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1.0 SUMMARY

Pacific Northwest Laboratory (PNL)(a) has conducted a spent fuel logis-
tics study in support of the Department of Energy's program to design, license
and construct facilities to prepare spent unreprocessed fuel from commercial
light-water reactors for eventual storage in geological repositories. The
objectives of this logistics study were 1) to provide quantitative information
on existing and required transportation systems to assist in siting and designing
spent fuel storage and/or handling and packaging facilities and 2) to develop
a methodology to evaluate alternative spent fuel storage and handling policies.
Two computerized logistics models have been developed for use in these studies.

The site evaluation model was developed to calculate logistics parameters
for shipments of spent fuel from existing and planned nuclear power plants
to spent fuel storage/handling facilities. The model was used to study the
effects of changes in the location of fuel storage/handling facilities or
geologic repositories and to changes in policy or regulation on spent fuel
logistics. Examples of policy issues which can be examined include maintenance
of a fuel care storage reserve at nuclear power plants, reracking fuel storage,
basic and intra-utility fuel shipments.

The model can analyze spent fuel storage or handling strategies with up
to four storage/handling facility locations. Interim storage of fuel at a
commercial Away From Reactor (AFR) storage facility before transfer to govern-
ment storage/handling facilities may also be considered to account for any
required fuel shipments before government facilities become available. Even-
tual transfer to the spent fuel from the storage/handling facilities to a
permanent disposal facility is included in the model. Analyses can be per-
formed with the model for AFR's, government storage/handling facilities and
repositories located anywhere in the continental U.S.

Input data for the site evaluation model and problem assumptions are
supplied by the user through an interactive computer graphics terminal. Basic
information on the model and the system it is designed to analyze are pre-

sented to the user along with a series of questions that he answers to define

(a) Operated by Battelle Memorial Institute.
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the problem under consideration. The information presented to the user
includes a map of the United States showing the location of all light water
reactors currently operating, under construction, or planned in the U.S.
through 1990. The user can enter the locations of the ARF, spent fuel storage/
handling facilities and repository to be considered in the problem on this

map using a light pen. Alternatively a latitude and longitude may be specified
for any of the facilities. A description of the fuel storage strategy, spent
fuel shipping cask fleet, and transportation costs are also input. Default
values are available for most of these parameters.

The solution algorithm used in this model is a highly-efficient, minimum-
cost primal network algorithm. It constructs a spent fuel distribution system
for the problem under consideration and calculates a shipment and storage
schedule such that the total spent fuel transportation and storage costs are
minimized. The solution algorithm generates a spent fuel shipping schedule for
each reactor (or reactor group) that will have fuel available for shipment
during the time period being analyzed in the problem. It selects the transport
mode, destination (if more than one spent fuel storage/handling facility
are being considered) and amount of fuel shipped each year. Annual shipping
and receiving schedules for the AFR storage facility, the spent fuel storage/
handling facility and the repository are also determined. The algorithm
makes decisions on when and where fuel is shipped based on minimzing costs
for the total system within the constraints of storage capacities at the
nuclear power plants and storage and receiving capacities at the AFR storage
facility, spent fuel storage/handling facilities, and the repository.

Two studies of spent fuel handling facility and spent fuel disposal
facility siting have been completed. The first postulates a single spent
fuel handling facility located at any of six Department of Energy laboratory
sites. In general, eastern sites require about half the shipping fleet and
cost of a western site. A site in the west (Hanford) could require 14 rail
and 82 truck casks by 1983 and grow to 29 and 161 casks, respectively, by
1990. Annual transportation charges to the Hanford site would total $25

million in 1983 and grow to $51 million in 1990.
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The second study examined siting strategies with the spent fuel repository
relative to the spent fuel handling facility. Colocation of a spent fuel
handling facility and a spent fuel repository at an eastern site minimizes
transportation requirements. A somewhat higher cost results from handling
and repository facilities located at separate sites in the east. Locating
the handling facility on the opposite side of the country from the repository
or siting both facilities in the west results in the highest total ‘cost. Short
term (nuclear power plant to handling facility) transportation costs are mini-
mized for a spent fuel handling facility located in the west.

A second model to conduct storage/handling facility simulations was
developed to provide quantitative logistics information to aid in the design
of these facilities. The model can be useful in optimizing the design and
operation of the spent fuel handling/storage facility; in analyzing the
effects of changes in the transportation system on the efficiency of operating
the spent fuel handling/storage facility; and in analyzing the effects of
facility design changes on the transportation system.

The simulation is a general methodology that can be applied to analysis
of the performance of any previously defined system. With realistic input
parameters it may be possible to infer behavior of the system from observa-
tions of the model behavior. Flexibility in the model permits alteration
of system parameters to study the impact of changes on the operation of the
system. In this way, a series of "what if?" questions may be used to gain
understanding about the operation of the system.

The site evaluation and facility simulation models can be combined to
obtain information relevant to the entire transportation/spent fuel handling
facility system. Changes in transportation policy or equipment may directly
effect fuel receiving facility design requirements. Conversely a design change
in the receiving facility that changes cask turnaround times or facility
throughput will hanve an effect on transportation hardware requirements and
costs. The insights gained by the use of these "systems approach” models
during the design and planning of spent fuel transportation systems could con-
tribute to the development of a more efficient spent fuel handling industry.
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2.0 INTRODUCTION

Transportation of spent fuel is required to assure continued operation of
nuclear power facilities. Fuel must be moved first to storage facilities and
then ultimately to a facility designed to use or dispose of the fuel. PNL has
developed analytical tools and information to assess spent fuel shipping
system requirements for alternatives in reactor storage strategies, fuel
management policy and fuel storage facility locations and design. This report
describes these tools and discusses completed parametric studies.

2.1 BACKGROUND

In October 1976 and April 1977, presidential policy statements on nuclear
energy were announced which included the continued use of 1ight water reactors
(LWR) to produce electrical power and the indefinite postponement of spent
fuel reprocessing. Extended retrievable storage was adopted as a means of
maintéining the fuel until a spent fuel management option is selected. These
options include terminal disposal of spent fuel, full LWR recycle of fissile
materials and LWR uranium recycle with plutonium used to fuel fast breeder
reactors.

Several methods of retrievable spent fuel storage are currently available
or under development. Water basin storage of fuel elements is currently used
to store short cooled fuel in an "as discharged" condition. Uncertainties in
the feasibility of water storage for periods in excess of 25 years and the
need for an additional containment barrier to protect the fuel during disposal
facility operations has led to the development of concepts for surface and
near-surface dry storage of packaged spent fuel. The Commercial Waste and Spent
Fuel Packaging Program (CWSFPP) was initiated by the Department of Energy
to quantify options in spent fuel packaging and surface storage.

2.2 PNL SPENT FUEL LOGISTICS

The objectives of the PNL Spent Fuel Logistics task in the CWSFP program
were to determine transportation system capabilities to move all spent fuel
available from nuclear power plants to offsite storage locations through
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the 1990's and to provide information useful in the development of a cost
efficient transportation and spent fuel storage system. After careful study
of the spent fuel system, it was determined that nuclear power plant and fuel
transport container designs are fixed and that cost efficiency depends on the
storage facility design and location. Transportation system requirements are
dependent on the amount of fuel to be shipped and the lccations of storage
facilities. A review of available modeling techniques led to the conclusion
that two separate analytical tools would be required.

Nuciear Power Plant fuel storage strategies and operating policies can
greatly influence the amount of fuel available for transport in the 1980's
and 1990's. Changes in the amount of available fuel creates a variable need
" for spent fuel shipping equipment, storage facilities, and funding to both
build and operate this equipment. Spent Fuel Handling and Packaging Facility
(SFHPF) locations and capacities also have an effect on required transportation
equjpment and transportation cost. These two areas of alternatives are studied
using the PNL Site Evaluation Model. Model development and results of studies
done to date are presented in Section 3 of this report.

The ability of a spent fuel receiving facility to efficiently unload,
empty and offload spent fuel shipping containers is important in determining
the number of containers that are required. Transients in both the package
receiving rates and facility unloading rates must also be considered to
assure adequate surge storage in the spent fuel receiving facility design.

The PNL Facility Simulation Model can be used to study alternatives in facility
operating policies and design for their effect on transportation equipment
requirements. Section 4.0 presents a description of the model and how it has
been applied to a spent fuel receiving facility.
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3.0 PACIFIC NORTHWEST LABORATORY
SITE EVALUATION MODEL

The site evaluation model was developed to provide quantitative informa-
tion on the logistics parameters for shipments of spent fuel from existing and
planned nuclear power plants to spent fuel storage/handling facilities. The
model is useful to estimate the effect on cost and logistics parameters of
changes in the locations of storage and handling facilities or geologic
repositories and in evaluating the effect of policy or regulation changes on
spent fuel Togistics.

This section describes the spent fuel transportation system, modeling
assumptions, and the solution methodology used to obtain spent fuel shipment
schedules, optimized on transportation costs, for multiple SFHP facilities at
variable locations in the U.S. Results of studies of SFHP facility siting
options and spent fuel storage strategies are also reported.

3.1 SPENT FUEL TRANSPORTATION SYSTEM

The spent fuel transportation system considered in this study consists
of spent fuel facilities linked by a finite system of truck and rail trans-
portation equipment and transportation corridors.

This section describes the spent fuel facilities and their functions
relative to the spent fuel transportation system. Spent fuel transport
packages, their costs, and transportation charges are also described.

The four types of spent fuel facilities considered in the analysis are
shown in Figure 1. Spent fuel is generated and stored at nuclear power plants.
After the heat generation rate in the fuel has decreased to acceptable levels
through radiocactive decay, the fuel is transported by truck or train to either
commercial or government storage/handling facilities. Commercial storage
is considered short term and the fuel stored there is eventually reshipped
to a government facility. From the government facility, fuel will be
moved by rail to either a disposal or reprocessing facility.
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FIGURE 1. Spent Fuel Shipping System

3.1.1 Spent Fuel Handling Facilities

A11 nuclear power plants that are currently operating, under construction,
or planned through 1990 were considered in the transportation system. A
listing of plants considered in this study is included in Appendix C. Specific
information on each nuclear power facility is available to describe plant loca-

(1)

charge schedules, the amount of fuel per discharge, fuel storage basin capaci-

tion, capacities, and spent fuel handling capabilities. Annual fuel dis-

ties and the amount of fuel in storage at the beginning of the study period,
describe the potential transportation system requirements.

Nuclear power plant operators have several fuel strategies available
assuming that fuel discharge schedules are fixed. The incremental cost of
fuel storage at a reactor site was considered to be small, so that operators

have incentive to maintain basins as full as possible. One method of
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maximizing basin capacities is to use high density fuel storage racks. Many
nuclear power plant fuel storage pools have had new fuel storage racks
installed to take avantage of this option. Reactor operators maintain a full
core storage reserve in case the reactor core must be removed for maintenance.
Although not desirable, this policy could be waived on a short-term basis to
obtain additional storage capacity, particularly if offsite storage is
unavailable.

When fuel storage pools are full, with or without a storage reserve,
offsite fuel shipments are required. Several potential destinations exist
in the spent fuel transportation system. Shipment of fuel to another
reactor of similar design may be practiced if space is available and econom-
ical transportation is possible. For this study this was considered a
possibility only for intra-utility shipments between reactors of similar fuel
design. These intra-utility shipments were considered only for their effect
on the amount of fuel available for shipment from the nuclear power plants to
government storage/handling facilities. Logistics and costs were not calcu-
lated for this transportation link.

