle costs. These considerations are divided into
generic considerations and design-specific considerations and are discussed in
succeeding subsections.

4.1 GENERIC CONSIDERATIONS

Subjects such as licensing, safety, environmental protection, general
standards and criteria, and quality assurance are relatively independent of
the details of the facility design, and are discussed generically in the
‘following subsections. |

4.1.1 Licensing

The various bills before Congress all require that the MRS/IS facility be
licensed by the Nuclear Regulatory Commission under the appropriate parts of
Title 10, Code of Federal Regulations (10 CFR). Principal among these is
Part 72, which deals specifically with storage of spent nuclear reactor fuel
and other radioactive materials in facilities independent of the reactor.
Other parts of 10 CFR that are relevant to the design, construction, and
operation of an MRS/IS facility include: '

10 CFR 20 - Standards for Protection Against Radiation

10 CFR 50 - Appendix B (Quality Assurance) and Appendix E (Emergency
Planning)

10 CFR 51 - Licensing and Regulatory Policy and Procedures for
Environmental Protection

10 CFR 60 - Disposal of High-Level Radioactive Wastes in Geologic

Repositories
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10 CFR 71 Packaging of Radioactive Materials for Transport

10 CFR 73 - Physical Protection of Plants and Materials
10 CFR 100 - Appendix A, Seismic and Geologic Siting Criteria
10 CFR 170 - Fees for Facilities and Materials Licenses and Other

Regulatory Services.

Since the surface handling facilities developed for the MRS/IS facility
co-located with a repository will be used by the repository when it is opened,
it is expected that additional guidance in the form of Regulatory Guides
related to Part 60 will become available in time to be of assistance in the
development of the final design of the surface handling facilities.

Depending upon the location of the facility, there may be permits and/or
licenses required by state and local agencies. All required Ticenses and
permits will be identified and a schedule established to ensure the
availability of necessary information and the timely submission of
applications for the necessary licenses/permits.

4.1.2 Safety

This program will include measures necessary to assure compliance with
applicable safety, fire, and health requirements. Operation of a MRS/IS
facility involves the receiving, handling, and storage of radioactive solids
in the form of spent fuel, solidified HLW, and packaged TRU wastes.
Otherwise, the operations do not involve any significant use of toxic
materials. Principal potential safety hazards at the facility are:

® release of radioactive materials
e criticality incidents
e radiation exposure
4

e fire

e operational hazards - personnel exposure to excessive noise, dust
from construction, etc.

® natural phenomena - flooding, tornado, earthquake.
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Systems and operational procedures will be used in the MRS/IS facility to
protect facility personnel and the public from nuclear radiation and
contamination and to provide industrial safety. Safety will be considered for
three circumstances--normal operating conditions; abnormal operating
conditions and conditions resulting from improbable events.

The principal concerns of the facility in regard to safety deal with the
handling of the nuclear waste or spent fuel. Considerations for facility
safety include layout, design, construction, and, in particular, proper design
for nuclear materials handling, such as the use of work zones to limit
personnel exposure to radiation, the use of an adequate facility security
system, and the use of high safety factors and significant redundance for all
systems that receive, handle, and store the nuclear waste.

Containment and filtering is provided to minimize the potential for
release of radioactive materials. Criticality incidents and radiation
exposure are prevented by careful attention to design concepts and
configuration. Comprehensive fire detection and protection equipment are used
throughout the entire facility. Potential noise excesses are controlled by
equipment isolation, sound-absorbent material, and personnel protection where
required. Dust during construction operations is controlled by water
sprinkling. Personnel exposure to high temperatures is reduced by
ventilation, air-conditioning and worker protection where required. All
facilities are designed to withstand the effects of natural phenomena as
appropriate for the safety classification of the individual facility.

4,1.2.1 Normal Facility Operation

Containers of wastes are received, handled, stored and eventually
retrieved on a routine basis. If additional storage space is being
constructed simultaneously to the receipt of material, the two operations will
be separate. Protection from radioactivity is provided by the integrity of
the waste form, its container and cask, or by the isolation provided for in
the waste handling building and in the storage modes.
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During normal operations, insignificant quantities of airborne
radioactivity could be released into the atmosphere. However, exposure of the
public shall not be greater than that allowed by 10 CFR 20 and Appendix I to
10 CFR 50. Engineered confinement systems will prevent major release of
radioactivity from the waste handling building or from the storage areas.

The waste handling facility will be treated as a "controlled area" in
which building ventilation pressure(s) is maintained below ambient atmospheric
or adjacent area pressure, thus assuring that possible leakage through the
walls will be into, not outward from, any potential source of contamination.
Additionally, all exhaust air from the building will be filtered through
filter systems that include high-efficiency particulate air (HEPA) filters and
then released through a stack. The stack provides for dispersal in the
atmosphere of the small amount of radioactivity that may pass through the
filters. The stack height is established according to atmospheric conditions
at the site; dispersion provides enough dilution that radioactivity reaching
ground level is at or below permissible concentrations.

Finally, the occurrence of release of radioactivity from either the waste
handling facility or the storage areas depend upon simultaneous leakage from
both the waste form and its failed containers, and consequently is expected
only rarely.

4.1.2.2 Abnommal Operating Conditions

Anticipated occurrences that could result from equipment failures,
operator errors, or unplanned process variations during the operating life of
the facilities are considered in terms of possible effect of the failure, how
detected, safeqguards and recovery procedures. These considerations are
incorporated into the design of the facility confinement systems.

4.1.2.3 Improbable Events

Although they have a very low probability of occurring, some upper limit
accidents or improbable events justify the incorporation of additional design
features to further reduce the probability of their occurrence or to mitigate
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their effects. Improbable events considered include earthquakes, high winds
and tornadoes, and floods. Risks due to these natural phenomena are assessed
and adequate design provisions made to them, as follows:

e Seismic design of structures, systems and components considers the
seismic events of Safety Function Earthquake (SFE), Operating Basis
Earthquake (OBE) and Uniform Building Code Earthquake (UBC) and is
in accordance with the earthquake Tevel assignment and applicable
NRC regulations.

® The Design Basis Wind (DBW) is the same as the Operating Basis Wind
(OBW) for the Hanford Site. American National Standard Institute
(ANSI) requirements will govern the design.

® There will be no design basis for flood (DBF) because of the
elevation of the reference site above the Columbia River.

® An MRS/IS facility need not be protected from tornado missiles but
shall be designed to prevent massive collapse of building structures
or the dropping of heavy objects on the waste forms as a result of
building structure failures.

4.1.3 Environmental Considerations

Construction, operation, and decommissioning of an MRS/IS facility by the
federal government will require compliance with the National Environmental
Policy Act (NEPA). These activities will almost certainly be viewed as major
federal actions requiring the preparation of an environmental impact statement
(EIS). Two EISs will probably be required, one covering construction and
operation of the facility and the other covering decommissioning. The EISs
will be prepared in accordance with the regulations of the Council on
Environmental Quality (CEQ). In addition, since the facility is to be
licensed by the U.S. Nuclear Regulatory Commission (NRC), a safety analysis
report (SAR) will be prepared covering operation of the facility. Together,
these documents will describe the facility and alternatives to the facility;
the environmental impacts of constructing, operating, and decommissioning the
facility; the measures taken to assure safety, and the measures taken to
monitor safety.
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The proposed MRS/IS facilities are described in Subsection 4.3. The
potential environmental impacts associated with these facilities that will
require consideration in the EISs are discussed briefly in the following
subsections.

4.1.3.1 Environmental Impacts During Construction

During construction of the MRS/IS facility, the environmental impacts
will be similar to those of any major construction project, except that
construction work force at any time is likely to be less than 200 or
300 people. Therefore, socioeconomic impacts and the impacts from the
presence of extra temporary workers or from many people concentrated in a
small geographic area will be small. Some of the environmental impacts from
construction will be:

e removal of the land from production or other uses
possible removal of timber from the land
irreversible use of some construction materials
irreversible use of fuels and electricity
occasional minor traffic congestion
dust from construction activities
noise from construction activities

minor socioeconomic impacts.

4.1.3.2 Environmental Impacts During Operation

Radioactive materials, including spent fuel, will be handled during
operation of the MRS/IS facility. Appropriate measures will be taken at all
times to avoid criticality and the possibility of any other accident, as well
as to minimize occupational or public radiation dose from routine radioactive
waste handling activities. Probably the most significant impact from
operation of the facility will be the large number of shipments of radioactive
material to and from the facility.

The impacts from operation will include:
® routine occupational radiation doses to workers at the facility

e substantial freight traffic to and from the facility hauling
radioactive shipments
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e routine public radiation doses due to transportation activities
e potential (small) for accidental offsite releases of radioactivity.

4.1.3.3 Environmental Impacts During Decommissioning

Only the storage areas will need to be decommissioned when the MRS/IS
facility ceases operation because the waste handling facility will become part
of the repository. Before decommissioning of the storage areas begins, all
packaged radioactive wastes will be placed in the repository, leaving only
incidental amounts of radioactivity to be removed. Significant quantities of
construction materials (e.g., iron) could be reclaimed. The decommissioning
work force will be small, so socioeconomic impacts will be small. Some of the

impacts from decommissioning will be:
e routine occupational radiation doses from decommissioning activities

e routine public radiation doses from the transportation of
radioactive wastes to low-level waste burial grounds

® Ssome noise
e Jlittle socioeconomic impact
e traffic to and from land fills.

Because the storage facilities are expected to be essentially uncontaminated,
or readily decontaminated at the time of decommissioning, only the last of the
listed impacts is expected to be significant.

4.1.4 General Standards and Criteria

The design and construction of the MRS/IS facilities are governed by a
vast variety of codes and standards. These are summarized briefly in this
subsection with a comprehensive listing given in Appendix D.

The pertinent codes and standards are listed by title, starting with
federal codes.

U.S. Government Codes, Standards, and Guides

e National Environmental Policy Act (NEPA)

e Occupational Safety and Health Administration (OSHA)
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e Code of Federal Regulations, including NRC and DOT requirements
and guides

e U.S. Department of Energy Manual Chapters

State of Washington Codes, Standards, and Guides

e Washington Administrative Code, including construction standards
and safety standards for handling explosives

e Washington Highway Manual
e Washington Grid System

Industrial and Professional Society Publications

e American Conference of Governmental Industrial Hygienists
e American Concrete Institute

e American National Standards Institute

® American Nuclear Society

e American Society of Civil Engineers

e American Society of Heating Refrigeration and Air Conditioning
Engineers

e American Society of Mechanical Engineers

e American Society for Testing and Materials

e American Water Works Association

e Factory Mutual Resource Corporation Manual

e Government-Industry Data Exchange program

e Institute of E]éctrica1 and Electronic Engineers
e Insulated Power Cable Engineers Association

e National Fire Code

e National Fire Protection Association

® Underwriter's Laboratories, Inc.

e Uniform Building Code
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4,1.5 Quality Assurance

A quality assurance (QA) program based on the criteria of 10 CFR 50,
Appendix B, will be established, implemented, and applied to the structures,
systems and components of the MRS/IS facility that are important to safety.
The QA program will extend throughout design, development, manufacturing,
construction and operation. Primary focus will be on items essential to the
integrity of confinement, to radiological safety, and to prevent criticality
events. However, it will also encompass other items and activities at varying
levels of assurance.

The QA program shall include:
e designation of organizational responsibilities

e preparation of QA plan, procedures, and instructions including
quality levels

e program for training personnel
e implementation and documentation
o documented audit program.

Th

1]

QA program shall cover the following activities:
design and development

procurement

manuf acturing, fabrication, and assembly
construction and installation

operation, maintenance, and modification.

4.1.5.1 Development of QA Program

A QA program to ensure the MRS/IS faci]ity does not adversely affect the
health and safety of the public will be developed in steps of increasing
specificity. An overall QA program document, including general QA procedures
and instructions for siting, design, construction, testing, and operation of
structures, systems, and components of the facility, will be prepared. The
overall program will outline the hierarchy of responsibilities and
organizational interfaces, and the procedures for internal controls and
auditing.
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Major participating organizations will prepare and submit for review and
approval separate detailed QA plans that meet the requirements set forth by
the overall program document. Upon approval, these separate QA plans become
part of the overall program. Detailed QA plans will also be required of all
lower-tier contractors; these will also be subject to approval and will form
part of the overall program upon their approval.

4,1.5.2 QA Classifications

Structures, systems, and components of the MRS/IS facility are to be
classified into three levels as related to their importance to nuclear
safety.

e Quality Assurance Level I - Level I structures, systems, and
components, or portions thereof, will be subjected to the

requirements of a quality assurance program established in

accordance with guidelines provided in 10 CFR 50, Appendix B.
Structures, systems, and components will be considered important to
nuclear safety and designated Level I if they are necessary to ensure

- maintenance of the confinement system for the Level I building

- prevention or mitigation of the consequences of accidents which
would result in potential offsite exposures as large as
10 percent of 10 CFR 100 limits

- prevention of offsite doses arising from the failure of a system
or component containing radioactive material that would result in
doses at the site boundary >500 mR to the whole body or its
equivalent to any part of the body.

e Quality Assurance Level II - Structures, systems and components, or
portions thereof, that are not Level I but are either essential to
normal operation of the MRS/IS facility, essential to preventing a

non-nuclear hazard to repository operating personnel, or are
required for physical protection against radiological sabotage, will
be classified as Level II. Level Il structures, systems, and
components are not essential for the nuclear safety of the MRS/IS
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facility and their failure could not result in an accident or
accident consequences that would release hazardous materials to the
offsite environs consisting of:

- radioactivity that would result in doses or concentrations of
radioactive material in excess of the limits of 10 CFR 20, or

- hazardous or toxic materials in concentrations that would cause
undue risk to the health and safety of the general public.

e Quality Assurance Level III - Structures, systems, and components,

or portions thereof, that are not Level I or Level II and the failure
of which could not result in any release of radioactive, hazardous,
or toxic materials to the environs, will be classified as Level III.

A component may be classified at a lower level than its parent system,
provided that the consequences of its failure satisfy the criteria for the
lower classification. No component will be classified at a higher level than
its parent system. If no specific level is established for a component, it
will be considered to be at the classification level of its parent system.
This classification will consider safety analyses, programmatic loss
potential, and industrial experience.

4.1.6 Functional Criteria and System Requirements

The MRS/IS system is intended to receive, store, and ship out spent
reactor fuel, solidified HLW, and packaged TRU wastes during the time period
before availability of a geologic repository and for a reasonable period of
time thereafter. The general functional capabilities required of the MRS/IS

facility are discussed in Subsection 4.1.6.1.

To be acceptable into the facility, the radiocactive materials and the
handling and storage system must satisfy a number of specifications. These
charcteristics are discussed in Subsection 4.1.6.2.

4,1.6.1 Functional Criteria

The MRS/IS facility which is co-located with a repository will have the
capability to receive, store and ship the volumes of spent fuel, solidified
HLW, and packaged TRU wastes, as described in Appendix B, for the Reference
scenario, the Delayed Reprocessing scenario, and the Delayed Disposal
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scenario. The radioactive materials are assumed to be delivered to the MRS/IS
-site by both rail and highway transport, with the volume of materials evenly
distributed between the two transport modes.

The facility will have the capability to unload the materials, inspect as
appropriate, repackage when necessary, transfer to the storage locations,
retrieve from the storage locations, and ship to another location (reprocessing
plant, geologic repository). Process flow diagrams for spent fuel, HLW, RHTRU
and CHTRU materials are shown in Figures 4.1, 4.2, 4.3 and 4.4, respectively.

Shielding at the facility will be sufficient to permit handling,
inspection and storage of spent reactor fuel that has cooled at least
10 years, or solidified HLW and TRU wastes whose source fuel assemblies were
discharged from reactors at least 10 years prior to receipt at the facility,
while maintaining occupational radiation exposure within allowable limits.

The storage facilities at the facility will have the capability to
transfer sufficient heat from the stored material to the environment to
prevent overheating and possible damage to the stored material. The transfer
of heat will be accomplished using passive techniques to avoid the need for
active operating systems in the storage areas.

The ability to periodically sample the environment within the storage
containers and the environment surrounding the storage containers will be
provided to assure detection of any unexpected dispersion of the radioactive
materials while in storage.

Accountability for all waste packages received by the facility will be
maintained until the material is removed from the facility.

The facility will be designed to preclude accidental criticality.

The facility will be constructed in such as way as to facilitate its
physical protection and to facilitate safeguarding the stored material.

The facility will have the capability to process and package for disposal
radioactive wastes resulting from facility operation.

The facility will have the capability to provide surge storage for
20 waste packages.
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4,1.6.2 System Requirements

Requirements and characteristics of the radioactive materials that are
acceptable for storage in the MRS/IS facility and the processing capabilities
required at the facility are discussed in this subsection.

Heat Emission. The reference heat emission rates from spent fuel and

solidified HLW are given in Table 4,1. It is anticipated most of the
materials received by the facility will have lower heat emission rates than

the reference case.

Radiation Emission. The gamma surface dose rates and neutron emission

rates emanating from unshielded containers of reference waste material are
given in Table 4.2.

Physical Characteristics. The dimensions and weights of waste packages

anticipated to be processed at the MRS/IS facility are listed in Table 4.3.

Receiving Capability. The facility has the ability to receive and

process or place in surge storage 1 rail car shipment and/or 5 truck shipments
per day. Each rail shipment of spent fuel is assumed to consist of 7 PWR or
18 BWR assemblies. Each truck shipment is assumed to consist of 1 PWR or

2 BWR assemblies. HLW canisters are also received in cask shipments,

1 canister per truck cask, 5 canisters per rail cask. The TRU wastes in
55-gallon drums are received in the TRU-PACT container (72 drums,

6 boxes/rail; 36 drums, 3 boxes/truck).

TABLE 4.1, Reference Heat Emission Rates

Watts, 10 Years

Package After Discharge

PWR e1ement(a) 550

BWR e]ement(b) 175

HLW canister (€) 2300

(a) 462 kg initial U, 35,000 MWD/MTU
exposure.

(b) 186 kg initial U, 25,000 MWD/MTU
exposure.

(c) 2.14 MT 1initial U processed,
60 percent PWR, 40 percent BWR,
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TABLE 4.2. Reference Gamma Dose Rate and Neutron Emission Rates

Gamma Surface Neutron Emissfon
Package Dose Rate, R/hr Rate, n/sec
HLW canister(a) 1 x 105 5 x 108
Hulls canister(b) 1 x 103 5 x 106
Hardware canister(c) 3 x 104 —

(a) 2.14 MT initial U processed, 60 percent PWR, 40 percent BWR,
10 years from discharge.

(b) Hulls from processing 4.4 MT initial U, 0.5 percent loss,
5 years from discharge.

(c) Hardware from processing 10.7 MT initial U. Dose rate is
proportional to calculated cobalt in hardware five years
after discharge.

TABLE 4.3. Reference Physical Characteristics of Wastes

Nominal Nominal
Waste Type Dimensions, ft Weight, 1b
PWR fuel 16.7 x 0.71 x 0.71 1,500
BWR fuel 15 x 0.46 x 0.46 600
HLW glass 1 0.D. x 10 1,700
canister ‘
Compacted hull 2 0.D0. x 10 1,700
canister
Fuel hardware 2 0.D. x 10 1,700
canister
Remote-handled 2 0.D. x 10 1,700(a)
TRU canister
Remote-handled 55-gal drum goo(a)
TRU container
Contact-handled  55-gal drum goo(a)
TRU container
Contact-handled 4 x 6 x 6 box 14,000(3)

TRU container

(a) TRU wastes mixed with concrete for stabilization
within the container.
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FIGURE 4.10.

Waste Handling Facility - Upper Levels
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FIGURE 4.11,

Waste Handling Facility - Sections and Elevations

13 12 1 10 9 8 | 7 | 6 5 4 | 3 2 | 1
= <
®@ ©F ®
EL 570"
1 R U i I =i G
CRANE L 25T CRANE W/ F/ER |
REPAIR = 3T AUX. B (EL 4%-7
EL.+40'-0" i - : -
b 175 T. CEAME —.——.-]
= Z - I 7% [ WTAK ' RADWASTE CRANE  CANYON
@ = ~ Grae AL | o~ UGTWAY STor . g EQUIPMT. HATCHES Ry
; © j\;-“.l % = S .‘ "
A » UL ] 7N 5 A
P T SN ,;@4‘ ér’?g%g%wz LLW UNLoaDIle ’\‘“-"")51 CEMENTING KM, ;\NCINREI:‘ATOIL Asa:;"“' :
ol N ) o N A% T g | mao-0
fL-4-0' U4 N 3 : - == == e o BL20~07
a L 4 3 INCINERATOR
 corrivorR = LiQuID zmmem—J CONTROL RM F
g / GASEOUS
(& \/’? | (ELf'l‘so‘ ToP/3TACK. (10'1D) SECTION /B RADWACTE
Eh.r51'-0" . | \j
a 1 ?: . ﬁi"i’_' . LRV o 4177 - - - T ‘
1 '
. ‘ - r—
. ! A — —
PRIMARY - ‘
. ' HoT cElL /N‘ANIFULATO& CORRIDOR
i o VIEW o OFPENING(TYF) | EL ,2?;_0.
"Lqm WINDoW (1Y) %;3 I
ELt19-2 . ] BUETINM ——t=—"1} 1 st MONORAIL HOBT
: oy S sk EXHAUST FILTER AzT Ess ArkA \ E
Lo 5 9
PLATFORM EL.+ O-O' _——1 j 1 B -ro‘l-o'
gL-4-o i ' e&3 T+ *
ROl R RO k H |
: B i
coeripor/ i : 'XS::J:IT e
of I I —
CAK | ™ |
U”Lf,f;“c‘// TUNN \.1 : f-29-00 |
f— _ M o Sl P
SECTION (A ‘ e |
:  TuN
EXHAUST FLENUM —g4 ;L‘T:g)\;;ﬁo‘{oﬂb |
N L !
i e G |
EL -55'-0" £ S D
—
® @) G @ 0 Q
“ COOLING TOWERS
)
\ gL +57'-0" —
ELtg7-o! . [ ' i | EL ~47-0"
1 T U L | : f i o L CORY Loy
55T CRAIIE i SERVIGE OPERATING || .
| 10P OF /;TAH)&AA'—% LE | ea I 4-TORNADD CBMPER,
“ CRANE RALL [ R g | GALLERY B | sypru||pal moom w :
- V. Se R . c
) LASER WELPNG“T o Tl b : d e acreen
ra P I wikcows L i
eltig - o ELTIA-2 PRUIPMENT 1 w B wamll = J EL ~4l2"
s e ——— — : — - —— b
< - = J J {oniELDED = Rl E
Low UBVEL WAT =
covepud wAsHOdu AREA CONAMNER RECEIN w?s AR! AlRlock Liw UloaDiNe o i
el-Zbol EL ool q CORR.|| OFFICE AZEA d :
L .c_\ Lo H CHOHGE EMS - 1
L S5 | e . N 7 : } e -
" AT S T aa A / db Bl e
RECESSED TRACK A : A
SECTION @ L EXHAUST TUNNEL
- ! !
® © : 3
—- E4
@ , @ ‘ g/ GRAPHIC SCALE
EL.+51-0" o o o 2= » |B
= s oo o PR == —— - ——
I “
1 i ety N £ EL.+471'-0"
i 1o o _(EL 430"
e i | L (eL 430
e LB 3T
K 1 service =HOT CELL I i1
TOP OF CRANE | [ aaLlery | .. 4 ; St
RAIL EL.+ 240"~k R =7 ‘E _| (B-#0 T [
EL, *et-0" — —— ¥ EL. +1%'-2
i sewat |l chheren pewoowi|area || | [[eask Areevmalls || || T | e prerpaTIoN H [oripPing| rEA
o i s |
/-EL 4i-|@ e — R | B \v | el 4 o A
_____ FTT e s i B i
SHIPPING K. ;
SECTION /D ONLOADING AREA
~—~
13 12 | 10 9 8 | 7 6 ] 5 4 3 2 seozre ()



P



Two separate ventilating systems are furnished in the building: the
confinement system for the waste handling areas, and a standard ventilating
system for support and administrative areas. The confinement system supplies
fresh air to the negative pressure zones of the waste handling areas and
exhausts it through a filter system (which includes HEPA filters) and to the
stack.

4.3.1.1 Cask Receiving and Shipping

This area of the facility can accommodate at least two rail cars or
trucks at any given time. Shipping casks transported either by rail or by
truck are inspected, cooled, protected and, as required, they and their
contents are transported to the transfer or packaging portion of the
facility. This portion of the facility consists of two basic areas: 1) cask
carrier preparation and 2) cask and material transfers or unloading. The
preparation activities are located in enclosed spaces that also serve as air
locks for truck and rail car entry into the transfer area. Basically this
portion of the facility has the fb]]owing process functions (Figure 4.12):
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FIGURE 4.12. Cask Receiving and Handling
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1. receiving and shipping - receives loaded casks and returns empty
casks

2. cask surge or holding - for the temporary storage of cask(s) and
carrier(s)

3. cask maintenance - for minor repair and maintenance of cask(s) and
carrier(s)

4. preparation - peripheral equipment is removed from the cask and/or
carrier and stored

5. cask loading and offloading - casks can be removed from or loaded on
a carrier

6. cooling and washdown — casks can be given exterior washdown or
interior venting, flushing and cooling

7. decontamination - casks can be decontaminated as required

8. material unloading - casks can be isolated or mated with the
transfer/packaging portion of the facility

4.3.1.2 Container Transfer and Packaging

If the cask is shipped in a horizontal position it will be raised to
vertical position on the transporter or set in a vertical position on a
special car. Then it will be movea beneath the primary hot cell and mated
with a shielded collar lowered from the cell. After removal of the shielding
plugs from the hot cell and the cask, each canister or fuel bundle is raised
up into the hot celil. There it is checked as necessary, and it can be stored
temporarily in a lag storage location or it can be placed in one of the
process tank areas or cells. These areas have the capability of enclosing
fuel bundles or canisters in an overpack; inspecting spent fuel or completed
waste packages (both helium-leak and ultrasonically tested for structural
soundness), and decontaminating if necessary. Clean canisters and packages
are transferred from the primary process cells to the secondary (and clean)
hot cell. From there the completed waste package is lowered through shielding
collars into a storage cask, which can be sealed and made ready for transfer
to the storage area.
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The transfer and packaging area of the facility is to be designed to:
e use dry handling of the waste throughout the system

e minimize the number of handling operations in the interest of safety
and economy

e receive remotely handled spent fuel bundles, HLW canisters and RHTRU
packages

e inspect external surfaces of canisters and waste packages for
physical damage and contamination

e overpack canisters and fuel (if leaking or damaged or if required
for the storage concept) to form acceptable waste packages and
inspect the packages following overpacking

e repair canister and waste package closure welds when necessary
e decontaminate canisters and waste packages when necessary
e retain traceability of all waste packages.

Remotely operated cranes, manipulators or devices are used to
perform the following functions in the transfer and packaging hot cells:

e remove and replace shielding plugs for cell ports
e unlock/lock and remove/replace cask shield plugs

e extract material packages from shipping cask, move them to and
through the hot cells, place them in transfer or storage casks;
also the reverse of the above sequence

e mechanically interlock the grapple jaws with the payload while the
payload is suspended from the crane.

4.3.1.3 Contact Material Handling System

Another portion of the WHF comprises two bays equipped to receive and
handle either truck or rail cars, and a system to receive and remove waste
containers from the TRU-PACT or similar shipping system; and to process and
prepare the drums and boxes for storage.
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After inspection, the entering vehicle is moved to the washdown area for
removal of road dirt. Then it goes to the CHTRU waste receiving bay. There a
crane offloads the carrier to an air pallet transfer machine which moves the
carrier through an air lock into a processing area. In the processing area
the drums or boxes are removed from their container by a 1ift truck and are
subsequently inspected for surface contamination and radiation level. Drums
that show evidence of damage are overpacked into larger drums or containers n
and are handled separately. Containers having excessive surface contamination
are decontaminated by manual methods. Acceptable containers are placed on
pallets and made ready for transfer to the transuranic surface storage (TRUSS)
facility.

4.3.2 Transfer and Storage of Contact-Handled Wastes — TRUSS Facility

The TRUSS facility, shown in Figure 4.13, is an above-ground, warehouse-
type building designed to optimize CHTRU drum and steel box storage life cycle
costs within safety, security, and storage environment requirements. The
facility will provide indoor container storage in clean, dry conditions.
State-of-the-art handling and storage methods will permit efficient operation
with forklifts and a minimum of operating personnel. Containers on pallets
can be transported to the TRUSS facility hy fork]ift, truck or rail. The
necessary segregation of TRU waste types can be accomplished within the
facility by zoning with interior walls and aisles, or by covering arrays of
similar containers with fire retardant protective covers. The internal floor
space measures 280 x 200 feet (56,000 ft2) of which ~35,000 ft2 will
accommodate a 10-year waste stream volume of 55-gal drums, based on the
anticipated waste stream estimates given in Table 4.4. Access aisles will
require a total of ~9000 ft2 of floor space, leaving 7000 ft2 for storing
TRU boxes. The facility is sized to accommodate primarily the drummed CHTRU
waste generated between the start-up of the MRS/IS facility and start-up of
the co-located repository, a period anticipated to be ~10 years. After
repository start-up, it is expected that the drummed TRU waste stream will be -
diverted directly to the repository, and not require interim storage. At the -
same time, the inventory of waste stored in the TRUSS facility will be

sequentially retrieved and transported to the repository.
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boxes. Packages will be certified to meet contact-handled waste acceptance
criteria for permanent disposal, and will be stored in designated areas in the
facility.

Deliveries to the TRUSS facility will normally be made by truck from the
WHF and will be received in an enclosed loading bay which will fully contain
the delivery trucks or trailers. The 20 ft x 40 ft bay will have roll-up
doors leading into the facility and to the outside. During waste deliveries
the outer door can be closed to provide weather protection and containment.
The loading dock in these bays will match the height of truck or trailer beds
to permit forklift unloading and storage operations. Fifty-five-gallon drums
will be handled by forklifts equipped with drum handling tongs, and stacked in
rectangular modules in designated areas in the building. Drums may be stacked
no more than 5 layers high, but the storage arrays may be any convenient
length or width. The maximum weight of a drum is ~900 pounds. Forklifts
configured with regular tines will handle TRU boxes and preassembled 6- or
12-packs of 55-gallon drums. Such packages may have a maximum size of up to
12 x 8 x 8,5 ft and may weigh up to 25,000 pounds. This will require that at
least one forklift in the facility have a capacity in excess of 25,000 pounds.

There will be a load-out area on the rear of the facility for loading
certified waste packages into TRU-PACTs on trailer beds or rail cars for
transfer to the repository. This dock will be completely enclosed to pemmit
forklifts to drive from the interior of the facility onto a trailer or a
railcar and load waste packages. The bay will measure ~75 x 25 feet, and will
contain one trailer or rail car at a time. It will have doors on both ends to
pemit forward movement of trailers or rail cars after loading, thus allowing
the next carrier to follow directly behind.