Commercial away from reactor (AFR) facilities are a possibility for
offsite fuel shipments. An AFR fuel storage facility was considered in this
study to utilize the water basin storage concept. A facility located in
Morris, I11inois, owned by the General Electric Corporation is of this type
and has fuel received from offsite currently in storage. In this study,
commercial AFR facilities were assumed available and capable of handling fuel
required to be shipped before a government facility is operating and fuel
that does not meet the cooling requirements of the government facility
(i.e., short-cooled fuel). The availability and economics of commercial
AFR facilities is unknown in the 1980's and 1990's, but were considered in
the study for their potential effect on the amount of fuel required to be
stored in a government fuel storage facility.

The goJernment SFHP facility in Figure 1 was assumed to utilize a dry
fuel storage concept. A minimum cooling period of 5 years after reactor

discharge is required prior to dry storage. Fuel is packaged and stored at
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this facility until a decision is made to either dispose or reprocess the
fuel elements. Construction of this facility could expand as needed, with
annual capacities of several thousand metric tons of fuel being achieved.

It is expected that facilities of this type will not be available until

1985. If the water basin concept for fuel storage is adopted for government
SFHP facilities, Tittle change would be required in the parameters used to
describe this facility. The minimum cooling time may be somewhat reduced but
a large facility would still be required.

The government SFHP facility is to be designed for a minimum 1ife of
25 years. When a decision is reached to either dispose or reprocess the fuel,
rail shipments of packaged spent fuel will begin. For this study, the final
fuel destination could either be at the same site as the SFHP facility or at
an offsite location.

3.1.2 Spent Fuel Transportation Equipment

Spent fuel is defined in 49 CFR 173 as being a type B quantity of radio-
active material. This requlation requires that it be shipped in massive,
impact resistant containers. Designs have been Ticensed in the United
States for both truck and rail transport. These containers were considered in
this study to be available in sufficient quantities to move fuel from nuclear
power plants to commercial and government owned fuel storage facilities and
from commercial to government storage facilities. No shipping containers are
currently available or designed to carry packaged spent fuel. However, it
was assumed for this study that existing rail casks could be modified to
carry packaged fuel with reduced capacity. Spent fuel shipping containers
considered in the site evaluation model are listed in Table 1.

Table 1 reports information by shipping cask model for rail, truck,
and packaged fuel rail casks. Capacities are listed in fuel elements from
both boiling water (BWR) and pressurized water (PWR) reactors. Round trip
loading and unlocading times are the sum of the time required for handling at
a nuclear power facility and an away from reactor fuel storage facility. Costs
reported in Table 1 are for one round trip based on one-way mileage and include
cask use and transportation charges. For example, an 800 mile round trip in an
IF300 would cost $5200 + 400 ($9.70) = 39080 per metric ton of spent PWR fuel.
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TABLE 1.

Spent Fuel Shipping Casks

Round Trip Costs
Capacity Load/Unload Fixed Mileage
(Fuel Assemblies) Time ($/MT) ($/MT-mile)
Cask Model Manufacturer PWR BWR (Days) PWR BWR PWR BWR
Rail Casks
IF 300 General
Electric 7 18 6.7 5200 4900 9.70 9.10
NLT 10/24 National Lead
Industries 10 24 7.0 4200 4200 7.60 7.60
Truck Casks
NLT 1/2 National Lead
Industries 1 2 4.0 5370 6500 5.90 7.10
TN 8/9 Transnuclear
Corp. 3 7 4.0 2100 2200 2.30 2.40
NFS-4 Nuclear Fuel
Services Corp. 1 2 3.7 3400 4100 4.60 5.50
Packaged Fuel
Casks*
IF 300 N/A 4 6. 8970 14500 17.00 28.00
NLT 10/24 N/A 7 7 6000 11200 11.00 21.00

* Not currently available.



Fixed costs per round trip are the summation of cask use charges times
the number of load/unload days and a minimum transportation charge. Mijleage
costs are the summation of per mile transportation tariffs and the daily
cask use charge divided by miles traveled per day. Trucks were assumed to move
400 miles per day and trains were assumed to move 250 miles per day for this
calculation. An additional charge of $19 per one-way mile could be added to
rail shipment costs if special train service charges are to be estimated.
Cask use charges were developed by assuming a 12 year cask life with )
350 operating days per year for truck casks and 335 days for rail casks. A

10% interest rate was used to calculate amortized capital costs.

Transportation charges for trucks were obtained from the 1976 Tristate
Motor Carrier Tariffs (Item No. 4500A). This information was modeled by the
equation:

$/cask round trip = $370 + $1.17/one-way mile
Rail charges were estimated from Reference 2 to be:
$/cask round trip = $5500 + $12.70/one-way mile v

With cost and performance information available for a variety of shipping
containers, studies can be done to determine cask requirements for assumed
variations in future cask fleets. New conceptual designs for shipping casks
could also be included to measure their performance relative to existing
casks.

3.2 LOGISTICS MODELING

A spent fuel storage Site Evaluation Model (SEM) has been developed
based on the system description in Section 3.1 to aid in the evaluation of
alternate locations for one or more SFHF's. This section describes the
basis, structure and operation of the SEM. .

3.2.1 Model Description

This section describes the assumptions made to obtain a model of the
system described in Section 3.1. The methodology used to formulate, solve,
and report results for user specified shipping strategies is also discussed.
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Methodology

The SEM is an optimizing model so that transportation and storage costs
are minimized for a fuel management system defined by the user. The
optimization is used as a simulation technique assuming that operators
of nuclear power and spent fuel storage facilities will attempt to operate at
the Teast cost. Thus, the user designs a spent fuel handling system and allows
the model determine the most cost effective operating decisions (i.e., where,
when, and how nuclear power plants will ship discharged fuel). By comparing
solutions to various system configurations, the user can determine trade offs
from the number and var}ing Tocations of SFHF's.

The solution methodology is a highly efficient "Primal Network Algorithm,"
developed at the University of Texas.(3) This methodology solves a special
class of linear programming problems. This methodology was selected over the
conventional linear programming methods because of its extreme efficiency.
Furthermore, this technique can be applied using a minicomputer. Work
performed at PNL utilized a time sharing PDP 11/70. The 11/70 computer is
linked with another minicomputer which includes a sophisticated interactive
graphics system using light pen and geographic coding techniques. An experi-
enced user can typically define a problem and obtain the printed results in
about 20 minutes. Actual computing time is a few minutes. A user's manual
for the SEM is included as Appendix A of this report.

Model Formulation

The Spent Fuel Logistics Model is a balanced network model. The macro
flow network is shown in Figure 2. Major activities modeled from the spent
fuel shipping system are:

1. Spent fuel discharged and stored at reactor
2. Spent fuel shipping ‘
3. Water storage away from reactors (AFR)

4. Spent fuel handling (SFHF) and disposal.

Each activity (production, storage, shipment) in the spent fuel management
system is represented by an arc in the network model. The flow value
determined for the arc represents the amount of spent fuel shipped or stored
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FIGURE 2. Spent Fuel Management Alternatives

during a time interval. Each arc is connected to two nodes. The flow must
be balanced at each node, i.e., flow into the node equals flow out of the
node. A generic node is depicted in Figure 3, where the arcs are represented
by arrows. A separate shipping arc is generated for shipments by different
transportation nodes and to different facilities.

Each arc has an associated cost per unit flow. Each arc also may have
an upper bound and/or a Tower bound. The optimization algorithm then deter-
mines the flow through all arcs such that the minimum total system cost within
the flow bounds on each arc is achieved. The upper bounds reflect physical
capacity constraints on storage, shipping, and receiving facilities. Lower
bounds are used on storage arcs to impose a minimum cooling time before spent
fuel may be shipped. If a flow is fixed, such as reactor discharge, the upper
bound is equal to the lower bound.
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FIGURE 3. Diagram of a Typical Node

Formulation Options and Input

The spent fuel Togistics model has been developed to provide maximum
flexibility to the user in analyzing spent fuel transportation scenarios.
Inputs to the model include Tocation and startup dates for spent fuel handiing
facilities and AFR's, receiving and storage capacities for these facilities,
and the type of shipping casks used. The model can analyze problems with
multiple SFHF and AFR's.

Specific information on existing and planned reactors is furnished to the
model from a reactor data base. This data base contains the following infor-
mation for each reactor:

e plant name, type (PWR or BWR) and location
e plant capacity (MWe) and startup date
e fuel storage pool capacity

e amount of fuel per reload

e length of reload cycle

Reactors may be grouped by type (BWR or PWR) and by geographic location or
ownership. This grouping may be used to represent inter-reactor or intra-
utility shipping or may be used for calculational efficiency.

Input data is supplied by the user through an interactive computer
graphics terminal. The user is presented a series of questions that he
answers to define the problem under consideration. The information presented

to the user includes a map of the United States showing the location of all
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light-water reactors currently operating, under construction, or planned in
the U.S. through 1990. The user can enter the locations of the AFR, spent
fuel handling or storage facilities and repository to be considered in the
problem on this map using a light pen or the latitude and longitude of the
facilities may be specified directly. Other information required of the user
to define the problem being analyzed includes:

e the time period under consideration and length of time interval
e for each spent fuel handling/storage facility and AFR

- name

- startup year

- total storage capacity

- initial annual receiving rate for truck and rail shipments
- capacity expansion (if any) by year and percent

e unit transportation costs for truck and rail shipments. This is in two
components, a fixed cost and a cost per mile.

e inventory costs for spent fuel storage
e cost inflation rate

e transport casks used (a mixture of casks may be specified - e.g.,
80% NLI 10/24, 20% IF 300 for rail shipments)

Default values are available for most of these parameters. The user may
also specify reracking of the fuel storage basins of all currently operating
reactors to increase the storage capacity to a multiple of full cores. An
additional option is whether or not reactor operators maintain a full-core
storage reserve.

Qutput

Printed copies of reports and graphs can be obtained, or the results can
be displayed on the video terminal. Reports currently available from the
model are listed. Sample output from the model is included in Appendix B.
Other reports could be obtained with minor modifications to the report



-

generator program. Virtually any information that could be obtained by analy-

sis or manipulation of the shipping schedule could be generated. Current

reports available include:

Spent Fuel Shipment Summary Report. This report gives the amount of
spent fuel shipped by truck and rail and the shipping costs for each
year of the time period under consideration in the problem.

Spent Fuel Handling/Storage Facility Summary Report. For each facility
considered in the analysis this report lists the annual truck and rail

receiving capacity, the amount of fuel received, the amount of fuel in

storage, and the receiving capacity utilization factor for each year

of the time period under investigation in the problem.

BWR Summary Report. This report gives the total amount of fuel in BWR
storage basins in the U.S., the total storage capacity of the basins,
and the annual holding cost for this fuel for each year of the time
period under investigation.

PWR Summary Report. This report gives, for PWR's, the same information
described above in the BWR Summary Report.

Spent Fuel Handling/Storage Facility Cost Report. For each spent fuel
handling/storage facility this report provides a summary of the amount
of fuel placed in storage and the one-time handling charges collected

for each year during the time period under investigation.

Cask Utilization Report. This report presents the number of truck and
rail casks required and the number of shipments made for each year of
the time period under investigation.

Report of Shipments to the Geologic Repository. For each spent fuel
handling/storage facility considered in the analysis, this report Tists
the amount of PWR and BWR fuel shipped to the geologic repository and
the shipping costs for each year of the time period under investigation.

Cask Requirements for Shipment to Repository. This report provides the
number of casks required and the number of shipments made to the geologic
repcsitory for each year of the analysis.



e AFR Summary Report. This report presents the amount of fuel received at
the commercial AFR spent fuel storage facility, the amount of fuel in
storage at the facility and the amount of fuel shipped by truck and rail
to the government handling/storage facility for each year of the analysis.

e Reactor Group Reports. For any selected group of reactors (or individual
reactor) this report gives the amount of fuel discharged, the amount of
fuel in storage, the storage basin capacity, and the amount of fuel
shipped by truck and rail to the AFR and each handling/storage facility
for each year of the analysis.

3.2.2 Computer System Structure and Operation

A diagram of the overall structure and operation of the Site Evaluation
Model (SEM) is presented in Figure 4. The model is operated in several stages
on two minicomputer systems linked by a data communications network.(4) The
first stage is the user input or problem specification stage, which is accom-
plished in an interactive environment on a single-user graphics system built
around a Digital Equipment Corporation PDP-11/35, a Vector General refresh
CRT display, and a Gould electrostatic printer/plotter.

The SEM input graphics software allows the user to examine and modify
geographic data relative to a reference map. Al7 of the nation's light-water
nuclear power plants planned to be in operation by 1990 are displayed on the
map by reactor type (BWR, PWR). The locations, startup dates, basin capaci-
ties, spent fuel discharge schedules, and other pertinent information on each
reactor are located in a reactor data file. With the 1ight pen, the user can
isolate a spécific area of the map, request an expanded detailed view of that
region, and obtain a printout of information on that region. The user can
also add and delete spent fuel facilities and AFR's via the map and 1ight pen.
Other user options include input and retrieval of information by coordinate
reference (latitude and longitude), hardcopy output of the current map dis-
play, and the capability to place reactors which are within a specified geo-
graphic region into groups. The basis for reactor grouping can be geographic
proximity, operating utility, or a combination of the two.
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When the user is satisfied with the geographic configuration of reactor
groups, AFR's, and spent fuel facilities, the opportunity is provided to enter
numerical values for input parameters such as per-unit cost factors, facility
capacities, and startup dates, and to select from among several shipping cask
design alternatives and fuel management options. The user may choose to
accept default (base case) parameter values, either on an individual parameter
basis or in blocks of related parameters, if he does not wish to enter all of
the requested values.

When the user has completed the model input stage, the geographic,
numeric, and other input values are combined into an interim data file in an
. alphanumeric form which is both machine-readable and human-readable (see page
B-1). The input file is then transmitted via a high-speed data 1ink to a
PDP-11/70 computer, which is much more suited to the actual model computations
than the graphics-oriented 11/35.

It should be noted at this point that if a simulation case is to be run
which differs from a previous run in only one or two parameters, then the
input file from the previous case can be modified by the user on the 11/70 in
lieu of repeating the entire graphical input procedure.

The next stage of the SEM is the network generator. This is a computer
program which converts the raw input parameters from the interim data file and
the reactor data file into the network formulation required by the optimization
code. The network optimization code then produces the minimum-cost shipment
and storage schedule.

The output of the optimization algorithm is in an encoded form similar to
the encoded network specification provided to it by the network generator. It
is therefore the task of the report generator to decode this information, sum-
marize it, and generate reports of the model results in a readable, meaningful
format. Total yearly shipments by rail and by truck are tabulated in a ship-
ment summary report. The yearly aggregate status of reactor storage basins
by reactor type (BWR, PWR) is summarized in terms of the amount of spent fuel
stored relative to the total capacity available. Other summary reports
include the amount of spent fuel received each year at each spent fuel



handling facility (SFHF) and each AFR. If desired, individual storage and
shipment reports can be obtained for user-selected reactor groups, showing

the year, amount, and destination of all shipments and the yearly basin capac-
ity utilization.

3.3 RESULTS

Two analyses have been performed using the site evaluation spent fuel
logistics model to determine the relative transportation system requirements
and costs for alternative SFHP facility sites and alternative spent fuel
disposal facility sites relative to a SFHP facility sited in the midwest,
southeast or pacific northwest regions. Emphasis was placed on providing a
relative comparison rather than absolute value significance of results. In
particular, the mix between truck and rail shipments should be viewed as
approximate.

In the first case the transportation impact of siting a single SFHP
facility at one of six Department of Energy laboratory sites; Savannah River,
O0ak Ridge, Argonne, Idaho Falls, Hanford, or Nevada was examined. In this
analysis, storage costs at the reactor were ignored and it was assumed that
SFHP facility capacity is virtually unlimited. Thus spent fuel was shipped
only as the reactor basins were filled.

Annual shipping cask requirements, annual transportation costs, and
annual shipping requirements in MT-miles are presented for the six cases in
Tables 2 - 4. Table 5 presents the SFHP facility requirements. The total
requirements for the six cases are shown in Table 6. This analysis shows
that Argonne, Qak Ridge, and Savannah River are nearly equivalent sites for
a single SFHP facility in terms of transportation requirements. Idaho Falls,
Hanford, and Nevada are also nearly equivalent but require twice the number
of shipping casks and total cash flows compared to the eastern sites.

The second case(s) postulates a single SFHP facility located in the mid-
west, pacific northwest or the southeast. The transportation costs reported
in Table 7 are a summation of reactor to storage and storage to repository



1983
1984
1985
1986
1987
1988
1989
1990

TABLE 2,

Spent Fuel to Various AFR Locations

Annual Shipping Cask Requirements - Shipping

Argonne Idaho Falls Hanford Oak Ridge Savannah River Nevada
Rail Truck  Rail Truck Rail Truck Rail Truck Rail Truck Rail Truck
6 46 R 74 14 82 6 49 7 43 12 81
4 15 7 27 8 30 4 15 4 17 7 30
8 22 10 41 n 46 5 28 5 27 10 46
7 43 1 69 13 78 6 36 7 47 12 76
6 48 12 81 14 91 3 44 7 46 13 89
9 49 17 97 19 125 8 56 8 60 18 107
12 68 23 123 26 137 n 67 12 70 24 135
13 81 23 143 29 161 12 80 13 84 25 157

TABLE 3. Annual Shipping Cost for Shipping Spent

Fuel to Various AFR Locations Including

Cask Costs ($Million/year)
Idaho Oak Savannah
Argonne Falls Hanford Ridge River Nevada

1983 13 22 25 14 15 24
1984 6 9 11 6 7 10
1985 9 15 17 9 10 16
1986 14 22 25 13 14 23
1987 16 25 28 15 16 26
1988 20 32 36 20 21 33
1989 26 40 46 25 27 43
1990 30 44 51 29 32 47
134 209 239 131 142 224



TABLE 4. Annual Spent Fuel Shipping to Various AFR Locations
(million MT-miles)

Argonne Idaho Falls Hanford Oak Ridge  Savannah River Nevada

BWR  PWR  BWR PWR BWR PWR BWR PWR  BWR PWR BWR  PWR
1983 0.3 0.6 0.9 1.8 1.1 2.2 0.5 0.6 0.6 0.7 1.0 2.1
1984 0.2 0.3 0.5 0.6 0.6 6.7 0.2 0.3 0.2 0.4 0.6 0.7
1985 0.3 0.5 0.8 1.0 1.0 1.2 0.3 0.5 0.3 0.5 0.9 1.1
1986 0.3 0.9 1.0 1.7 1.2 2.1 0.3 0.7 0.4 0.9 1.1 1.8
1987 0.3 1.0 1.0 2.0 1.2 2.5 0.4 0.8 0.4 0.9 1.2 2.2
1988 0.5 1.1 1.4 2.5 1.7 3.0 0.5 1.0 0.6 1.1 1.6 2.6
1989 0.7 1.5 2.2 3.0 2.4 3.6 0.6 1.4 0.8 1.6 2.2 3.3
1990 0.7 1.8 1.9 3.5 2.6 4.2 0.7 1.8 0.9 20 2.3 3.8
TOTAL 3.2 7.7 9.6 6.1  11.9 19.6 3.4 7.1 4.2 8.0 11.0 17.5

TABLE 5. Annual Spent Fuel Shipment to AFR (MT)
A11 AFR Sites

BWR PWR
1983 696 1,296
1984 416 436
1985 824 660
1986 660 1,360
1987 552 1,444
1988 912 1,472
1989 1,204 2,008
1990 1,360 2,428

TOTAL 6,624 11,104



TABLE 6. Summary of Spent Fuel Shipped to Various AFR
Locations - 1983 through 1990

Shipping
Total MT-miles Total 1983 Cask
MT (Millions) Shipping Cost  Requirement
BWR PWR BWR PWR  Total ($Million) Rail Truck
Argonne 6624 11104 3.2 7.7 10.9 134 6 46
Idaho Falls 6624 11104 9.6 16.1 25.7 209 11 74
Hanford _ 6624 11104 11.9 19.6 31.5 239 14 82
Oak Ridge 6624 11104 3.4 7. 10.5 131 6 49
Savannah River 6624 11104 4.2 8.0 12.2 142 7 43
Nevada 6624 11104 11.0 17.5 28.5 224 12 81
TABLE 7. Transportation Costs for Options in Spent Fuel
Storage Facility and Spent Fuel Repository
Sites
Facility Location Transportation Costs ($106)
Storage Site(s) Waste Repository To Storage Total
1 mur@) SE 385 800
2 wur(?) pw(P) 385 1130
3 mrl@) SH 385 1101
s pwlb) SW 802 1220
5 SE SW 413 1280

(a) Midwest Region
(b) Pacific Northwest
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costs in constant dollars for the years 1985 to 1995. The amount of fuel
predicted to move during this period is 41,000 MT. Ninety percent of the fuel
was assumed to move by rail and ten percent by truck. Colocation of a SFHP
facility and a spent fuel repository would make the total costs equal to the
"to storage" costs. The results show that a colocation strategy in the east
would be the lowest cost option. A somewhat higher cost strategy would have
storage and repository facilities located in the east (Case 1). Strategies
which involve locating a SFHP facility and a spent fuel repository at opposite
sides of the country (Cases 2, 3, 5) or both facilities in the west (Case 4)
can be seen to have the highest total costs. Short-term (to storage) costs
are maximized for a SFHP facility located in the west.
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4.0 PACIFIC NORTHWEST LABORATORY FACILITY
SIMULATION MODEL

The facility simulation model was developed to provide quantitative logis-
tics information as an aid in the design of a Spent Fuel Storage and/or
Handling and Packaging Facility. The model can be useful in optimizing the
design and operation of the spent fuel handling/storage facility; in analyzing
the effects of changes in the transportation system on the efficiency of oper-
ating the spent fuel handling/storage facility; and in analyzing the effects
of facility design changes on the transportation system.

The model uses a general methodology that can be used for evaluating the
performance of any previously defined system. If the input parameters are
realistically defined, then it will be possible to infer behavior of the sys-
tem from observations of behavior of the model. The flexibility of the model
permits alteration of system parameters to study the impact of these changes
on the operation of the system. In this way, a series of "what if?" questions
may be used to gain understanding about the operation of the system.

The first task in conducting a simulation of the spent fuel handling
facility was to develop a realistic representation of the system for analysis.
This model should incorporate varying amounts of detail depending on the
goal of the analysis. For example, a designer of a specific piece of equip-
ment may require many details for one spent fuel handling operation, but
others could be represented by a "black box" approach. Major elements of the
spent fuel receiving facility used in the sample analysis case are shown in
Figure 5. A facility capable of handling 3000 MT of fuel per year is repre-
sented. The goal of this case was to simulate overall facility performance,
so that equipment requirements could be determined. Operating requirements
include:

e A receiving and surge storage system compatible with spent fuel accept-
ance criteria, shipping cask configuration criteria, and transport
practices,

e An encapsulation rate which will result in a facility of reasonable
economic size compatible with overall program requirements,
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o Isolation and confinement of radioactive materials to meet all Federal,
State and Tocal regulations,

e F[lexibility and reliability to handle damaged fuel or partial assemblies,
e Strict accountability of spent fuel inventory,
e Security, monitoring, and surveillance.

Specific information needed to define system operation such as spent fuel
assembly arrival rates, type of fuel (PWR or BWR), and method of arrival (truck
or railroad) can be furnished by the site evaluation model or direct user
input. Values used in the sample case are listed in Table 8. While these
values may not be realistic, they do illustrate the data requirements for a
problem of this type. Additional information and alternative design values can
be considered. The type of input information required depends on the desired
results. For example, as an alternative conceptual design methodology the
entire spent fuel handling system may be specified. The same facility model
could then be used to determine the facility throughput.