4.3.2.3 Retrieval

Drums and boxes from the TRUSS facility will be retrieved with
forklifts. There is no preliminary work required to make the containers
accessible. They can be moved out of the facility and onto trucks at the
loading bays, which is essentially the reverse of the delivery and emplacement
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operations. The favorable storage environment will insure that containers
will be in good condition at retrieval and not require repackaging, an extra
operational step that would add to the cost of TRU retrieval. In short, the
TRUSS facility can provide inexpensive TRU retrieval because of:

e immediate access to the waste containers

e avoidance of the need to repackage or contain the original waste

containers
e small retrieval crew, using efficient eqgipment and techniques.

4.3.2.4 Storage Environment

The TRUSS facility provides a favorable storage environment. The walls
and roof will be precast concrete panels with insulation sandwiched inside.
Insulation R values of about 11 to 13 for the walls and 19 for the roof will
be used. Artificial temperature control requirements are minimized by the
inherent thermal stability provided by the structure and concrete slab floor,
and by the wide storage temperature range allowed for the waste. The
ventilation exhaust system will also help lower the temperature if required
for personnel access. No firmly established Tow temperature 1imit will be set
but the temperature will be high enough to avoid formétion of frost on the
storage containers. This will be accomplished in the TRUSS facility by using
the interior lights to heat the storage space as necessary.

The relative humidity inside the TRUSS facility will be below critical
levels for the vast majority of the storage periods, even without mechanical
dehumidification equiment or heating. Studies show that the mean ambient
relative humidity at Hanford is at, or below, 55 percent for 7 months of the
year, and ranges between 60 and 80 percent for the other 5 months. By
maintaining the internal TRUSS storage temperature 10°F above the outside
temperature in the winter time, the resulting relative humidity will not
exceed 55 percent.

4,3.2.5 Criticality Prevention

Storage of fissile material in the TRUSS facility will be done in arrays
that make efficient use of the facility and will not permit criticality to
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take place. Because of the quantity and form of fissile material that will be
placed in the facility and its form and arrangement, the facility will be
classified as a Limited Control Facility. As such, criticality monitors are
not mandatory, but may be incorporated along with other fissile facility

requirements as deemed prudent.

4,3.2.6 Radiation Monitoring

Radiation monitoring and alarm systems will be provided in the TRUSS
building, in the ventilation stack, and exterior to the building, to detect
any inadvertant releases.

4.3.2.7 Lighting

Skylights may be installed to augment the installed energy-efficient
fluorescent 1ighting. The number and location of skylights will be determined
during conceptual design. The skylights will minimize the electrical power
requirements during normal working hours only. During non-normal hours or
inclement weather the fluorescent 1ighting must be able to provide 100 percent
of the lighting needed, plus heating requirements.

4.3.2.8 Fire Detection and Suppression

Fire alarm control boxes will be provided near the loading bay areas to
permit manual activation by operating personnel. The general storage area
inside the facility will be equipped with a smoke detection system and an
automatic sprinkler system, both of which will signal the fire department upon
activation.

A dry-pipe, water sprinkler system will provide fire suppression
capability throughout the facility. A dry-pipe system is required because the
facility is unheated. A fire main will be required to bring the fire fighting
and sprinkler system water to the facility. If the sprinklers are activated
the drain system will collect the runoff water and route it to a holding
tank. Hand-held fire extinguishers should be provided in accessible areas,
but consideration should be given to selecting these locations to pemmit
routine monthly inspection and maintenance when the facility is locked.
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4.3.2.9 Ventilation

The facility will be equipped with a ventilation exhaust system to
provide negative pressure ventilation within the building. The system will be
sized to ensure that the normal air flow through the facility doors and
openings is directed toward the inside. It will have a single exhaust stack,
equipped with a motor-driven damper interlocked with the exhaust fans. The
stack will have an isokinetic sample probe leading to a record and alarm
monitoring system. The monitoring system will automatically shut down the
ventilation system if air particulate levels reach preset limits. Alarms for
the stack monitoring system will be displayed locally on an annunciator panel
outside of the facility, and remotely in the WHF.

Because of the inherent thermal stability of this type of structure,
ventilating with outside air will be sufficient to provide an acceptable
working environment inside the facility during the summer. Material handling
will not be a full-time operation, the main function being storage. Cooling
for personnel comfort will be limited to keeping the peak globe temperature
(WBGT) below 89°F, which can easily be accomplished without air conditioning.
Sufficient heat will be generated from the lighting to provide a moderate
temperature during the winter to prevent freezing.

4.3.3 Transfer and Storage of Remote-Handled Wastes - Casks

The interim storage provisions for the material received at the MRS/IS
facility encompass an enclosed building (TRUSS) and either below-ground
drywells or casks located on the surface. This section describes the cask
storage concepts.

Two different types of storage casks are used. The REA-2023 cask, shown
in Figure 4.14, is the reference cask for fuel and HLW storage, and has been
designed, but not yet built. The unit consists of a double containment design
with a welded final closure. The various components include a rugged, smooth
stainless steel outer skin, a lead gamma shield, a water neutron shield and a
basket featuring boral neutron-absorbing plates. The primary containment
vessel is also stainless steel, designed according to ASME Boiler and Pressure
Vessel Codes. This cask is compatible with loading and unloading procedures
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4.3.5.2 Maintenance Building

A one-story building of about 15,000 ft2 provides the supporting shops
and associated shop storage for the MRS/IS operation.

4.3.5.3 Material Warehouse Building

The material warehouse, a building of varying heights, consists of two
functional portions: a high bay bui]ding of about 50 feet high and a Tow bay
for administrative and small equipment storage. The total building has about
20,000 ft2. The high bay portion of the building has a bridge crane for
handling operating supplies and spare equipment for the WHF and other support
buildings. Forklift truck access will be provided for stacked pallet racks
and floor storage areas. Also, areas will be provided for outdoor storage of

large equipment items.
4.3.5.4 Gate Houses

There are two, one-story gate house buildings for the area. The first
provides a security check area for entering employees and visitors and the
second is for rail car and truck shipments. Truck inspection and rail car
inspection pits are provided adjacent to the second guard station.

4.3.6 Service Utilities

Water, electrical power, roads and railways to the MRS/IS facility are
assumed to be available from sources on the Hanford Site. Descriptions of
these utility systems plus several in-area systems are given below.

4.3.6.1 Water Supply

The water supply system delivers water to the required in-plant systems;
these include the raw water system, water treatment, water storage, water
distribution and the fire protection system. Raw water will be received from
an existing export line pumping station. A water treatment plant is provided
for a sanitary water supply. Distribution pumps will maintain a 100 psig
nommal distribution network for sanitary and process use.

The fire protection system will include a 250,000-gallon water tank and
two fire pumps discharging into the facility water distribution network
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supplying fire hydrants, sprinkler systems and fire hoses. One pump will be
electric-motor-driven and one will be diesel-engine-driven.

4.3.6.2 Electrical Power Systems

Normal and emergency standby power systems will be provided. Offsite
power will be obtained at 115 or 230 kV and will be brought to a new
substation that will reduce the voltage to 13.8 kV. Dual electrical feed
systems to the substation are planned for maximum reliability. From the main
substation the power will be distributed to the various building and centers
via 13.8 kV direct burial cables.

Emergency standby power will be provided to vital systems by means of a
turbine generator set. An essential function of this system is to restore
power to those essential Toads which must maintain safety functions but can
accept short duration interruption in power. Uninterruptable power will be
supplied by batteries to those systems that cannot accept short duration
interruptions.

4.3.6.3 Sanitary Waste Disposal System

A sanitary waste disposal system will be provided to collect, treat, and
dispose of a maximum flow of 10,000 gallons/day of sanitary waste generated at
the proposed facility. Sewage collection will be through an underground
gravity pipe system. The sewer pipe will be laid under 4-1/2 feet of earth
cover for frost protection. Sewage will be treated in a prepacked, extended
aeration, biological treatment plant which will meet all local, state and
federal effluent discharge standards. Effluent from the treatment plant will
be discharged to an offsite subsurface tile drainage field. Wastes from
potentially, radioactively contaminated sources will not be discharged to the
sanitary waste disposal system, but will be treated within the facility waste
treatment system.

4.3.6.4 Communications and Fire Alarm System

Communication systems for the facility will include a PA system, a plant
intercom system, and telephone systems for both inside and outside calls.
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Security communications will be handled primarily by the Hanford Site radio
system. Evacuation, radiation alert, and fire alarm systems also will be
provided.

The PA system will be used for paging and for emergency instructions
within the WHF, including the storage fields. Paging may be done from
designated telephones as well as from the emergency communications center in
the Patrol Headquarters building.

The fire alam system will be transmitted directly to the fire station as
well as sounding local alarms to warn personnel to evacuate.

4.3.6.5 Radiation Monitoring and Surveillance

Radiation monitoring will be conducted both inside and outside the
buildings and in the storage yards to assure that radiation levels and
airborne particulate levels on or about the facility or area do not exceed
preset limits. Monitors located in areas frequented by onsite personnel will
have local alarm capability. Other monitors and monitoring devices will be
under continuous surveillance at the environmental console or will be
periodically checked by health physics personnel.

Area and perimeter monitoring will be accomplished with continuous air
monitors (CAMs) and ion-chamber-type dosimeters strategically placed around
the outside boundary of the site to provide continucus monitoring of the
immobilized spent fuel and remote handled wastes. The heaviest concentration
of units will be located downwind from the facility. The CAMs will be of the
fixed—filter type and designed to withstand exposure to adverse elements of
the environment.

Preliminary radiation monitors will be placed strategically around the
outside boundary of the site. The heaviest concentration of units will be
located downwind of the prevailing winds. Three types of monitors will be
used: area gamma monitors, beta-gamma particulate monitors, and
thermoluminescent dosimeters.

4.63



4.4 COST ESTIMATE AND SCHEDULES

This section contains the estimated cost for the MRS/IS facility, and the
bases for developing life cycle costs for the scenarios described previously.
Cost estimates are based upon the use of constant unescalated 1982 dollars.
Construction schedules are adjusted to satisfy the needs as specified in the
scenarios.

4.4,1 MRS/IS Facility Base Cost and Construction Schedule

It is estimated that detailed design will require 30 months.
Construction will overlap the design by 1 year and is estimated to continue
for 4 years. Total time from authorization to hot operation of the facility
is estimated to be 5 1/2 years. The design and construction schedule is shown
in Figure 4.21.

It is assumed that the facility is constructed during the period 1985 to
1990. The disbursement schedule associated with this construction time table
is: a 5 percent expenditure in 1985, a 15 percent expenditure in 1986, a
20 percent expenditure in 1987, 25 percent expenditures in 1988 and 1989, and
a 10 percent expenditure in 1990.

The estimated cost to design, construct and outfit the facilities
described in Subsection 4.3 is $178 million. Initially, the facility consists
of: 1) a waste handling building, 2) a basic storage yard consisting of one
TRUSS building and a cask storage yard designed to accommodate 1000 stcrage
units but equipped only with 100 concrete storage pads, and 3) support or
auxiliary buildings (i.e., an administration, maintenance, warehouse, and
patrol buildings), security system, etc. A summary of the cost estimates is
provided in Table 4.7.

The capital costs include the direct construction costs and the
percentages of construction costs assigned for the functions of design,
indirect labor, contingency, and owner's cost for contract management. The
general bases used for the capital, operating, and decommissioning costs are
presented in Table 4.8.
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FIGURE 4.21. Postulated MRS/IS Facility Design and Construction Schedule




TABLE 4.7. Construction Capital Cost Summary
(thousands of mid-1982 dollars)

Construction

Offsite Development (electrical, roads,
railroads, water)

Land Improvements (railroads, roads, sidewalks)

Waste Handling Facility

Cargo Receiving and Shipping 8,000

Hot Cell 11,000

Radwaste System 10,800

Hot Maintenance Shop 700

Mechanical Electrical Instrument 5,200
System

HVAC and Personnel 8,500

Service Facilities (standby generator,
security buildings)

Storage Facilities (warehouse, rail cars)
Other Facilities
Waste Handling System

Area Service Systems (electrical, security,
water, radiological waste management, lighting)

TRUSS Building
Transporter and Gantry Crane
Subtotal
Cask Storage Yard (100 pads)
Indirect Costs (12.5% of A + B)
Engineering and Services (12% of A + B + ()
Contingency (25% of A + B + C + D)
Owners Cost (7% of A+ B+ C +D +E)

Total Cost

(a) Letters refer to categories of cost as listed in Table 4.8.
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$7,500

4,200
44,200

6,000

2,500
1,850
2,450
32,000

2,500
__2,000
$105,200
320
13,200
14,250
33,250
11,780
$178,000



TABLE 4.8. Cost Estimating Factors

Capital Costs
Direct Costs
Non-repetitive
Repetitive

Indirect Costs
Construction Services and Field
Office Engineering Services
C=12.520f A+ B+ C

Home Office Engineering and Services

D =125 of A+ B +C
D] = 6% of B+ C
Contingency E = 2542 of A+ B +C + D
E1 =25% of B+ C + D1
Owner's Cost F =7%0of A+ B +C+D+E
F1 =4%0f B+ C + D1 +Eq

Operating Costs
Labor (Estimated)
Consumables 10% of G

Maintenance Supplies and Contract Labor
2% of A+ B +C

G&A, Utilities, Supervision,
Cost of Capital
J=12%of G + H

Decommissioning Cost = 10% of Capital Cost

Initial Each Additional
Facility Storage Increment

(a)

A -

B B

C C

D D1

E E1

F F1

G G

H H

I I

J J

(a) These letter designations are used in Tables 4.7 and 4.14.
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The estimated costs associated with bringing the utility systems to the
site are presented in Table 4.9, assuming the indicated distances are
appropriate for connection to existing Hanford systems.

TABLE 4.9, Construction Costs for Utilities
(millions of mid-1982 dollars)

Per Mile Total

Water - River Pumps and 0.160 3.83
10-in. Pipe (7 miles)

Electrical - 115 kVA, 10 MW (5 miles) 0.087 0.44

Roads - 2 Lane, Heavy Duty (5 miles) 0.275 1.38

Railroad - Single Track (5 miles) 0.370 1.85

7.50

4.4,2 Cost and Schedule: Reference Metal Storage Casks

The number of metal casks required to store spent fuel and HLW varies for
each scenario. A schedule for the purchase of casks is provided in
Table 4.10. The following assumptions are used in developing the data
provided in that table:
e Metal cask storage capacities (payload) are:
- 14 HLW waste canisters per cask
- 52 BWR spent fuel assemblies per cask
- 24 PWR spent fuel assemblies per cask
e Casks will be purchased in the year of their actual use.

Each cask purchased, regardliess of design payload, is assumed to cost $700,000
plus a 25 percent contingency, or $875,000. The purchase of casks is assumed
to be a capital expenditure.

4.4.3 Cost and Schedule: Metal Cask Support Pads

Cask support pads will be constructed as the need arises. Initially the
facility will incorporate 100 storage pads on a storage field designed to
accommodate 1000 storage units (casks). A schedule for adding additional
storage pads and additional storage fields is provided in Table 4.11.
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TABLE 4.10. Schedule and Costs for Annual Purchases of Metal Storage Casks
Reference Scenario Delayed Reprocessing Delayed Disposal

Year Number Cost(a) Number Cost(a) Number Cost(a)
1990 17 14.875 47 41.125 17 14.875
1991 33 28.875 54 47.250 33 28.875
1992 50 43.750 67 58.625 50 43.750
1993 50 43.750 67 58.625 50 43.750
1994 50 43,750 102 89.250 50 43.750
1995 50 43.750 127 111.125 50 43.750
1996 50 43.750 152 133.000 50 43.750
1997 50 43.750 155 135.625 50 43.750
1998 50 43.750
1999 50 43.750
2000 50 43.750
2001 67 58.625
2002 83 72.625
2003 100 87.500
2004 100 87.500
2005 100 87.500
2006 134 117.250
2007 166 145,250
2008 140 122.500
2009 140 122.500
2010 140 122.500
2011 174 152.250
2012 96 84.000
2013
2014 80 70.000
2015
2016 . .

Total 350 306.250 771 674.625 2020 1767.500

(a) Costs in millions of mid-1982 dollars.
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TABLE 4.11.

and Storage Fields for Metal Casks

Reference Scenario

Delayed Reprocessing

Delayed Disposal

Schedule and Costs for Annual Construction of Storage Pads

No. No. No. No. No- No.

vear Pads Cost!® Fields Cost(?) pads cost!® Fields cost!® pads Cost(?) Fields cost(?)
1985 100 0.2 1 0.3 100 0.2 1 0.3 100 0.2 1 0.3
1986

1987

1988

1989

1990 100 0.2

1991

1992 100 0.2 100 0.2 100 0.2

1993 100 0.2

1994 100 0.2 100 0.2 100 0.2

1995 200 0.4

1996 100 0.2 80  0.16 100 0.2

1997

1998 100 0.2

1999

2000 100 0.2

2001 100 0.2

2002 10 0.2

2003 100 0.2 1 0.3
2004 100 0.2

2005 100 0.2

2006 200 0.4

2007 200 0.4

2008 100 0.2

2009 100 0.2

2010 200 0.4 1 0.3
201 _ o _ . 50 0.1 ~ -
Total 400 0.8 1 0.3 780 1.56 1 0.3 2020 4.04 3 0.9

(a) Costs in millions of mid-1982 dollars.

The cost associated with each are assumed to be $2,000 per storage pad and
$300,000 per storage field including indirect costs.

It is assumed that

storage pads and new storage fields are added the year prior to the need.
Within reason, basic modules (additions) are assumed to be in multiples of 100

storage pads.

pads and storage areas are assumed to be a capital expenditure.
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4.4.4 Cost and Schedule: Concrete Casks

Concrete storage casks will be used to store RHTRU for both the Reference -
scenario and the Delayed Disposal scenario. The following assumptions are
used to delineate a schedule for the purchase of concrete storage casks.
e Concrete cask storage capacities are:
- 12 RHTRU drums/cask
- 3 RHTRU canisters/cask
Storage casks are reused if available.
Storage casks are purchased in the year of their need or use.

A schedule for the purchase of concrete storage casks for both the Refer-
ence scenario and the Delayed Disposal scenario is presented in Table 4.12.
The cost of each concrete cask was assumed to be $25,000. The costs associatea
with purchasing concrete storage casks are assumed to be capital expenditures.

4.4.5 Cost and Schedule: Concrete Cask Support Pads

Concrete cask support pads will be constructed as the need arises. The
pads will be constructed in modules of 500 in storage fields designed to
accommodate 1000 storage units. The first storage pads and storage field will
be constructed in 1988. Subsequent storage pad modules and additional storage
fields will be constructed the year prior to their need. The schedule of
construction storage pads and fields for concrete casks is presented in
Table 4.13. The estimated cost associated with construction of each storage
pad is $2,000 and with each storage field is $300,000 including indirect
costs. The costs resulting from adding storage pads and storage fields are
assumed to be capital expenditures.

4.4.6 TRUSS Buildings

For the Delayed Disposal scenario, additional TRUSS buildings will be
constructed in the years 2003, 2006, 2009 and 2013 to store the projected
quantities of CHTRU. Each additional storage unit (TRUSS building) is assumed
to cost $2.5 million. The cost associated with constructing each additional
TRUSS building is assumed to be a capital expenditure.
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TABLE 4.12. Schedule and Costs for Annual Purchases
of Concrete Storage Casks

Reference Scenario Delayed Disposal
Year Number Cost(a’gBy Number Cost(a’b)
1990 81 2.025 81 2.025
1991 162 4.050 162 4.050
1992 241 6.025 241 6.025
1993 241 6.025 241 6.025
1994 241 6.025 241 6.025
1995 241 6.025 241 6.025
1996 241 6.025 241 6.025
1997 242 6.050 242 6.050
1998 241 6.025
1999 241 6.025
2000 241 6.025
2001 322 8.050
2002 402 10.050
2003 482 12.050
2004 482 12.050
2005 483 12.075
2006 643 16.075
2007 805 20.125
2008 630 15.750
2009 632 15.800
2010 632 15.800
2011 793 19.825
2012 378 9.450
2013 319 7.975
2014 318 7.950
Total 1690 42.250 9734 243.350

(a) Costs in millions of mid-1982 dollars.

(b) The number of significant figures is for computational
accuracy and does not imply precision to the nearest
$1000.
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(a) Costs in millions of mid-1982 dollars.

4.73

TABLE 4.13. Schedule and Costs for Annual Construction of Storage Pads
and Storage Fields for Concrete Casks
Reference Scenario Delayed Disposal
No. No. No. No.

Year Pads Cost(a) Fields Cost(a) Pads Cost(a) Fields Cost(a)
1988 500 1.0 1 0.3 500 1.0 1 0.3
1989

1990

1991

1992 500 1.0 500 1.0

1993 ' 1 0.3 1 0.3
1994 500 1.0 500 1.0

1995

1996 190 0.38 500 1.0

1997 1 0.3
1998 500 1.0

1999

2000 500 1.0 1 0.3
2001 500 1.0

2002 500 1.0 1 0.3
2003 500 1.0

2004 500 1.0 1 0.3
2005 500 1.0

2006 1000 2.0 1 0.3
2007 500 1.0

2008 500 1.0 1 0.3
2009 500 1.0 1 0.3
2010 1000 2.0 1 0.3
2011 500 1.0

2012 _ . 234 0.47 _

Total 1690 3.38 2 0.6 9734 19.47 10 3.0



4.4.7 Annual Operating Expense

The annual cost associated with operating the Reference facility (i.e.,
labor and materials) is estimated to be $11.53 million. A staff of
approximately 138 is required to operate the MRS/IS facility and approximately
62 support personnel are needed to administer and safeguard the facility. A
summary of the annual operating expense is presented in Table 4.14.

For the Reference and the Delayed Reprocessing scenarios, it is assumed
the co-located geologic repository would come on-Tine in 1998. Since all of
the MRS/IS facility except the interim storage areas would be utilized to
service the underground repository, it has also been assumed that most of the
operating costs after that date would be to the repository account. This
would include the operating expense of removing the various wastes stored in
the different interim storage areas and transferring them to the underground
repository. As shown in Appendices B and C, this would require several years
to accomplish.

A similar approach is assumed for the Delayed Disposal scenario.
Although, the first repository comes on-line in 2008, this MRS/IS facility
would function and receive wastes until after the second and third
repostitories open in 2012 and 2015, respectively. Assuming the first

TABLE 4.14. Yearly Operating Costs for the MRS/IS Facility
(millions of mid-1982 dollars)

6.(a)  Labor

Waste Handling Facility (~138 staff) 5.03

Support Personnel (~62 staff) 2.41

H. Consumables (10% of G) 0.74

I. Maintenance (2% of A + B + C of Table 4.7) 2.37
J. G&A, Utilities, Supervision, Cost of Capital

(12% of G + H) 0.98

Total 11.53

(a) Letters refer to categories of cost as listed in Table 4.8.
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repository would be the one co-located with this MRS/IS facility, then the
operating costs of the original facility would be assumed by the repository in
2016. Between 2008 and 2016 the cost of operating the MRS/IS facility would
be shared with the repository.

4.4.8 Transportation Costs

The bases for assigning transportation costs are described in
Subsection 3.5, with additional details presented in Appendix C. A summary of
the transportation cost for each scenario is provided in Table 4.15. The
transportation cost is assumed to be an operational expense. Only those
incremental offsite transportation costs associated with the MRS/IS facility
that are in addition to the transportation costs normally required in the
waste management system without an MRS/IS facility are included in the MRS/IS
facility life cycle costs.

4.4.9 Drywell Storage

An alternative to storing spent fuel and HLW in a metal storage cask on
the surface is a drywell imbedded in the soil. In this case, the RHTRU
canisters and drums continue to be stored in the surface-mounted concrete
casks, as before.

For the drywell storage system it is assumed that minimum changes would
be required to either the design or the operation of the WHF. Since the hot
cells within the building has an adequately-sized, semi-automatic system for
canistering of failed fuel or HLW, no capacity increases are needed for
canistering of all fuels. The other operations such as fuel unloading or
loading require essentially the same systems as for the reference cask storage.

Other supporting buildings, services and utilities for drywell storage
are the same as for the reference metal cask. The cost of the transporter for
the drywell system is essentially the same as the cost of the trailer and
gantry for the cask system.

The cost of constructing a drywell is estimated to be $18,000 each
including indirect costs. The drywells are arranged in fields of 1000 wells
each and each field is estimated to cost $300,000 to prepare.
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~TABLE 4.15. Annual Transportation Costs for

(millions of mid-1982 dollars)\?d

Reference Scenario

Delayed Reprocessing

Each Scenario

Delayed Disposal

Total MRS Total MRS Total MRS
Year System Incremental System Incremental System Incremental
1990 17.675 0 40.097 32.536 60.778 0
1991 34.794 0 45.893 43.934 36.136 0
1992 51.918 0 56.140 45,626 51.918 0
1993 51.918 0 58.091 45,933 51.918 0
1994 51.918 0 87.039 70.595 51.918 0
1995 51.918 0 108.416 88.206 51.918 0
1996 51.918 0 130.202 105.797 51.918 0
1997 51.918 0 130.340 105.783 51.918 0
1998 0 51.918 0
1999 0 51.918 0
2000 0 51.918 0
2001 0 69.232 0
2002 0 86.445 0
2003 0 102.859 0
2004 0 102.859 0
2005 0 102.859 0
2006 0 138.356 0
2007 0 172.841 0
2008 0 141.166 0
2009 0 141.166 0
2010 0 141.166 0
2011 21.929 0 175.920 0
2012 10.300 0 54.262 54.262 92.551 0
2013 26.898 0 42.799 42.799 45.900 0
2014 39.035 0 76.229 76.229 67.710 0
2015 0 155.783 155.783 7.300 0
2016 0 238.458 238.458 10.996 0
2017 0 88.851 88.851 . 0
Total 462.139 0 1312.600 1193.139 2163.503 0

(a) The number of significant figures is for computational accuracy
and does not imply precision to the nearest $1000.
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Fuel placed in a drywell must be sealed within a canister. Each canister
will hold 3 BWR or 1 PWR fuel assembly and is estimated to cost $5500. The
cost of preparing the field and the construction and installation of the
drywells are assumed to be capital expenditures. The cost of the canisters is
assumed to be an operating expense.

A schedule for the construction of storage field and drywells is given in
Table 4.16, together with the annual capital expenditures for that
construction and installation work for the three fuel cycle scenarios.

4.4,10 Decommissioning Costs

With the exception of the storage casks and storage fields, all of the
MRS/IS facilities become the surface facilities for the co-located repository
when repository operations are begun. Therefore, the cost of decommissioning
the surface facilities (except for casks and storage fields), which is
estimated to be about 10 percent of the capital cost of these facilities or
about $18 million, is not chargeable to the MRS/IS system but is charged to
the repository system when the repository is closed. It is anticipated that
the costs of decontaminating and removing the casks, support pads and storage
fields will be paid from funds recovered when the decontaminated metal casks
are sold for salvage. As a result, no net costs are assigned to the MRS/IS
facility co-located with a repository for decommissioning.

4.5 LIFE CYCLE COSTS

To provide compatibility with other studies of spent fuel and waste
disposal, life cycle costs are evaluated for the Reference, Delayed
Reprocessing, and Delayed Disposal scenarios for the MRS/IS facility
co-located with a repository. ATl costs are presented in terms of constant
value, mid-1982 dollars (no escalation or inflation). The bases for costs are
provided in Subsection 4.4. In addition to undiscounted program costs, a
present worth program cost using a discount factor of 2 percent is included.
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8LV

TABLE 4.16. Schedule and Costs for Annual Construction of Drywells and Drywell Fields

Reference Scenario Delayed Reprocessing Delayed Disposal

No. No. No.

Dry- No. Dry- No. Dry- No.
Year wells Cost(a) Fields Cost(a) wells Cost(a) Fields Cost(a> wells Cost(a) Fields Cost(a)
1988 1000 18.0 1 0.3 1000 18.0 1 0.3 1000 18.0 1 0.3
1989
1990 1500 27.0 2 0.6
1991 500 9.0 1 0.3 1500 27.0 1 0.3 500 9.0 1 0.3
1992 1000 18.0 1 0.3 1500 27.0 2 0.6 1000 18.0 1 0.3
1993 1000 18.0 1 0.3 2000 36.0 2 0.6 1000 18.0 1 0.3
1994 500 9.0 3000 54.0 3 0.9 500 9.0
1995 500 9.0 1 0.3 3000 54.0 3 0.9 500 9.0 1 0.3
1996 500 9.0 3000 54.0 3 0.9 500 9.0
1997 1000 18.0 1 0.3
1998 500 9.0 1 0.3
1999 500 9.0
2000 1000 18.0 1 0.3
2001 1500 27.0 2 0.6
2002 1000 18.0 1 0.3
2003 1500 27.0 1 0.3
2004 1500 27.0 2 0.6
2005 2000 36.0 2 0.6
2006 2000 36.0 2 0.6
2007 2000 36.0 2 0.6
2008 2000 36.0 2 0.6
2009 2000 36.0 2 0.6
2010 2500 45.0 2 0.6
2011 1500 27.0 2 0.6
2012 : 500 9.0 1 0.3
2013 300 5.4
2014
2015 100
2016 _ _ _ . . -
Total 5000 90.0 5 1.5 16,500 297.00 17 5.1 28,300 509.4 29 8.7

(a) Costs in millions of mid-1982 dollars.
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4.5.1 Reference Scenario Life Cycle Costs

A summary of the program costs associated with the Reference scenario,
using metal storage casks, is presented in Table 4.17. The undiscounted life
cycle cost is estimated to ~$0.731 billion. The discounted life cycle cost is
estimated to be ~$0.578 billion.

A similar summary for the Reference scenario, using drywells for storage
of spent fuel and HLW canisters instead of metal casks, is given in Table 4.18.
The undiscounted 1ife cycle cost is estimated to be ~$0.518 billion. The
discounted 1ife cycle cost is estimated to be ~$0.412 billion.

In developing these cost estimates, it is assumed that for any year in
which MRS/IS operations occur after the opening of the repository in 1998, the
operating costs are divided approximately equally between the MRS/IS facility
and the repository. Thus in the years 1998 through 2015, the annual MRS/IS
facility operating cost is $6.0 million.

Included in the operating costs for the drywell case are the cost of the
canisters in which the spent fuel is encapsulated.

4.5.2 Delayed Reprocessing Scenario Life Cycle Costs

A summary of the program costs associated with the Delayed Reprocessing
scenario, using metal storage casks, is presented in Table 4.19. The
undiscounted life cycle cost is estimated to be ~§2.294 billion. The
discounted life cycle cost is estimated to be ~$1.592 billion.

A similar summary for the Delayed Reprocessing scenario, using drywells
for storage of spent fuel instead of metal casks, is given in Table 4.20. The
undiscounted 1ife cycle cost is estimated to be ~$2.013 billion. The
discounted life cycle cost is estimated to be ~$1.376 billion.