Simulation analysis is accomplished with the use of the Q-GERT software

(1)

that permits direct computer analysis. Analysis of a Q-GERT network is

package. This is a method for graphically modeling systems in a manner
adaptable to a wide class of computers. The analysis program employs discreet
event procedures to analyze the flow of transactions through the network in
order to obtain statistical estimates of the quantities prescribed on the net-
work model. The performance of activities associated with the network are
simulated by selecting a time for the activity in accordance with the distri-
bution type and parameter values prescribed for the activity. When the
simulation if completed, based on user inputed conditions, summary statistics
are collected and outputed for analysis.

Results of the sample conceptual design problem to specify equipment
capacities are presented in Table 9. The next step in an actual design prob-
Tem would be to postulate and simulate alternative assumptions for each process
step to determine system sensitivity to these parameters. In this way crit-
ical paths can be identified along with a distribution for facility
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TABLE 8. SPECIFICATIONS AND ASSUMPTIONS

[. OPERATION
A. Through Put
1. 10 Mt/day
2. 24 hr/day operation
3. 300 day/year availability
B. Working Inventory
1. 300 Mt minimum

II. CASK DESCRIPTION
A. Rail Cask
1. 7 PWR or 18 BWR assemblies
B. Truck Cask
1. 1 PWR or 2 BWR assemblies

IIT. FUEL DESCRIPTICN

A. PWR
1. .46 MT/assembly
B. BWR

1. .19 MT/assembly
C. Mixture
60% received total

BWR
PWR

1)

1
2. 40% received total
3. 70% Rail
4, 30% Truck

D. Quality
1. 20% received in failed fuel containers
2. 10% failed during shipping, handling,-or storage

IV. OFFLOAD
A. Two Transport Vehicles (20 offloads/day)
B. Offload Storage Canister
1. 1 PWR
2. 3 BWR

V. DESIGN LIFE CYCLE (FACILITY AND EQUIPMENT) - 40 YEARS
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TABLE 9. EXAMPLE OF SAMPLE RESULTS

MINIMUM RECEIVING SITE CAPACITY

A. Non-Parallels Process Sites
1. Receiving/Shipping - 5R (Rail)/8T (Truck)
2. Holding - 9R/32T
3. Maintenance - IR/1T

B. Parallels Process Sites (1 Cask/Site)
1 Preparation Area ’ 4
2. Cask Loading/Offloading 4
3. Cask Decontamination 3
4. Cask Cooling & Washdown 2
5. Fuel Unloading Pool 3

C. Storage Pool
1. Two pools
2. 400 MT/pool

D. Presentation Pool
1. 16 MT failed fuel
2. 50 MT buffer inventory
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performance. Further analysis of the results could Tead to modifications of
the process. Synthesis is accomplished through the operator ingenuity using
the analysis capability of the program so that facility requirements are met.

REFERENCE
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APPENDIX A
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SITE EVALUATION MODEL
USER'S GUIDE



Qverview

PNL SITE EVALUATION MODEL -- USER'S GUIDE

The computer programs which make up the PNL Spent Fuel Transportation

Logistics Model (Site Evaluation Model) are operated in several stages on

two minicomputer systems at PNL:

1)

A Digital Equipment Corporation (DEC) PDP-11/35 to which is connected

a Vector General graphic display unit and a Gould electrostatic
hardcopy graphics printer to form an interactive computer graphics
facility. This facility, known as MINERVA, is located in Room 1154

of the Math Building in the Battelle, Pacific Northwest Laboratory
complex. The 11/35 runs under DEC's RT-11 single-user operating system.
A DEC PDP-11/70, located in the Biometrics Computer Center (Room 1240)
of the LSL-II Building. The 11/70 operates under the IAS multi-

user operating system.

These two computers are interconnected via BATNET, the Battelle minicomputer

data communications network (1).
The sequence of programs which must be operated to generate a complete
Site Evaluation Model run (case) is as follows (refer to Figure 4, page 3-13

of this report):

1)

Input Graphics Program (PDP-11/35). This program runs on the

PDP-11/35 graphics system and provides the user with the ability
to graphically specify the logistics system configuration which
he wishes to evaluate. Spent fuel facility site Tocations can be
specified with reference to a displayed map of the United States
upon which the locations of all reactors in the data base are
shown. Numeric cost and capacity parameter values can also be

entered into the model input file created by this program.
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Transmission of Input File to PDP-11/70 via BATNET. Since the

remainder of the model programs run on the 11/70, it is necessary
to transmit the model input file created by the input graphics
program from the PDP-11/35 to the 11/70. (Mote: The model input
file for case studies requiring only minor changes in the probliem
specification of a previously run case can often be created by
simply editing the corresponding existing alphanumeric input file
using one of the PDP-11/70's text editors, thus avoiding steps 1
and 2.)

Network Generator (PDP-11/70). The network generator is a code

which converts the raw input parameters from the model input file

and the appropriate data values from the reactor data base into an
encoded transportation/storage network formu1a£10n (problem state-
ment) of the type required by the optimal scheduling algorithm.

The network generator is really the heart of the site evaluation model
in that the spent fuel logistics network which it produces is a
representation of all the inputs and assumptions on which the model

is based.

Optimal Scheduling Algorithm (PDP-11/70). The network optimization

code PNET (2) contains a mathematical programming algorithm which
produces a minimum-cost spent fuel shipment/storage schedule over the
time horizon of interest. The output of the optimization algorithm

is also in the form of an encoded network specification which includes
the required flows (amount of spent fuel shipped or stored) along

each path in the network.
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5) Report Generator (PDP-11/70). The report generator is a program

which decodes the output of the optimal scheduling algorithm and
produces printed reports on the yearly spent fuel shipment/storage
activity predicted by the model. Reports can be requested by the
user at several levels of detail, from individual reactor or spent
fuel facility reports to summary reports over all reactors and/or
spent fuel facilities.

The following sections provide detailed instructions for operating each

of these programs. Command requests or prompts typed by the software (rather

than by the user) are underlined for clarity.

Input Graphics Program

The PDP-11/35 graphics system has two Model RKP5 removable cartridge
disk drives. The spent fuel logistics model input graphics program operates
with program and data files stored on the disk pack labeled "Logistics #1,"
which must be mounted in the lower disk driver (RKl:). The "RT11-VP2C" system
pack must be mounted in the upper drive (RK@:).

After the system has been initialized and the date and time entered
(see RT-11 user manuals for this procedure), one additional system instruction
is necessary to permit the interactive use of the Vector General display unit.
Type on the Decwriter console keyboard:

- SET USR NOSWAPQ,

where J, indicates the "carriage-return" key.

The spent fuel logistics model input graphics program can be invoked in
one of two ways. If you type

- RUN DDDTPY,
PLEASE ENTER TREE FILE DESCRIPTOR: RK1:LOGIST.TRE?Y
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you will invoke a utility program which puts a sequence of messages on the
display screen. These messages provide a general description of the purpose
and operation of the spent fuel logistics model. Alternatively, these
messages can be bypassed by typing
. RUN RK1:SURF2D

Following the messages, a map of the United States similar to Figure A-I
with outlines of the contiguous 48 states is displayed on the graphics units.
The Tlocations of all the nuclear power plants in the reactor data base are
shown on the map. Boiling water reactors (BWR's) are indicated by an asterik,
and pressurized water reactors are represented by a small triangle. A Tlist
of the single keystroke commands available to the user, with a brief
description of each command, is superimposed on the map. This command list
disappears when the first command is received, but it can be recalied by
the "H" or "?" command. (A second set of commands appears whenever cursor
mode is entered. See below.)

You can now use the Vector General keyboard and 1ight pen to position
a cursor, isolate and examine in greater detail a specific area of the
map, request a printout of data on all reactors in a given area, and specify
the location of one or more spent fuel facilities to be included in the
Togistics system to be investigated. SFHF's are indicated by the letter
S on the map, while AFR's are indicated by an X. Other commands allow
grouping of reactors and generationof hardcopy output. A reactor group
is indicated on the map display by a letter G at the centroid of all
reactors in the group, with Tines going out to each reactor 1in the group.

Table A-1 Tists and describes each of the graphics commands. Note

that these commands are entered by typing a single key on the Vector General
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keyboard, not the Decwriter console keyboard. Note also that there are

two sets of commands. One set is in effect when the cursor is visible on

the screen (cursor mode); the other set is in effect when the cursor

is not displayed (non-cursor mode). The cursor is easily identified as an
octagon of varying size, inside of which is a plus sign ("cross hairs")
identifying a specific point on the map. The display window referred to

in the table is an imaginary rectangle drawn around the portion of the map which
is displayed (filling the screen) at a given time.

Once you have the facility configuration which you wish to investigate,
you can leave the map display mode by typing "CONTROL-D." You will then be
asked (by messages appearing on the screen) to enter a series of parameter
values which are to be used as inputs to the Site Evaluation Model. Included
are such things as cost factors, capacity factors, facility startup dates,
and fuel management options. These values must be entered on the Vector
General keyboard. A 1ist of the input request messages and required user
responses is given in Table A-2.

When all required parameter values have been entered, these values are
combined with the facility locations and reactor grouping information to
form a data file which will be input to the Site Evaluation Model. This file

must now be transferred to the PDP-11/70.

Input File Transmission to PDP-11/70

The transfer of the input file from the 11/35 to the 11/70 is accomplished
with a BATNET file transfer utility program which exists on both computers.
On the PDP-11/35, you must type the following:
- RUN XFILES )
XFILES> /SLAVE ;L
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You are now ready to begin operation on the 11/70. Find an available
terminal, type "CTRL-C," and enter the proper account name and password
(see R. A. Burnett (3752313) or the 11/70 system manager for the current
account and password).

Now type:

PDS> XFILESY

XFILES> INTERFACE.DAT=(MINERVA/1)RK1:S7ﬂ.DAT;
XFILES> /STOP ¥

XFILES> /EXITY,

This completes the transfer of the model input file to the 11/70.
(Note: INTERFACE.DAT is the required 11/70 model input file name. S7p.DAT
is the name of the file created on the 11/35 (MINERVA), on device RK1:.)

A sample input file is Tisted in Appendix B.

Editing the Model Input File

For studies involving minor parametric variations between cases, a
file previously created and transmitted to the 11/70 can be edited in lieu
of using the graphics program to create a new input file. Any of the
11/70 text editors (such as EDIT or TECO) can be used. See the appropriate

11/70 software manual for instructions.

Running the Network Generator, Optimal Scheduling Algorithm, and Report Generatcr

The network generator (NETGEN5) and the optimal scheduling algorithm
(NETMOD1C) both run without user intervention. These two programs and the
report generator (NEWTESTS) can be executed sequentially by invoking the
command file RUN5.CMD:

PDS> @RUNS 3
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The network generator will produce a print file which reports statistics
on the network which is generated. This printout will also contain reports
of forced spent fuel shipments (to the nearest AFR) due to a reactor's
storage basin capacity being exceeded prior to the availability of a SFHF (or
as a result of the minimum cooling time requirement before shipping to a SFHF).
Combined constraints which may render the problem infeasible are also
reported (such as total storage and facility receiving capacity for a
given year being less than total accumulated spent fuel discharged up to and
including that year).

The number of nodes (flow sources/destination) and arcs (flow
paths) are also reported on both the printout and the user's terminal.

The current maximum number of nodes allowed by the Site Evaluation Model is
1350; the maximum number of arcs is 4980. CPU times for a network of
approximately this size generally average about 30 seconds for NETGEN5 and
about 2 minutes for NETMODIC. Elapsed clock time for these two programs
together varies from about 5 to 15 minutes, depending on the number and
computational usage of other 11/70 users.

After the optimization algorithm has produced the solution to the
network flow problem (optimal spent fuel shipment/storage schedule), the
report generator program begins execution. The report generator requires
some user interaction. The following questions will be asked, with
responses required as indicated:

e DO YOUR WANT COSTS REPORTED IN CONSTANT OR INFLATED DOLLARS?
(ENTER C OR I)>

(If I is entered, you will be asked to enter the percent
annual inflation rate.)




e You will be shown a table of truck cask types, with a numeric code
and the capacity in number of BWR or PWR fuel assemblies for each
cask. You will then be asked to enter the numeric code for the truck
cask type to be assumed.

e A similar option is presented for rail casks.

e DO YOU WISH TO HAVE SPENT FUEL HANDLING FACILITY STORAGE COST REPORTS
PRINTED? ENTER Y (YES) OR N (NO)>

e DO YOU WISH TO HAVE FINAL DESTINATION SHIPMENT REPORTS PRINTED? (Y OR N)>

e DO YOU WISH TO SEE AFR STORAGE/SHIPMENT REPQRTS? ENTER P (PRINT),
T (TYPE ON TERMINAL), OR N (NO)>

e DO YOU WANT A COMPLETE SET OF REACTOR GROUP REPORTS? (Y OR N)>

(If you answer yes, the program will terminate when all of the
reports are generated. If your answer is no, the following
question will appear:)

o DO YOU WANT AN INDIVIDUAL REACTOR GROUP REPORT? (P,T, OR N)>

(If the answer is no, the program terminates. If the answer
is P or T, the next question is asked:)

e ENTER REACTOR GROUP NUMBER>

The report for that group is generated and the previous question
is then repeated to see if more reactor group reports are desired.

Examples of each of the different types of printed reports which can
be produced by the report generator are given in Appendix B.

This concludes the running of a Site Evaluation Model.
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KEY*
NON-CURSCR MODE:

A
B

Hor?

.
U
Up-arrow (+)
Down-arrow {+)
Left-arrow (<)
Right-arrow (=)

CTRL-D
(Control-D)

TABLE A-1. SEM GRAPHICS COMMANDS

DESCRIPTION

Print the Tocation of all AFR's currently on the map.
Display BWR's only.

Generate a hard copy of the current display.

Group the reactors by proximity. (A message will ask the
user to enter the maximum separation distance for inclusion

in a group.)

ﬂﬁLP (Display a 1ist and brief description of non-cursor
commands. )

Zoom in on the current map.

Use keyboard* to enter a location (longitude, latitude) of
an an SFHF to be added to the map.

Use keyboard* to enter a location of an AFR to be added to
the map. '

Zoom out.

Display PWR's only.

Display both BWR and PWR reactors.

Print the location of all SFHF's currently on the map.
Switch to cursor (tracking cross) mode.

Group the reactors by utility company.

Move the display window upward.

Move the display window downward.

Move the display window to the left.

Move the display window to the right.

Done with map; proceed to parameter inputs.

*Vector General

keyboard



KEY
CTRL-Q
CTRL-Z
"HOME"

CURSOR MODE:

B

X
Y
Up-arrow (+)
Down-arrow (+)
Left-arrow (<)
Right-arrow (=)
"DEL"
“ESC"
nes"
"HOME"
RS

CTRL-R
(Control-R)

CTRL-W
(Control-W)

TABLE A-1. (cont.)

DESCRIPTION
Save current reactor groups in a temporary file.
Retrieve reactor groups from temporary file.

Return to original map of entire conterminous United States.

Make octagon bigger.
Delete all AFR's within octagon.

Group the currently ungrouped reactors which are within
the octagon.

HELP (Display a list and brief description of cursor-mode
commands. )

Make octagon smaller.

Ungroup the reactor groups whose centroids are within the
octagon.

Locate a SFHF at current cursor location.
Locate an AFR at current cursor location.
Move cursor one step upward.

Move cursor one step downward.

Move cursor one step to the left.

Move cursor one step to the right.

Delete all SFHF's within octagon.

Erase cursor, return to non-cursor mode.

Increase cursor step size.

Return cursor location to center of screen.
Reduce cursor step size.

Print information on reactors within octagon.

Create a new display window from the current octagon position.

A-11



TABLE A-2. USER INTERACTION SEQUENCE FOR SEMINPUT PARAMETERS

PLEASE ENTER A TITLE OR DESCRIPTION OF THIS SCENARIO:
> (User enters title.)

ENTER THE STARTING YEAR:

>

ENTER THE ENDING YEAR:

>

ENTER THE NUMBER OF YEARS PER TIME PERIOD:

>

ENTER THE MINIMUM NO. OF YEARS COOLING TIME FOR WATER BASIN STORAGE:

>

DO YOU WISH TO EXERCISE THE FULL CORE RESERVE OPTION? (Y OR N)

>

DO YOU WISH TO ALLOW RERACKING OF REACTOR BASINS? (Y OR N)

>

If yes:
PLEASE ENTER THE RERACKING LIMIT (NO. OF CORES):

>

(Screen is erased and a new "page" of requests begins.)

SFHF NO. 1 (Name of SFHF is displaved.)
PLEASE ENTER THE TOTAL STORAGE CAPACITY FOR THIS SFHF:

>

ENTER THE ONE-TIME SFHF STORAGE COST (DOLLARS PER METRIC TON HEAVY METAL):

>

ENTER THE STARTUP YEAR FOR THIS SFHF:

>

ENTER THE INITIAL RECEIVING CAPACITY BY RAIL (METRIC TONS PER YEAR):

>

ENTER THE INITIAL RECEIVING CAPACITY BY TRUCK (METRIC TONS PER YEAR):

>



TABLE A-2. (cont.)

ENTER THE INITIAL SERVICE CAPACITY (MT PER YEAR):

>

DO _YOU WISH TO ENTER FURTHER CAPACITY EXPANSION DATA FOR THIS SFHF? (Y OR N)

>

(If yes, the following two requests will be issued, after which the
previous question will be repeated.)

ENTER THE YEAR OF SFHF EXPANSION:

>

ENTER THE CAPACITY EXPANSION (PERCENT) FOR RAIL, TRUCK, AND SERVICE
(USE COMMAS TO SEPARATE THE THREE NUMBERS):

>

(The screen is erased and the above sequence is repeated for each additional SFHF.)
AFR NO. 1 (Name of AFR is displayed.)
PLEASE ENTER THE TOTAL STORAGE CAPACITY FOR THIS AFR:

>

ENTER THE BWR FUEL STORAGE COST AT THIS AFR (DOLLARS PER MT PER YEAR):

>

ENTER THE PWR FUEL STORAGE COST (DOLLARS PER MT PER YEAR):

>

ENTER THE STARTUP YEAR FOR THIS AFR FACILITY:

>

(The screen is erased and the above sequence repeated for each additional AFR.)

DO YOU WISH TO USE THE STANDARD (BASE CASE) COST FACTORS? (Y OR N)

>

(If yes, the following requests are issued.)

PLEASE SPECIFY COST FACTORS IN DOLLARS PER METRIC TON. VARIABLE
TRANSPORTATIOQN COSTS MUST BE IN DOLLARS PER MT PER MILE. IF AT ANY
POINT YOU WISH TO RESTART THIS SEQUENCE OF INPUTS, TYPE "R."




TABLE A-2. (cont.)

ENTER THE FIXED PORTION OF RAIL COSTS FOR BWR FUEL:

ENTER THE VARIABLE PORTION OF RAIL COSTS FOR BWR FUEL:

ENTER THE FIXED PORTION OF TRUCK COSTS FOR BWR FUEL:

ENTER THE VARIABLE PORTION OF TRUCK COSTS FOR BWR FUEL:

ENTER THE FIXED PORTION OF RAIL COSTS FOR PWR FUEL:

ENTER THE VARIABLE PORTION OF RAIL COSTS FOR PWR FUEL:

ENTER THE FIXED PORTION OF TRUCK COSTS FOR PWR FUEL:

ENTER THE VARIABLE PORTION OF TRUCK COSTS FOR PWR FUEL:

ENTER THE BWR YEARLY HOLDING COST FACTOR (FOR ON-SITE STORAGE):

ENTER_THE PWR YEARLY HOLDING COST FACTOR:

ENTER THE ANNUAL MONETARY INFLATION RATE AS A PERCENTAGE (ENTER DISCOUNT RATE
AS A NEGATIVE PERCENTAGE):

>
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APPENDIX B

SAMPLE SITE EVALUATION MODEL
INPUT AND OUTPUT



SAMPLE SITE EVALUATION MODEL INPUT AND OUTPUT

This appendix contains the input and output 1istings of a sample logistics
case run on the PNL Site Evaluation Model {(SEM)*. The example case includes two
fuel handling and packaging facilities (SFHF's): the first located in the
vicinity of Oak Ridge, Tennessee, scheduled to begin operation in 1983; and
the second facility located in the Carlsbad, New Mexico region, scheduled
to start up in 1990. The Carlsbad facility is assumed to be co-located with
a geologic repository,which is to be the final destination of spent fuel shipped
to both SFHF's. A commerical away-from-reactor (AFR) water basin storage facil-
ity at Morris, I1linois, is assumed to be available prior to and throughout the
period of interest (1979 through 1992). Transportation and storage cost factors
are chosen such that it is economically advantageous for the reactors to retain
spent fuel in their on-site basins for as long as possible (until the basin
capacity is exceeded by the cumulative discharge). A lower one-time storage fee
at the Carlsbad SFHF relative to that at the Oak Ridge facility provides a pre-
ferential incentive to ship to Carlsbad when that facility goes on-line.

Figure Bl is a listing of the VSM input file for this example case. Figures
B2 through B15 contain a complete set of output reports for this case, with the
exception that the two-page reactor group report is presented for only one

reactor group (Group 40, Figures B14 and B15).

*
The facility Tocations and starting dates used in the example case were
selected solely on the basis of demonstrating the capabilities of the model.

spent
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FIGURE B-1.Site Evaluation Model Input File



£-9

HUN UN 22=Jkan=TY

YbAK

1ydg3
1984
1985
1980
19a7
1944
1949
1990
1991
1992

IJY1ALS

HASELL

JYid4q9 3y

SPEnNT

NE==JAn,1Y9, 19

UNREPRUOCESSEL

7y == AR RIDGE CASE COMPARISUN

FUEL SHIPMENT SUMMARY

SHIPMEnNT oY KALL

ml

240,
296.
364,
244,
5n4g,
508,
612,
1924,
876,
568,

0576,

Xx¥¥* ALL CudlS ARE REPORLED L CO

(A4S

YEAK 1977)

F1GURE B-2.

Cusl
$1000

Lgb8,
2171,
284%,
2U44,
4414,
4191,
4372,
21910,
9310,
9704,

62494,

NSTAN'L DOLLARS

SHIPMENT BY TKUCK
M1

252,
°6h4,
672,
964,
Bb4,
1020,
1328,
900,
900,
900,

5364,

Spent Fuel Shipment Summary Report

Cost
$1000

1895,
4119,
4846,
6451,
A315,
1661,

ioo11,

10714,

10387,
yy22,

72219,



v-4

RUN OnN 22=JAn=T79 V9344139

YEAR

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

AVERAGE

RALL
CAP

mT

4200,
4200,
4200,
4200,
4200,
4200,
4200,
4200,
4200,
4200,

TRUCK
CAP
MT

14900,
1800,
1¥ov,
1800,
1800,
1800,
14800,
1800,
1dvo,
1900,

SERVICE

CAP
MT

6000,
6000,
6000,
6000,
6000,
6000,
6000,
6000,
6000,
6000,

BASELINE==JAN,19,

SFHF (SPENT FUEL HANDLING

SFHE LOCATIUN

SPENT FUEL STOKED
FROM RAIL SHIPMENT

MT FUR YR MY

240, 240,
296, 536,
3484, 940,
244, 1104,
564, 1724,
568, 2296,
612, 2908,
0, 290y,
0, 290b,
0, 29uB,
291,
FIGURE B-3.