As in the Reference scenario, the costs of operations in years following
opening of the repository are divided between the MRS/IS facility and the
repository for those years in which material was placed in storage or was
shipped off-site. Again, the cost of canisters for spent fuel is included in
the operating cost for the drywell case.
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TABLE 4.17. MRS/IS Facility Co-located With a Repository--Reference

Scenario, Life-Cy
mid-1982 dollars)

Capital Costs

%l? Cash Flows: Cask Storage (millions

Handling and Operating Transp?BE
Year Support Storage Costs Costs Total
1985 8.900 8.900
1986 26.700 26.700
1987 35.600 35.600
1988 44,500 1.300 45.800
1989 44,500 44,500
1990 17.800 16.900 11.530 46.230
1991 32.925 11.530 44 .455
1992 50.975 11.530 62.505
1993 50.075 11.530 61.605
1994 - 50.975 11.530 62.505
1995 49,775 11.530 61.305
1996 50.355 11.530 61.885
1997 49.800 11.530 61.330
1998 6.000 6.000
1999 6.000 6.000
2000 6.000 6.000
2001 6.000 6.000
2002 6.000 6.000
2003 6.000 b.000
2004 6.000 6.000
2005 6.000 6.000
2006 6.000 6.000
2007 6.000 6.000
2008 6.000 6.000
2009 6.000 6.000
2010 6.000 6.000
2011 6.000 6.000
2012 6.000 6.000
2013 6.000 6.000
2014 6.000 6.000
2015 6.000 6.000
Total 178.000 353.080 200.24 0.0 731.320
Discounted Total(c) 578.165

(a) The number of significant figures is for computational accuracy and
not imply precision to the nearest $1000.
(b) Transportation costs are incremental to those which would be incurred if

no MRS existed.

(c) Discount rate of 2 percent per year.
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TABLE 4.18. MRS/IS Facility Co-located With a Repository--Reference
Scenario, Life-Cycle Cash F1?ws: Drywell Storage
(millions mid-1982 dollars)(a

Capital Costs

HandTing and Operating Transp?s}
Year Support Storage Costs Costs Total
1985 9.000 9.000
1986 27.000 27.000
1987 36.000 36.000
1988 45,000 19.600 : 64.600
1989 45,000 45,000
1990 18.000 2.025 11.530 31.555
1991 13.350 11.530 24.880
1992 25.325 11.530 36.855
1993 74.625 11.530 36.155
1994 16.025 11.530 27.555
1995 15.325 11.530 26.855
1996 15.405 11.530 26.935
1997 6.050 11.530 17.580
1998 6.000 6.000
1999 6.000 6.000
2000 6.000 6.000
2001 6.000 6.000
2002 6.000 6.000
2003 6.000 6.000
2004 6.000 6.000
2005 6.000 6.000
2006 6.000 6.000
2007 6.000 6.000
2008 6.000 6.000
2009 6.000 6.000
2010 6.000 6.000
2011 6.000 6.000
2012 6.000 6.000
2013 6.000 6.000
2014 6.000 6.000
2015 6.000 6.000
Total 180.000 137.730 200.240 0.0 517.970
Discounted Total(c) 412.430

(a) The number of significant figures is for computational accuracy and does
not imply precision to the nearest $1000.

(b) Transportation costs are incremental to those which would be incurred if
no MRS existed.

(c) Discount rate of 2 percent per year.
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TABLE 4.19. MRS/IS Facility Co-located With a Repository--Delayed
?g? Flows: Cask

Reprocessing Scenario, Life-Cycle C
Storage (millions mid-1982 dollars)

Capital Costs

Handling and Operating Transp?E}
Year Support Storage Costs Costs Total
1985 8.775 8.775
1986 26.325 27.325
1987 35.100 35.100
1988 43.875 43.875
1989 43.875 43.875
1990 17.550 41.325 11.530 32.816 103.221
1991 47.250 11.530 37.548 96.328
1992 ' 58.825 11.530 46.151 116.506
1993 58.825 11.530 47.166 117.521
1994 89.450 11.530 71.308 172.288
1995 111.525 11.530 88.816 211.871
1996 133.160 11.530 106.462 251,152
1997 135.625 11.530 106.490 253.645
1998 6.000 6.000
1999 6.000 6.000
2000 6.000 6.000
2001 6.000 6.000
2002 6.000 6.000
2003 6.000 6.000
2004 6.000 6.000
2005 6.000 6.000
2006 6.000 6.000
2007 6.000 6.000
2008 6.000 6.000
2009 6.000 6.000
2010 6.000 6.000
2011 6.000 6.000
2012 6.000 54.262 60.262
2013 6.000 42.799 48.799
2014 6.000 76.229 82.229
2015 6.000 155.783 161.783
2016 6.000 238.458 244,458
2017 6.000 88.851 94.851
Total 175.500 675.985 212.240 1193.139 2256.864
Discounted Total(C) 1592.323

(a) The number of significant figures is for computational accuracy and does

not imply precision to the nearest $1000.

(b) Transportation costs are incremental to those which would be incurred if

no MRS existed.
(c) Discount rate of 2 percent per year.
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TABLE 4.20. MRS/IS Facility Co-located With a Repository--Delayed

Reprocessing Scenario, Life-Cycle C
Storage (millions mid-1982 dollars)

Capital Costs

?3? Flows: Drywell

Handling and Operating Transp?Bs
Year Support Storage Costs Costs Total
1985 8.775 8.775
1986 26.325 26.325
1987 34.600 34.600
1988 43.875 62.175
1989 43.875 18.300 43.875
1990 17.550 27.600 17.052 32.816 95.018
1991 27.300 17.371 37.548 82.219
1992 27.600 19.230 46.151 92.981
1993 36.600 19.566 47.166 103.332
1994 54.900 23.438 71.308 149.646
1995 54.900 26.826 88.816 170.542
1996 54.900 29.559 106.462 190.921
1997 29.312 106.490 135.802
1998 6.000 6.000
1999 6.000 6.000
2000 6.000 6.000
2001 6.000 ©.000
2002 6.000 6.000
2003 6.000 6.000
2004 6.000 6.000
2005 6.000 6.000
2006 6.000 6.000
2007 6.000 6.000
2008 6.000 6.000
2009 6.000 6.000
2010 6.000 6.000
2011 6.000 6.000
2012 6.000 54.262 60.262
2013 6.000 42.799 48.799
2014 6.000 76.229 82.229
2015 6.000 155.783 161.783
2016 6.000 238.458 244,458
2017 6.000 88.851 94.851
Total 175.000 302.100 302.354 1193.139 1972.593
Discounted Total(¢ 1375.594

(a) The number of significant figures is for computational accuracy and does

not imply precision to the nearest $1000.

(b) Transportation costs are incremental to those which would be incurred if

no MRS existed.
(c) Discount rate of 2 percent per year.
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4.5.3 Delayed Disposal Scenario Life Cycle Costs

A summary of program costs associated with the Delayed Disposal scenario,
using metal storage casks, is presented in Table 4.21. The undiscounted life
cycle cost is estimated to be ~§2.487 billion. The discounted life cycle cost
is estimated to be ~$1.661 billion.

A similar summary for the Delayed Disposal scenario, using drywells for
storage of spent fuel and HLW instead of metal casks, is presented in
Table 4.22. The undiscounted 1ife cycle cost is estimated to be
~$1.235 billion. The discounted 1ife cycle cost is estimated to be
~$0.868 billion.
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TABLE 4.21. MRS/IS Facility Co-located With a Repository--Delayed
Reprocessing Scenario, Life-Cycle C?s? Flows: Cask
Storage (millions mid-1982 dollars)!i?d

Capital Costs

Handling and Operating Transp?E}
Year Support Storage Costs Costs Total
1985 8.900 8.900
1986 26.700 26.700
1987 35.600 35.600
1988 44,500 1.300 45,800
1989 44,500 44,500
1990 17.800 16.900 11.530 46.230
1991 32.925 11.530 44,455
1992 50.975 11.530 62.505
1993 50.075 11.530 61.605
1994 50.975 11.530 62.505
1995 49,775 11.530 61.305
1996 50.975 11.530 62.505
1997 2.500 50.300 11.530 64.330
1998 50.975 11.530 62.505
1999 49,975 11.530 61.505
2000 51.075 11.530 62.605
2001 67.875 11.530 79.405
2002 2.500 84.175 11.530 98.205
2003 100.750 11.530 112.280
2004 ' 101.350 11.530 112.880
2005 100.775 11.530 112.305
2006 2.500 136.025 11.530 150.055
2007 166.775 11.530 178.305
2008 139.750 6.000 145.750
2009 139.800 6.000 145.800
2010 140.800 6.000 146.800
2011 173.175 6.000 179.175
2012 93.920 6.000 99.920
2013 2.500 7.975 6.000 16.475
2014 77.950 6.000 83.950
2015 6.000 6.000
2016 6.000 6.000
Total 188.000 2037.320 261.540 0.0 2486.860
Discounted Total(c) 1660.739

(a)

The number of significant figures is for computational accuracy and does
not imply precision to the nearest $1000.

Transportation costs are incremental to those which would be incurred if
no MRS existed.

Discount rate of 2 percent per year.
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TABLE 4.22. MRS/IS Facility Co-located With a Repository-- Delayed Disposal
Scenario, Life-Cy%1e Cash Flows: Drywell Storage (millions
mid-1982 dollars){a)

Capital Costs

Hand1ing and Operating Transp?Es
Year Support Storage Costs Costs Total
1985 9.000 9.000
1986 27.000 27.000
1987 35.500 35.500
1988 45,000 19.600 64.600
1989 45,000 45,000
1990 18.000 2.025 11.530 31.555
1991 13.350 11.530 24.880
1992 25.325 11.530 36.855
1993 24.625 11.530 36.155
1994 16.025 11.530 27.555
1995 2.500 15.325 11.530 29.355
1996 16.025 11.530 27.555
1997 24.650 11.530 36.180
1998 16.325 11.530 27.855
1999 15.025 11.530 26.555
2000 25.625 11.530 37.155
2001 36.650 11.530 48.180
2002 2.500 29.650 11.530 43,680
2003 40.350 11.530 51.880
2004 40.950 11.530 52.480
2005 49,675 11.530 61.205
2006 2.500 54,975 11.530 69.005
2007 57.725 11.530 69.255
2008 53.650 6.000 59.650
2009 53.700 6.000 59.700
2010 63.700 6.000 69.700
2011 48.425 6.000 54,425
2012 19.220 6.000 25.220
2013 2.500 13.375 6.000 21.875
2014 7.950 6.000 13.950
2015 6.000 6.000
2016 6.000 6.000
Total 189.500 783.92 261.540 1234.,960
Discounted Total{c) 867.676

(a) The number of significant figures is for computational accuracy and does
not imply precision to the nearest $1000.

(b) Transportation costs are incremental to those which would be incurred if
no MRS existed.

(c) Discount rate of 2 percent per year.
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5.0 RELATION TO OTHER FACILITIES

The monitored retrievable storage/interim storage (MRS/IS) facility
co-located with a geologic repository, as one part of the overall nuclear fuel
cycle system, has interfaces with several other parts of the system, such as
the nuclear power stations, the reprocessing plants, and the geologic
repositories. It also has a number of interfaces with the support systems and
services already present in the vicinity of the site. These interfaces are
discussed in this section.

5.1 REACTOR POWER STATIONS

As presently conceived, the MRS/IS facility could receive spent fuel from
the reactor stations as necessary for the stations to maintain their full core
reserve storage capacity. This fuel would be stored until either a
reprocessing plant is operating, at which time the fuel would be shipped to
the reprocessor, or, if the operation of reprocessing plants is delayed until
after a geologic repository is available, some or all of the fuel might be
emplaced in the repository without reprocessing. In any event, the principal
interface between the MRS/IS facility and the reactor stations is the
transportation link by which the spent fuel is transported from the reactors
to the MRS/IS facility. Thus, it is essential that the facility is capable of
receiving, unloading, loading, and decontaminating any of the present
generation of spent fuel shipping casks.

5.2 REPROCESSING PLANTS

The interface between the MRS/IS facility and the reprocessing plant is
also the transportation 1ink whereby spent fuel is shipped from storage to the
reprocessor, and solidified high-level waste (HLW) and transuranic (TRU) waste
from the reprocessing operation are shipped to the MRS/IS facility for storage
pending availability of a geologic repository. Some additional receiving,
unloading, and decontamination capability is necessary to accommodate the TRU
waste packages.
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5.3 GEOLOGIC REPOSITORIES

The reference MRS/IS facility for this study is located near the planned
location of a geologic repository. In most respects, the reference MRS/IS
facility is equivalent to the surface facilities that would normally be
required to support the geologic repository. The radioactive waste is
received, unloaded, examined, decontaminated and provided with additional
packaging if necessary, and transported to the storage location. The
principal differences between placing the waste into the MRS/IS facility or
into a repository are in the types of additional packaging that might be
required and in the methods of transporting the wastes to the storage
location. Only the actual storage containers' storage fields are left unused
when the MRS/IS facility is converted into the receiving and handling facility
for the repository. Transport of wastes from the handling facility to the
repository shaft would be accomplished using essentially the same equipment as
is used for the MRS/IS facility.

The unused storage capacity of the MRS/IS facility provides a convenient
surge storage for the repository, when and if needed. A list of the main
items and functions common to the MRS/IS facility and the repository that
would serve to reduce the capital costs for the paired system is given in
Table 5.1.

5.4 LOCAL SITE SUPPORT SYSTEMS

The selection of the Hanford Site as the location of the MRS/IS facility
co-located with a repository makes possible the utilization of many support
services already available on the Site. These services are discussed briefly
in this subsection.

5.4.1 Transportation Services

The Hanford Site is served by an existing network of rail lines extending
to nearly all parts of the Site. The Hanford rail network is connected
directly to the principal railroads operating in the Pacific Northwest, with
connections to other major railroads in the U.S.
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TABLE 5.1. Items and Functions Shared or Used by

Both MRS/IS Facility and the Repository
Capital

Permits and Licenses

Design and Engineering

Site Preparation

Facilities

¢ Administration

® Receiving/Surge Storage

e Packaging/Transfers

® Support

Engineered Equipment

® Cranes

e Packaging/Transfers

¢ Decontamination

e Ventilation and Containment
® Spare Parts

Operations
Inspection and QA
Support
Utilities
Operational Personnel
Security Personnel
Maintenance Personnel

Decontamination and Decommissioning

Disposal

Rehabilitation
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Extension of the existing Hanford rail networks to the MRS/IS/Repository
site can be accomplished relatively easily, with the length of new track
likely to be in the vicinity of 5 miles or less.

The Hanford Site is also served by a network of onsite highways, with
connections to major state and interstate highways. Extensions of the existing
highway network to the MRS/IS/Repository site can also be accomplished
relatively easily, with the length of roadway to be added likely to be in the
vicinity of 5 miles or less.

The Hanford Site is also served by river barge on the Columbia River,
thus making the shipment of large, heavy items relatively easy.

5.4.2 Essential Services

The Hanford Site is served by a large network of electric power trans-
mission lines owned and operated by the Bonneville Power Administration. These
lines interconnect the principal electricity generating stations in the Pacific
Northwest and provide an assured source of electrical energy to the facilities
on the Hanford Site. Extension of the existing Hanford distribution system to
the MRS/IS/Repository site can be accomplished readily.

Water for use at the site would be pumped from the Columbia River at an
existing pumping station by the installation of new pumps and delivered to the
site through a new delivery line. Alternatively, if the demand for water is
not too great, wells could be drilled into the underlying aquifer and the
necessary water pumped to the surface. In any event, ample water supplies can
be made available.

Sludges from the sanitary waste disposal system and from process waste
evaporation ponds would be disposed of at the existing Hanford sludge disposal
facilities.

In view of the close proximity of the MRS/IS/Repository to existing
Hanford waste treatment facilities, and since the quantities of radioactive
waste generated within the MRS/IS/Repository complex are expected to be quite
small, extensive systems for treatment of radioative wastes should not be
required at the complex.
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The Hanford Site is served by an existing telephone system which is
connected into the national telephone network. Additional communications are
available through the plant radio network, under the control of the plant
security forces.

Security for the Hanford Site and for government-owned facilities on the
Site is provided by the Hanford Patrol organization. Rapid response to any
situations requiring such a response is made possible by a closely-integrated
communications system, a fleet of emergency response vehicles, and a large
force of well-trained personnel. It is expected that security at the
MRS/IS/Repository site would be provided by the Hanford Patrol organization.

5.4.3 Other Support Services

The existing central stores, employee transport, contaminated laundry
service, central heavy equipment and vehicle maintenance, and central
computing services already in operation on the Hanford Site are available as
needed by the MRS/IS/Repository complex.
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6.0 RESULTS AND RECOMMENDATIONS

The monitored retrievable storage/interim storage (MRS/IS) facility
design which is evaluated in this study is derived from a design developed by
Kaiser Engineers for the Basalt Waste Isolation Program. The design by Kaiser
Engineers encompassed all of the facilities required on the earth's surface to
service the deep geologic repository. For this study, those facilities not
required to serve MRS/IS functions are eliminated, and the storage fields and
transuranic (TRU) warehouse are added. The resulting reference MRS/IS
facility design has an estimated capital cost of $178 million in mid-1982
dollars. Included in this base cost are: the waste handling facility (WHF);
the initial storage field for metal casks with 100 storage pads; the initial
warehouse building for storing contact-handled TRU (CHTRU) wastes; and the
necessary support facilities as described in Subsection 4.3 of this report.
The metal casks or drywells used for storing spent fuel and high-level wastes
(HLW) and the concrete casks used for storing remote-handled TRU (RHTRU)
wastes are purchased as required throughout the operational life of the
facility.

The results of the analyses for the three principal scenarios are
presented and discussed in Subsection 6.1. The advantages and disadvantages
of co-locating an MRS/IS facility with a repository are discussed in
Subsection 6.2, and recommendations derived from consideration of the analyses
results and the advantages and disadvantages are presented in Subsection 6.3.

6.1 RESULTS OF STUDY ANALYSES

The components of the 1life cycle cost (undiscounted) for each of the
three scenarios and for two storage devices (metal casks, drywells) are
presented in Table 6.1, together with the percentages of total cost that each
component represents. These percentages, illustrated in Figure 6.1, indicate
the relative importance of each cost component, and suggest which of the cost
components might be most useful to examine in search of cost reductions.
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Reference
Scenario

Metal Casks
Percent

Drywells
Percent

Delayed
Reprocessing

Metal Casks
Percent

Drywells
Percent

Delayed
Disposal

Metal Casks
Percent

Drywells
Percent

TABLE 6.1. Components of Life Cycle Costs, Percentages and Totals
(millions of mid-1982 dollars, undiscounted)
Casks/ Concrete Pads/

Structures Drywell Casks Fields Operations Transportation Total
178.0 306.250 42.25 4,58 200.24 731.32
24.3 41.9 5.8 0.6 27.4 100.0
180.0 90.0 42.25 4,98 200.24 517.97
34.8 17.4 8.2 1.0 38.7 100.0

175.5 674.625 - 1.36 212.240 1193.139 2256.864
7.8 29.9 - 0.1 9.4 52.9 100.0
175.0 297.000 - 5.1 302.354 1233.612 2013.066
8.7 14.8 -— 0.3 15.0 61.3 100.0
188.0 1767.5 243.35 26.91 261.54 2486.860
7.6 71.1 9.8 1.1 10.5 100.0
189.5 509.4 243.35 31.17 261.54 1234.96
15.3 41,2 19.7 2.5 21.2 100.0
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FIGURE 6.1. Fractions of Total Undiscounted Life Cycle Cost
Attributable to Each Component of Cost, for
Each Scenario and Storage Alternative
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6.1.1 Comparison of Metal Storage Casks with Drywells

The total life cycle costs for each of the alternatives considerea in
this analysis are summarized in Table 6.2. The cost reduction obtained by
utilizing drywells for storage of spent fuel and HLW canisters ranges from
$213 million to over $1.25 billion. While many more drywells than metal casks
are needed to store the same quantity of material, the greatly reduced capital
cost of the reference drywell as compared with the reference metal cask
(518,000 versus $875,000) makes the drywell a reasonably attractive
alternative for locations suitable for drywell installation.

Possible disadvantages of drywells compared with storage casks are the
much larger land surface area needed, the greater difficulty of decontamination
and removal from the ground, and the perception of permanence that is
engendered by the emplacement of the well assembly into the ground. Another
disadvantage of drywells relative to metal casks is that the drywells can only
be used for storage at the installed location while the metal casks can be
transported to other locations for use, if appropriate.

TABLE 6.2. Undiscounted and Discounted Life Cycle Costs for the
Scenarios and Storage Alternatives Studied
(billions of mid-1982 dollars)

Reference Delayed Delayed
Scenario Reprocessing Disposal
Undiscounted Cost:
Metal Casks 0.731 2.257 2.487
Drywells 0.518 1.973 1.235
Casks ——> Drywells
A Cost -0.213 -0.284 -1.252
% Change -29.1 -12.6 -50.3
Discounted Cost:
Metal Casks 0.578 1.592 1.661
Drywells 0.412 1.376 0.868
Casks —-> Drywells
a Cost -0.166 -0.215 -0.793
% Change -28.7 -13.6 -47.7
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6.1.2 Possibilities for Cost Reduction

It is instructive to review Figure 6.1 to select components of cost that
should be examined for possible cost reductions. Since transportation of
radioactive materials to and from the MRS/IS facility comprises from about
54 to 61 percent of the total life cycle cost of the system for the Delayed
Reprocessing Scenario, transportation is a logical cost component to consider
first.

Two alternatives to reduce the cost of transportation for the MRS/IS
system are considered. These are: 1) consolidation of spent fuel bundles at
the source site before shipment, thus reducing the number of shipments by a
factor of 2, and 2) utilization of the large metal storage cask to ship spent
fuel and solidified HLW from the source site to the MRS/IS facility, thus
reducing the number of shipments by a large factor. These alternatives are
discussed in the following subsections.

6.1.2.1 Consolidation of Spent Fuel Assemblies

Consolidating spent fuel assemblies into closely packed arrays within
containers results in packing the equivalent of two assemblies into the space
formerly occupied by one assembly. Three cost components are affected by
consolidation: transportation, storage containers, and storage pads. The
number of spent fuel shipments is reduced by half, as is the number of metal
casks or drywells required to store the spent fuel. The estimated values for
these cost components with the fuel assemblies unconsolidated and consolidated
are given in Table 6.3, where it is seen that the possible cost reduction
resulting from fuel consolidation is about $934 million, or over 41 percent of
the life cycle cost for the Delayed Reprocessing scenario.

6.1.2.2 Shipment in Large Metal Storage Casks

The spent fuel and HLW canisters are assumed to be shipped 50 percent by
volume by truck and 50 percent by volume by rail. If it were possible to
license the reference metal storage cask for shipment of spent fuel and HLW
canisters, the number of shipments could be greatly reduced. While incremental
transportation cost is a contributor to the MRS/IS facility life cycle cost
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TABLE 6.3. Effect of Fuel Assembly Con§o1idation on MRS/IS
System Life Cycle Costs(a,D

Delayed
Cost Component Reprocessing
Unconsolidated: *
Transportation 1193.139 .
(Incremental)
Metal Casks 674.625 .
Pads/Fields 1.360
Total 1869.12% .
Consolidated: 934.562
Reduction in Total
Life Cycle Cost
A Cost 934 .562
% Reduction 41 .4

(a) Millions of mid-1982 dollars,
undiscounted.

(b) The number of significant figures is
for computational accuracy and does
not imply precision to the nearest
£1000.

only for the Delayed Reprocessing scenario, transportation is a major factor
in overall waste management system costs. The effect on total waste management

system cost of using the reference storage cask for shipment is illustrated in
Table 6.4.

The possible waste management cost reductions resulting from utilization
of the reference metal storage cask for shipment of spent fuel and HLW canis-
ters range from £259 million to over $§1.2 billion, depending upon the scenario.

6.1.2.3 Combined Effect of Fuel Consolidation and Storage Cask Transport

It is useful to examine the total reductions in waste management costs
that can be obtained by utilizing both fuel consolidation and storage cask R
transport.

The combined effect of fuel consolidation and use of metal storage casks
for transport and storage of spent fuel and HLW canisters is shown in Table 6.5.
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TABLE 6.4. Effect of Shipment in M?tal Storage Casks on Waste
Management System Costs a,b)

Reference Delayed Delayed
Cost Component Scenario Reprocessing Disposal
Transport in
Standard Casks:
Spent Fuel 1312.600
HLW 291.875 - 1283.630
Transport in
Storage Casks:
Spent Fuel 59.853
HLW 27.171 —_— 156.813
Reduction in Waste
Management Cost 264.704 1252.747 1126.817

(a) Millions of mid-1982 dollars, undiscounted.
(b) The number of significant figures is for computational accuracy
and does not imply precision to the nearest $1000.

TABLE 6.5. Combined Effect of Fuel Consolidation and ShipTent in

Storage Casks on Waste Management System Costs a,b)
Reference Delayed Delayed
Cost Component Scenario Reprocessing Disposal
Transport in Standard
Casks Unconsolidated:
Spent Fuel 1312.600
HLW 291.875 - 1283.630
Storage (Spent Fuel) 675.985
Total 291.875 1988.585 1283.630
Transport in Storage
Casks Consolidated:
Spent Fuel 29.927
HLW 27.171 - 156.813
Storage (Spent Fuel) 337.993
Total 27.171 367.920 156.813
Reduction in Waste
Management Cost 264.704 1620.665 1126.817

(a) Millions of mid-1982 dollars, undiscounted.
(b) The number of significant figures is for computational accuracy
and does not imply precision to the nearest $1000.
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As shown in Table 6.5, the possible waste management cost reductions
resulting from the combination of fuel consolidation and storage cask shipment
range from about $265 million to over $1.6 billion, depending upon the
scenario. |

6.2 ADVANTAGES AND DISADVANTAGES OF CO-LOCATION

The principal advantage of co-locating a storage facility with a geologic
repository is that the structures and services installed for the storage
facility become the surface facilities for the repository when the repository
is placed in operation. Duplication of facilities is avoided, thus reducing
the total capital investment in facilities for the waste management system by
nearly $200 million, as compared with equivalent facilities located separately.

Another related advantage is that the surface facilities remain in useful
service over the combined lifetimes of the storage facility and the
repository. The capital investment in facilities can be amortized over a
period of more than 40 years rather than the 15 to 20 years appropriate for
just the storage facility, thus reducing the cost to electricity customers due
to waste management.

Since transport of the radioactive materials through the waste management
system is the principal component of the system cost, it is desirable to
minimize the length and number of shipments that must be made. The advantage
or disadvantage of an MRS/IS/Repository facility for reducing transport costs
depends largely on the scenario that is considered. In a situation 1like the
Delayed Reprocessing scenario, where spent fuel assemblies are first shipped
to the storage facility and stored, then to the reprocessing plant for
reprocessing, and finally to a repository for disposal, the MRS/IS/Repository
is a definite disadvantage since it would tend to maximize transportation
costs. On the other hand, if the reprocessing plant is placed in operation
early enough to avoid any interim storage of spent fuel, the MRS/IS/Repository
will receive only solidified HLW and TRU wastes for eventual emplacement in
the repository, and transport costs will be minimized.
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Another advantage of the MRS/IS/Repository is that the stored material
can be transferred directly from storage to the repository, using the same
transporter equipment as was used to place the material in storage initially.
No shipments beyond the site boundary would be required, minimizing the
potential for transportation accidents and the possible exposure of the public
resulting from such accidents.

6.3 RECOMMENDATIONS

Because transportation of the radioactive materials to the storage site
is the largest component of the system life cycle cost, those actions that
will reduce transport costs should be implemented to the extent possible. The
action to be taken first should be the consoliaation of all spent fuel
assemblies prior to shipment from the source site(s). For compatibility with
the internal structures of shipping and storage casks, the consolidated rods
must be contained in canisters whose dimensions match those of an intact fuel
assembly. Consolidation of fuel assemblies for storage has been demonstrated
on an experimental basis in reactor fuel pools. Scaling these efforts up for
production-level consolidation is within the present state-of-the-art, and
should be a licensed process in the near future.

The next immediate beneficial action should be the licensing of the large
storage casks for shipment when filled with spent fuel or HLW canisters.
Should licensing be accomplished before any shipments are made to the storage
facility, most of the structures at the facility would be unnecessary, since
the radioactive material would be sealed in the storage cask at the source
site. A1l that would be required at the storage site would be the capability
to remove the cask from its rail car and to place the cask on its storage
pad. The shielded handling facility would not be required until the
repository is opened and the materials sealed in casks are removed for
emplacement in the repository.

The use of the reference metal storage casks is a very costly approach
for storing the large quantities of material postulated in the three principal
scenarios. In the Delayed Disposal scenario, 2020 casks are needed, at a
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cost of nearly $1.8 billion. The use of the reference drywells in the same
scenario would cost just over $0.5 billion. On a cost-effectiveness basis,
the drywells should be the preferred choice.

Another consideration is the availability of the raw materials needed to
fabricate the casks or drywells. About 50 tons of lead is used in each of the
reference metal casks, or a total of about 100,000 tons for the Delayed
Disposal scenario. Slightly smaller quantities of stainless steel would be
required. The drywells would require essentially no lead and greatly reduced
quantities of stainless steel, another factor favoring the drywell concept.

A recent analysis by Kaiser Engineers has suggested that water pool
storage for spent fuel is about equivalent in cost to drywell storage. While
not analyzed in this study, in view of the massive quantities of material that
would be stored under the Delayed Disposal scenario, a water pool storage
facility may be the most cost-effective approach. A detailed analysis of a
water pool facility should be made before embarking on the establishment of a
cask or drywell facility.
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7.0 SENSITIVITY OF ESTIMATED COSTS TO VARIATIONS
IN CONCEPTS AND ASSUMPTIONS

The scope of this study is limited to dry storage concepts: metal casks,
and drywells. The prior assumption is made, perhaps erroneously, that either
of the dry storage concepts can be developed and utilized for a monitored
retrievable storage/interim storage (MRS/IS) facility on a more cost-effective
basis than can the fully-developed and demonstrated water pool storage concept.

The principal components of cost are listed in Table 7.1 for the three
scenarios considered. Also shown in the table are the percent changes in life
cycle costs that are estimated to result from using a different storage device
(drywell instead of metal cask), from consolidating the spent fuel assemblies
at the source site(s) prior to shipment, and from shipping the radioactive
materials to the storage facility in the large metal storage casks.

As might be expected, the Delayed Reprocessing and Delayed Disposal
scenarios are more costly than the Reference scenario by about a factor of 3.
This result suggests that placing the reprocessing plants and the repositories
in operation at the earliest possible time would also minimize the life cycle
cost for the MRS/IS facility.

The major component of cost for the delayed reprocessing scenario
(~54 percent) is the transporting of the spent fuel to and/or from the MRS/IS
facility. Since the total waste management system cost for each of the three
scenarios evaluated is very sensitive to transportation costs, ways and means
to reduce transportation costs should be developed and applied in the selected
waste processing system. For example, if incorporated into the commercial
nuclear waste system, the concept of consolidating fuel assemblies at the
reactor sites would not only reduce the transport costs but would also reduce
the capital and operating costs of the MRS/IS facility. As shown in
Table 7.1, fuel consolidation is estimated to produce a net reduction in
MRS/IS facility costs of 41.4 percent for the Delayed Reprocessing scenario.
This total includes possible reductions in transportation charges, purchase of
fewer storage casks and construction of fewer storage cask pads and fields.
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TABLE 7.1. Estimated Life Cycle Costs and Possible Varijations

Scenario
Delayed Delayed
Reference Reprocessing Disposal
Total Undiscounted Cost 0.731 2.257 2.487
(8 Billions)
Total Cost
Breakdown (by %)
Structures 24.3 7.8 7.6
Metal Cask 41.9 29.9 71.1
Concrete Cask 5.8 - 9.8
Pads/fields 0.6 0.1 1.1
Operations 27.4 9.4 10.5
Shipping (Incremental) 0.0 52.9 0.0
Fuel Consolidation at -41.4
Reactor Sites (% change)
Ship in Storage -36.2 -50.2 -45.3
Cask (% change)
Fuel Consolidation and
Shipment in Storage
Casks (% change) -36.2 -66.5 -45.3
Drywells in lieu of -29.1 -12.6 -50.3

Casks (% change)

This approach would also lessen the demands on items such as stainless steel,
lead, boron steel and other scarce and expensive materials.

Another concept that, if developed and used in the commercial nuclear
waste storage system, would also reduce costs is the use of a common cask for
both shipment and storage. The reduction of 50.5 percent for the Delayed
Reprocessing scenario (as shown in Table 7.1) represents savings due to the
reduction in the number of cask shipments required.

If both fuel consolidation and shipment using large metal storage casks
were implemented, estimated cost reductions of 36.2, 66.5, and 45.3 percent
for the Reference, Delayed Reprocessing, and Delayed Disposal scenarios,
respectively, could be realized.
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The potential cost reductions, if drywells were used for the storage of
spent fuel and HLW instead of surface casks, are significant for each of the
three scenarios, as shown in Table 7.1. Although the use of drywells is not
analyzed in depth in this study, it is felt that their use would result in
considerable reduction in the demands on stainless steel, lead, and other
gamma-shielding materials.

Since the majority of the structures that make up the MRS/IS facility
co-located with a repository can and will also serve as the basic surface
facility for the repository, the overall costs to the commercial nuclear waste
system can be reduced by using the co-located facilities. As shown in
Table 4.7, the capital cost of the MRS/IS facility is about $180 million. If
separate MRS/IS facilities and repository surface facilities were to be built,
the combined facility cost would approximately double.

In addition to reduced capital costs, the operating and decommissioning
costs for a co-located facility would also be less than the associated costs
for an MRS/IS facility and a repository that are separated.

As noted previously, the scope of this study does not include the "wet"
storage concept. However, considering the need to provide a relatively large
storage capacity in the very near time frame that would be required to operate
for about 20 to 30 years, it appears that water pool storage is an option
worthy of further consideration. It definitely would be one that would not
require such large quantities of stainless steel, lead, and other scarce or
expensive shielding materials.

One of the basic ground rules of this study is that only one MRS/IS
facility would be built for the system required to handle and store nuclear
wastes from commercial reactors. However, based on the magnitude of the
transport requirements and costs as compared to facility costs for all of the
scenarios studied, it may be prudent and cost-effective to use two MRS/IS
facilities in the commercial waste system. While this concept has not been
evaluated in any depth, it appears that the most cost-effective system may be
one with an MRS/IS facility at both the reprocessing plant and at the site of
the first repository. ’
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8.0 TECHNICAL STATUS/RESEARCH AND DEVELOPMENT REQUIREMENTS

The methods and systems to be used at a monitored retrievable
storage/interim storage (MRS/IS) facility are, for the most part, well within
the state-of-the-art and most have either been used or demonstrated at various
facilities in the United States or abroad. The status of the principal
components and areas needing further research and development are discussed in
this section.

8.1 RECEIVING AND HANDLING

A considerable amount of experience has been gained in the use of rail
and truck casks, both wet and dry, for the transportation of irradiated fuel
elements in the United States.

Shipping cask unloading and fuel handling storage have been routinely
performed at two reprocessing plants and in the spent fuel storage basin at
commercial LWRs for a number of years. Dry receiving, unloading and storage
have been considered and proposed in a number of different types of facilities
ranging from reprocessing plants to repositories; they have been performed at
the Nevada Test Site (NTS) in support of both the Spent Fuel Dry Surface
Storage Program conducted by ONWI at the E-MAD facility and the disposal
demonstration program conducted by the Lawrence Livermore Laboratory at the
CLIMAX facility.

Transporter/emplacement systems for use with both casks and drywells of
equivalent weight and configuration being considered for the MRS/IS facility
have been demonstrated at E-MAD as part of the Spent Fuel Surface Storage
Program.

8.2 STORAGE

Drywell development programs and projects at NTS, Hanford and the Idaho
National Engineering Laboratory (INEL) have all provided experience with
procedures and equipment, heat transfer data in soil and confirmation of the
feasibility of the method.
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The use of drywells has been demonstrated at NTS/E-MAD as part of the
Spent Fuel Surface Storage Program. Drywells have been used to store HTGR and
LMFBR fuels at INEL for over ten years.

Surface storage casks have also been demonstrated at NTS under the Spent
Fuel Surface Storage Program. In addition, large surface storage casks have

been used for spent fuel storage and for storage demonstrations in both Canada Y
and West Germany. _ .
Required storage monitoring such as gas sampling and measuring, and R

temperature measuring systems are all well developed and can be applied to
either storage concept.

8.3 RESEARCH AND DEVELOPMENT REQUIREMENTS

As noted above, the general systems and components required at an MRS/IS
facility have been developed and demonstrated. It is anticipated that the R&D
requirements will essentially be the same for all MRS/IS facilities no matter
where they are located. An exception for the MRS/IS/Repository is that
geological, hydrological and geotechnical exploration and data evaluation will
be required to assure the facility is located on an acceptable and viable
geologic repository site.

The need to achieve a relatively high facility throughput and capacity
will require additional development and improvements to some of the present
systems and methods. Specific devices for monitoring and safeguard
applications will need to be developed and refined. Additional R&D efforts
will be required to develop:

® Jlicensed truck and rail casks designed for dry moage transfers of
contents

e licensed shippable storage casks
e efficient licensed TRU waste containers and shipping casks

e standardized and licensed waste containers.
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Development and testing will be required to:

e confirm the heat rejection capabilities of large surface storage
casks

e establish drywell heat transfer parameters for site-specific
environments

e establish large surface storage cask heat transfer parameters for
site-specific environments.

Development and prototype testing should be conducted on:
e grapples to handle canisters and waste packages
e automated cask decontamination station
e remotely operated contamination detection equipment

e container leak testing systems.
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APPENDIX A

CONSIDERATIONS FOR MRS/IS COST EVALUATION

The MRS/IS facility is conceived as a government-owned facility for
providing temporary storage capability for spent fuel and/or reprocessing
wastes while reprocessing capability and repositories for geologic disposal
are introduced.

To provide compatibility with other studies performed in evaluation of
spent fuel and waste disposal, all costs should be presented in terms of
constant-value, mid-1982 dollars (without cost escalation or inflation). A1l
costs from the present to the final year of decommissioning are to be entered
into a cash flow table (Table A.1l) and presented both as undiscounted costs
and as discounted at 2 percent per year. The annual costs should be summed
over all years included, to provide undiscounted program costs and the present
worth costs at 2 percent discount. The discounted (present worth) costs will
be used in comparing alternatives.

To ensure that all alternatives are equitably treated during comparisons,
the details of component costs, background, and cost bases must be presented
in support of the costs given in Table A.1. Tables A.2 through A.7 are
provided for this purpose. These tables in turn should be supported by the
cost schedules indicating the cost bases or components for each category in
the tables. Typical cost categories are outlined in Attachment 1, following
these tables. Insofar as possible, cost breakdowns by these categories should
be provided. If other cost bases are used, these should be detailed.

Table A.2 summarizes the capital construction costs for the first module
of the MRS/IS; costs for additional modules should be entered on Table A.6 (in
multiple copies if needed). Costs for each module should be prorated into the
appropriate years, using Table A.3, and the prorated annual costs should then
be included in the cash flow summary of Table A.l.

Owner's costs are defined separately for three periods: those costs
incurred during the construction period (Table A.5), annual operating costs
for the facility (Table A.6), and decommissioning costs (Table A.7). The
costs summarized on Tables A.5 and A.7 should, as before, be prorated into the
appropriate years using Table A.3.
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TABLE A.l.

Cash Flow and Present Worth for

Costs, $1000's

Discount Discounted

Year Factor Capital Operating Total Total
1982 1.000
1983 0.9804
1984 0.9612
1985 0.9423
1986 0.9238
1987 0.9057
1988 0.8880
1989 0.8706
1990 0.8535
1991 0.8368
1992 0.8203
1993 0.8043
1994 0.7885
1995 0.7730
1996 0.7579
1997 0.7430
1998 0.7284
1999 0.7142
2000 0.7002
2001 0.6864
2002 0.6730
2003 0.6598
2004 0.6468
2005 0.6342
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TABLE A.1. (contd)

Costs, $1000's

Discount Discounted

Year Factor Capital Operating Total Total
2006 0.6217
2007 0.6095
2008 0.5976
2009 0.5859
2010 0.5744
2011 0.5631
2012 0.5521
2013 0.5412
2014 0.5306
2015 0.5202
2016 0.5100
2017 0.5000
2018 0.4912
2019 0.4806
2020 0.4712
2021 0.4619
2022 0.4529
2023 0.4440
2024 0.4353
2025 0.4268
2026 0.4184
2027 0.4102
2028 0.4022
2029 0.3943
2030 0.3865
SUM
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TABLE A.2. First Module Capital Cost Estimate for

Cost Element

Manhours, 1000's

Costs, $1000's

Non-Manual

Manual

Labor Material

Total

Site and improvments
Receiving facility

Canning facility

Drywells or casks

Balance of storage facility
Other buildings

Canning equipment
Transporter

Other engineered equipment
Total directs

Indirects

A-E services

Contingency

TOTAL
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A.3.

Year

Cost Distribution for

(from Tables B.20, B.22 and B.25

Distribution Fraction Annual Cost
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TABLE A.4. Estimate of Additional Module Capital Cost

for

Manhours, 1000's

Costs, $1000's

Cost Element Non-Manual Manual

Labor Material

Total

Site preparation

Drywells or casks

Balance of storage facility
Total directs

Indirects

A-E services

Contingency

TOTAL
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TABLE A.5. Estimate of Owner's Costs During Construction
for

Manhours
Cost Element or Other Basis Cost

Hearing preparation and
testimony

» Contract management
Inspection and QA

Training program

Security

General and Administrative

TOTAL
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TABLE A.6. Estimate of Owner's Annual Operating Costs During
for

Manhours
Cost Element or Other Basis Cost

Supplies

Capital replacement allowance

Cans and 1lids

Security

Maintenance

Receiving and shipping

Hot cell (canning, etc.)

Placement or removal

Surveillance

Qutside support services
Subtotal

General and Administrative

Utility costs

Other

TOTAL ANNUAL COST
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TABLE A.7. Estimate of Owner's Costs During Decommissioning
for

Manhours
Cost Element or Other Basis Cost

Casks or drywells
Engineered equipment
Buildings

Site restoration

Supplies (decontamination,
cutting, packaging)

Security

Shipping and burial fees
Subtotal

General and administrative

Utilities

Other

TOTAL
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Table A.6 should be used for estimates of annual operating costs.
Normally one table will be required for each year of operation. However, if
operating costs are identical for successive years, a single table may be used
with the notation in the heading as to the years the table applies to. Again,
the total cost for each year should be included in the cash flow summary of
Table A.1. Transportation-related expenses inside the facility fence (except
transportation equipment lease or use fees) are to be estimated and included
in annual operating expenses.

Cost Bases

Bases for estimates should be given in all instances. Design and
construction costs are generally influenced by physical conditions at a site.
Attachment 2 1lists the pertinent conditions that should be described as part
of this cost basis. Attachment 3 provides guidelines for social and economic
factors that need to be considered and described in the bases. These
procedures, should be followed, are based upon work initially done for PNL by
Bechtel Corporation during preparation of DOE/ET-0028 (Technology for

Commercial Waste Management).

A contingency of 25 percent should be used in defining construction costs.

If the design does not require a facility or an operation given in a
table, a cost of zero may be entered. The detail in the tables is not
intended to dictate design, only to permit normalization.
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ATTACHMENT 1: OUTLINE OF COST CATEGORIES

A. Possible capital expenses at MRS/IS

1. Reports and testimony for site approval, cost of permits and
licenses

2. Design engineering

3. Site preparation, access control, abatement of impacts on air
and water quality

4, Buildings

a) Receiving facility including holding areas for incoming
and outgoing casks

b) Canning facility, transfer facility
c) Storage facility including drywells or casks
d) Administration auxiliary, etc.
5. Engineered equipment
a) Cranes
b) Canning equipment
c) Decontamination and waste treatment equipment
d) Ventilation and contamination control
e) Spare parts inventory

f) Transporter for 100 ton cask or shielded transporter for
cans

6. Contractor indirects (percent of 4, 5 and 6)
7. Construction management and inspection
8. Licensing and safety reports

9. Contingency
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B.

Owner's costs for MRS/IS

1.

[pN]
.

5.

Payroll for personnel at hearings and for preparation of

presentation and testimony

Contract management

a)
b)

c)

Engineering
Licensing consultants

Construction contractor

Inspection and quality assurance

Operating supplies

Decontamination chemicals, wipes, protective clothing,
dosimeters, etc.

Filter aids, demineralizers, regeneration chemicals

Annual capital replacement as used from spare parts
inventory

Cans and 1lids

Payroll for personnel to:

a)
b)

c)

f)

Operate training program
Guard plant and storage yard

Maintain cranes, decontamination equipment, waste
treatment equipment, heating and ventilating equipment,
and transporter

Receive, prepare, inspect, survey, cool, flush, and
decontaminate shipping casks, storage casks, and/or
shielded transporter

Move shipping cask and storage cask into hot cell and open
them

Bring fuel, fuel can, hardware can and lids to work station
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g) Disassemble fuel ana place fuel pins in fuel cans and
hardware in hardware cans

h) When cans are full, seal, test seal, decontaminate
exterior and survey

i) Place completed cans in a cask, shielded transporter or
lag storage

j) Mark each can and record the contents and location

k) Move fuel assemblies from shipping cask to storage cask or
transporter or cans from storage to the storage cask or
transporter

1) Close, inspect, survey and decontaminate a cask or
shielded transporter

m) Reassemble and ship the shipping cask

n) Remove the storage cask from the hot cell and place in the
storage yard

0) Remove the shielded transporter from the hot cell, place
the fuel or can in a drywell, seal the drywell, test the
seal, survey, and decontaminate.

b. Maintenance and operating supplies for the storage period.
7. Payroll during storage period
a) Guards

b) Maintenance to keep plant in standby and counteract
weathering of casks or drywells

c) Leak test casks or drywells and repair as necessary
8. Maintenance and operating supplies for removal

a) Decontamination chemicals, wipes, etc.

b) Filter aids, demineralizer regeneration chemicals

c) Capital replacements as used from spare parts inventory.
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9.

10.

11.

Payroll during removal for personnel to:

a)

b)

Guard plant and storage yard

Maintain cranes, decontamination equipment, waste
treatment equipment, heating ventilating equipment and
transporter

Receive, prepare, inspect, survey, cool, flush and
decontaminate storage casks, shipping casks, and/or
shielded transporter

Move storage cask or fuel from shielded transporter and
shipping cask into hot cell and open casks

Move fuel assembly or can into shipping cask
Record location of all fuel moved

Close, inspect, survey and decontaminate casks and/or
transporter

Prepare and ship the shipping cask to reprocessing or
disposal (if storage cask becomes licensed for shipping,
this step may replace many of the above steps)

Pay premium or receive credit for condition of fuel relative to

normal uncanned assemblies based upon impact on reprocessing or

disposal.

Decommission facility

a)

b)

Survey, decontaminate and sell for scrap, send to shallow-
land burial or disposal the storage casks or drywells

Decontaminate, disassemble, and sell for scrap or package
and ship for shallow burial or disposal all engineered
equipment

Convert to other use or demolish and sell for scrap or
send to shallow burial or disposal all buildings and
storage structures

Prepare land for conversion to other uses.
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12. Shipping and burial fees for decontamination wastes generated
during fuel placement, storage, and removal, and during
decommissioning.

- 13. General and overhead expenses (as a percentage of 4 through 12)
14. Contracted services.

- 15. Fuel and utilities.

b
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ATTACHMENT 2: DESIGN AND CONSTRUCTION BASES

Please describe the following items in your basis.

1. Site Location

2. Meterological Conditions

2.1 Wind conditions as indicated below:
- Maximum velocity
- Average velocity
- Design velocity (basic wind speed)
- Design pressure.

2.2 Tornado

2.3 Tornado Missiles

2.4 Rainfall (Precipitation)
- Annual average precipitation

- Maximum precipitation
- Design maximum rate (peak 1 hr rate 50 yr recurrence)
- Design maximum duration.

2.5 Snow

2.6 Temperature design basis temperature conditions
-~ Summer maximum {(July)
- Winter minimum (January)
- Design maximum, summer
dry bulb
wet bulb
- Design minimum, winter.

3. Surface Conditions

3.1 Obstructions

3.2 Topography
3.3 Vegetation
3.4 Drainage
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3.5 Flooding
3.6 Roads

Approximate new road construction required to provide access to the site
from an existing highway suitable for heavy transport.

. 3.7 Railroads

Approximate new railroad required to provide a rail spur service to the
site.

3.8 Utilities

Will temporary facilities be required during construction, or are
permanent facilities part of site preparation.

4, Subsurface Conditions

4,1 Obstructions

Are there any major underground obstructions to facility construction.
4.2 So0ils - Thickness

4.3 Rock - Depth type and load bearing ability

4.4 Groundwater - Depth and need for dewatering

4.5 Frost - Design ground penetration

4.6 Cavities and Small Voids

Do they exist in the soils or rock underlying the site

5. Geologic and Seismic Conditions

5.1 Faults - The nearest known or inferred fault

5.2 Seismic Design
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ATTACHMENT 3: COST ESTIMATE BASES AND METHODS

1. Construction Conditions

As a basis for cost estimating, the construction conditions described
below are assumed to prevail at all sites.

1.1 Construction Labor will follow a 40-hour, single-shift work week

schedule except for casual overtime (e.g., to complete a concrete
pour), and in instances where twoor three-shift concrete work opera-
tions are planned to meet the construction schedule.

1.2 Severe Work Stoppages such as extensive jurisdictional disputes

between labor crafts will not occur during construction.

1.3 Labor Availability in each craft will be adequate so that importing

labor, except for general foremen, will not be required.

1.4 Craft Labor Wage Rates, including fringe benefits are those prevail-

ing in the geographic region of the construction site in mid-1982.

2. Pricing: Field Costs

The various elements comprising the field costs will be priced by the
methods described below:

2.1 Major Equipment Costs will be determined using estimated prices of

similar or nearly similar equipment from other cost estimates of fuel repro-
cessing plants, radioactive wastes disposal processes and other plants dealing
with the nuclear fuel cycle.

2.2 Bulk Materials. Except for instances where enough information exists

to warrant quantity assessments and unit pricing of certain specifically iden-
tified material, bulk materials costs will be determined either as a function
of major equipment costs or as a cost allowance.

2.3 Direct Labor Costs will be evaluated from estimated manhours for

erection and installation sequences and operations and craft wage rates and
fringe benefits in effect at mid-1982. Labor manhours are representative of
the craft production rates in the area of reference jobsites.
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2.4 Indirect Site Construction Costs such as contractor's fee, supervi-

sion, construction equipment, tools and consumable supplies, temporary facili-
ties and utilities, material handling, cleanup and the like will be combined
and evaluated as a factor of the total direct labor.

3. Architect-Engineer (A-E) Services

The costs of A-E services will be estimated as a percentage of the total
field costs and will include burden and fee.

4. Owner's Cost

Owner's costs during construction will be estimated in conjunction with
the operating and maintenance costs.

5. Costs Not Included

Exclusions from the estimate are generally limited to the following
particular cost classifications:

Site acquisition costs

- Escalation of costs beyond mid-1982
- Process and patent royalties
- General research and development costs

- Costs incurred beyond those that reflect the current degree of
involvement in securing approvals from regulatory agencies monitor-
ing environmental and safety considerations

- Costs generated directly by any governing or regulatory agency for
administration, engineering, procurement and construction

- Sales/use tax

- Local property tax or payments in lieu thereof
- Impact payments to local government

- Insurance or prorate cost of self insurance

- Nuclear hazards insurance that may be required if nuclear hazards
exist on site before completion of project

—~ Housing for construction workers.
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APPENDIX B

MRS/IS FUEL CYCLE AND WASTE SCENARIOS

Five MRS/IS scenarios are to be used by all MRS/IS projects. Each MRS/IS
facility should be designed to satisfy the reference scenario, the delayed
reprocessing scenario, and the delayed disposal scenario. The early disposal
scenario and the delayed disposal-no reprocessing scenario are included for
information only.

Basis for Projections

The bases and assumptions used in developing the projections are as
follows:

e Maximum pool expansion at reactors is assumed based on utility
estimates.

e Each pool maintains a full core reserve.
® Historic spent fuel inventory data are used as reported by utilities.
e Discharge projections used are as given by utilities.

e Generic reactors added beginning in 1996 have lifetime storage
capability.

e TRU wastes are sent to disposal or storage the year after
reprocessing.

® The maximum receiving rate for each repository for spent fuel or
equivalent HLW is 1800 MTHM/yr the first five years and 3000 MTHM/yr
for the next 21 years.

e The maximum TRU receiving rates are designed to be compatible with
the HLW receiving rates and are about 15 percent greater than those
rates in terms of equivalent MTHM.
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e Solidified HLW is sent to disposal or storage one year after
reprocessing or 10 years after reactor discharge, whichever is later.

e Time from discharge is determined by youngest fuel in the mixture.
e O0Oldest fuel is shipped first to MRS/IS or reprocessing.

e Shipping the oldest fuel first is assumed to relieve the at-reactor
storage problems.

e Spent fuel can be sent to disposal if the overflow from reactor
basins is 10 years old and reprocessing is limited.

e The first two reprocessing plants have capacities of 1500 MTHM/ yr
and the next two have capacities of 3000 MTHM/yr.

e The fourth reprocessing plant is a replacement for the first plant,
which is assumed to be retired after about 20 years service.

e Each reprocessing plant operates at 1/3 and 2/3 capacity in its
first two years.

e Spent fuel requiring storage prior to 1990 is stored in casks at
reactor sites or at government-owned emergency storage.

The startup dates for reprocessing plants and repositories which define the
scenarios are summarized in Table B.1l. MRS/IS activity concludes before 2025
for all except the delayed disposal scenario; a fourth repository is needed in
the delayed disposal scenario to permit retiring the MRS/IS at a reasonable
date.

Reprocessing Plant Waste Quantities

Reprocessing plant waste quantities are based on information provided by
AGNS in a draft report.(a) The projection is based on:

e Compaction of the hulls (after separation of hardware) and other
compactible and noncombustible wastes

(a) W. H. Carr, Estimation of Nuclear Waste from the Barnwell Nuclear Fuel
Plant, Allied-General Nuclear Services, April 26, 1982 (Draft).
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TABLE B.1. Startup Dates for the Scenarios

Scenario Reprocessing Disposal
Reference 1989, 2000, 2005, 2010 1998, 2002, 2015
Delayed 1999, 2010, 2015, 2020 1998, 2002, 2015

Reprocessing
Delayed Disposal 1989, 2000, 2005, 2010 2008, 2012, 2015, 2025

Early Disposal(@) 1989, 2000, 2005, 2010 1993, 1998, 2010

Delayed Disposal(a) 2008, 2012, 2015
no Reprocessing

(a) Information only

e Incineration of combustible wastes with cement immobilization of the
ash and incinerator scrubber solution

e Immobilization of UF6 plant particulates with cement

e Volume reduction factors based on data developed for the GEIS on
commercial radioactive waste (DOE/ET-0028)

e Use of a 2-ft diameter x 10-ft long canister for hulls and other
canistered wastes (excluding HLW). This size is assumed to be more
compatible with storage and shipping casks than the 4-ft diameter
x 8-ft long canister.

The annual quantities of waste from the 1500 MT/yr AGNS plant are
summarized in Table B.2 for the volume-reduced and immobilized wastes.
Table B.2 also shows the number of HLW canisters, if a standard 1-ft diameter
x 10-ft long canister is used. The TRU wastes are divided into five surface
dose rate categories: 0.2, 0.2-5, 5-50, 50-500, and »>500 R/hr. Waste
containers with surface dose rates greater than 0.2 R/hr are identified here
as remote handled TRU (RHTRU). Those less than 0.2 R/hr are identified as
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TABLE B.2. Annual AGNS Plant HLW and TRU Wastes with Volume Reduction
and Immobilization (per 1500 MTU)
Waste ft3 yr Container 0.2 R/hr 0.2-5 5-50 50-500 >500 R/hr

HLW glass 4,900 1 ft D x 10 ft can - - - _ 700
Hulls compacted 9,600 1 ft D x 10 ft can - — —_ —_— 340
Fuel hdwr. 3,900 2 ft D x 10 ft can - _ _— _ 140
RHTRU 1,600 2 ft D x 10 ft can - 40 7 4 —
RHTRU 4,600 55 gal drums - 614 76 8 -
CHTRU 1,380 4 ft x 6 ft x 6 ft St1. boxes 25 — — _— _—
CHTRU 19,560 55 gal drums 3,293 - - - —_—
Mox Plant

CHTRU 10,400 55 gal drums 1,575 _ —— — —
CHTRU 2,000 4 ft x 6 ft x 6 ft St1. boxes 15 - - —-— -—



contact handled (CHTRU). The AGNS data included a category 0.05 to 0.5 R/hr.
For this analysis one-half the waste in that category is assumed to have a
surface dose rate of less than 0.2 R/hr and, therefore, to be CHTRU. The
remainder is assumed to be greater than 0.2 R/hr and, therefore, to be RHTRU.

Scenario Projection

The reference scenario is summarized in Table B.3. A1l numbers on this
table are expressed as metric tons of spent fuel or metric tons equivalent of
HLW (i.e., metric tons of spent fuel reprocessed to produce the HLW). To
convert from MTHM to fuel assemblies or HLW canisters, divide the listed MTHM
values by 0.18 MTHM/BWR, 0.42 MTHM/PWR, 2.143 MTHM/Canister. Column headings
can be defined as follows:

Column Label Definition
2 Discharge MT spent fuel discharged per year
3 AR Inv. At-reactor spent fuel storage
inventories, MT
4 MRS Inv. Spent fuel inventory at the
MRS/IS, MT
4 MRS Inv. Spent fuel inventory at the
MRS/IS, MT
5 Reprocess Reprocessing rate, MT/yr
6 Disposal Spent fuel shipped to disposal,
MT/yr
7 Disposal Inv. Spent fuel inventory in reposi-
tories, MT
8 HLW AR HLW stored at reprocessing plant,
MT equivalent
9 HLW MRS HLW stored at MRS/IS, MT equivalent
10 Disposal HLW sent to disposal, MT/yr
11 Disposal Inv. HLW inventories in repositories,

MT equivalent
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YEAR UISCHARGE

1981
19a2
1983
1984
1985

1986
1987
19488
1989

1990

1991
1992
1993
1994
1995

1996
1997
1998
1999
2000

2001
2002
2003
2004
2005

2n0o
2007
2008
2009
20lo0

2011
2nl1e
2nl13
2014
2015

2016
2ol7
2018
2019
2020

1090,
1237,
1607,
1744,
2167,

2610,
2622,

TABLE B.3.

AR [NV

871,
9104,
o715,
12447,
lebls,

17121,
19567,
¢2lve,
24945,
ersut,

9097,
31095,
33023,
34912,
36986,

38956,
40954,
©332K,
45648,
4765¢,

49534,
2U945,
5¢515,
Y4434,
Obe T4,

25500,
25581,
25625,
%6161,
59412,

99140,
b4022.,
23006,
52233,
51767,

20957,
bu326,
SUuB4,
492706,
“H822,

Reference Scenario Summary (Reference Case June 21, 1982)

MRS INV

203,
12.

REPROCESS

DISPOSAL

DISP INV

HLW A R

HLW MRS

DISPOSAL

DISP INV

25200,

30000,
36000,
42000,
48000,
54000,

60000,
66000,
70800,
76800,
83520,

88500,
96000,
103500,
106500,
114000,
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The 13 tons in MRS/IS before 1986 come from Surry-2. It is possible the
ulitity will find another solution to its storage problem. Columns six and
seven are provided for spent fuel disposal in other scenarios. Column eight
represents the HLW inventory at the reprocessing plant, based on a minimum of
one year hold up or until 10 years after reactor discharge.

Table B.4 contains the details of shipments of fuel and HLW to and from
the MRS/IS. The left half of the table has BWR data and the right half PWR
data. Positive numbers represent additions or shipment to the facility while
negative values represent shipments or removals from the facility. In
Table B.4, the amount of each shipment is given as the tonnes of heavy metal
in the original fuel. Thus the HLW shipments must be converted to canisters
to obtain storage requirements (see Table B.5). The exposure is the average
exposure in MWd/kg. The discharge year is the year the youngest fuel in the
mixture was discharged.

Table B.6 contains similar data for TRU. On this table, the left-hand
column of each pair represents TRU generated while reprocessing BWR fuel and
the right-hand column of each pair represents TRU generated while reprocessing
PWR fuel. Number of packages of treated wastes handled each year is also
given in Table B.6. In addition to the data given in Table B.6, the MOX plant
is assumed to produce one 4 ft x 6 ft x 6 ft box for each 100 drums.

Tables B.7 and B.8 are similar to Tables B.3 and B.4 and present data for
the delayed reprocessing scenario. Table B.8, however, does not include TRU
since the MRS/IS will not receive any TRU in this scenario. Tables B.9-11 are
similar to Tables B.4-6 and present data for the delayed disposal scenario.
Tables B.12 through B.16 present data for the early disposal and delayed
disposal-no reprocessing scenario and are for information only.

The spent fuel and HLW requirements at MRS/IS were summarized in
Table B.5. The peak rates given in Tables B.4, B.8, and B.10 were averaged
over 2 or 3 years since the peaks are the result of setting the age of a
year's reprocessing plant production of HLW equal to the age of the youngest
fuel in the mixture. This causes large and unrealistic variations in
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TABLE B.4.
YEAR FUEL
TUNNE

1981 U,
1982 U,
1983 o,
19R4 0,
1985 v,
1986 0.
1987 1l
1988 177,
1989 -b,
1990 183,
1991 v,
1992 0,
1993 0,
1994 o,
1995 0.
1996 0,
1997 0,
1994 0,
1999 [
2000 0.
2001 0,
2n02 Vv,
2003 0,
2004 0.
2005 0,
2006 0,
2no7 u,
2008 0.
2009 o,
2010 v,
2011 ("8
2uvle U,
2n13 o,
2014 0.
2015 U,
2016 0,
2017 0.
2018 [
2019 0,
2020 0,

Reference Scenario, Fuel and HLW Shipments at MRS (Reference Case June 21, 1982)

STURAGE
EXP DISCHOG
0s 1971
ve 1971
0. 1971
Ue 1971
(Y 1971
ve 1971
Ye 197¢
15 197«
Ye 1972
15, 1974
Ve 1974
Ue 1974
Ue 1974
[ A 1974
Ve 197«
Ve 1976
V1 1974
Ue 1974
Ve 1974
e 1974
Qe 1974
Ue 1974
Ve 1974
Ve 1974
Ve 1976
Use 1974
Ue 1974
Ue 1976
Ue 1974
Ue 1974
Vs 1974
Ve 1974
0 1974
Ve 1974
[V 1974
Ve 1974
Ve 1974
O 1974
e 1974
Oe 1974

BWH FUEL

niW STORAGE
tXp DISCHG

TUNNF

0,
Ue
Uy
Ue
i}

0o
Ue
Ue
Ue
200,

400,
600.
60U,
601,
604,

600,
hou.
=120,
=120,
=120,

80,
-440,
-720,
=T2u.
=770,

=320,
=400,
0
Do
u'

400,
200,
-1?000
60U,
=120,

=480,
Do
n,
U'
0,

0.
0.
0.
U
0.