SFHF

1979 «= UAK RIDGE CASt COMPARISON

SPENT

TO DATE MT FOR YR MT

252,
564,
672,

566,

FACILLITY)

UAK KI1DGE

FUEL STORED

252,

816,
1448,
2452,
33te,
4336,
b664,
5664,
5664,
%664,

TO DATE

Report--0ak Ridge Site

RAIL CAP TRUCK CAP  SERVICE
FRUM TRUCK SHIPMENT UTILIZATION UTILIZATION UTEILIZATION

PCT PCT PCT
LA A X X ¥ X N K X ¥ J L Y X L KX K & R J ] LA A X X 2 X X 2 X X J
5,7143 14,0000 8,2000
7.0476 31,3333 14,3333
9,1429 37,3333 17,6000
5,8095 53,5596 20,1333
13,4266 48,0000 23,8000
13,5238 56,6667 26,4667
14,5714 73,7178 32,3333
0,0000 0,0000 0,0000
0,0000 0,0000 0,0000
0,0000 0,0000 0,0000
6.,9238 31,4607 14,2867



G-4

BASELINE==JAN,19,

RUN UN 22=JAi=T7Y9 09144139

SFHF (SPENT FUEL HAMDLIWG FACILITY)

SFHF LOCATIUN CAKRLSBAD

YEAR KAIL TRUCK SERVICE SPENT FUEL STURED SPENT FUEL STURED
CAP CAP  CAP FROM RAIL SHIPMENT  FROM TRUCK SHIPMENT
aT HT MT MT FOR YR Mf 10 DATE MT FOR YR MT 10 DATE

1990 2100, 900, 3000, 1924, 1924, 900, 900,
1991 2100, 900, 3000, 876, 2800, 900, 1800,
1992 21v0, Y00, 3000, 868, Joou, 900, 2700,

AVERAGE 1223, 900,

FIGURE B-4. SFHF Report--Carlsbad

RAIL CAP
UTILIZATION
PCT

91,6190
41,7143
41,3333

44,4444

Site

1979 == 0OAK RIDGE CASE COMPARISON

TRUCK C
UTILIZATION
PCT

100,0000
100,0000
100,0000

66,6667

SERVICE
UTILIZATION
PCT

94,1333
59,2000
58,9333

51,1111



R UN¥ 22=dan=7y 09:44:3y

YEAR

1979
1989
1931
1982
1983
1954
1985
1936
1937
1988
1939
1990
1991
1992

BASELINE==JAN,1Y9, 1Y7Y == 0An RIDGE CASE COMPARISUN

bUILING WATER REACTOLR SUMMARY KEPUKT

STORAGE CAPACILLY ROLDING COS1
NT MT $1000
1772, 5165, 354,
1972, 6116, 394,
2050, 6621, 411,
2312, 6814, 462,
2680, 112, 536,
2976, 9153, 595,
3240, 10267, 048,
3456, 10457, 091,
3600, 10814, . 720,
3750, 11383, 751,
3904, 1170638, 781,
3704, 11976, 741,
3904, 11964, 7181,
4184, 11952, 837,
AVERAGE STORAGE = 3108,
AVERAGE mJLDING CUST = 022,

*¥¥¥* ALL CUSIS ARE RePUrIeD In CONSTANT DOLLARS

(BASe YEAR 1977)

FIGURE B-5.

BWR On-Site Storage Summary Report
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BASELIvkE==JAN,19, 1979 =« QAR RIUGE CASE CUMPARISON

RUN U~ 22=JAd=T79 09244339

PRESSURIZED WATEKR REACTOR SUMMARY REPURT

YEAR STURAGE CAPACITY HOLLING COST
M1 mT $1000
1979 2660, 9185, 798,
1980 3348, 10003, 1004,
1981 4120, 10943, 1236,
1982 a824, 12434, 1447,
1983 5592, 13276, 1678,
1984 6272, 14954, 1882,
1985 6872, 16176, 2062,
1945 71316, 17609, 2195,
1937 7940, 19183, 2382,
1948 8480, 20583, 2544,
1989 $968, 21367, 2690,
1990 9012, 22140, 2704,
1991 9400, 22079, 2820,
1992 10098, 22018, 3026,
AVERAGE STORAGE = 6778,
AVERAGE HOLDING COST = 2033,

X2k ALL COSTS ARE REPURIED IN CUNSTANT DOLLARS
(3ASe YEAKR 1977)

FIGURE B-6. PWR On-Site Storage Summary Report

B-7



Ktliw Ly

{9H3
1964
1955
1946
1947
1Y=n
1989
1990
1991
1932

TIIL

Jlm i L=y

AL Cosa s
(HhSe

T kK

FIGURE B-7.

Yt heet 3

ARE Reriidlroa
L977)

radtLlare=sday, 19,

Y
e

D iUKALGE

197y

ik K luGe CAdER
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P ACRU e UL ee
TerPUaARY CHakGr
PERK 4

4972, SUUL,
A0, Suuiy,
Luoe, 500uL,
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SFHF Storage Cost Report--0ak Ridge Site
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pudStLlaeesjan 1y, 1979 <o arn plihee CAOSE CUirFAKISUN

M L4 2= ja.. =79 998143244

SEne (orewt Purl arol1oG FACLLITY)

STLRAGe CLAT bk

SFnkF Locailuw  CARLSLAL

YEAR =i PLACED ik, [Ter

1 Ik APORAKY CHARGE T tAL COST

SilkaGe rer T s$10uvv
1990 2624, HuLv, lal20,
1991 1776, S0uu, 5880,
1992 1 Tos, Sy, #8340,

fioR, 31440,
AVEMAGE w[ HRCREIVEL = ¢123,

EXEXX A Cr 5P Awe KHeetmarny LN COMSTANT DUubLLAkS
(hadr 1Trb&r 1971)

FIGURE B-8. SFHF Storage Cost Report--Carlsbad Site
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RUN Uy

YEAK

1983
1944
1985
19806
1987
198 Y
1989
1990
1991
1992

2= )ntleTy

FRUCH

ChAnhS

K)o
v
21
29
33
32
3o
Hu
Hy
SU
4

t(hdty
CASKS
RE Qe

ysd4s i

PRUCK

CASK

HUAD D
ah3
1236
1472
2107
18Y]
2230
2903
19nb
19nb
1904

FIGURE B-9.

Aok

kALL
CAGRK
LuADS
56
[5Y;!
g
by
132
131
139
434
207
202

PEw=JAN, 14, 1979y == tiuh RIDGE CASE

SPENT FUEL HARLLTIWG FACILITY

R N N R I W R W R N I R N

CASK UT1ILl14ATIDr KEFORT

Shipping Cask Utilization Report

COMPARLSORN
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PASELINE==JAN,19, 1979 =~= (AR RIDGE CASE COMPARISOWN
KUN U Z22=daiv=1Y UY5443 39

REPORT UF SHIPHLoTS PROM SEHE T GEROLLGIC STORAGE

VR AR B S TSR W SR W S me W G W v A W G D ) B MR Ay G MR WP e G e M U P B G G G e e EN e NP S AR WP ST VR NS S R o

SEFHE LOCATIUE  UAK KIbGE

SHIPaENTS wlil neGlh Ik 1990

T W AR M AN TR MR M WS e S TR M AW e R WS G G W Em R T TR BR W WS

T it CcOsT
odR FUKL Pek FURL S100U
24908, boba, 102350,

FIGURE B-10. Report of Shipments to Final Destination from Oak Ridge SFHF
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BASELINE==JAR, 1Y, 1979 == Dak RIDGE CASE COMPARISONW

RUv U 22=dan=T7TY9 0Uyrd4239

g
ek Uk

2044,

FIGURE B-11.

REPOKT UF osnlPrbaly FRy Skl To GEULUOGLC STORAGE

e Sy Cw G WE N Sy ey G G R M ED N D NP BT B U 0 P MR NN SR W S B Y M G TR O AR NS GR Gv mn W AN GRS B0 A Sy AR MR SR oy e e

SEHE LOCATIUN  CAKLSBAD

SHIPMENTS WILL BrGIN 1IN 1997

e CUST
Pwr rukl, s1000
4320, 0,

Report of Shipments to Final Destination from Carlsbad SFHF
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BASEL LK== Jart, 19, 1979 =~ uan KLDGE CASE CUMPARLISUN

RUN Od 22=din="1y

AFK?: MORKIS

YEAR SPistit
RECKLV
Al ArR
A0

<1980

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

U93443 39

y 1L
;")“FPIJY
Filed, FOURL STORRD
(] Al STAKY

OF YbAK

Ml
PAVES L FRAER
Y44 20d %
L7 n 30¢s
1444 4104
1112 bhdy
L3z2v obnu
19214 1960
¢3¢0 Y0
i41b Le224
FAMY l4o4 U
030 172440
2uid 19920
3fvo 22008
316 258064

1992

XEXkEX FOR Y
AND SHlIPMEN

REPUKVED Ybhak Whibi ikl

nk, FIRST YrAR OF
P IGURES ARE SHMATIUNS FOR ALL YERAKS

FIGURE B-12.

DISPUSLTIUN
TUrAL Ukl STURED
SHIPMEWT AT YEAR END
T SFHES

't M
V] 2084
U 3028
0 4lou4
0 5h4d
0 6hb)
{) 79860
0 9904
0 12224
0 14640
¢ 117240
0 19920
Yo 22008
U 25864
0 2EHB0

ACTLIVLITY RLPURTED 'THE

SULURED AT STARY ur YRAR

STORAGE.
FAS T
CAPACLYY
mr
30040,
Julou,
30000,
30000,
3uovu,
300v0,
30000,
KYVISAVIVIN
3uuuo0,
300UV,
30000,
30000,
30000,
RVIVIVITIN

STORAGE,

BASTHN CAP

NV

pPCT
b.9467
10,0933
13,6800
16,4933
22,2000
20,0000
33,0133
4u,7461
G, B8000
57,4667
bbb, 4100
TH 600
86,2133
Gb,.26b67

Fukn RECEIVED

RIOR L)
1S NUt MEARLHGEUL .