0.
0.
0.
G
16,

16,
17,
cu,
22,
23,

25.
eb.
16.
16,
16,

25,
lo,.
18,
Zl.
23.

25,
25,
0'
o.
Ue

1970
1970
1970
197¢
1974

19174
1970
197u
1974
1975

1yTe
L9717
197y
1980
194}

1987
1943
1975
1970
1970

1947
1971
1979
1984
19481

198¢
1983
1970
1970
1970

<001
200¢
2007
2004
2004

2004
197n
i910
1970
191

REP PLNT
POOL. TNV

0.
0.
o,
L,
U,

FUEL
TONNE

0,
0.
0.
13,
0.

103'
165,
61,
-22,
=307,

STORAGE
EXP DISCHG
0., 1971
v, 1971
0. 1971
21, 1971
0, 1971
21, 1972
23, 1974
21, 1974
21, 1972
22, 1974
21, 1974
0, 1974
0, 1974
s, 1974
0, 1974
0. 1974
0, 1974
0. 1976
0, 1974
0. 1974
0, 1974
0, 1974
0, 197«
0, 1974
0. 1974
0, 1974
0, 1974
0, 1974
0, 1974
0, 197s
0, 1974
0., 1974
U, 1974
0, 1974
0, 1974
0. 1974
0., 1974
0, 1974
0, 1974
0, 1974

PWR FUEL

HLW STORAGF
TONNE EXP DISCHG

600,
300,
990,
900,
=3600,

0.
(N
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
2‘.

22,
23,
24,
26,
29,

30,
30,
2.
el
22,

30,
22.
23.
25,
28,

30.
30,
0,
0,
04

35,

1970
1970
1970
1970
1970

1970
1970
1970
1970
1975

1976

1978
1979
1980
1981

1983
1983
1975
1976
1976

1986

+ 1978

1979
1980
1981

1983
1983
1970
1970
1970

1999
200)

REP PLNT
POOL [NV

0,
0.
0.
0.
0.

0.
0.
0.
300.
600.

900,
900,
900.
900.
900,

900,
900,
900.
900,
1200,

1500,
1800,
1800.
1800,
2400,

3000,
3600.
3600,
3600.
4200.

3900,
4500,
4500,
4500,
9000,

9000,
9000,
9000,
13500.
13500,



TABLE B.5. Spent Fuel and HLW (MTHM) Storage Capacity Requirements
at MRS/IS Facility

Delayed Delayed
Reference Reprocessing Disposal
Fuel capacity __(a) 7,547 __(a)
HLW capacity 10,500 - 60,600
Annual receiving rate®) 1,500 1,500 4,500
Annual removal rate(c) 1,800 2,200 4,800

(a) No spent fuel in stored at MRS/IS facility prior to startup
in 1990

(b) Peak rates averaged over 2 years.
(b) Peak rates averaged over 3 years.

B.9
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TABLE B.6. Reference Scenario, Number of TRU Packages Handled at MRS (Reference Case June 21, 1982)

YEAR HULLS & HOW ZALlO CAN KEMOTE h 2X10 CaN REMOTE M 55 GA DRUM CONTACT H 4X6X6 BOX CONTACT H 55 GA DRUM MOX PLANT 55 6 DRuUMS

1981 0. Ve Ve 0, 0, 0. 0, 0, 0. O 0. 0.
1982 o, v, 0, Ve 0, 0. 0. 0, - [ 0. 0. 0,
1983 0, Ve 0. U, 0. 0. 0. 0, 0, 0, 0, 0.
19R« 0. 0. e 0, 0. 0, 0. 0. 0. O. 0. 0,
19RS 0. 0. 0, 0, 0, 0. 0, 0, 0. 0. 0. 0.
1986 0. v, 0o 0, 0. o, 0. 0, 0, 0, 0. 0,
1987 0. U, 0, 0, 0. 0, - 0. 0. 0, 0. 0. 0,
1988 0. 0. Ve 0, 0, 0. 0, 0, 0, 0. 0. 0,
1989 9, 0, Ve 0. 0. 0. V. o, 0. [ 0, 0.
1990 o4, w6, o ta, 93, 140, 3, 5, 439, 659, 210, 318,
1991 128, 192, 18, 28, 186, 279, T, 10, A78, 1317, 420, 630,
1992 192, 288, 28, al, 279, 419, 10, 15, 1317, 1976, 630, 945,
1993 192, cob, 728, “l, e79, 419, 10, 15, 1317, 1976, 630, 945,
1994 192, cebb, o, “l, 29, 419, 10, 15, 1317, 1976, 630, 945,
1995 192, Zold, 2d, 41, 219. 419, 10, 15, 1317, 1976, 630, 945,
1990 19¢, 4-1-19 78, 4l, 219, 419, 10, 15, 1317, 1976, 630, 945,
1997 19¢, cbd, 78, L 219, 419, 10. 15, 1317, 1976, 630, 945,
1998 13, =luy, =10, -16, =106, =159, -4, -6, =501, <751, =239, =359y,
1999 -13, =109, ~lu. =lo, =106, ~1Sv, -, -6, -501, =751, =239, =359,
2000 =73, =109, -10. =106, 106, =199, -4, =6, -801, =751, -239, ~359,
2001} -9, =14, “le -2, =13, -20, -0, -1, -61, -92, -29. -44,
2002 =210, <~3lb, =30, =45, =315, =458, =-11. =16, =1440, ~2160, -689, -1033,
2003 =323, =abs, ~4t, =1, -469, =704, =17, =25, 2213, =3319. -1058, ~-1548,
2004 -323, -sbe, =4b, -1y, =409, =704, -17, =25, -2213, =3319. -1058, =-1588,
2005 =261, -=-3v2, =3k, =20, =380, =574, =14, =20, -1791, =2687, -857, ~128S,
2006 o, 0, 0. Ve [ 0. 0. 0, 0, 0. 0. 0,
2007 o. n. 0. 0. u. o. o. o. o. o. o. o.
2008 o, . 0, ' U, 0. 0. 0, 0. [ 0. 0,
2009 0. v, O g, 0, 0, 0. 0, 0. 0. 0, 0,
2010 o, 0, ' U 0. 0, ' 0, 0, 0. . 0, 0.
20911 13, 19, ce 3. 19, 28, 1, 1, a8, 132, 42, 63,
gole -13, -l9, - -3, =19, -28, -l =l, -88, =132, -42, -63,
2013 17, 1ib, 11, M. 112, 168, 4, 6, 527, 790. e52. 3718,
2014 1, 1id, 1. i, ilé. 168, 4. 6, 527, 790, 252, 378,
2015 -l94, =230, =22, -33, -223, =335, -8, -12, -1054, -1581, «504, =756,
2nle v, v, 0, 0, 0. 0. U, 0, 0. 0. 0. 0,
2017 0. V, Ue Ve 0, 0, 0. 0. 0. [ 29 0. 0,
eule v, o, 0, Ue [ 0, 0. 0. 0, [ 1Y 0, 0.
2019 0. 0. 0. Ve 1% 0, 0. 0, 0. 0. 0. 0,
2020 0. 0, e Ve 0, 0, 0. 0. 0. 0. 0. 0.
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YEAR D]JSCHARGE

1981
1982
1983
1984
1985

1986
1987
1988
1989
1990

1991
1992
1993
1994
1965

1996
1997
1998
1999
2000

200l
2002
2003
2004
2005

2006
2n07

2008

2009
2010

201l
2012
2013
2014
enls

2o0le
2017
2nle
2019
2020

1090,
123/,
1607,
1744,
2le17,

2610,
2622,
2866,
3223,
3071,

30/8,
3498,
3428,
3389,
3574,

34170,
3498,
38174,
3800,
3964,

4386,
440/,
4569,
4919,
4841,

5226,
60ul,
6043,
0547,
6251,

6248,
6381,
6485,
eT27,
1033,

6690,
6869,
1258,
66492,
1046,

TABLE B.7.

AR [NV

1871,
vlos,
10715,
12441,
l4ols,

17121,
19567,
c2l96,
24945,
e1555,

Jollo,
32962,
35721,
3811lo0,
40436,

42404,
44404,
46550,
48456,
20333,

b2328,
53949,
25822,
276%4,
59554,

ol8u/,
04591,
6/936,
11287,
14706,

14370,
82317,
86358,
0962,
957487,

10221,
103033,
1u4291,
104984,
105030,

MRS NV REPROCESS

0.
0.

DISPOSAL

DISP INV

1800,
3254,
4341,

5232,
6518,
7715,
9302,
10743,

12215,
14013,
15211,
16896,
17728,

17793,
17793,
17793,
17793,
17793,

17793,
17793,
17793,
17793,
17793,

HLW A R

HLW MRS

0.
0,
V.

Delayed Reprocessing Scenario Summary (June 21, 1982)

DISPOSAL

DISP INV
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YEAR

1981
1982
1983
1984
1985

1986
1987
1988
1949
1990

1991
1992
1993
1994
199%

1996
1997
1998
1999
2000

2001
2002
2no3
2004
2005

2006
2007
2u0n
2009
2010

201l
2012
2ni3
2014
2015

2016
2017
2nls
aniy
2020

Delayed Reprocessing Scenario, Fuel and HLW Shipment at MRS (June 21, 1982)

TABLE B.8.

FUEL STURAGE
TONNE EXP DISCHOL
0, 0, 1471
0, Ve 1971
0, e 1971
0, Ve 1971
0, Ue 1971
0, 0. 1971
11, Ye 1972
117, 15, 1974
196, Jloes 1975
168, 1/ 19176
331, 17 19717
2eb, 17. 1977/
234, lbe 1978
348, 2l. 1978
353, 2¢. 197%
Si8, 24. 198V
598, 24. 1981
-Tl, l4. 1974
0, Ve 1970
v, Ue 1970
0, e 1970
0, 0. 1970
U. Je l910
0, Qe 1970
U, Ve 197v
0. e 1970
U, Ve 197y
0, Ve 1970
U, Use 197v
0. Ue i970
0, Je 1970
=l84, lbe 197>
-78, lb. 1979
-313, 1/, 1977
=-bbl, 17, 1978
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0, Ve 1981
U, 0. 1lysl
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dwit FUEL

LW

TOMNE

Ue
0.
0.
Ve
Ue

0.
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Ue
Je
O

Ue
0o
Ue
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Ve

e

O
Ue
e
Ue
0,

Ue
Ue
0,
0.
Ue

STORAGE
EXP DISCHG
Ve 1970
0 1970
0. 1970
0 197V
0. 19iIn
0. IVTU
0. 197
0, 197149
0. 19Ty
0. 197u
e 197u
Ve 191
Ve 1979
0. 1970
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U. l(”(’
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Ve " A9TY
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0. 197n
.0. 1974
[ 197y
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Ve 197u
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REP P NT
POOL INV
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u.
0.
e
0,

V.
Ve
0.
U,
0.

600,
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Hov,
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1200,
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160U,

2000,
2“00.
2400,
2400,
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FUEL
TONNE

STORAGE
EXP DISCHG
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0, 1971
0, 1971
2l. 1971
0, 1971
21, 1972
23, 19174
21, 1974
2l, 1975
21, 1976
22, 1976
23, 19717
23, 1978
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26, 1980
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30, 1983
2l. 1971
0, 1970
6, 1970
0, 1970
0, 1970
0, 1970
0. 1970
0, 1970
0, 1970
6, 1970
0, 1970
0. 1970
0. 1970
0, 1970
22, 19715
2l. 1976
22, 19717
23. 1979
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3o, 1983
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0, 1983
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PwR FUEL

HLW STORAGE
TONNE EXP DISCHG
0. 0., 1970
0. 0., 1970
0. Ve 1970
0. 0, 1970
0. U 1970
0. 0. 1970
Oo 0. 1970
0. 0, 1970
0. 0. 1970
0. U, 1970
0. 0., 1970
0. Ve 1970
0. 0, 1970
0. 0, 1970
0. 0, 1970
0. 0. 1970
0. 0. 1970
0. 0, 1970
0. 0., 1970
0. 0, 1970
68, 30, 1985
-88, 30, 1985
0. 0. 1970
0, 0., 1970
0. 0. 1970
0. 0, 1970
0, 0, 1970
0, 0, 1970
0. 0. 1970
0, 0, 1970
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0. 0, 1970
0. 0. 1970
0. 0, 1970
0. 0, 1970
0, 0, 1970
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0. 0., 1970
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REP PLNT
POOL INV

0.
0.
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TABLE B.9 (contd)

YEAR DISCHARGE Ak [NV MRS INV REPROCESS ULISPOSAL DISP INV HLW A R HILLW MRS OISPOSAL OISP INV
2n21 7000, «8322, 0, 1500, 0. 0. 25500, 43500, 9000, 75000,
2022 7000, «1822, Ue 1500, Ue 0, 25500, 42000, 9000, 84000,
eneg3 7000, 41322, 0, 1500, 0. 0, 25500, 40500, 9000, 93000,
2024 7000, 46822, Ne 1500, 0. Ve 25500, 39000, 9000, 102000,
2025 1500, wb822, N, 1500, 0, 0. 25500, 35700, 10800, 112800,
2026 1500, 6822, 0, 1500, Oe 0. 25500, 32400, 10800, 123600.
2027 7500, 46822, 0. 71590, 0, 0. 30000, 26600, 10800, 134400,
2028 150U, 40822, 0. 7900, Ue 0. 30000, 21300, 10800, 145200,
21029 1500, ho822, 0, 1500, 0. 0, 30000, 18000, lo800, 156000,
2030 1S90, 4bu22. N 1500, 0, 0. 3ovuo00, 13500, 12000, 168000,
2031 7500, 46822, 0 I>0u, 0, 0. 30000, 9000, 12000, 180000,
2032 1500, bon822, 0, 1500, Ue 0. 30000, 4500, 12000, 192000.
2033 1500, “bd2e, 0, 1509, 0, 0, 30000, 0, 12000, 204000,
2034 1500, 46822, 0. 1500, 0. 0. 30000, 0. 7500, 211500,
2035 1su0, 46822, 0. 1300, 0. 0. 30000, o, 7500, 219000,
2036 1500, 46822, 0. 1500, 0. Oe 30000, 0, 7500, 226500,
2037 1500, 46822, 0. 1>5v0, 0. 0. 30000, 0. 7500, 234000,
2038 1500, s0822,. 0, 71500, 0. 0. 30000, 0, 7500, 241500,
20139 7500, “6822, 0, 7300, 0, 0. 30000, 0, 7500, 249000,
2040 1500, “ol22, 0, 200, 0, 0. 30000, 0, 7500, 256500,
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YEAR

1981
1982
1983
1984
1985

1986
1987
1984
1989
1990

199]
1992
1993
1994
1995

1996
1997
1994
1999
2000

2001
2002
2003
2004
2005

2006
2007
2008
2009
2010

eatl
2012
2013
2014
2015

2116
2017
2018
2019
2070

FUEL
TONNE

TABLE B.10.

Delayed Disposal Scenario, Fuel and HLW

STURAGE
EXP LISCHO
Je 1971
0s 197}
Je 19171
Oe 197]
Ve 19171
0. 1971
Ye 1972
Ioe 1974
Y. 1972
1% 1974
Ve 197«
Ue 1974
Ue 197«
de 1974
0e 1974
e 1974
Ve 1974
tte 1974
Ue 1974
Ue 1974
Ue 1974
ve 1974
Ue 1974
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Ve 197«
0. 1974
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Ue 1974
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HLw STORAGE

VUNNE

00
LU
Ve
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Ue

Ue
v,
0,
0.
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40v.
60u,
600,
60u,
AOu.

600,
600.
60U,
60y,
600,

Alu,
La0u,
1200,
1200,
120u,

l600.,
2000,
le80,
LaBY,
LeR,

2080,
116y,
-1920,
1080,
360,

=264,
=120,
-1720.
~120.
=60V,

EXP DISCHU
0. L1970
U, 1974
0. 191v
U, 1970
0s 1970
0. 1914
0. 19740
N, 1970
Ue 1970

16, 19179
l6, 1976
L. 1wll
20, 19714
22+ 1989
23, 1981
25, 1982
25, 1963
25, 1984
2%, 1985
25, 198+
éh, 198/
b, 1984
29, 1919
2%, 199y
25. 1991
€5, 199¢
29, 199«
25, 199>
29, 1997
29, L1999
25, 2001}
25, 200é .
18, 1984
25, 2004
29, 2005
24, 1984«
25, 1984
25, 1984
29, 1985
25, 19486

REP PLNT
POOL INV

U
U,
U,
0.
Ge

U,
0,
U
200,
400,

600,
600,
600,
600,
600,

600,
600,
600,
600,
Bu0.

1uo0,
1200,
1200,
12v0,
1600,

2000,
2400,
2400,
26400,
2800,

2600,
3uu0,
6000,
6000,
6000,

9000,
Y000,
9000,
9000,
9000,

FUEL
YONNE

Shipments at MRS (June 21, 1982)

STORAGE
EXP DISCHG
0, 1971
0. 197
0, 1971
21, 1971
0, 1971
2l. 1972
23, 1974
2le 1974
21, 1972
22, 1974
21, 1974
1% 1974
0, 1974
[ S 1974
0. 1974
0. 1974
o, 1974
0, 1974
0. 1974
0., 1974
0, 1974
0, 1974
0, 1974
[+ 18 1974
0. 1974
0, 1974
0, 1974
0, 1974
0, 1974
U, 1974
0., 1974
0., 1974
0, 1974
0, 1974
0, 1974
0., 1974
0. 1974
0, 1974
0, 1974
U, 1974

PWR FUEL

HLW STORAGE
TONNE EXP DISCHG

0,
0.

0.
0.

1970
1970
1970
1970
1970

1970
1970
1970
1970
1975

1976
1978
1979
1980
1981

1983
19863
1984
1985
1986

1986
1987
1988
1989
1990

1991
1993
1994
1996
1998

1999
2001
2003
2004
1981

2006
1981
1981
1986
1986

REP PLNT
POOL INV

300,
600,

900,
900,
900,
900.
900,

900,
900,
900.
900,
1200.

1500.
1800.
1800,
1800,
2400,

3000.
3600.
3600,
3600,
4200,

3900.
4500,
4500,
4500,
9000,

9000,
9000.
9000.
13500,
13500,
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YEAR

2021
2022
2n23
2024
2025

2026
29217
2028
2029
2030

2031
2032
2033
203«
2035

2036
20317
2038
203y
2040

FUEL
TUNNE

STURAGE
EXP DISCHOL
Ve 1974
Ve 1974
Je 1974
O 1974
Ve 1974
Jde 19174
e 1974
Ue 1974
U 1974
Use 1974
Ve 1974
ve 19174
Ue 1974
[ 197«
Ve 1974
Ue 1917«
Ue 1974
Ve 1974
Ve 197«
Ve 1974

HWK FlEL
Hiw
FUNNE

«4600,
=600,
60U,
=600,

'l32'~,o

-137U,
=-132u,
-1320,
=1320.,
=1H00 .

= R0OU,
'1500.
1800,
e
O,

Ue
0.
Ue
0'
0.

TABLE B.10 (contd)

STOoKAGE
EXP VISCHL

25,
25,
29,
29,
29,

29,
25,
25,
29,
(&

€5,
25,
25,
0,
0.

De
0.
U
0.
0.

1990
1999
1991
1991
199¢

1994«
1994
1999
1997
1999

2001
200/
c¢0us
1970
1970

1970
197
1970
191
19710

RFP #i NT
POOL INV

12000,
12000,
1¢u00,
12uv00,
12000,

120006,
12000,
12000,
12000,
12u00,

12000,
12000,
12000,
le000,
12000,

12000,
12000,
12000,
12000,
12000,

FUEL
TONNE

STOKAGE
EXP DISCHG
0. 1974
0, 1974
0, 1974
0., 1974
0., 1974
0, 1974
0s 1974
0, 1974
0 1974
0, 1974
0, 1974
0., 1974
0., 1974
0., 1974
0, 1974
0, 1974
0, 1974
Ve 1974
0, 1974

PwR FUEL

HLW STORAGE
TONNE EXP DISCHG

«-900,
=900,

30,
30.
30,
30.
3o,

31,
34,
35,
35,
3s.

35,
35,
35,
0.
0.

0.
0.
0.
0,
0.

1987
1987
1988
1968
1990

1991
1994
1996
1998
1999

2001
2003
2006
1970
1970

1970
1970
1970
1970
1970

REP PLNT
POOL 1INV

13500,
13500,
13500.
13500.
13500,

13500,
18000,
18000,
18000,
18000.

18000,
18000,
18000,
18000.
18000,

18000,
18000,
18000,
18000.
18000,
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TABLE B.11.

YEAR HULLS & HDW 2X]u

1981
1982
1983
1984
1985

1986
1987
19A8
19p9
199¢

1991
1992
1993
1994
1995

1996
199/
1998
1999
2000

2001
2002
2003
2004
2005

20006
2007
2000
2009
2010

2011
2alz2
2013
2014
2n1%

2016
20117
2nls
2019
2020

0,
0,
0.
0,
0.

-148,
~188,
-365,

0.
V.
o.
0.
0,

192,
(4.1 18
cbl,
cBl,
<b8,

288,
cbd,
c88,
I4-1-1%
cd8,

K1-19%
“ol,
sle,
516,
sl6,

Tob,
Y60,
155,
{35,
135,

vel,
“53,
380,
300,
=i,

=il
-282,
-2bt2,
-cBb2,
47,

Delayed Disposal Scenario, Number of TRU Packages Handled at MRS (June 21, 1982)

CAN

REMOTE H 2Xiu CaN REMOTE H 5% GA DRUM CONTACT H 4X6X6 BOX

Ve
VI
",
'
Ve

12,

9l.
43,
36,
36,
-d.

-(.
-21.
27,
-27.
~5¢,

2d,
“l.
“l,
“l.
“).

e,
“l.
“l.
4l
4),

55,
©J.
83,
LEN
3,

Lo,
l-’di
198,
lus.
108,

130,
65,
55,
99,
-2

-d.
-4l
-4l,
-al,
79,

796,

0.
0,
0.
0.
0.

ol
0.
o.
o.
3.

1.
10,
10,
10,
10,

10,
10,
10.
1u,
10,

13,
17.
20,
20,
20.

a7,
33.
26,
26,
26,

33,
le,
13,
13,

=1,
~l0,
-10,
-10,
~19.

=29,

CONTACY H 55 GaA DRUM MOX PLANT 55 G DRUMS

0.
0,
0.
0.
0.

[
0.
0.
0.
[

=38,
-617,
=617,
=617,
-1197,
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YEAR HULLS & HOw 2X10
evzl -365, =be7,
2022 =365, =b¢7,
2023 =365, =b&7,
2024 «36%5, =%/,
2025 =630, =945,
2026 -630, =965,
2027 =630, =v4d,
2028 =630, =945,
2029 -630, ~v45,
2030 =806, -lciu,
2031 -806, =1¢lu,
2032 «576, =dbée,
2033 [/ 28 Ue
2034 g, U,
2n13% u,. [
2036 g, U,
20317 0, U,
2038 0, 0.
2039 o, v,
2040 o, Ue

CAN

REMOTE

«5¢ce
=52,
=52,
=52,
-ql.

9],
=%
-91.
=31,
=116,

116,
ELEN
Ue

G,

Ve

0o
[
e
V.
0.

2X10 CaN

-19,
-1y,
-1,
-19,
=136,

=136,
=136,
-]130,
-130,
=174,

=174,
=leae,

TABLE B.11 (contd)

REMOTE 1 55 GaA

=530,
=530,
=530,
=530,
=916,

-916.
=vl6,
=916,
=916,
-11173,

-1173.
-838,
0.

b,

U,

-796,
=796,
=796,
=796,
-1374,

=137+,
-1374,
=137,
=137+,
-1759,

«1759,
=-1256,
0,
0,
0,

DRUM

=19,
=19,
=19,
=19,
-33,

-33,
=33,
-33.
-33.
-‘2.

CONTACT H &X6X6 BOX

=29,
-29,
-29,
=29,
=49,

CONTACT H

-2503,
-2503,
-2503,
-2%03,
-4320,

-4320,
“320-
-4320,
-4320,
-5832,

=-5832,
-3952,

55 GA

«3754.
-315‘.
«3754,
-3784.
-6481.

-6481,
-6481,
-6481.,
-6481.,
-8298.

-8298,
=5927.
0.
0.
0.

0.
0.
0,
0.
0.

ORUM MOX PLANT

-1197.
-1197,
«1197,
-1197,

-2066,

-2066,
~2066,
=2066,
-2066,
«2646,

-2646,
-1890.
0.
0.
0,

S G DRUMS

-1795,
-1795,
-1795,
-1795,
-3100,

=3100,
=3100,
=-3100,
-3100,
=3969,

~39649,
-2435,
0.
0,
0.

o.
0.
'N
o.
0.
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YEAR DISCHARGE

1981
1982
1983
1984
1985

1986
1987
1988
1989
1990

1991
1992
1993
1994
1995

1996
1997
19948
1999

2000

2001
2002
2003
2004
2005

20006
2007
2008
2n09
2010

2011l
2012
2013
2014
2015

2o0le
20l7
2018
2019
2020

1090,
1237,
1607,
1744,
elel,

2610,
e6ee,
2866,
32213,
3071,

3078,
3498,
3426,
3389,
3574,

3470,
3494,
3474,
3860,
3964,

4386,
4407,
4569,
4919,
4841,

5226,
6081,
6043,
6537,
6251,

0228,
038l,
6485,
61271,
7033,

6690,
6809,
71258,
6692,
7046,

TABLE B.12.

AR "INV

8171,
9108,
10715,
12447,
14614,

17121,
19567,
€2196,
24945,
21507,

evu97.
31095,
33023,
34912,
36986,

38956,
40954,
43328,
45668,
“ 1652.

49538,
20945,
92515,
94434,
95274,

55500,
b95H41,
25625,
%6161,
35912.

25140,
54022,
23006,
22233,
51767,

20957,

20326,

50084,
49276,
48822,

MRS [NV

0.
0.
0.
13,
13,

116,
292,
530,
203.

Early Disposal Scenario Summary (June 21, 1982)

REPHUCESS

OISPOSAL

DISP INV

HLW A R

0.
0,
V.
0.
0.

0.

0.

0.
500,
1000,

1500,
1500.
1500,
1500,
1500,

1500,
1500,
1500,
1500,
2000,

2500,
Jooo,
3000,
3000,
4000,

5000,
6000,
6000,
6000,
1000,

6500,
7500,
10500,
1000,
15000,

18000.
18000,
18000,
22500,
22500,

HLW MRS

DISPOSAL

o,
1800,
1800,
1800,

1800,
le00,
3000,
1500,
1500,

2000,
2500,
3oo00,
3u00,
3000,

4000,
5000,
6000,
6000,
6000,

7000,
6500,
4500,
7500,
3oo00,

4500,
71500,
7500,
3000,
7500,

DISP INV

17000,
19500,
22500.
25500,
28500,

32500,
37500,
43500,
49500,
55500,

62500,
69000,
73500.
81000,
84000,

88500,
96000,
103500.
106500,
114000,
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TABLE B.13. Early Disposal Scenario, Fuel and HLW Shipment at MRS (June 21, 1982)

HBwWwH FUEL PWR FUEL

YEAR FUEL STUHRAGE HLw STORAGE REP PLNT FUEL STORAGE HLW STORAGF REP PLNT

TONNE FXP DISCHG TUNNE  EXP UISCHG POOL INV TONNE EXP DISCHG TONNE EXP OISCHG POOL INV
1981 0, Ue 1971 U, 0., 1970 0, 0, 0, 1971 0. 0, 1970 O
1982 0, (V% 1971 0, 0, 1971u 0, 0. 0. 1971 O, 0, 1970 0.
1983 U, ue 1971 O, 0, 197V 0. 0, 0, 1971 0, 0, 1970 0
1984 0. Ue 1971 Ve 0, 1979 O, 13, 21, 1971 0O, 0, 1970 0.
1985 0, Ve 1971 Ue Ve 191V 0, 0, 0. 1971 0. 0, 1970 0,
1986 0. Ve 1971 de 0. 1970 0, 103, 2. 1972 0, 0, 1970 0,
1987 11, ye 1972 Jo 0, 1974 0. 165, 23, 1974 0, 0, 11970 0.
1984 177, 123. 19174 0. Ve 1970 0, 6l. 2l. 1974 0. 0, 1970 0.
19R9 -k, Ye 191 Je O 1979 200, =22, el. 1972 0, 0, l9’° 300.
1590 =183, 1o. 1974 200, 16, 1915 4«00, =307, 22. 1974 300, 21, 1975 600,
199]) 0, Ve 1974 40V, 6. 1970 600, -12., 21, 1974 600, 22. 1976 900.
1992 0. Ue 1974 600, 17. 1911 60U, 0, 0o 1974 900, 23, 1978 900,
1993 0, Ue 1974 “120. 164 19719 600, 0. 0, 1974 -180, 21, 1975 900,
1994 (18 e 1974 ~]12he 16. 1970 600, U, 0, 1974 -180, 21, 1976 900,
1995 0. Ve 197« -120s 1o, 1970 600, 0, 0, 197« =180, 22, 1976 900,
1990 0, ile 1974 =120 lo. I9706 600, [ 8 0, 1974 -180, 22, 1976 900,
1997 0, Ve 19/« ~-12%. 16, 1976 600, 0, 0, 1974 "160. 22. ‘976 900,
1994 o, 0e 1974 -600, 17. 1917 600, 0, 0., 1974 «-900, 23, 11978 900,
1999 U, Je 1974 Ve Ue 19In 600. 0. 0, 1974 0, 0, 1970 900,
2000 v, e 197« Ve 0. 1970 800, 0, 0, 1974 0, 0, 1970 1200,
2001 0, Ve Ly74 Ve [ Y 197 1vo0,. 0. 0. 1974 0, 0, 1970 1500,
2noe 0. Ve 1974 e 0, 1970 1200, 0, 0, 1974 0, 0, 1970 1800,
2n03 U, Ve 1974 ) 0. 197v 1200, 0. 0, 1974 0. 0, 1970 1800,
2004 0, Do 1974 [ 0. 19170 12u0., 0, 0, 1974 0. 0, 1970 1800,
2n05 U, ve 197« 0e 0. 1970 1600, 0. 0, 1974 a, 0, 1970 2400,
2006 0, Ue 1974 0. 0, 1970 2000, 0, 0, 1974 U, 0, 1970 3000.
2007 Ve Ue 1974 0. 0. 1970 2600, 0, 0. 1974 (1Y 0, 1970 3600,
2008 0. e 1974 Ve Ue 1900 2400, 0, 0, 1974 0. 0, 1970 3600,
20609 U, Ve 1974 Ge 0. 197v 2400, 0, 0, 1974 0, 0. 1970 3600,
2010 U, Ue 1974 Ve 0, 1970 2800, 0, 0, 1974 0, 0, 1970 4200,
2nll v, ve 1974 De Ue 1970 2600. 0, 0. 1974 De 0, 1970 3900.
2012 O, Ue 1974 O 0. 197v 3000, 0, 0. 1974 0. 0. 1970 4500,
2013 0. Ve 1974 Ue O, 1970 6000, [/ I 0, 1974 0o " 0. 1970 ‘500.
2014 U O 197« Ue Ue 1970 6000, 0. 0. 1974 0, 0, 1970 4500,
2019 0, ue 19l 0, 0 197u 6000, 0. 0, 1974 0, 0, 1970 9000.
2016 0. Oe 1974 O 0. 1970 9000, 0. 0, 1974 0. 0., 1970 9000,
20114 0, O 1974 e 0. 1970 2000, 0, D¢ 1974 0, 0. 1970 9000,
2018 o, Ve 1974 ity Qe 1974 9000, 0, 0, 1974 0, 0, 1970 9000,
2019 0, Ne 1974 0, 0, 1970 9uo0, 0, 0, 1974 0. 0, 1970 13500,
2020 U, e 1974 Ue 0, 1910 Su00, 0, 0, 1974 0o 0, 1970 13500,
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TABLE B.14.