AFR Shipment/Storage Summary Report

THE
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BASKLIHE~=dal, 1Yy, 1979 == AR KLLGE CASE COMPARLSUN

RUN O 22=dAw=1Y 0934435349
AFKS A0RKLS, 1Ll

YEAKR SHliePrn 0 UAK RIDLGE SHIPPED TQO CAKLSBAD
RALL TRUCK RAIL TRUCK
A Nt LY M
1979 N O, Uy O,
1980 U, U, 0, U,
1981 U, 0, O, O,
1982 0, O U, U,
1983 4 G, O, 0,
1944 U, O, 0, U,
1985 0, 0, 0, O,
1980 U, 0, 0, Uy
1987 U4 U, 0, U,
1984 U, 0, Uy 0,
1989 G, 0 o, U,
1990 U, O, 56 . U
1991 U, U, U, 0,
19492 Uy O Ue U,

FIGURE B-13. Detailed AFR Shipment Report



taSkrLlve==dAn,19, 1379 == JAK KIDGe CASE COMPARLISOI

RUN Qi 24=laau=TyY JY3144339
REACT Ik uauiur 40U

SEQUUOYAR 1

SEQUIIYAH 2

AATTS RAx

NALTS BA< &

BELLer)NL1E L

BELLEF ) ilr £

YELLOW Crrak 1

YELLOwW CrErs 2

SUrPLY DISPUSITIUwN
YEAR SCAEpdury vUell Slurekd (0fAL {UTAL Fuel, STORED COMBINED STORAGE
VIS3CharkGk AT START SHLIPMENT  SHIP <EnT AT YEAR Ehu STDRAGE BASIN CAP
Uk YEAR I'0 AERS TQ SFHFS bASIN CAP UTIL
AT T LIS AT % T T PCT
<1940 rE EEXEE Q 0 PE] 408, 60,8627
1980 LR 29 0 & 112 063, 16,6929
1981 ilo 114 0 ¢ 22% 781, 29,1933
1982 b9 2248 0 ¢] 272 741, 34,8271
1983 i 272 0 0 272 781, 34,8271
1984 Ze 2712 0 24 276 781, 35,3393
198% L 270 a CE| 32w 917. 35,7A88
1986 lbhe 3évw ¢ 1ie EX-1V] 1052, 30,1217
1987 b 3av 0 44 30 1052, 36,1217
198% Y 3oy G 0 dou 1052, 36,1217
1989 32 340 0 32 380 1052, 36,1217
1990 130 LIV 0 136 EETY 1052, 36,1217
1991 led 389 ¥ 168 Y. D 1052, 36,1217
1992 4 3ay s} 448 3oy 1052, 36,1217

XXkXX% FUR [ri FLIRSL YEAR Ur ACTIVIVIY REPURTEL iHE 021SCHARGE
AND SHI1Pweit rIGURES ARE SUmATIUNS FOR ALL YEARS PKRIOR Tu THE
REPORTED rrir whILKF Thi Fuel oTURED AT START UF YoAK IS ~OT MEAWINGEUL,

FIGURE B-14. Reactor Group Summary Report--Group 40
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BASELINE==JANM, 19, 1979 ==~ DAK RIbGE CASE CUOMPARLISUW

RUN Od 22=0sa4=T79 091441239
REACTUR GruUE <y

SEQUIYAH 1

SEQUUYAH 2

WATTS BAKR 1

WATTS BAK £

SelLLEEwie ]

BELLEEUNTK 2

YrLbuWw CRice.K 1

YELLUW CreoKk 2

YEAR sHlepw TO  waKk RLIDGE SHIPPRL TO CARLSHADL
RALL TRUCK RALL IRUCHK
Ml mT AT LNy
1979 U 0, U, O,
1980 (VI U, 0. Uy
1981 U, O 0 0,
1982 U, 0, 0, U,
1983 U, 0, Ue U,
1984 U, 44, O U,
198b 0, 8y, (4 0,
1980 0, l1eo, 0, 0
1987 U, 44, 0, O,
1988 U, (VIR 0, U,
1989 U, 2. O, O,
1990 O, 0, 130, U,
1991 U, 0, 168, U,
1992 U, 0, 12, 30,

FIGURE B-15. Detailed Reactor Group Shipment Report--Group 40
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LIST OF NUCLEAR POWER FACILITIES INCLUDED IN
THE SITE EVALUATION MODEL DATA BASE

The following Tist of nuclear power reactors from the Site Evaluation Model

data base is based on the United States section of the World List of Nuclear

Power Plants as published in the August 1978 issue of Nuclear News, pages

79-84. A currently operating, under construction, or proposed power plant
is included in the data base only if it is a light water reactor design
(Boiling Water Reactor--BWR or Pressurized Water Reactor--PWR) and its
actual or expected year of startup is 1990 or earlier. Proposed plants

with uncertain status or an indefinite startup date were not included.

The Tlist is arranged in order of actual or expected startup date. The
reactor name, type, net MWe generating capacity, location (state and nearest
town), and operating utility company are also included in the table. Other
information in the data base for each reactor includes latitude and Tlongitude,
core size, on-site storage basin capacity, and actual or expected spent

fuel discharge schedule (month/year and number of fuel assemblies for each

scheduled discharge).

C-1
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ACTUAL OR

OPERATING
UTILITY

EXPECTED GENERATING
STARTUP CAPACITY LOCATION
__REACTOR NAME DATE TYPE . (NET Mde) (STATE, NEARLST TOWN)

Dresden 1 8/60 BWR 200 IL (Morris)
Yankee Rowe 6/61 PWR 175 MA (Rowe)
Indian Point 1 10/62 PWR 265 NY (Indian Point)
Big Rock Point 12/62 BWR 63 MI (Charlevoix)
Humboldt Bay 3 8/63 BWR 63 CA (Eureka)
San Onofre 1 1/68 PWR 436 CA (San Clemente)
Haddan Neck 1/68 PWR 575 CT (Hadden Neck)
LaCrosse 11/69 BWR 48 WI  (Genoa)
Oyster Creek 1 12/69 BWR 620 NJ (Forked River)
Nine-Mile-Point 1 12/69 BWR 610 NY (Scriba)
Robert E. Ginna 3/70 PWR 490 NY (Ontario)
Dresden 2 8/70 BWR 800 IL  (Morris)
Millstone 1 12/70 BWR 652 CT (Waterford)
Point-Beach 1 12/70 PHR 497 Wl (Two Cxeeks)
Robinson 2 3/ PWR 665 SC (Harstville)
Monticello n BWR 536 MN  (Monticello)
Dresden 3 10/ BWR 800 IL (Morris)
Palisades 12/71 PWR 740 MI  (South Haven)
Quad Cities 1 8/72 BWR 800 IL (Cordova)

Commonwealth Edison

Yankee Atomic Electric
Consolidated Edison
Consumers Power

Pacific Gas & Electric
Southern California Edison
Connecticut Yankee Atomic Power
Dairyland Power Cooperative
Jersey Central Power & Light
Niagara Mohawk Power
Rochester Gas & Electric
Commonwealth Edison
Northeast Utilities

Wisconsin Electric - Wisconsin
Michigan Power

Carolina Power & Light
Northern States Power
Commonwealth Edison
Consumers Power

Commonwealth Edison
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ACTUAL OR

EXPECTED GENERATING
STARTUP CAPACLTY LLOCATION OPERATING
REACTOR NAME DATE TYPE  (NET Mde) (STATE, NEAREST TOWN) UTILITY
Quad Cities 2 10/72 BWR 800 IL (Cordova) Commonwealth Edison
Point-Beach 2 10/72 PWR 497 WI (Two Creeks) Wisconsin Electric - Wisconsin
Michigan Power

Vermont Yankee 11/72 BWR 514 VT (Vernon) Vermont Yankee Nuclear Power
Maine Yankee 12/72 PWR 790 ME (Wiscasset) Maine Yankee Atomic Power
Pilgrim 1 12/72 BWR 670 MA  (Plymouth) Boston Edison
Surry 1 12/72 PWR 775 VA (Gravel Neck) Virginia Electric & Power
Turkey Point 3 12/72 PWR 666 FL (Florida City) Florida Power & Light
Surry 2 5/73 PWR 775 VA (Gravel Neck) Virginia Electric & Power
Zion 1 6/73 PWR 1100 IL (Zion) Commonwealth Edison
Oconee 1 7/73 PWR 860 SC (Seneca) Duke Power
Fort Calhoun 1 9/73 PWR 457 NE (Fort Calhoun) Omaha Public Power District
Turkey Point 4 9/73 PWR 666 FL (Florida City) Florida Power & Light
Zion 2 12/73 PWR 1100 IL (Zion) Commonwealth Edison
Prairie Island 1 12/73 PWR 520 MN (Red Wing) Northern States Power
Duane Arnold 5/74 BWR 545 IA (Palo) Iowa Electric Light & Power
Kewaunee 6/74 PWR 535 WI (Cariton) Wisconsin Public Service
Cooper 7/74 BWR 778 NE (Brownville) Nebraska Public Power District
Peach Bottom 2 7/74 BKR 1065 PA  (Peach Bottom) Philadelphia Electric
Indian Point 2 7/74 PWR 873 NY (Indian Point) Consolidated Edison
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1

ACTUAL OR

EXPECTED GENERATING
STARTUP CAPACITY LOCATION OPERATING

REACTOR NAME DATE TYPE (NET Mde) (STATE, NEAREST TOWN) UTILITY
Browns Ferry 1 8/74 BWR 1067 AL (Decatur) Tennessee Valley Authority
Oconee 2 9/74 PWR 860 SC Seneca Duke Power
Three Mile Island 1 9/74 PWR 792 PA (Goldsboro) Metropolitan Edison
Peach Bottom 3 12/74 BWR 1065 PA (Peach Bottom) Philadelphia Electric
Prairie Island 2 12/74 PWR 520 MN (Red Wing) Northern States Power
Oconee 3 12/74 PWR 860 SC (Seneca) Duke Power
Arkansas 1 12/74 PWR 836 AR (Russellville) Arkansas Power & Light
Browns Ferry 2 3/75 BWR 1067 AL (Decatur) Tennessee Valley Authority
Rancho Seco 4/75 PWR 913 CA (Clay Station) Sacramento Municipal Utility District
Calvert Cliffs 1 5/75 PWR 850 MD (Lusby) Baltimore Gas & Electric
James A. Fitzpatrick 7/75 BWR 821 NY (Scriba) Power Authority, State of New York
Donald C. Cook 1 8/75 PWR 1054 MI (Bridgman) Indiana & Michigan Electric
Brunswick 2 11/75 BHWR 790 NC (Southport) Carolina Power & Light
Millstone 2 12/75 PWR 828 CT (Waterford) Northeast Utilities
Edwin I. Hatch 1 12/75 BWR 786 GA (Baxley) Georgia Power
Trojan 5/76 PWR 1130 OR (Prescott) Portland General Electric
Indian Point 3 8/76 PUR 965 NY (Indian Point) Power Authority, State of New York
Salem 1 12/76 PWR 1090 NJ  (Salem) Public Service Electric & Gas
St. Lucie 1 12/76 PWR 802 FL (Hutchinson Is.) Florida Power & Light
Browns Ferry 3 3/77 BWR 1067 AL (Decatur) Tennessee Valley Authority
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ACTUAL OR

EXPECTED GENERATING
STARTUP CAPACITY LOCATION OPERATING
REACTOR NAME DATE TYPE (NET Mie) (STATE, NEAREST TOWN) UTILITY

Crystal River 3 3/77 PWR 825 FL (Red Level) Florida Power Corporation
Brunswick 1 3/77 BWR 790 NC (Southport) Carolina Power & Light
Beaver Valley 1 4/77 PWR 833 PA (Shippingport) Duquesne Light
Calvert Cliffs 2 4/77 PWR 850 MD (Lusby) Baltimore Gas & Electric
Davis-Besse 1 11/77 PWR 906 OH (0ak Harbor) Toledo Edison
Joseph M. Farley 1 12777 PWR 860 AL (Dothan) Alabama Power
North Anna 1 6/78 PWR 934 VA (Mineral) Virginia Electric & Power
Donald C. Cook 2 6/78 PWR 1094 MI  (Bridgman) Indiana & Michigan Electric
Edwin I. Hatch 2 11/78 BWR 786 GA (Baxley) Georgia Power
Three Mile Island 2 11/78 PWR 880 PA  (Goldsboro) Metropolitan Edison
Diablo Canyon 1 11/78 PWR 1060 CA (Diablo Canyon) Pacific Gas & Electric
Arkansas 2 12/78 PWR 912 AR (Russellville) Arkansas Power & Light
North Anna 2 4/79 PWR 934 VA (Mineral) Virginia Electric & Power
Salem 2 5/79 PWR 1115 NJ (Salem) Public Service Electric & Gas
Diablo Canyon 2 5/79 PWR 1060 CA (Diablo Canyon) Pacific Gas & Electric
McGuire 1 7/79 PWR 1180 NC (Terrell) Duke Power
Sequoyah 1 7/79 PWR 1148 TN (Daisy) Tennessee Valley Authority
LaSalle 1 9/79 BWR 1078 IL (Seneca) Commonwealth Edison
Watts Bar 1 12/79 PWR 177 TN (Spring City) Tennessee Valley Authority