YEAR HULLS & HOw 2Xiv

1981
19A2
1983
1984
1985

1986
1987
1968
19A89
1990

1991
1992
1993
1994
1995

1996
1997
1998
1999
2000

200l
2602
2003
2004
2005

2006
eno/
2008
2009
2010

2011
2012
2013
2014
2015

2nlé
20117
2018
2019
2020

U,
0,
0.
0.
U,

u.
0.
0.
0.
96,

Lve.
ey,
-1y9.,
NITH
-luy,

Early Disposal Scenario, Number of TRU Packages Handled at MRS (June 21, 1982)

CAN REMNTE H ZXlv Can

14,
e,

'

RFMOTE H 55 Ga DRUM CONTACT H 4X6Xo BOX

0.
0,
0,
0,

CONTACT H 55 GA DRUM MOX PLANT

55 G DRUMS
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TABLE B.15.

YEAR UISCHAKRGE

1981
1982
1983
1984
1985

19Ro
1987
19A8
1989
1990

1991
1992
1993
1994
1995

1966
1997
1998
1999
2000

26001
2002
2003
2004
2105

2706
2no7
20086
2009

2010

2nll
evle
2013
2014
2015

2016
2017
2018
enly
2020

1090,
1237,
1667,
1744,
21617,

26lu,
2622,
2806,
3223,
Jul/l,

3076,
3498,
1428,
1349,
3514,

34l6,
3498,
3814,
3gbo,
3964,

4346,
XYY N
4569,
“9149,
484al,

52¢6,
608l ,
6043,
6531,
[Y-4-3 N

h2cb,
&38l,
H4HY5,
atlert,
7033,

6690,
6809,
1258,
0692,
1046,

AR [NV

1871,
9104d.
10715,
12a417,
l46l4,

17121,
19507,
€él9o.
24945,
2719%5%,

Jullo,
32962,
35721,
38110,
40634,

“2404,
4«44y,
46550,

48456,

50333,

52328,
53949,
59827,
276%4,
299554,

6l807,
64541,
07936,
112817,
14706,

18310,
b23717,
b6358,
IU9h2,
95787,

1vo22l,
105269,
110646,
115700,
119322,

MKS NV REPRUCESS

0.
(LY
0,
13,
13.

llh.
€92,
930,
1vo3l,
1463,

i9R7,
2631,
3302,
4402,
5552,

ruse,
480,
1v278,
1c¢e3?.
14419,

lo/10,
19496,
2193,
29280,
2né2l.

31193,
34491,
3DJ3RAR,
3el74,
3/dok,

38570,
1344,
3>5U49,
32371,
21980,

236135,
17656,
11738,
5o71,
n,

DISPOSAL

DISP INV

0.
0.

0.
0.

0.
o,
0,
0o
o.

HLW a R

HLW MRS

DISPOSAL

Delayed Disposal No Reprocessing Scenario Summary (June 21, 1982)

DISP INV

0.
0.
0.
0.
0.



repository delivery rates when a full year's production of HLW is held at the
reprocessing plant and a portion of it is not yet 10 years old. The TRU
capacity requirements are summarized in Table B.17 and the annual handling
requirements in Table B.18. The peak rates for the Delayed Disposal case are
based on the average removal rates in 2030, 2031, and 2032; however, if a
design is modular, it may be desirable to design for a lower rate and add
capacity as needed.

TABLE B.17. Required Capacity for TRU Packages at MRS/IS Facility

Delayed Delayed
Reference Reprocessing Disposal

Hulls and hardware cans 3,400 0 19,400
RHTRU 2 x 10 ft cans 500 0 2,800
RHTRU 55 gal drums 5,000 0 28,200
CHTRU 4 x 6 x 6 ft boxes 175 0 1,010
CHTRU 55 gal drums 24,000 0 133,000
MOX Plant 55 gal drums 12,000 0 64,000
MOX Plant 4 x 6 x 6 ft

boxes 120 0 640

TABLE B.18. Annual Receiving or Removal Rate for TRU Packages
at MRS/IS Facility

Delayed Delayed
Reference Reprocessing Disposal

Hulls and hardware cans 760 0 1,850
RTHRU 2 x 10 ft cans 110 0 270
RHTRU 55-gal drums 1,100 0 2,700
CHTRU 4 x 6 x 6 ft boxes 40 0 95
CHTRU 55 gal drums 5,200 0 12,500
MOX Plant 55-gal drums 2,500 0 6,000
MOX Plant 4 x 6 x 6 ft

boxes 25 0 60

B.24
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TABLE B.16.

YEAR

1981
1982
19813
1984
1985

1986
1987
1988
1989
1990

1961
1992
1993
1994
1995

1996
1997
1994
1999
2000

2001
2002
2003
2004
2n0%

2006
ennt
2008

2009

2010

2011
2ni2
2n13
2014
2n1s

2nle
2017
2018
enl9
2020

FUEL
TONNE

STUKRAGE
EXP DISCHO
Ue 1971
Ve 1971
Ue 1971
0o 1971
e 1971
Ue 1971
Ye 1972
12 1974
1o, 1975
17 1970
17 1971
17 1977
los. 1976
2l 197u
22 197y
23. 1980
2%e 1981
23. 1982
29 1984
29 194Y
2%e 19bo
25, 1987
2. 1988
25, 1989
23. 1990
2%« 1991
29 199¢
29 1993
22e 1994
'+ 5 1995
29 1996
1t 1976
17. 1978
2le 1980
200 1984
2>, 1986
22, 1988
éb. 1990
29 1992
r4-% 1996

BWr FUEL
HLw
TUNNE

[
Ve
Co
Ve
Ve

Ve
Ue
Oe
0.
0.

0.
0.
Ue
Ue
0.

Ve
e
Ue
Ue
Ue

0,
0.
Ue
0,
Je

Ve
Ue
.
Ue
L.

1%
Ve
0
0.
Do

0.
O,
0.
0,
Ue

STORAGL
EXP UVISCHG
0. 197V
0. 1970
0, 1970
Je 1970
0. 1901V
0. 1974
Ve 197n
0, 1970
De 1970
0. 1970
0. 1970
0, 1974
0. 197Tv
0. 1970
0. 197‘)
0, 197y
0. 1970
0. 197u
0e 191/0
0, 1970
Ue 1970
Ue 1974
0e 1970
0. 197u
Oe 1970
0. 1970
0. 1910
Je 1970
0, 197
Ve 1970
0, 1SHv
0, 197u
0 197¢
0. 1970
0 191y
0, 19170
0. 191V
0, 1970
Ve 19100
0. 1970

REP PLNT
POOL INV

FUEL
TONNE

STORAGE
EXP DISCHG
0, 1971
0, 1971
0, 1971
21, 1971
0, 1971
21, 1972
23, 1974
21, 1974
21, 1975
21, 1976
22, 1916
23, 1977
23, 197s
23, 1979
26, 1980
29, 1981
30, 1983
30, 1984
30, 1985
30, 1986
30, 1987
30. 1988
30, 1988
30. 1989
30. 1990
33, 1991
35, 1992
35, 1993
35. 1994
35, 1995
35, 1995
2l, 1976
23, 1979
26, 1981
30. 1985
30, 1987
30, 19848
30, 1990
33, 1992
35, 1995

PWR FUEL

HLW STORAGF
TONNE EXP DISCHG POOL INV

0.
0.
0.
0.
0.

0.
0.
V.

1970
1970
1970
1970
1970

1970
1970
1970
1970
1970

1970
1970
1970
1970
1970

1970
1970
1970
1970
1970

1970
1970
1970
1970
1970

1970
1970
1970
1970
1970

1970
1970
1970
1970
1970

1970
1970
1970
1970
1970

Delayed Disposal No Reprocessing Scenario, Fuel and HLW Shipments at MRS (June 21, 1982)

REP PLNT

0,
0.
0.
0.
0.

0.
0.
0.
0.
0.
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APPENDIX C

TRANSPORTATION INFORMATION

Presented in this appendix are standardized bases, requirements and unit
costs for transporting spent fuel, solidified high-level wastes, remote-
handled transuranic wastes, and contact-handled transuranic wastes as required
in the various fuel cycle scenarios. Also presented are the numbers of
packages and shipments of each type and the estimated costs for each.

C.1 TRANSPORTATION UNIT COSTS

This section contains the unit transportation costs used in the
preconceptual design studies for the Monitored Retrievable Storage/Interim
Storage (MRS/IS) program in FY-82. The bases and assumptions pertaining to
transportation for use in the preconceptual design study are also documented
in this section. Unit transportation costs are calculated for four fuel cycle
materials: spent fuel, high-level wastes (HLW), remote-handled transuranic
(RHTRU) wastes, and contact-handled (CH) TRU wastes. RHTRU wastes are further
subdivided into three categories: wastes that are packaged in special
cylindrical canisters (including compacted cladding hulls), wastes that are
packaged in "standard" 210-liter (55 gal) drums with surface dose rates less
than 5 R/hr, and drummed wastes with surface dose rates greater than 5 R/hr.
Transportation costs are calculated for shipments by truck and by rail.

Three waste management scenarios are currently under study by the MRS/IS
program. They include interim storage facilities located either at a fuel
reprocessing plant, a geologic waste disposal repository, or a stand-alone
facility. The transportation Tinks and the assumed mileages between each
facility are defined. Transportation in this study stops at the fences of the
terminal facilities; i.e., onsite transportation is considered as facility
handling operations. The reference shipping systems for transporting the spent

c.1



fuel and HL and TRU wastes between the facilities are selected. Several cri-
teria were used for selecting these systems, in particular the use of existing
or near-existing technology, licensability, and compatibility with reference
canister sizes. The reference shipping systems selected for use in this study
are shown in Table C.1. The reference canister dimensions are also defined.

Transportation costs for the FY-82 MRS/IS program studies are based on N
the assumption that private industry will provide the transportation services "
as a commercial venture, although the services could be owned and provided by
the government. Therefore, total transportation costs are the sum of the
shipping charges, special equipment and security costs (where applicable) and
shipping container rental fees. The unit transportation costs for truck and
rail shipments of the six different cargoes are summarized in Table C.2.

Special equipment charges and security costs are currently required for
shipments of spent fuel and may be required for shipments of high-level wastes
in the future. The costs for HLW shipments shown in Table C.2 include these
additional costs.

Introduction

The objectives of the MRS/IS program are to provide Federal contingency
capability for storing spent nuclear fuel until a reprocessing facility can
eliminate the need for such storage and to provide Federal capability for
storing solidified high-level wastes (HLW) and transuranic (TRU) wastes until
a waste disposal repository becomes available. Currently, two dry storage
concepts are being evaluated to determine their effectiveness for reducing
near-term spent fuel and waste storage space shortages. The two concepts
consist of storage in large metal casks and drywells. Both concepts offer
passive, low cost, easily maintained systems that can be expanded in increments
which can be constructed according to demand. The degree of flexibility of
these storage concepts is being assessed by comparing the results of using
casks and drywells to provide interim storage. The two storage concepts are
being evaluated as to their technical status, life cycle costs, safety and
licensing issues, environmental issues, transportation considerations, and
research and development requirements. o

C.2



TABLE C.1. Reference Shipping Systems Selected for Study
Canisters Leasing
Shipping Shipping per Fee,
Material Mode Container Shipment $/Day
Spent fuel Truck NAC-1 1 PWR or 2000(2)
2 BWR
Rail IF-300 7 PWR or 5750
18 BWR
High-1level Truck NAC-1 1 canister 2000
wastes
Rail IF-300 5 canisters 5750
RHTRU special Truck HLW-T 1 canister 1750
canister
Rail HLW-R 5 canisters 4375
RHTRU drums Truck CNS 14-170 14 drums 175
<5 R/hr
Rai1(b) CNS 14-170 42 drums 525
RHTRU drums Truck CNS 7-100 / drums 175
>5 R/hr
Rai1(b) CNS 7-100 21 drums 525
CHTRU wastes Truck TRUPACT 36 drums or 700
3 boxes
Raiilc) TRUPACT 72 drums or 1400

(a) Leasing fee for the NAC-1 is calculated from a schedule.

6 boxes

(b) It is assumed that three of these shipping containers can be

transported per railcar.

(c) Assumes two truck TRUPACT versions are transported per railcar.

c.3



TABLE C.2. Round-Trip Transportation Costs for Truck and Rail
Shipments of %p?nt Fuel and High-Level and Trans-
uranic Wastes‘d

Round-Trip Unit Transportation Costs

Shipping One-Way Miles, $/Shipment(DP,c)
Material Mode 500 2000 2500

Spent fuel(d) Truck 12,170 29,010 34,710

Rail 91,140 216,920 26,240
High—]evel(d) Truck 12,200 31,510
wastes

Rail 91,210 262,410
RHTRU wastes; Truck 9,280 23,030
special canisters

Rail 69,670 193,770
RHTRU wastes; Truck 3,450 10,825
drums <5 R/hr

Rail 21,090 57,530
RHTRU wastes; Truck 3,380 10,645
drums >5 R/hr

Rail 20,770 55,680
CHTRU wastes Truck 5,310 14,380

Rail 25,600 70,600

(a) Transportation costs include shipping charges, special equipment and
security costs (where applicable) and shipping system rental fees.

(b) Rounded to the nearest ten dollars.

(c) These costs do not include demurrage fees for truck shipments. These
are, on the average, $29.30 for each hour of turnaround time at the
terminal facilities. Rail demurrage fees are calculated using
shipping system rental fees.

(d) Costs include charges for special equipment and escort services.

The purpose of this document is to provide standardized assumptions and
unit costs for transportation to be used to set a baseline for common
comparison of lifetime transportation costs. Unit costs are developed for
transporting four types of radioactive materials: spent fuel, solidified
high-level wastes, remote-handled transuranic (RH-TRU) wastes, and
contact-handled TRU (CH-TRU) wastes. RH-TRU wastes are further divided into
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special canisters and two types of drummed wastes, so a total of six fuel
cycle materials are considered in this study. In addition to transmitting
standardized assumptions and transportation unit costs, this report defines
the reference transportation systems for the MRS/IS program. Also included is
an estimate of the costs of requiring security provisions for high-level waste
shipments similar to those required for spent fuel in transit.

Bases and Assumptions

The bases for calculating unit transportation costs and key assumptions
that were made to facilitate these calculations are discussed in this
section. The section includes definition of the transport 1inks connecting
the fuel cycle facilities considered in this study. Transportation in this
study refers only to offsite shipments, in the general public domain (i.e.,
between fences of the terminal facilities). Onsite transportation is
considered as handling at the facility and is not included here. However,
onsite handling of the cross-country vehicles and packagings can affect
facility turnaround times and thus the cost of cross-country transport.
Shipping parameters and transportation costs for six fuel cycle materials are
considered: spent fuel, solidified high-level wastes, RHTRU cladding hulls,
other RHTRU wastes, and CHTRU wastes.

At this time in the U.S., no commercial reprocessing of spent nuclear
fuel to reclaim valuable uranium and plutonium is occurring. As a result, the
spent fuel is being stored in reactor fuel storage basins. The maximum
capacity of many of these basins is being reached. The strategy used in the
MRS/IS studies assumes that: 1) the government will accept and store excess
spent fuel in a federally owned facility until a fuel reprocessing plant (FRP)
becomes available; 2) in the reference case, a 1500 MgHM/year FRP will open in
1989 and the MRS/IS will accept and store HL and TRU waste from that operation
until a repository is available; 3) the HL and TRU waste generated by the FRP
will ultimately be shipped to a repository for final isolation; and 4) a
generic mixed-oxide fuel fabrication plant will begin operation in 1989. A
gap exists between the 1998 planned opening date for the repository and the
FRP opening date of 1989. The HLW and TRU wastes generated during this period
will be shipped to an MRS/interim storage facility until they can be shipped
to the repository for final isolation.
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Transport links connecting the storage facilities and power reactors are:
shown in Figure C.1. Co-locating the MRS/IS facility at the repository
eliminates transportation of HLW and TRU wastes from interim storage to the

repository.

One purpose of this report is to define the reference transportation
systems for use in the facility evaluations. There is no intent to endorse or .
reject any particular shipping system. Reference systems, however, were "
selected to provide consistency within this study using state-of-the-art
hardware. Primarily, the systems selected were existing and Ticensed where
available. If no such systems exist, those that are well along in the design
stage were selected. Another criterion that must be met by the shipping
system is that of licensability.

judgment as to whether or not a conceptual shipping system is expected to

Application of this criterion requires

eventually meet the packaging regulations in 10 CFR 71.

FUEL
REPROCESSING
PLANT
(OPENS 1989)
HLW AND TRU WASTES
SPENT FUEL
HLW AND
TRU WASTES
NUCLEAR SPENT FUEL MRS/IS GEOLOGIC
POWER = FACILITY . HLW AND REPOSITORY
REACTORS (OPENS 1989) TRU WASTES (OPENS 1998)
TRU WASTES
TRU WASTES
MIXED OXIDE
FUEL
FAB;‘&:}'O" HLW: HIGH-LEVEL WASTES
. 4
(OPENS 1998) TRU: TRANSURANIC WASTES

== TRANSPORTATION LINK -
OFFSITE

~—3 ONSITE MOVING ONLY

~

FIGURE C.1. Transportation Links for Co-locating the Interim

Waste Storage Facility with the Repository
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A third criterion concerning the selection of the shipping systems is the
sizes of the reference canisters assumed as the primary container for the

high-level and transuranic wastes.

study are shown in Table C.3.

The reference canister sizes for this

The reference shipping systems in this study were selected to accommodate

these sizes of canisters.

Some inconsistencies may exist between these

canisters and the canisters that the FRP is planning to use.
cladding hulls canister the FRP is planning to use is 1.1 m (3.7 ft) in

diameter and 2.3 m (7.5 ft) long.

For example, the

This canister, due to its large diameter,

was not transportable in any of the spent fuel or high-level waste truck

shipping casks. Therefore, to be more compatible with storage and shipping

casks, the equivalent volume of waste is assumed to be transported in a larger

number of 0.62 m (2 ft) diameter canisters for this study.

TABLE C.3. Reference Canister Sizes and Weights for Definition of
Shipping Systems and Shipment Parameters

(a) Average
Net 3 Weight
Fuel Cycle Material Dimensions, m Capacity, m” (ft”) Loaded, kg (1b)
Spent fuel
PWR assembly NA NA 658 (1448)
BWR assembly NA NA 284 (625)
Solidified high-level
waste canister 0.31D x 3.1 0.17 (6.0) 1050 (2310)
RHTRU wastes
Hulls canister 0.62D x 3.1 0.75 (2.6) 3500 (7700)
210 L (55 gal) drum 0.62D x 0.92 0.17 (6.0)
CH-TRU Wastes
210 L (55-gal) drum 0.62D x 0.92 0.19 (6.7) 300 (660)
Metal box 1.2 x1.9 x 1.9 3.5 (123.6) 4000 (8800)

NA = Not applicable.

(a) Based on maximum of 80 percent full.
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A key assumption that simplifies the selection of the shipping systems is
that the canister provides -the second level of containment for plutonium
bearing wastes, as required in federal regulations (10 CFR 71). The casks or
shipping packagings provide only one level of containment. A final assumption
concerning selection of the truck shipping systems is that they will all be
legal-weight systems, i.e., gross-vehicle weight (tractor plus trailer plus
loaded cask weights) do not exceed 36,400 kg (80,000 1b). It is recognized
that over-weight truck shipments may be more economical than legal-weight
shipments, but for this study, there was insufficient time to adequately
calculate the charges for over-weight shipments. This would include defining
specific routes and finding what each state on each route charges as an
over-weight penalty. In addition, the use of overweight trucks routinely for
numerous shipments would require considerable administrative efforts to obtain
repeatedly the special permits from the states involved.

Shipping distances must be defined to calculate transportation costs.
For the purposes of this study, two distances that represent somewhat bounding
cases are defined. The first distance is 4000 km (2500 miles), which repre-
sents a cross—country shipment. The second distance is 800 km (500 miles),
which was chosen because it approximates a typical distance between eastern
power reactors and BNFP. The cost for each transport link in the evaluation
studies of three sites for MRS/IS facilities is calculated using both of these
distances.

The assumed distances must be assigned to the various transportation
links in Figure C.1. Since most of the commercial reactors are in the east
and the FRP will be in the east, the transportation 1link connecting these
facilities is assumed to be 800 km (500 miles). The disposal repository is
assumed to be in the west, which results in the 4000 km (2500 mile) transport
distance between the FRP and repository and the MOX-FFP and repository. The
MRS/IS facility is also assumed to be 4000 km from the reactors.

It is assumed in this study that 50 percent of the spent fuel and waste
transported to the MRS/IS facility is to be shipped by truck and 50 percent by
rail. This shipping mode split was chosen because it is not clear what mode
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of transport will be most extensively used in the future. Each has its own
advantages and disadvantages. The reference truck/rail shipping split
reflects no bias toward either mode.

Mid-year 1982 dollars were used when calculating transportation unit
costs. Transportation costs are calculated as though private industry was
shipping on a commercial basis even though that may eventually not be the
case. Costs include operating costs plus amortization costs of hardware plus
profits, at commercial rates. Therefore, transportation costs include the
shipping charges assessed by carriers and the rental fees assessed by
transportation hardware suppliers. A third factor in transportation costs is
a fee for demurrage or detention of a carrier's equipment (railcars or
truck-trailer rigs) and for drivers while unloading at terminal facilities.
These three transportation factors are assumed to be supplied by the private
sector as a commercial venture. Thus the total transportation costs are
calculated as follows:

Special Shipping
Total Round-trip Equipment/ Container Demurrage
Transportation = Shipping + Security + Leasing + Fees
Costs Charges Costs Fees

Transportation System Descriptions

This section describes transportation systems selected for this study for
the five fuel cycle materials under consideration in this study: spent fuel,
solidified HLW, TRU-contaminated fuel cladding hulls, other RHTRU wastes, and
CHTRU wastes. Two shipping systems, one truck version and one rail version,
are described for each material. It is believed that the future nuclear waste
management system will integrate their waste container designs with transporta-
tion system designs to provide compatible and optimum shipping configurations.
Therefore, if a minor modification to the shipping containers results in
significantly increased capacities, it is assumed this will be done. These
modifications are noted where they occur.

Table C.4 lists the important shipping parameters and characteristics of
the truck and rail shipping systems used in this study. Supplementary
descriptive information is contained in the following sections.
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TABLE C.4.

Characteristics of Transportation Systems for the MRS/IS Program

Gross
Shipping Cargo Shielding Yehicle
Fuel Cycle Container Transport Shipment External Compartment Thermal Equiv. St1. Weight, kg
Material Designation Mode Capacity Dimensions, m Dimensions, m Limit, kW Material Thick, cm Weight, kg Loaded
Spent fuel 1F-300 Rail 7 PWR or 1.91D0 x 5.03 PWR  0.95D x 4.25 PWR  61.5 Wet U/St/H0 37 63,490 119,270
18 BWR 5.28 BWR 4.57 BWR  11.7 Dry
elements
NAC-1 Truck 1 PWR or 1.270 x 5.13 0.34D x 4,52 2.5 Dry Pb/St/Hy0 27 22,660 33,200
2 BWR 11.5 Wet
elements
Solid?fied 1F-300 Rail 5 canis- 1.91D x 5.28 0.95D x 4.57 61.5 Wet U/St/H0 37 63,490 119,270
HLW(D) ters of 11.7 Dry
HLW glass
NAC-1 Truck 1 HLW 1.270 x 5.13 0.34D x 4.52 2.5Dry  P/St/Hp0 27 22,660 33,200(0)
canister 11.5 Wet
Canistered HLW-R (d) Rail 5 canis- 2.69D x 3.84 2.25D x 3.20 2.7 Dry Al/St 23 52,150 119,600
RH-TRU ters
Wastes
HLW-T(d) Truck 1 canis- 1.26D x 4.12 0.83D x 3.43 0.5 Dry  Al/St 15 11,700 33,000
ter
RH-TRU NS 1a-170(f) Rail 42 drums 2.10 % 2.2 1.9 x 1.9 NA Pb/St 5.4 (Pb) 15,400 97,000
wastes(e (each CNS
<5 R/hr 14-170)
CNS 14-170 Truck 14 drums 2.1D x 2.2 1.9D x 1.9 NA Pb/St 5.4 (Pb) 15,400 35,500
RH-TRU cNs-7-100(f) Rail 21 drums 2.20 x 1.4 1.90 x 1.1 NA Pb/St 8.9 (Pb) 16,100 93,000
wastes(e) (each CNS
>5 R/hr 7-100)
CNS-7-100 Truck 7 drums 2.20 x 1.4 1.90 x 1.1 NA Pb/St 8.9 (Pb) 16,100 34,100
CH-TRU TRUPACT Rail 72 drums or 2.4 x 2.7 x 7.5 NA NA Essentially None 10,000 83,000
wastes(9) 6 boxes (each TRUPACT)
TRUPACT Truck 36 drums or 2.4 x 2.7 x 7.5 1.8 x 2.1 x 5.6 NA Essentially None 10,000 33,000
3 boxes
NA = Not Available.
(a) Gross vehicle weights include cooling systems, tie-down systems, transport vehicles and other miscellaneous equipment.
(b) Solidified HLW are assumed to be packaged in 0.3 m (1 ft) diameter by 3.1 m (10 ft) long stainless steel canisters,
{c) Cladding hulls are assumed to be treated to reduce volumes and placed inside stainless steel canisters measuring 0.6 m

(2 ft) in diameter by 3.1 m (10 ft) long.

Cask designed for transportation of defense HLW by the General Atomic Co. for the DOE.

Assumed to be packaged in 210 L (55 gal) steel drums.

Truck and rail containers are identical. Three can be shipped per railcar; one per truck.

Assumed to be packaged in 210 L {55 gal) drums or 1.9 m x 1.3 m x 0.95 m (6.2 ft x 4.2 ft x 3.1 ft) modular boxes.
TRUPACT = Transuranic Package Transporter. Rail TRUPACT is assumed to be identical to truck version. One TRUPACT
is shipped per truck trailer and two per railcar.

It is assumed that the modification required in this cask to transport HLW can reduce the cask weight enough to keep
this a legal-weight truck shipment, e.g., drainage of the neutron shield tank.



























the route, volume shipped, frequency of shipments, and the existing
competition. Fortunately, basic shipping charge structures for these
materials do exist in various forms in the U.S. Shipping container rental
fees are based on personal contacts with cask suppliers. The purpose of this
report is to provide transportation unit costs for the aforementioned
materials to be utilized in the preconceptual designs of MRS/IS facilities.

Charges for Shipments by Truck

The truck shipping charges included in this report are from a single
carrier (Tri-State Motor Transit Co. 1981). This carrier services the 48
contiguous states and has the capability to comply with NRC requirements for
shipping spent fuel. Since transportation requirements for spent fuel are the
most stringent, it is expected that this carrier can also comply with the
regulations for shipping HL and TRU waste. In addition, the use of a single
carrier provides a uniform basis for calculating truck shipping charges.

Basic charges for shipping spent fuel and wastes with legal-weight and
legal-dimension vehicles do not vary across the country. Basic weight and
dimension charges for spent fuel, high-level wastes and transuranic wastes are
shown in Table C.5.

In addition to the charges listed in Table C.5, other charges are imposed
on shipments of spent fuel and potentially will be imposed on HLW shipments.
If a shipment requires specially equipped vehicles and specially trained
personnel, as specified in NRC regulations (10 CFR 73), an additional charge
per loaded mile will be imposed on shipments. The regulations require that
these shipments must be scheduled, in writing, at least seven days in
advance. If a shipment is cancelled or rescheduled during that seven-aay
period, a $1000 fee is charged. When the carrier is required to furnish armed
driver(s) or escort(s), an additional charge is assessed. If a separate
escort vehicle is required or necessary, another fee is added to the shipping
charge.
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TABLE C.5. Truck Shipping Charges for Spent Fuel an? High-Level
Wastes (Tri-State Motor Transit Co. 198114

Rates in Dollars per 100 Pounds(b)
Miles- Miles-

Not Over Full Empty Not Over Full Empty
100 1.52 .98 950 4.68 3.71
110 1.60 .99 975 4.76 3.81
120 1.61 1.03 1000 4.84 3.89
130 1.65 1.06 1025 4.93 4.01
140 1.71 1.08 1050 5.10 4.10
150 1.77 1.10 1075 5.20 4.17
160 1.84 1.11 1100 5.35 4.27
170 1.90 1.14 1125 5.45 4.42
180 2.02 1.17 1150 5.56 4.48
190 2.07 1.21 1175 5.72 4.56
200 2.16 1.24 1200 5.80 4.68
225 2.23 1.31 1225 5.94 4.76
250 2.35 1.39 1250 6.07 4.87
275 2.42 1.40 1275 6.19 4.96
300 2.49 1.45 1300 6.31 5.08
325 2.59 1.56 1325 6.41 5.15
350 2.68 1.60 1350 6.57 5.25
375 2.73 1.61 1375 6.66 5.36
400 2.83 1.65 1400 6.7/9 5.45
425 2.94 1.77 1425 6.91 5.54
450 3.02 1.82 1450 7.01 5.63
475 3.09 1.90 1475 7.17 5.75
500 3.19 1.97 1500 7.27 5.82
525 3.24 2.12 1525 7.3 5.95
550 3.32 2.20 1550 7.53 6.05
575 3.44 2.29 1575 7.63 6.12
600 3.51 2.39 1600 7.77 b.21
625 3.60 2.50 1625 7.90 6.33
650 3.67 2.62 1650 7.98 6.41
675 3.76 2.66 1675 8.13 6.52
700 3.84 2.72 1700 8.24 6.61
725 3.93 2.89 1725 8.3 6.79
750 4.01 2.98 1750 8.49 6.87
775 4.08 3.03 1775 8.59 6.98
800 4.16 3.11 1800 8.73 7.11
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TABLE C.5 (contd)

Rates in Dollars per 100 Pounds(b)

Miles- Miles-

Not Over Full Empty Not Over Full Empty
825 4.26 3.22 1825 8.84 7.17
850 4.31 3.30 1850 8.96 7.25
875 4.44 3.39 1875 9.08 7.37
900 4.49 3.50 1900 9.23 7.50
925 4.57 3.63 1925 9.34 7.57

1950 9.43 7.64 3200 15.53 12.55
1975 9.60 7.76 3250 15.77 12.78
2000 9.68 7.84 3300 16.02 12.92
2025 9.83 7.93 3350 16.22 13.14
2050 9.94 8.65 3400 16.49 13.35
2075 10.07 8.16 3450 16.74 13.53
2100 10.19 8.24 3500 16.98 13.72
2125 10.30 8.32 3550 17.20 13.91
2150 10.40 8.44 3600 17.45 14.12
2175 10.56 8.53 3650 17.69 14.33
2200 10.67 8.65 3700 17.95 14 .48
2250 10.92 8.82 3750 18.18 14.74
2300 11.16 9.04 3800 18.42 14.92
2350 11.40 9.23 3850 18.64 15.11
2400 11.65 9.42 3900 18.92 15.29
2450 11.91 9.62 3050 19.16 15.50
2500 12.10 9.83 4000 19.41 15.69
2550 12.35 10.00 4050 19.63 15.92
2600 12.60 10.21 4100 19.87 16.09
2650 12.85 10.39 4150 20.10 16.29
2700 13.09 10.61 4200 20.38 16.48
2750 13.34 10.77 4250 20.61 16.65
2800 13.57 11.00 4300 20.84 16.87
2850 13.83 11.18

2900 14.05 11.39

2950 14.32 11.53

3000 14.52 11.78

3050 14.79 11.96

3100 15.03 12.12

3150 15.27 12.32

(a) Updated April 22, 1982.
(b) Source: Tri-State Motor Transit Co., Docket MC-109397.
Item No. 200, First Revision,
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NRC regulations (10 CFR 73) state that a spent fuel transport vehicle
within a heavily populated area must be occupied by at least two individuals,
one of whom serves as an escort, It must be escorted by an armed member of the
local law enforcement agency or by a vehicle ahead and one behind, each of
which contains at least one armed guard. A spent fuel transport vehicle not
within heavily populated areas must be occupied by at least one driver and one
escort, or occupied by one driver and escorted by a separate vehicle occupied
by at least two escorts, or escorted as required for transport vehicles in
heavily populated areas. It is not known at this time whether high-level
waste shipments will require these security considerations, but such is
assumed here. For this study, security costs are assumed to include one
driver and one escort.

The Code of Federal Regulations does not reference security clearance
requirements for drivers or escorts. However, if clearances are required, an
additional charge will be assessed. These charges are not included in the
transportation costs.

A fuel use surcharge was assessed in the past on top of all other charges
and surcharges per shipment. This charge was adopted in 1979 when fuel costs
became unstable. However, this surcharge has recently been ‘incorporated into
the basic shipping charges shown in Table C.5. Many other charges can apply
if any deviations occur in the original route, schedule, delivery acceptance,
or in-transit stops, but these are ignored in this study.

Summarized in Table C.6 are the additional fees or surcharges that are
imposed on spent fuel shipments and assumed here to be imposed on HLW
shipments.

A final fee charged by truck carriers is a charge for their equipment
being idle at the terminal facilities while the shipping container is being
loaded, unloaded, or held up by the facility operator. Drivers are assumed to
deliver their shipment, wait for it to be unloaded, and then depart with the
same shipping system they arrived with. Typically, this demurrage fee is
negotiated prior to the shipment and the actual fee varies between contracts.
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TABLE C.6. Truck Surcharges
Waste Shipments

for Spent Fuel and High~-Level

Type of Charge Cost NRC Requirement
Special equipment $0.92 per loaded mile X
Armed driver/escort $0.20 per mile X
Separate escort vehicle $1.28 per mi]e(a) X(b)
“L" cleared driver $0.12 per mile
"Q" cleared driver(c) $0.15 per mile

(a) Total miles are normally based on special equipment and personnel
domiciled at Joplin, Missouri. Mileages are computed to point of
origin of shipment, then through to the destination, then back to
domicile point of shipment. Mileages to Joplin, Missouri, are not
included for simplification purposes.

(b) Required in heavily populated areas.

(c) Each additional "Q" cleared driver is a fixed charge of $200 per
shipment.

This fee is assessed to compensate for idle equipment and the driver's wages
and living expenses while the truck is not with a load. To keep additional
calculations as simple as possible, the average fee per hour (based on

24 hours demurrage using a schedule from Tri-State Motor Transit Co., Docket
No. MC-109397, Item No. 500) will be utilized. From this basis, the demurrage
fee used in this study is $29.30 per hour.

Charges for Shipments by Rail

Rail shipping charges are much more complicated than truck shipping
charges. Rail charges are often not uniform with the distance traveled and
can be affected by topography, state requlations, competition, and the route
traveled. It is assumed in this study that Special Trains(a) will not be
used, so the rail shipping charges that are developed are for general freight
service.

(a) Special Trains are defined as trains made up solely for the shipment of
one commodity or for one shipper.
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Shipping charges assessed by rail carriers are specific for each
origin-destination combination. Each origin and destination lies in a
particular "rate-basing area" which is a major rail point where branch lines
connect to local towns or communities. The shipping charges are assessed for
transporting a commodity between specific rate-basing areas, regardless of the
route or mileages traveled. Therefore, there is no such thing as a "generic"
rail shipping charge. Specific origin-destination combinations must be
defined. To obtain meaningful cost numbers for this study, charges were
obtained for transporting radioactive materials between the Tocations shown in
Table C.7. Shipping charges are the same regardless of the direction the
materials were being transported; i.e., east to west or west to east. Also
shown on this table are the approximate mileages between each location and the
approximate transit times. Note that in some cases, especially in long hauls,
the mileages and charges quoted may be the same for two different shipment
origins. This is because shipping charges are established between rate-basing
areas regardless of the route or distance traveled. The rail transit times
are the hardest to define with any certainty. Too many variables are involved
between any origin/destination combination to obtain a precise value. The
times reported in Table C.7 are based on past experience and judgment for the
areas and/or routes involved.

The charges for general freight service for spent fuel and HL and TRU
wastes are somewhat uniform when based on the mileages shown in Table C.7.
Curves showing the shipping charges (per 100 1b) as a function of one-way
miles are shown in Figure C.9 for loaded and empty containers. Minor
variations are evident between shipments entirely within the East and entirely
within the West. It appears that western shipments have higher charges, but
there are too few data points to establish a conclusive pattern.

Rail shipments of spent fuel require security provisions as do truck
shipments. Rail shipments within heavily populated areas must be accompanied
by two armed escorts that may or may not be members of a local law enforcement
agency. A shipment not within a heavily populated area must be accompanied by
at least one escort (10 CFR 73).
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TABLE C.7.

Rail Shipping Charges, Distances, and Transit Times for
Several Origin/Destination Combinations

Approximate
Dollars per Approximate One-way
From To 100 pounds One-way Transit Time
(Origin) (Destination) UToaded CECmpty Mileages (Days)

Hanford, WA Barnwell, SC 16.89 15.83 2700 12-15
Mercury, NV Barnwell, SC 16.89 15.83 2200 10-13
Berwick, PA Barnwell, SC 7.13 6.69 750 5-~7

Palo, IA Barnwell, SC 8.82 8.27 1050 9-12
Port Gibson, MS  Barnwell, SC 6.79 6.37 700 6-8

Waterford, CT Barnwell, SC 7.88 7.39 900 8-11
Eureka, CA Barnwell, SC 19.15 17.95 2950 12-15
Hanford, WA Mercury, NV 11.09 10.40 1000 9-12
Berwick, PA Mercury, NV 16.89 15.83 2400 12-15
Palo, IA Mercury, NV 13.39 12.55 1500 10-13
Port Gibson, MS  Mercury, NV 14.78 13.86 1600 10-13
Waterford, CT Mercury, NV 16.89 15.83 2650 12-15
Eureka, CA Mercury, NV 9,25 8.67 800 7-9

Rainier, OR Hanford, WA 5.22 4.90 300 3-5

Satsop, WA Hanford, WA 5.03 4.72 350 4-7

Eureka, CA Hanford, WA 10.86 10.18 1200 7-9

ride in.

Source:

Personal communication with Mr. Frank Votaw, Rockwell, Hanford
Operations, Traffic Division, Motor Rates ana Routes.

Rail carriers have no provisions to supply an armed escort service, and

(a) B. M. Cole.

1981.

it is expected that this service will be provided by the shipper.

passenger ticket, or approximately 9 cents per mile per escort.(a

John Cashwell, Sandia National Laboratories).
Laboratory, Richland, Washington.

€.25

Rail

carriers have indicated they will supply a car or caboose for the escorts to
The charge for this service would be the price of a coach-class

Shipping Charges for LWR Spent Fuel (letter report to
Pacific Northwest



LOADED

EMPTY

RAIL SHIPPING CHARGES, ROUND-TRIP COSTS
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FIGURE C.9. Rail Shipping Charges for Loaded and Empty Shipments

The total security costs must also include the wages and living expenses
of the escorts. The charge for rail escorts can be estimated by using the
truck charge of 20 cents per mile as an index. A truck with two drivers can
travel about 900 miles in one day. The salary and expenses per escort is thus
£180 per day. At least two escorts per trip are required so that the shipment
can be constantly under surveillance. Using the approximate mileages and
transit times shown in Table C.7, the average distance travelled per day by
rail is 119 miles, which works out to an average speed of 5 miles per hour, )

v
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This average makes the charge for rail escort service about $1.50 per escort
per mile or $3.00 per mile for continuous surveillance. Adding the cost of
the coach-class passenger ticket for each escort brings the total for rail
escort service to about $3.18 per mile.

Demurrage charges for rail shipments are included in the shipping system
rental fees. This is because there are no guards or drivers who must wait for
the shipping system to be loaded or unloaded. Demurrage charges for the
transport vehicle (rail car or flatbed trailer) are included in the rental
fees.

Shipping Container Rental Fees

One basis for this study is that transportation services for spent fuel,
HL and TRU wastes will be supplied by private industry as a commercial
venture. Therefore, the total transportation costs must include a fee for
rental or lease of the shipping containers from their suppliers. These
additional costs include operating costs, amortization of transport hardware,
and profits. These costs would be calculated differentiy if, in the future,
the U.S. Government decides to procure and operate its own transportation
hardware.

Rental fees charged by shipping container suppliers are a negotiable item
that can vary in each contract. These cask use and service charges include
some field services, training, and maintenance of equipment in addition to
operating and amortization costs and profits. Typical rental fees for the
shipping system used in this study were obtained from contacts with the
supplier companies. The reference rental fees are shown in Table C.8. Use
and service charges for conceptual transportation equipment (i.e., HLW-T,
HLW-R, and TRUPACT) are assumed to be the same portion of the capital costs as
those for the equipment currently in use. It should be noted that the use and
service charges shown in Table C.8 are based on short-term leases and are not
the charges that would be assessed if the shipping containers were leased for
a year or longer. Long-term use of shipping containers would result in
significantly lower use and service charges than those shown in Table C.8.
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TABLE C.8. Shipping Container Rental and Service Charges
(Mid-1982 Dollars)

Single Shipment Cost, $
Shipping Container Charge, $/Day 500 One-Way Miles 2500 One-Way Miles

G.E. IF-300 5,750(2) 57,500 184,000
NAC-1 2,000(b) 6,000 16,000
HLW-T 1,750(¢) 5,250 14,000
HLW-R 4,375(d) 43,750 140,000
CNS-7-100 175/container 525(T)(f) and 1,400(T) and
5250(R) 16,800(R)
CNS-14-170 75/container 525(T) and 1400(T) and
5,250(R)
TRUPACT 700/ container(®) 2,100(T) and 5,600(T)
14,000(R) 44,800(R)

(a) Based on truck and round-trip transit times of 3 and 8 days and rail
transit times of 10 and 32 days for 500 and 2500 one-way mile trips,
respectively.

(b) Calculated from first 30 days of use in schedule below:

No. Days of Use Charge

1-10 30,000
11-30 ADD  1500/day
31-90 ADD  1100/day
91-180 ADD 900/day
over 180 ADD 800/ day

(c) Fabrication costs for HLW-T cask are estimated at about §1 M. This is a
conceptual cask system, and rental fees have not been calculated. The
value in this table was calculated as follows. The estimated fabrication
costs of the CNS-14-170 is $100,000. Assume the same ratio of fabrication
costs to rental fee for HLW-T cask.

(d) Fabrication costs for HLW-R cask are estimated at about $2.5 M. See
footnote (c) for rental fee calculation.

(e) Fabrication costs for TRUPACT are estimated at about $400 000. See
footnote (c) for rental fee calculation.

(f) (T) = Truck, (R) = Rail.
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One factor that may tend to balance this effect is that the rental fees
reported do not include fabrication of new equipment (that is, these fees are
based partially on recovering the capital costs of equipment fabricated
several years ago). The costs of fabricating new equipment have increased
significantly, and therefore the rental fees charged by suppliers will most
likely increase.

Calculation of Unit Transportation Costs

The final information required for transportation costs is the average
weights of shipments or the average commodity (i.e., waste plus canister) unit
weights. For the materials in this study, the average commodity unit weights
are expressed in kilograms. Transportation unit costs will be expressed
primarily in dollars per shipment for each type of waste and shipping system.

The average commodity unit weights for the high-level waste, RH-TRU waste
special canister, and RHTRU waste drum shipping containers are straightforward
because they haul only a single type of waste container. Their average
commodity unit weights are calculated by multiplying the capacity of the
shipping containers (see Table C.4) by the average weights of the loaded waste
canisters (see Table C.3). To develop the average commodity unit weight for
spent fuel truck shipments, the information in Tables C.3 and C.4 is used.
Also, since about two-thirds of the commercial reactors are PWRs, an estimated
two-thirds of the shipments will be PWR fuel elements. This ratio provides an
average commodity weight of 628 kg (1385 1b) for truck shipments and 4775 kg
(10,500 1b) for rail shipments. Similar procedures were used to calculate the
average commodity weights for the TRUPACT. The ratio of drum shipments to box

(a)

waste quantities and characteristics from the Barnwell Nuclear Fuel P]ant.(b

shipments was calculated from data derived by Fletcher from estimates of

)

The average commodity weights and empty and loaded shipping container weights
used to calculate transportation unit costs are shown in Table C.9.

(a) See Appendix B.

(b) W. H. Carr (Draft). 1982. Estimation of Waste Types, Characteristics,
and Quantities from the Barnwell Nucliear Fuel Plant. ONWI/3092/TOP-0L.
Ali1ed-General Nuclear Services, Barnwell, South Carolina.
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TABLE C.9. Average Commodity Weights and Empty and Loaded Shipping

Container Weights Used In Transportation Unit Cost

Calculations
Average
Commodity Shipping Container
Material/ Weight, Weight, kg

Shipping Container kg/Shipment Empty Loaded
Spent fuel

IF-300 4,775 63,490 68,265

NAC-1 628 22,660 23,288
High-level wastes

1IF-300 5,250 63,490 68,740

NAC-1 1,050 22,660 23,710
RHTRU canisters

HLW-R 17,500 52,150 69,650

HLW-T 3,500 11,700 15,200
RHTRU drums (<5 R/?r)

CNS 14-170 (R)(a 12,600 46,200 58,800

CNS 14-170 (T) 4,200 15,400 19,600
RHTRU drums (>5R/hr)

CNS 7-100 (R) 6,300 48,300 54,600

CNS 7-100 (T) 2,100 26,100 18,200
CHTRU wastes

TRUPACT (R)(b) 21,950 20,000 41,950
TRUPACT (T) 9,610 10,000 19,610

(a) Rail version consists of three shipping containers, transported
on a railcar. Reported weights include this factor.

(b) Two TRUPACTs shipped per railcar.

this factor.

Figures C.10 and C.11 show the transportation costs for each type of
shipment under consideration in this study for truck and rail shipments,
respectively. Each curve represents a different type of shipment.
represent the sum of the truck or rail shipping charges, cask use and service
charges, and security costs (if applicable).
plotting two points, one at 800 km (500 miles) and one at 4000 km (2500 miles).
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Therefore the uncertainty of these curves increases with the distance along
the curve from these points. Care must be taken when using these data due to
the many assumptions and uncertainties outlined throughout the text. Note
that the unit transportation costs in these figures are the costs per
shipment. To convert these costs to dollars per kilogram (waste plus
canister), the appropriate factors can be found in Table C.5. Demurrage
charges for truck shipments must be added to the total shipments costs by
applying the charge rate previously reported to the facility turnaround times.

Special equipment charges and security costs are included in the curves
for spent fuel and high-level waste shipping costs. If these additional
charges are later determined to be not required for high-level waste
shipments, the transportation costs for truck shipments would be reduced by
14 percent and 19 percent for 500 mile and 2500 mile one-way trips,
respectively. The corresponding reductions in rail costs for 500 ana
2500 one-way mile trips are 5 percent and 7 percent, respectively.

C.2 COST ESTIMATES FOR SPECIFIC SCENARIOQS

The transportation costs developed for the MRS/IS facility co-located
with a repository are presented in this appendix. The transportation costs
are assessed only for offsite shipments, i.e., costs for onsite transfer of
wastes from the MRS/IS facility to the disposal repository are not included.
Throughput quantities for each of the waste forms considered in this study are
obtained from Appendix B. The calculated throughput volumes are shown in
Tables C.10 to C.14 for each fuel cycle scenario. Transportation unit cost
data are from Subsection 3.5 of the main report. These data are used to
develop the transportation costs for each year of MRS/IS facility operation.

The annual throughputs presented in Tables C.10 through C.14 are summed
to provide the cumulative waste form storage requirements for the MRS/IS
facility, for each scenario, in Tables C.15 through C.19.

The procedure used to calculate MRS/IS facility transportation costs is
as follows. First, the waste throughput rates are converted to the number of
truck and rail shipments of each waste form required to transport the
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throughput quantity. It is assumed that approximately 50 percent of the
volume of each waste form is transported by truck and 50 percent by rail. The
total number of shipments (truck plus rail) is minimized by filling the rail
shipments to their maximum capacities first and then transporting the
remainder by truck. This is done simply by dividing the annual throughput
volume for each waste type by 2 (50 percent shipping mode split), dividing
this volume by the single rail shipment capacity and rounding the number of
rail shipments to the next largest whole number. The remaining volume is
shipped by truck. Thus, somewhat more than 50 percent of the waste volumes
are shipped by rail in these calculations. These data are shown in

Tables C.20 to C.24 for each of the fuel cycle scenarios in this study.

The final step in the transportation cost calculations s to convert the
annual number of offsite shipments in Tables C.20 to C.24 to annual
transportation costs. This is done by multiplying the number of shipments by

“the unit cost per shipment deveioped for this study shown in Tables C.25 and
C.26. It is assumed that the average turnaround time for a truck shipment is
24 hours and that for a rail shipment is 48 hours (required for demurrage fee
calculations). The annual transportation costs for each waste form in
mid-1982 dollars are shown in Tables C.27 to C.31 for each fuel cycle
scenario. A1l transport distances are assumed to be 2500 miles, one-way,
except for the spent fuel shipped to the MRS/IS facility. There, distances of
2000 miles and 2500 miles, one-way, were assumed.
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TABLE C.10. Annual Waste Form Processing Requirements at MRS/IS
Handling Facility - Reference Scenario (Packages)

Spent Fuel
Assemblies HLW RH-TRU . Drums CH-TRU CH-TRU
Year BWR  PWR Canisters Canisters <5R/hr  >5R/hr Drums Boxes
1990 233 183 205 28 1623 13
1991 0 467 368 410 55 3245 27
1992 0 0 700 549 614 84 4868 41
1993 0 0 700 549 614 84 4868 4]
1994 0 0 700 549 614 84 4868 4]
1995 0 0 700 549 ' 614 84 4868 41
1996 0 0 700 549 614 84 4868 41
1997 0 0 700 549 614 84 4868 )
1998 0 0 0 0 0 0 0 0
1999 0 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0 0
2001 0 0 93 0 0 0 0 0
2002 0 0 0 0 0 0 0 0
2003 0 0 0 0 0 0 0 0
2004 0 0 0 0 0 0 0 0
2005 0 0 0 0 0 0 0 55
2006 0 0 0 0 0 0 0 0
2007 0 0 0 0 0 0 0 0
2008 0 0 0 0 0 0 0 0
2009 0 0 0 0 0 0 0 0
2010 0 0 0 0 0 0 0 C
20m 0 0 467 37 4 6 325 3
2012 0 0 233 0 0 0 0 0
2013 0 0 420 220 246 34 1947 16
2014 0 0 700 220 246 34 1947 16
2015 0 0 0 0 0 0 0 0
2016 0 0 0 0 0 0 0 0
2017 0 0 0 0 0 0 0 0
2018 0 0 0 0 0 0 0 0
2019 0 0 0 0 0 0 0 0
2020 0 0 0 0 0 0 0 0

NOTE: Positive number denotes incoming shipment, negative number denotes outgoing shipment.
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TABLE C.11. Annual Waste Form Processing Requirements of the MRS/IS
Facility - Delayed Reprocessing Scenario (Packages)

Spent Fuel
Assemblies HLW RH-TRU Drums CH-TRU CH-TRU

Year “BWR __PWR Canisters Canisters <5R/hr  >5R/hr Drums Boxes
1990 933 698 0 0 0 0 0 0
1991 1839 459 0 0 0 0 0 0
1992 1378 947 0 0 0 0 0 0
1993 1300 1036 0 0 0 0 0 0
1994 2155 1458 0 0 0 0 0 0
1995 1961 2138 0 0 0 0 0 0
1996 2878 2335 0 0 0 0 0 0
1997 3322 2143 0 0 0 0 0 0
1998 0 0 0 0 0 0
1999 0 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0 0
2001 0 0 43 0 0 0 0 0
2002 0 0 0 0 0 0 0 0
2003 0 0 0 0 0 0 0 0
2004 0 0 0 0 0 0 0 0
2005 0 0 0 0 0 0 0 0
2006 0 0 0 0 0 0 0 0
2007 0 0 0 0 0 0 0 0
2008 0 0 0 0 0 0 0 0
2009 0 0 0 0 0 0 0 0
2010 0 0 0 0 0 0 0 0
2011 0 0 0 0 0 0 0 0
2012 -1022 -1052 0 0 0 0 0 0
2013 =434 -995 0 0 0 0 0 0
2014 -1739  -1343 0 0 0 0 0 0
2015 -3822 -2626 0 0 0 0 0 0
2016 -5350 -4240 0 0 0 0 0 0
2017 ~3400 -958 0 0 0 0 0 0
2018

2019

2020

NOTE: Positive number denotes incoming shipment, negative number denotes outgoing shipment.
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TABLE C.12.

Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
201
2012
2013
2014
2015
2016
2017
2018
2019
2020

NOTE:

Spent Fuel
Assemblies
BWR PR

O O O O O O 0O O O O O O O O O O O OO OO O OO OoOOoO OoOOo Oo o
O O O O O O ©O O O O O OO O O O O O O OO0 O O OO0 0o o o o

HLW
Canisters

233
467
700
700
700
700
700
700
700
700
700
993
1167
1400
1400
1400
1867
2334
1960
1960
1960
2427
1353
-140
1260

O O O O

RH-TRU Drums
Canisters <5R/hr  >5R/hr
183 205 28
368 410 55
549 614 84
549 614 84
549 614 84
549 614 84
549 614 84
549 614 84
549 614 84
549 614 84
549 614 84
732 818 112
915 1023 140
1098 1228 168
1098 1228 168
1098 1228 168
1464 1638 223
1830 2048 279
1438 1609 219
1438 1609 219
1438 1609 219
1805 2019 275
863 966 132
724 811 m
724 811 m
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

Annual Waste Form Processing Requirements at MRS/IS Handling
Facility - Delayed Disposal Scenario (Packages)

CH-TRU CH-TRU
Drums Boxes
1623 13
3245 27
4868 4
4868 4
4868 4
4868 41
4868 4
4868 4
4868 4
4868 4
4868 4]
6490 54
8113 68
8552 81
8552 81
8552 81
12,981 109
16,227 135
12,755 106
12,755 106
12,755 106
16,000 134
7659 65
6426 54
6426 54
0 0
0 0
0 0
0 0
0 0
0 0

Positive number denotes incoming shipment, negative number denotes outgoing shipment.
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TABLE C.13. Annual Waste Form Processing Requirements at MRS/IS Handling
Facility - Early Disposal Scenario (Packages)

HLW RH-TRU Drums CH-TRU CH-TRU
Year Canisters Canisters <5R/hr  >5R/hr Drums Boxes

1990 233 183 205 28 1623 13
1991 467 368 410 55 3245 27
1992 700 549 614 4868 41
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

[0 ]
H

O O O O O O O OO O O OO OO o O O o OO0 0O oo o o o o o o

O O O O O O O OO OO0 O O© OO0 O oo oo O o O oo o o o

O O O O O O O O O OO OO O O O O O O o oo oo o o o o

O O O O O O O O O O O O O O o O OO o o o o o o o oo o o
oS

NOTE: Positive number denotes incoming shipment, negative number denotes
outgoing shipment.
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TABLE C.14.

Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

NOTE:

Annual Waste Form Processing Requirements at MRS/IS Handling
Facility-Delayed Disposal, No Reprocessing Scenario (Packages)

Spent Fuel
Assemblies
BUR  PWR
934 698
1839 460
1378 948
1300 1013
2156 1457
1961 2138
2878 2336
3322 2143
2934 2855
4217 2846
4745 2936
4567 3647
5484 4184
6373 3605
6611 4414
6611 4072
6967 3996
6834 4810
1800 1333
4189 1468
1939 1587
1834 1010
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

HLW

Canisters

O O O O O O O O 0O O O O O O O O O O O O O O O OO OO O O o o

RH-TRU

O O O O O O O O O O O O O O O O O O O O oo o o O o o o o o o

ters

Canis

Drums

<5R/hr

O O O O O O O O O O O O O O O O O O O O O OO OO o Ooouoo o o

>5R/hr

O O O O O O O O O O O O O O O O O O O O OO OO O OO O OoO o o oo

CH-TRU
Drums

CH-TRU
Boxes

O O O O O O O O O O O O O O O O O O O O O O O OO OO OO O O O

O O O O O O O O O O O O O O O O O O O O O OO oo O oo oo o

Positive number denotes incoming shipment, negative number denotes outgoing shipment.
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TABLE C.15. Cumulative Waste Form Storage Requirements at MRS/IS
Facility - Reference Scenario (Packages)

Spent Fuel

Assemblies HLW RH-TRU RH-TRU CH-TRU CH-TRU
Year BWR  PWR Canisters Canisters Drums Drums Boxes
1990 0 31 233 183 233 1623 13
1991 0 0 700 551 698 4868 40
1992 0 0 1400 1100 1396 9736 81
1993 0 0 2100 1649 2094 14604 122
1993 0 0 2800 2198 2792 19472 163
1995 0 0 3500 2747 3490 24340 204
1996 0 0 4200 3296 4188 20208 245
1997 0 0 2900 3845 4886 34076 286
1998 0 0 4760 3637 4621 28526 270
1999 0 0 4620 3429 4356 28300 254
2000 0 0 4480 3221 4091 28526 238
2001 0 0 4573 3196 4058 28300 236
2002 0 0 4060 2596 3295 22928 192
2003 0 0 3220 1673 2122 14750 124
2004 0 0 2380 750 949 6572 55
2005 0 0 1540 0 0 0 0
2006 0 0 1167 0 0 0 0
2007 0 0 700 0 0 0 0
2008 0 0 700 0 0 0 0
2009 0 0 700 0 0 0 0
2010 0 0 700 0 0 0 0
201 0 0 1167 37 47 325 3
2012 0 0 1400 0 0 0 0
2013 0 0 1260 220 246 1947 16
2014 0 0 1960 440 492 3894 32
2015 0 0 .0 0 0 0 0
2016 0 0 0 0 0 0 0
2017 0 0 0 0 0 0 0
2018 0 -0 0 0 0 0 0
2019 0 0 0 0 0 0 0
2020 0 0 0 0 0 0 0
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TABLE C.16.

Spent Fuel
Assemblies HLW RH-TRU
Year BWR PWR Canisters Canisters
1990 933 698 0 0
1991 2772 1157 0 0
1992 4150 2104 0 0
1993 5450 3140 0 0
1994 7605 4598 0 0
1995 9566 6736 0 0
1996 12444 9071 0 0
1997 15766 11214 0 0
1998 15766 11214 0 0
1999 15766 11214 0 0
2000 15766 11214 0 0
2001 15766 11214 0
2002 15766 11214 0 0
2003 15766 11214 0 0
2004 15766 11214 0 0
2005 15766 11214 0 0
2006 15766 11214 0 0
2007 15766 11214 0 0
2008 15766 11214 0 0
2009 15766 11214 0 0
2010 15766 11214 0 0
2011 15766 11214 0 0
2012 14744 10162 0 0
2013 14310 9167 0 0
2014 12571 7825 0 0
2015 7849 5199 0 0
2016 3399 959 0 0
2017 0 0 0 0

C.41

Cumulative Waste Form Storage Requirements at MRS/IS
Facility - Delayed Reprocessing Scenario (Packages)

Drums CH-TRU CH-TRU
<5R/hr  >5R/hr Drums Boxes
0 0 0
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TABLE C.17. Cumulative Waste Form Storage Requirements at MRS/IS
Facility - Delayed Disposal Scenario (Packages)

Spent Fuel

Assemblies HLW RH-TRU RH-TRU CH-TRU CH-TRU
Year BWR  PWR Canisters Canisters Orums Drums Boxes
1990 0 31 233 183 233 1523 13
1991 0 0 700 549 698 4368 41
1992 0 0 1400 1098 1396 9736 . 82
1993 0 0 2100 1647 2094 14604 123
1994 0 0 2800 2196 2792 19472 164
1995 0 0 3500 2745 3490 24340 205
1996 0 0 4200 3294 4188 29208 246
1997 0 0 4300 3843 4886 34076 287
1998 0 0 5600 4392 5584 38944 328
1999 0 0 6300 4941 6282 43812 369
2000 0 0 7000 5490 6980 48680 410
2001 0 0 7933 6222 7910 55170 464
2002 0 0 9100 RAkY 9073 63283 532
2003 0 0 10500 8235 10469 71835 613
2004 0 0 11900 9333 11865 80387 694
2005 0 0 13300 10431 13261 88339 775
2006 0 0 15167 11895 15122 101920 884
2007 0 0 17500 13725 17449 118147 1010
2008 0 0 19460 15163 19277 130902 1125
2009 0 0 21420 16601 21105 143657 1231
2010 0 0 23380 18039 22933 156412 1337
201 0 0 25807 19844 25227 172412 1471
2012 0 0 27160 20707 26325 180071 1536
2013 0 0 27020 21431 27247 186497 1590
2014 0 0 28280 22155 28169 192923 1644
2015 0 0 . 28280 . ' A
2016 0 0 28280 * + + *
2017 0 0
2018 0 0 On-Site On-Site On-Site On-Site On-Site
2019 0 0 Transfer Transfer Transfer Transfer Transfer

to to to to to

2020 0 0 Disposal Disposal Disposal Disposal Disposal
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Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

TABLE C.18.