* ACTUAL OR

9-3

EXPECTED GENERATING
STARTUP CAPACITY LOCATION OPERATING
REACTOR NAME DATE TYPE (NET Me) {STATE, NEAREST TOWN) UTILITY
Zimmer 1 /79 BWR 810 OH (Moscow) Cincinnati Gas & Electric
Sequoyah 2 3/80 PWR 1148 TN (Daisy) Tennessee Valley Authority
Virgil C. Summer 1 5/80 PWR 900 SC (Parr) South Carolina Electric & Gas
Bellefonte 1 6/80 PWR 1213 AL (Scottsboro) Tennessee Valley Authority
Watts Bar 2 9/80 PWR 1177 TN (Spring City) Tennessee Valley Authority
LaSalle 2 9/80 BWR 1078 IL (Seneca) Commonwealth Edison
WNP-2 9/80 BWR 1100 WA (Richland) Washington Public Power Supply System
South Texas 1 10/80 PWR 1250 TX (Palacios) Houston Lighting & Power
San Onofre 2 10/80 PWR 1057 CA (San Clemente) Southern California Edison
Joseph M. Farley 2 /80 PWR 860 AL (Dothan) Alabama Power
Fermi 2 /80 BWR 1100 MI  (Newport) Detroit Edison
Shoreham /80 BWR 820 NY (Brookhaven) Long Island Lighting
Comanche Peak 1 1/81 PWR 1150 TX (Glen Rose) Texas Utilities
Susquehanna 1 2/81 BWR 1050 PA  (Berwick) Pennsylvania Power & Light
Midland 2 3/81 PWR 805 MI  (Midland) Consumers Power
Bellefonte 2 3/81 PWR 1213 AL (Scottsboro) Tennessee Valley Authority
McGuire 2 3/81 PWR 1180 NC (Terrell) Duke Power
Waterford 3 4/81 PUR 1165 LA (Taft) Louisiana Power & Light

Grand Gulf 1 4/81 BWR 1250 MS (Port Gibson) Mississippi Power & Light
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Catawba 1
Braidwood 1
Byron 1

Perry 1

San Onofre 3
Midland 1
South Texas 2
Beaver Valley 2
Susquehanna 2
Palo Verde 1
Callaway 1
Braidwood 2
Byron 2
Seabrook 1
Clinton 1
WHP-1

Marble Hill 1
Catawba 2

Comanche Peak 2

CREACTOR AME

ACTUAL OR

EXPECTED
STARTUP
DML

7/81
10/81
10/81
12/81

1/82

3/82

3/82

5/82

5/82

5/82
10/82
10/82
10/82
12/82
12/82
12/82

/82

1/83

1/83

TYPE

PUR
PWR
PWR
BWR
PHR
PUR
PWR
PUR
BWR
PUR
PWR
PHR
PWR
PWR
BWR
PUR
PHR
PWR

PUR

GLNERATING
CAPACTTY

(NET Mie)
1145
1120
1120
1205
1057

530
1250

833
1050
1270
1150
1120
1120

(STATE, NUARCST TOWN)

SC
IL
IL
OH
CA
Ml
X
PA
PA
AZ

IN
SC

%

LOCATION

(Clover)
(Braidwood)
(Byron)

(North Perry)
(San Clemente)
(Midland)
(Palacios)
(Shippingport)
(Berwick)
(Wintersburg)
(Fulton)
(Braidwood)
(Byron)
(Seabrook)
(Clinton)
(Richland)
(Jefferson County)
(Clover)

(Glen Rose)

o ' }
OPERATING
e Jnwerey
Duke Power

Commonwealth Edison

Commonwealth Edison

Cleveland Electric Illuminating Company
Southern California Edison

Consumers Power

Houston Lighting & Power

Duquesne Light

Pennsylvania Power & Light

Arizona Public Service

Union Electric

Commonwealth Edison

Commonweath Edison

Public Service Company of New Hampshire
[11inois Power

Washington Public Power Supply System
Public Service Indiana

Duke Power

Texas Utilities
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REACTOR NAML

North Anna 3
Wolf Creek

St. Lucie 2
Perry 2
Hartsville Al
Nine-Mile-Point 2
Hartsville Bl
Forked River 1
WNP-3

Grand Gulf 2
Shearon Harris 1
Black Fox 1

Palo Verde 2
North Anna 4
Hope Creek 1
Hartsville A2
WNP-4

Phipps Bend 1

River Bend 1

ACTUAL OR
CXPECTED

STARTUP

CDATE

4/83
4/83
5/83
6/83
6/83
10/83
12/83
12/83
1/84
1/84
3/84
4/84
5/84
5/84
5/84
6/84
6/84
8/84
10/84

TP

PWR
PUR
PWR
BWR
BWR
BWR
BWR
PWR
PWR
BWR
PWR
BWR
PUR
PWR
BWR
BWR
PWR
BWR

BWR

GENERATENG

CAPACTTY
(HET thle)

938
1150

802
1205
1233
1030
1233
1120
1240
1250

900

(STATL, MEAREST TOWN)

VA
KS
FL
OH
TN
NY
TN
NJ
WA
MS
NC
0K
Az
VA
NJ
TN
WA
TN

LA

LOCATION

{Mineral)
(Burlington)
(Hutchinson Is.)
{North Perry)
(Hartsville)
(Scriba)
(Hartsville)
(Forked River)
(Satsop)

(Port Gibson)
{Newhill)
(Inola)
(Wintersburg)
{Mineral)
{Salem)
(Hartsville)
(Richland)
(Surgoinsville)

(St. Francisville)

OPERATING
urmenry.

Virginia Electric & Power

Kansas Gas & Electric

Florida Power & Light

Cleveland Electric Illuminating Company
Tennessee Valley Authority

Niagara Mohawk Fower

Tennessee Valley Authority

Jersey Central Power & Light
Washington Public Power Supply System
Mississippi Power & Light

Carolina Power & Light

Public Service Company of Oklahoma
Arizona Public Service

Virginia Electric & Power

Public Service Electric & Gas
Tennessee Valley Authority

Washington Public Power Supply System
Tennessee Valley Authority

Gulf States Utilities
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__ RUACTOR NAML

Vogtle 1
Hartsville B2
Seabrook 2
Marble Hill 2
Bailly N-1
Cherokee 1
Yellow Creek 1
Davis Besse 2
Limerick 1
Pilgrim 2
Skagit 1

WNP-5

Phipps Bend 2
Vogtle 2
Allens Creek 1
Tyrone 1
Yellow Creck 2
Shearon Harris 2

Black Fox 2

ACTUAL OR
EXPLCTED
STARTUP

S OATE

11/84
12/84
12/84
/84
/84
1/85
3/85
4/85
4/85
6/85
7/85
7/85
8/85
11/85
/85
/85
3/86
3/86

4/86

GENERATING
CAPACETY LOCATION
TYPE (RET Mie)  (STATE, NEARUST 10WN)

PWR 1700 GA (Waynesboro)
BWR 1233 TN (Hartsville)
PWR 1150 NH (Seabrook)

PWR 1130 IN (Jefferson County)
BWR 645 IN (Baillytown)
PWR 1280 SC (Gaffney)

PWR 1285 MS  (Iuka)

PHR 906 0H (Oak Harbor)
BWR 1055 PA  (Pottstown)

PWR 1180 MA  (Plymouth)

BHR 1288 WA (Sedro Wooley)
PWR 1240 WA (Satsop)

BWR 1233 TH  (Surgoinsville)
PWR 1100 GA (Waynesboro)
BWR 1200 TX (Wallis)

PWR 1100 WI  (Durand)

PWR 1285 MS (luka)

PWR 900 NC (Newhill)

BWR 1150 0K (Inola)

OPFRATING
__umInY

Georgia Power

Tennessee Valley Authority

Public Service Company of New Hampshire
Public Service Indiana

Northern Indiana Public Service

Duke Power

Tennessee Valley Authority

Toledo Edison

Philadelphia Electric

Boston Edison

Puget Sound Power & Light

Washington Public Power Supply System
Tennessee Valley Authority

Georgia Power

Houston Lighting & Power

Northern States Power

Tennessee Valley Authority

Carolina Power & Light

Public Service Company of Oklahoma
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Pebble Springs 1
Erie 1

Sterling
Millstone 3

Palo Verde 3
Hope Creek 2
Green County
NEP-1

Cherokee 2
Limerick 2
Callaway 2

Davis Besse 3
Haven 1

Skagit 2
Greenwood 2
Perkins 1
Shearon Harris 4
Erie 2

Palo Verde 4

_REACTOR HAME

ACTUAL OR
EXPECTED
STARTUP
OATE

4/86
4/86
4/86
5/86
5/86
5/86
7/86

/86
1/87
4/87
4/87
4/87
6/87
7/87

/87
1/88
3/88
4/88

5/88

JALS

PWR
PWR
PWR
PWR
PUR
BWR
PUR
PWR
PWR
BWR
PHR
PWR
PHR
BWR
PWR
PHR
PYR
PWR

PWR

GENERATING
CAPACITY
(NET Mde)

1260
1260
1150
1150
1270
1067
1200
1150
1280
1055
1150

906

300
1288
1200
1280

900
1260

1270

(STATE, NEAREST TOWN)

OR
OH
NY
T
Az
NJ
NY
RI
SC
PA
MO
OH
Wi
WA
MI
NC
NC
OH

AZ

|.OCATION

(Arlington)
(Berlin Heights)
(Sterling)
(Waterford)
(Wintersburg)
(Salem)
(Cementon)
(Charlestown)
(Gaffney)
(Pottstown)
(Fulton)

(Oak Harbor)
(Haven)

(Sedro Wooley)
(St. Clair County)
(Mocksville)
(Newhill)
(Berlin Heights)

(Wintersburg)

OPERATING
o uTmarY o

Portland General Electric

Ohio Edison

Rochester Gas & Electric
Northeast Utilities
Arizona Public Service

Public Service Electric & Gas

Power Authority, State of New York

New England Power

Duke Power

Philadelphia Electric

Union Electric

Toledo Edison

Wisconsin Electric Power

Puget Sound Power & Light

Detroit Edison

Duke Power

Carolina Power & Light

Ohio Edison

Arizona Public Service
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_ RULACTOR NAME

Clinton 2
Atlantic 1

NEP-2

Jamesport 1
Cherokee 3
Pebble Springs 2
Haven 2

Zimmer 2
Montague 1
Greenwood 3
Shearon Harris 3
Palo Verde 5
Atlantic 2

Jamesport 2

ACTUAL OR
EXPECTED
STARTUP
_DATE IYPE
6/88 BWR
/88 PUR
/88 PUR
/88 PWR
1/89 PUR
4/89 ' PWR
6/89 PUR
/89 BWR
/89 BWR
/89 PR
3/90 PR
5/90 PUR
/90 PUR
/90 PR

GENERATING
CAPACITY
(NET Ie)

950
1150
1150
1150
1280
1260

900
1150
1150
1200

900
1270
1150
1150

(STATE, HEARCST TOWN)

IL
NJ
RI
NY
SC
OR
WI
OH
MA
MI
NC
Az
NJ
NY

LOCATION

(Clinton)

(Little Egg Inlet)
(Charlestown)
(Riverhead)
(Gaffney)
(Arlington)
(Haven)

(Moscow)
(Montague)

(St. Clair County)
(Newhill)
(Wintersburg)
(Little Egg Inlet)

(Riverhead)

OPERATING
UTILITY

I11inois Power

Public Service Electric & Gas
New England Power

tong Island Lighting

Duke Power

Portland General Electric
Wisconsin Electric Power
Cincinnati Gas & Electric
Northeast Utilities

Detroit Edison

Carolina Power & Light
Arizona Public Service

Public Service Electric & Gas

Long Island Lighting
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