Facility - Early Disposal Scenario (Packages)

Spent Fuel
Assemblies

BUR

O O O O O O O O O O O O O O O O O O 0O O O O O o o o o o o o o

PUR

Cumulative Waste Form Storage Requirements at MRS/IS

HLW RH-TRU RH-TRU CH-TRU CH-TRU
Canisters Canisters Drums Drums Boxes
233 183 233 1623 13
700 551 698 4868 30

1400 1100 1396 9736 81

O O O O O OO O O O O O O O 0O 0O 0o o oo o oo oo o o

O O O O O O O O O O O O O O O O O O O O o O o o o o o o
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TABLE C.19. Cumulative Waste Form Storage Requirements at MRS/IS
Facility - Delayed Disposal, No Reprocessing
Scenario (Packages)

Spent Fuel
Assemblies HLW RH-TRU RH-TRU CH-TRU CH-TRU
Year BWR  PWR Canisters Canisters Drums Drums Boxes

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

o
w
—

233 183 233 1623 13
700 551 698 4868 40
1400 1100 1396 9736

o]
=

O O O O O O O O O O O O O O O oo O O O O o o o o o o o o o o
O O O O O O O O O O O O OO OO O 0O o O O O O oo o o o o o o
O O O O O O O O O O O O O O O 0O 0O O oo o OO O o o o o o o
O O O O O O O O O O O O O O O OO O OO O O o o o o o o
O O O O O O O O O 0O O O O 0O O O O O O O O O O o o o o o
O O O O OO O OO0 o0 O 0O 0O o O o o o oo o o oo o o o o
O O O O O O O O 0O OO0 O OO0 0O oo 0O oo oo o oo o o o o o o
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TABLE C.20. Number of Offsite Shipments Handled Annually
at MRS/IS Facility - Reference Scenario

Spent High-Level RH-TRU RH-TRU Drums CH-TRU CH-TRU
Fuel Wastes Canisters <5R/hr >5R/hr Drums Boxes

Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail
1990 117 24 92 19 6 3 1 1 23 12 3 ]
1991 234 47 184 37 15 5 2 2 45 23 5 2
1992 0 0 350 70 275 55 20 8 6 2 68 34 7 4
1993 0 0 350 70 275 55 20 8 6 2 68 34 7 4
1994 0 o 350 70 275 55 20 8 6 2 68 34 7 4
1995 0 0 350 70 275 55 20 8 6 2 68 34 7 4
1996 0 0 350 70 275 55. 20 8 6 2 68 34 7 4
1997 0 © 350 70 275 55 20 8 6 2 68 34 7 4
1998 0 0 0 o 0 0 0 0 0 0 0 0 0 0
1999 0 O 0 o 0 0 0 0 0 0 0 0 0 0
2000 0 © 0 O 0 0 0 0 0 0 0 0 0 0
2001 0 o 47 10 0 0 0 0 0 0 0 0 0 0
2002 0 0 0 o 0 0 0 0 0 0 0 0 0 0
2003 0 © 0 0 0 0 0 0 0 0 0 0 0 0
2004 0 0 0 © 0 0 0 0 0 0 0 0 0 0
2005 0 o 0 o 0 0 0 0 0 0 0 0 0 0
2006 0 0 0 © 0 0 0 0 0 0 0 0 0 0
2007 0 0 0 O 0 0 0 0 0 0 0 0 0 0
2008 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2009 0 O 0 o 0 0 0 0 0 0 0 0 0 0
2010 0 0 0 o 0 0 0 0 0 0 0 0 0 0
201 0 O 234 47 19 4 0 1 1 0 6 3 1 0
2012 0 0 117 24 0 0 0 0 0 0 0 0 0 0
2013 0 0 210 42 110 22 9 3 2 1 27 14 3 2
2014 0 o0 350 70 110 22 9 3 2 1 27 14 3 2
2015 0 0 0 © 0 0 0 0 0 0 0 0 0 0
2016 0 0 0 o 0 0 0 0 0 0 0 0 0 0
2017 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2018 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2019 0 0 0 © 0 0 0 0 0 0 0 0 0 0
2020 0 0 0 O 0 0 0- 0 0 0 0 0 0 0

Note: Positive number denotes incoming shipment, negative number
denotes outgoing shipment.
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TABLE C.21. Number of Offsite Shipments Handled Annually at MRS/IS
Facility - Delayed Reprocessing Scenario

Spent High-Level RH-TRU RH-TRY Drums CH-TRU CH-TRU
Fuel Wastes Canisters <5R/hr >5R/hr Drums Boxes

Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail
1990 583 76 0 0 0 0 0 0 0 0 0 o0 0 0
1991 690 84 0 0 0 0 0 0 0 0 0 0 0 0
1992 819 107 0 0 0 0 0 0 0 0 0 0 0 0
1993 832 110 0 0 0 0 0 0 0 0 0 0 0 0
1994 1268 165 0 0 0 0 0 0 0 0 0 0 0 0
1995 1560 208 0 0 0 0 0 0 0 0 0 o0 0 0
1996 1888 247 0 0 0 0 0 0 0 0 0 o0 0 0
1997 1903 246 0 0 0 0 0 0 0 0 0 © 0 0
1998 0 0 0 0 0 0 0 0 0 0 0 0
1999 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0 0 0 0 0 © 0 0
2001 0 0 0 0 0 0 0 0 0 0 0 0
2002 0 0 0 0 0 0 0 0 0 0 0 © 0 0
2003 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2004 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2005 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2006 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2007 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2008 0 0 0 0 0 0 0 0 0 0 0 o0 0 0
2009 0 0 0 0 0 0 0 0 0 0 0 © 0 0
2010 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20m 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2012 -770 -105 0 0 0 0 . 0 0 0 0 0 0 0 0
2013 -598 -84 0 0 0 0 0 0 0 0 0 0 0 0
2014 -1100 -145 0 0 0 0 0 0 0 0 0 © 0 0
2015 -2258 -295 0 0 0 0 0 0 0 0 0 o0 0 0
2016 -3453 -452 0 0 0 0 0 0 0 0 0 © 0 0
2017 -1320 -164 0 0 0 0 0 0 0 0 0 0 0 0
2018 0 0 0 0 0 0 0 0 0 0 0 © 0 0
2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2020 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Note: Positive number denotes incoming shipment, negative number
denotes outgoing shipment.
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1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
201
2012
2013
2014
2015
2016
2017
2018
2019
2020

Note:

TABLE C.22.

Number of Offsite Shipments Handled Annually at MRS/IS
Facility — Delayed Disposal Scenario

Spent High-Level RH-TRU RH-TRU Drums CH-TRU CH-TRU
Fuel Wastes Canisters <5R/hr >5R/hr Drums Boxes

Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail
117 24 92 19 6 3 1 1 23 12 3 1

238 47 184 37 15 4 2 2 45 23 5 2

0 0 350 70 275 55 20 8 6 2 68 34 7 4
0 0 350 70 275 55 20 8 6 2 68 34 7 4
0 0 350 70 275 55 20 8 6 2 68 34 7 4
0 0 350 70 275 55 20 8 6 2 68 34 7 4
0 0 350 70 275 55 20 8 6 2 68 34 7 4
0 0 350 70 275 85 20 8 6 2 68 34 7 4
0 0 350 70 275 85 20 8 6 2 68 34 7 4
0 0 350 70 275 55 20 8 6 2 68 34 7 4
0 0 350 70 275 55 20 8 6 2 68 34 7 4
0 0 463 94 362 74 29 10 7 3 91 45 8 5
0 0 582 117 460 91 35 13 8 4 112 57 N 6
0 0 700 150 658 110 43 15 12 4 118 60 13 7
0 0 700 140 548 110 43 15 12 4 118 60 13 7
0 0 700 140 548 110 43 15 12 4 118 60 13 7
0 0 932 187 729 147 57 20 14 6 179 91 | 17 10
0 0 1164 234 915 183 72 25 19 7 225 113 21 12
0 0 980 196 718 144 55 20 14 7 117 89 18 9
0 0 980 196 718 144 55 20 14 7 117 89 18 9
0 0 980 196 718 144 55 20 14 7 117 89 18 9
0 0 1212 243 900 181 70 25 19 7 223 1 21 12
0 0 674 136 433 86 33 12 10 3 105 54 10 6
0 0 376 76 364 72 28 10 7 3 89 45 8 5
0 0 630 126 364 72 28 10 7 3 89 45 8 5
0 0 83 17 0 o 0 0 0 0 0 O 0 0
0 0 122 26 0 0 0 0 0 0 g 0 0 0
0 0 0 0 g 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 g 0 0 0
0 0 0 0 0 0 0 0 0 0 g o0 0 0
0 0 0 0 0 0 0 0 0 0 0 o0 0 0

Positive number denotes incoming shipment, negative number

denotes outgoing shipment.
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1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
20086
2007
2008
2009
2010
201
2012
2013
2014
2015
2016
2017
2018
2019
2020

Note:

TABLE C.23.

Facility - Early Disposal Scenario

Number of Offsite Shipments Handled Annually at MRS/IS

i - -TRU CH-TRU
Spent High-Level RH-TRU RH-TRU Drums CH-T
Fﬂe] Wastes Canisters <5R/hr >5R/hr Drums Boxes
Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail
17 24 92 19 23 12
234 47 184 37 45 23
350 70 275 55 68 34

O O O OO OO0 OO OO O O O O O 0O O 0O OO0 O O O O O O O
O O 0O OO0 OO O O O O O O O O O O O O OO O OO O OO OoO O
O O O 0O O O O O O O O O O O O O O o O O O OO OoOOoOOoOOoOoO o

Positive number denotes incoming shipment, negative number

denotes outgoing shipment.

O O O OO0 OO0 O OO O O O O O O O O O OO0 O OOOoOOoOOoO OoO O

O OO O O OO O O O O O O O o O O O O OO o OoOOoO OO OooOOo oO

O O O O O O O 0O O O O O O O O O O O O O O 0O o o o o o o
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TABLE C.24. Number of Offsite Shipments Handled Annually at MRS/IS
Facility - Delayed Disposal, No Reprocessing Scenario

Spent High-Level RH-TRU RH-TRU Drums CH-TRY CH-TRUY
Fuel Wastes Canisters <5R/hr >5R/hr Drums Boxes
Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck Rail
1990 583 76 0 0 0 0 0 0 0 0 0 o0 0 0
1991 690 84 0 0 0 0 0 0 0 0 0 0 0 0
1992 819 107 0 0 0 0 0 0 0 0 0 0 0 0
1993 832 110 0 0 0 0 0 0 0 0 0 0 0 0
1994 1268 165 0 0 0 0 0 0 0 0 0 0 0 0
1995 1560 208 0 0 0 0 0 0 0 0 0 0 0 0
1996 1888 247 0 0 0 0 0 0 0 0 0 0 0 0
1997 1903 246 0 0 0 0 0 0 0 0 0 0 0 0
1998 2156 286 0 0 0 0 0 0. 0 0 0 o 0 0
1999 2465 322 0 0 0 0 0 0 0 0 0 0 0 0
2000 2658 341 0 0 0 0 0 0 0 0 0 0 0 0
2001 2961 388 0 0 0 0 0 0 0 0 0 © 0 0
2002 3456 452 0 0 0 0 0 0 0 0 0 0 0 0
2003 3384 436 0 0 0 0 0 0 0 0 0 0 0 0
2004 3852 500 0 0 0 0 0 0 0 0 0 0 0 0
2005 3685 475 0 0 0 0 0 0 0 0 0 o 0 0
2006 3731 480 0 0 0 0 0 0 0 0 0 0 0 0
2007 4109 534 0 0 0 0 0 0 0 0 0 0 0 0
2008 1M1 146 0 0 0 0 0 0 0 0 0 0 0 0
2009 1775 222 0 0 0 0 0 0 0 0 0 0 0 0
2010 1275 168 0 0 0 0 0 0 0 0 0 0 0 0
2011 957 124 0 0 0 0 0 0 0 0 0 0 0 0
2012 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2013 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2014 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2015 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2016 0 0 0 0 0 0 0 0 0 0 0 o0 0 0
2017 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2018 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2020 0 0 0 0 0 0 0 0 0 0 0 o 0 0

Note: Positive number denotes incoming shipment, negative number

denotes outgoing shipment.

C.49



0s°2

TABLE C.25. Rail Shipment Unit Cost Elements
Cargo/ Cask Rental Shipping Charge Security Demurrage Demurrage Total

Shipping Distance Fee Loaded Empty Costs at Origin at MRS/IS  (8/Shipment)
Spent Fuel

500 mi 46,000 9,910 8,590 3,640 11,500 11,500 91,140

2000 mi 138,000 22,220 19,140 14,560 11,500 11,500 216,920

2500 mi 172,500 25,910 22,630 18,200 11,500 11,500 262,240
High-Level Wastes

500 mi 46,000 9,980 8,590 3,640 11,500 11,500 91,210

2500 mi 172,500 26,090 22,630 18,200 11,500 11,500 262,410
RHTRU Waste Cans

500 mi 35,000 10,110 7,060 0 8,750 8,750 69,670

2500 mi 131,250 26,430 18,590 0 8,750 8,750 193,770
RHTRU Drums <5 R/hr

500 mi 4,200 8,540 6,250 0 1,050 1,050 21,090

2500 mi 15,750 23,320 16,360 0 1,050 1,050 57,530
RHTRU Drums >5 R/hr

500 mi 4,200 7,930 6,540 0 1,050 1,050 20,770

2500 mi 15,750 20,720 17,110 0 1,050 1,050 55,680
CHTRU Wastes

500 mi 11,200 6,090 2,710 0 2,800 2,800 25,600

2500 mi 42,000 15,920 7,080 0 2,800 2,800 70,600

[}
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TABLE C.?26.

Truck Shipment Unit Cost Elements

Cargo/ Cask Rental Shipping Charge Security Demurrage Demurrage Total

Shipping Distance Fee Loaded Empty Costs at Origin at MRS/IS (3/Shipment)
Spent Fuel

500 mi 4,000 1,630 980 860 2,000 2,700 12,170

2000 mi 12,000 4,960 3,910 3,440 2,000 2,700 29,010

2500 mi 14,000 6,810 4,900 4,300 2,000 2,700 34,710
High-Level Wastes

500 mi 4,000 1,660 980 860 2,000 2,700 12,200

2500 mi 14,000 6,310 4,900 4,300 2,000 2,700 34,210
RHTRU Waste Cans

500 mi 3,500 1,070 510 0 1,750 2,450 9,280

2500 mi 12,250 4,050 2,530 0 1,750 2,450 23,030
RHTRU Drums <5 R/hr

500 mi 350 1,380 670 0 175 875 3,450

2500 mi 1,225 5,220 3,330 0 175 875 10,825
RHTRU Drums >5 R/hr

500 mi 350 1,280 700 0 175 875 3,380

2500 mi 1,225 4,890 3,480 0 175 875 10,645
CHTRU Wastes

500 mi 1,400 1,380 430 0 700 1,400 5,310

2500 mi 4,900 5,220 2,160 0 700 1,400 14,380



TABLE C.27.

Annual Transportation Costs for Each Waste Form and
the Total Transportation Costs for the MRS/IS

Facility - Reference Scenario ($1000's)

High- RH-TRU CH-TRY
Spent Level Special RH-TRU Drums

YEAR Fuel Wastes Canisters Drums and Boxes TOTAL
1990 10,300 5,800 293 1,282 17,675
1991 20,338 11,407 565 2,484 34,794
1992 0 30,342 16,991 824 3,761 51,918
1993 0 30,342 16,991 824 3,761 51,918
1994 0 30,342 16,991 824 3,761 51,918
1995 0 30,342 16,991 824 3,761 51,918
1996 0 30,342 16,991 824 3,761 51,918
1997 0 30,342 16,991 824 3,761 51,918
1998 0 0 0 0 0 0
1999 0 0 0 0 0 0
2000 0 0 0 0 0 0
2001 0 0 0 0
2002 0 0 0 0 0 0
2003 0 0 0 0 0 0
2004 0 0 0 0 0 0
2005 0 0 0 0 0 0
2006 0 0 0 0 0 0
2007 0 0 0 0 0 0
2008 0 0 0 0 0 0
2009 0 0 0 0 0 0
2010 0 0 0 0 0 0
20m 0 20,338 1,213 65 313 21,929
2012 0 10,300 0 0 0 10,300
2013 0 18,205 6,796 336 1,561 26,898
2014 0 30,342 6,796 336 1,561 39,035
2015 0 0 0 0 0 0
2016 0 0 0 0 0 0
2017 0 0 0 0 0 0
2018 0 0 0 0 0 0
2019 0 0 0 0 0 0
2020 0 0 0 0 0 0

0 297,875 133,958 6,539 29,767 462,139

€.52
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Annual Transportation Costs for Each Waste Form -
Delayed Reprocessing Scenario ($1000's)

TABLE C.28.
Spent Fuel

Year 2500 mi. 2000 mi.
1990 40,097 32,816
1991 45,893 . 37,548
1992 56,140 46.151
1993 58,091 47.166
1994 87,039 71,308
1995 108,416 88,816
1996 130,202 106,462
1997 130,340 106,665
1998 0 0
1999 0 0
2000 0 0
2001 0 0
2002 0 0
2003 0 0
2004 0 0
2005 0 0
2006 0 0
2007 0 0
2008 0 0
2009 0 0
2010 0 0
2011 0 0
2012 54,267 0
2013 42,779 0
2014 76,229 0
2015 155,783 0
2016 238,458 0
2017 88,851 0
2018 0 0
2019 0 0
2020 0 0

1312,600 1193,139

High- RH-TRU
Level Special
Wastes anisters

0 0

OO O O O O O O OO O O O O O O OO OO oLV o o oo o oo o oo o o
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Drums and Boxes
0
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TABLE C.29. Annual Transportation Costs for Each Waste
Form - Delayed Disposal Scenario ($1000's)

High- RH-TRU CH-TRU
Spent Level Special RH-TRU Drums

YEAR Fuel Wastes Canisters Drums and Boxes TOTAL
1990 10,300 5,800 293 1,292 17,675
1991 20,338 11,407 565 2,484 34,794
1992 Q 30,342 16,991 824 3,761 51,918
1993 0 30,342 1€,991 824 3,761 51,918
1994 0 30,342 16,991 824 3,761 51,918
1995 0 30,342 16,991 824 3,761 51,918
1996 0 30,342 16,991 824 3,761 51,918
1997 0 30,342 16,991 824 3,761 51,918
1998 0 30,342 16,991 824 3,761 51,918
1999 0 30,342 16,991 824 3,761 51,918
2000 0 30,342 16,991 824 3,761 51,918
2001 0 40,506 22,676 1,096 4,954 69,232
2002 0 50,612 28,227 1,389 6,217 86,445
2003 0 60,684 33,935 1,626 6,614 102,859
2004 0 60,684 33,935 1,626 6,614 102,859
2005 0 60,684 33,935 1,626 6,614 102,859
2006 0 80,954 45,273 2,180 9,949 138,356
2007 0 101,224 56,532 2,722 12,353 172,841
2008 0 84,958 44,438 2,047 9,723 141,166
2009 0 84,958 44,438 2,047 9,723 141,166
2010 0 84,958 44,438 2,047 9,723 141,166
201 0 105,228 55,799 2,700 12,193 175,920
2012 0 58,746 26,636 1,279 5,890 92,551
2013 0 32,806 7,084 1,085 4,925 45,900
2014 0 54,616 7,084 1,085 4,925 67,710
2015 0 7,300 0 0 0 7,300
2016 0 10,996 0 0 0 10,996
2017 0 0 0 0 0 0
2018 0 0 0 0 0 0
2019 0 0 0 0 0 0
2020 ‘o 0 0 0 __0_ 0o

0 1283,630 654,556 32,829 148,043 2119,058
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TABLE C.30.

Spent
Fuel

Annual Transportation Costs for Each Waste
Form - Early Disposal Scenario ($1000's)

High~ RH-TRU CH-TRU
Level Special RH-TRU Drums
Wastes Canisters Drums and Boxes TOTAL

1990

1991

1992
< 1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
20Mm
2012
2013
2014
2015
2016
2017
2018
2019
2020

.

»

OlOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

10,300 5,800 293 1,292 17,685
20,338 11,407 565 2,484 34,794
30,342 16,991 824 3,761 51,918
0 0

O O O 0O 0O 0O 0O O 0O O O O O O O O O OO OO o Oo0OOooOOooOOoOOoo o o
O O O 0O O 0O O O O O O O O O O O OO OO oo oo ooo o
‘O O O O O O O O O O O O O O O o ©Oo o oo o o oo o o o
lO O O O O O O O O O O O O O OO o O OO oo o o o oo o o
O O O O O O O O O O O O O O O O O O O OO OO OoOOooOOoOo oo O

60,980 34,198 1,682 7,537 104,397

€.55



TABLE C.31. Annual Transportation Costs for Each Waste Form - Delayed

Disposal, No Reprocessing ($1000's)

High- PH-TRY
Spent Level Special
TEAR - Fuel Wastes Canisters

1990 40,166 0 0
1991 46,186 0 0
1992 56,487 0 0
1993 57,725 0 0
1994 87,282 0 0
1995 108,694 0 0
1996 130,306 0 0
1997 130,564 0 0
1998 149,835 0 0
1999 170,002 0 0
2000 181,683 0 0
2001 204,525 0 0
2002 238,490 0 0
2003 231,795 0 0
2004 264,823 0 0
2005 252,470 0 0
2006 255,378 0 0
2007 282,660 0 0
2008 76,850 0 0
2009 119,828 0 0
2010 88,312 0 0
2011 66,522 0 0
2012 0 0 0
2013 0 0 0
2014 0 0 0
2015 0 0 0
2016 0 0 0
2017 0 0 0
2018 0 0 0
2019 0 0 0
2020 0 0 0

3,240,583 0 0

RH-TRU
Drums

O|OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

CH-TRU
Drums
and Boxes

o O O O O 0 O o o o

O'OOOOOOOOOOODOQOODDQO
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APPENDIX D

GENERAL CRITERIA AND STANDARDS

Design and construction of the facilities described in Section 4 of this
report will be in accordance with the applicable sections of the following
reqgulations, codes, standards, and guides, as well as their applicable
references. Other codes and standards may be selected and used during the
subsequent design phases.

D.1 U.S. GOVERNMENT STANDARDS, REGULATIONS, AND GUIDES

National Environmental Policy Act (NEPA)

40 CFR 1500-1508
Occupational Safety and Health Administration (OSHA)

Code of Federal Regulations {(CFR)

10 CFR 20, Standards for Protection Against Radiation

10 CFR 30, Rules of General Appiicabi]ity to Domestic Licensing of
By-Product Material

10 CFR 50, Domestic Licensing of Production and Utilization Facilities

10 CFR b1, Licensing and Regulatory Policy and Procedures for
Environmental Protection

10 CFR 55, Operators' Licenses

10 CFR 60, Disposal of High-Level Radioactive Wastes in Geologic
Repositories (Proposed)

10 CFR 70, Domestic Licensing of Special Nuclear Material

10 CFR 71, Packaging of Radioactive Material for Transport and
Transportation of Radicative Material under Certain Conditions

10 CFR 72, Licensing Requirements for the Storage of Spent Fuel in an
Independent Spent Fuel Storage Installation (ISFSI)

10 CFR 73, Physical Protection of Plants and Materials

10 CFR 75, Safeguard of Nuclear Material (when issued)
D.1



10 CFR 95, Security Facility Approval and Safeguarding of National
Security Information and Restricted Data

10 CFR 100, Reactor Site Criteria

10 CFR 150, Exemptions and Continued Regulatory Authority in Agreement \
States under Section 274

10 CFR 170, Fees for Facilities and Materials Licenses and Other v
Regulatory Services under the Atomic Energy Act of 1954, as Amended >

10 CFR 1022, Compliance with Floodplain/Wetland Environmental Review
Requirements

&
29 CFR 1910, Occupational Safety and Health Standards

40 CFR, Protection of the Environment

49 CFR 127, 191.179, Hazardous Materials Regulations

49 CFR 173.393, General Packaging and Shipment Requirements

U.S. Nuclear Regulatory Commission (NRC) Regulatory Guides

1.12, Fire Protection Guidelines for Nuclear Power Plants

1.21, Measuring, Evaluating, and Reporting Radioactivity in Solid
Wastes and Releases of Radioactive Materials in Liquid and Gaseous
Effluents from Light-Water-Cooled Nuclear Power Plants

1.23, Radiation Protection Design Features

1.25, Assumptions used for Evaluating the Potential Radiological
Consequences of a Fuel-Handling Accident in the Fuel Handling and
Storage Facility

1.28, Quality Assurance Program Requirements (Design and Construction)
Revision 2, File 1979

1.32, Criteria for Safety-Related Electric Power Systems for Nuclear
Power Plants

1.60, Design Response Spectra for Seismic Design of Nuclear Power i
Plants

1.76, Design Basis Tornado for Nuclear Power Plants

3.16, General Fire Protection Guide for Plutonium Processing and Fuel
Fabrication Plants *

3.24, Guidance on the License Applications Siting, Design, and Plant
Protection for an Independent Spent Fuel Storage Installation
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8.8, Information Relevant to Ensuring that Occupational Radiation
Exposures at Nuclear Power Stations will be as Low as is Reasonably
Achievable

8.10, Operating Philosophy for Maintaining Occupational Exposure as
Low as is Reasonably Achievable

U.S. Department of Energy (DOE)

Manual Chapters (MC)

0505, Construction Safety

0511, Radioactive Waste Management

0513, Effluent and Environmental Monitoring and Reporting
0524, Standards for Radiation Protection

0529, Safety Standards for the Packaging of Fissile and Other
Radioactive Materials

0530, Nuclear Criticality Safety

0550, Operational Safety Standards

0552, Fire Protection

6106, Management of Construction Projects

6203, Site Development and Facility Utilization Planning
6301, Facilities General Design Criteria

Federal Specification

W-A-004508, Components for Alarm Systems, Interior Security

Reactor Development Technology (RDT) Standards

F1-2T, Preparation of System Design Descriptions

Richland Operations Office Orders

6400, Management of Construction Projects, Exhibit 2, Functional
Design Criteria

5820.2, Radioactive Waste Management

U.S. Department of Transportation (DOT)
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National Bureau of Standards (NBS)

Hanford Plant Standards (HPS) Standard Design Criteria (SDC)

SDC 2.1, Standard Design Criteria for Architectural Design
SDC 3.1, Standard Design Criteria for Railroads
SDC 3.2, Minimum Depth of Underground Water Lines

SDC 4.1, Standard Architectural-Civil Design Criteria, Design Loads of
structures

SDC 5.1, Standard Design Criteria for Heating, Ventilating, and Air
Conditioning

SbC 7.2, Standard Electrical Design Criteria for Outsice Lighting and
Aerial Distribution Systems

SDC 7.4, Standard Electrical Design Criteria for Underground Power
Distribution Systems

SDC 7.5, Standard Electrical Design Criteria for Interior Power and
Lighting Systems

SDC 7.7, Standard Electrical Design Criteria for Communication,
Signaling, and Low-Voltage Systems

SDC 7.8, Standard Electrical Design Criteria for Fire Alarm Systems

SCC 7.10, Standard Electrical Design Criteria for Corrosion Protection
Systems

E-11, Cathodic Protection Standards

E-12, Building Grounding

D.2 STATE OF WASHINGTON PUBLICATIONS

Washington Administrative Code

Chapter 296-52, Safety Standards for the Possession and Handling of
Explosives

Chapter 296-155, Construction Standards

State of Washington High Manual

State of Washington Grid System

D.4



D.3 INDUSTRIAL AND PROFESSIONAL SOCIETY PUBLICATIONS

In general, applicable "national concensus" codes and standards as
developed by such organizations as the American Society of Mechanical
Engineer, American Concrete Institute, American National Standards Institute
and the Institute of Electrical and Electronic Engineers shall also be
followed.

American Conference of Governmental Industry Hygienists (ACGIH)

Threshold Limit Values for Chemical Substances and Physical Agents in
the Workroom Environment

Industrial Ventilation, 1l4th Edition

American Concrete Institute (ACI)

American National Standards Institute (ANSI)

A58.1-72, Building Code Requirements for Minimum Design Loads in
Buildings and Other Structures

B30.2.0-76, Overhead and Gantry Cranes, Safety Code for (partial
revision of B30.2-43)

B30.3-75, Hammerhead Tower Cranes, Partial Revision of B30.2-43
(R 1952)

B30.4-73, Portal, Towe, and Pillar Cranes, Safety Code for
B30-9-71, Slings, Safety Code for (partial revision of B30.2-43)

B30.10-75, Hooks, Safety Standards for Cableways, Cranes, Hoists
Hooks, Jacks, and Slings.

B30.11-73, Monorail Systems and Under-Hung Cranes

B30.13, Controlled Mechanical Storage Crane

B30.16-73, Overhead Hoists

B56.1, Lowered Industrial Trucks, Low Lift and High Lift Trucks,
Safety Standards for (ISO/R1074); Design, Operation, Maintenance of
Lowered Industrial Trucks (ISO/R1074)

C2-77, National Electrical Code

N13.1-69, Guide to Sampling Airborne Radioactive Materials in Nuclear

Facilities

D.5



N13.3-69, Dosimetry for Criticality Accidents

N13.10-74, Onsite Instrumentation for Continuously Monitoring
Radioactivity in Effluents, Specification, and Performance of

N16.2-69, Criticality Accident Alarm System
N18.4-74, Earthquake Instrumentation Criteria for Nuclear Power Plants
N45.2-77, Quality Assurance Program Requirements for Nuclear Facilities

S1.6-67, Preferred Frequencies and Band Numbers for Acoustical
Measurement

American Nuclear Society (ANS)

American Society of Civil Engineers (ASCE)

Paper Number 3269, Wind Forces on Structures

American Society of Heating, Refrigeration and Air Conditioning Engineers
(ASHRAE)

1977 Fundamentals Handbook

American Society of Mechanical Engineers (ASME)

Boiler and Pressure Vessel Code, Section VII, Division 1, Pressure
Vessels

American Society for Testing and Materials (ASTM)

American Water Works Association (AWWA)

Manual M-14, Backflow Prevention and Cross Connection Control

Standard C-506-69, Backflow Prevention Devices, Reduced Pressure
Principle and Double Check Valve Types

Factory Mutual Research Corporation Manual (FMRC)
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