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CHAFTER ORE - INTRODUCTION

If power shortades are tc be avoided, spent nuclear
fuel storage facilities nmust be provided during tae early
1960s. Due to the social, économical, technical, and
political issues surrounding nuclear power some form ot a
managerial aid is reguired tc enhance the decision-making
pProcess. 4 gimulation model of the back-end of the
nuclear fuel cycle iz developed. This model assists the
Department of Energy managers in the compiex decision
processes enbroiled with solving spent fuel storage
demands.

During either the hottest summer days or coldest
winter nights, utilities in certain regions of the country
are producing electricity at near-maximum capabiliity.
Hence, the wuntimely loss of any electricity generating
facility can cause severe consequences. Rithough nuclear
power accounts for only approximately eleven percent of
the electricai needs of this country, a reduction imn
nuclear energy can resuit in power shortages and
brounouts. Presently, the future of the nuclear industry
rests in solving the political and technological problems

associated with the back-end of the nuclear fuel cvcie.
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These protlems are compounded by the Presidentts
energy ennouncement of April, 1577. This anncuncempent
states that, in order to meet the non-proliferation
objectives of the United States, reprocessing of spent
nuclear fuel is discontinued. In addition, a limited
amount cof foreign spent nuclear fuel is to be stcred in
the continental United States. Since practically ali
existing at-reactor storage faciiities vwere designed with
the anticipation of reprocessing, this shift in tae policy
cof the United States mandates that some form of interism
spent fuel storage be provided until the acguisition of
final storage repositories is realized (first repository
scheduled to be on-line in 1997). There exists an urgent;
nay, & dire need to provide interim storage space in order
that no commercial nuclear reactor facility has to
shutdown due to its inability to store spent nuclear fuel.

This country does not have the time nor the luxury to
appliy inefficient or trial and error management techunigues
to the myriad of <factors related to the nuclear fuel
cycle. To enlist the most efficient method with whichk to
aid both the Departmeht of Energy ranagers and the utility
managers in the decision-making processes, a simulation
nodel is developea which permits examination of all the

factors and permutations thereof which affect the back-end



of the nuclear fuel cycle. A sampling of such factors

includes: 1) on-line times ané handling rates of the Away-

From-Xeactor (AFR) Storage faciiities, 2) spent fuel
output of individual reactors, 3) spent fuel storage

demands from foreign countries, and 4) repository on-iine
times and capacities. Each factor is a culmination of
literally hundreds of activities, each of which are
trackable via the simulation. B simpplified example of &
related ladder of activities is: Public hearings and
comments are recuired to complete a generic environmental
impact statement covering interir storage facilities.
After the generic statement is 1issued and a Record of
Decision is filed, a site-specific environmental impact
statement is prepared followed by facility design, then
facility constrUCtion} and finally operation. One
managerial gquestion might be “How doeg a delay of six
months in public hearings affect the demand for repository
space in the vear 2005?% The simulation model quickly and
inexpensively answers such a guestion. The model permits
the scrutiny of any desired scemnario, arring the managers
with a most efficient and effective managerial
technigue-—absolutely essential if this country is ¢going
to solve the current nuclear dilemma in a timely fashion.

Initial results of the model using input data based



upon the most probable energy scenarioc as conceived by
Department of ZEnergy officials indicate that certain
reactor complexes reguire away-from-reactor storage pricr
to the availability of any tederal interim storage
facility. To wrevent the actual shutdown of these
Teactors, temporary measures are being taken. These
stopgap measures irclude the storage of spent fuel against
the full core reserve capacity of at-reactor storage pools
and the transshipment of spent <fuel to other <reactors
possessing available storage space.

This effort details the steps involved in the
developrnent of the spent fuel simulation model. Since the
work combines the technigues associated with both nuclear
engineering and operations research, a section on the
current nuclear situation and a section on simulation are
included in Chapter Two. The second chapter also examines
the availabiiity of the different sources of 1input data.
Chapter Three covers the simulation model developrent and
verificatione. The author believes that since this model
has been designed for implementation by the Department of
Energy, that accurate and accountaple input is essential.
Theretore, Chapter Four discusses the various input
sources 1in detail and investigates the techniques

developed to ensure the accuracy and accountability of
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said data. Chapter Pive contains results and Chapter Six
examines the conclusions. Finally, Chapter Severn states

recomnenGations for future researche.



CHARTER TWO - BACKGROUXD

k simulation model is developed which aids Depertment
of Xnerqgy (DOE) managers, Dupont @managers, and utility
managers in the realization of the DOE hkway-From-Keactor
(AFR) Spent Fuel Steorage Frograz objective. The objective
states that no commercial power reactor will have to shat
down due to a lack of spent fuel storage space.® This
model simulates the back-end of the nuclear fuel cycle as
defined by the United States Policy of 1977. In the
development of the simulation model numerous subject
natters are examined, the data digested, and the pertinent
inforration extracted. This chapter reviews each of tke
three major areas of research which affect the model. The
area, THE CRITICAL NEED, explains the urgency which exists
in solving the storeage problem. Kext, THE APFPROARCH,
ovtlines the principles underlying simulation techknigues
and why simuiaticn provides a most powerful tooi in the
analysis of the fuel cycle. In addition, the advantages
and disadvantages of various simulation languages are
reviewed. Once a mneed for a wmodel and a modelling
technique are chosen, a source of accurate data must pe

obtained. The third area, THE IBPUT, examines the socurces



of input data. Posgsessing all the proper prereguisites,
the actual development of the simulation model is covered

in Chapter Three.

THE CRITICRL NEED

Cne thought repeatedly surfaces when reviewing

literature concerning the status of spent fuel storage.

14 this country get into

f¥)

This thought concerns Jjust how
such a dire situation. Throughout the history of nuclear
power, fuel discharge projections have been made. What
happened? o understand the current dilemma, one must
first understand that nuclear power 1s a vital energy
source which cannot be abolished. Next, an understanding
of the difference Letween the nuciear fuel cycie as
conceived prior to 1977 and the currently defined nuclear
fuel cycle is reguired. ¥inally, an ezamination of
existing andé planned storage facilities, their
availability, and methods to increase the capacities of
the spent fuel storage pools 1is given. This section
includes both at-reactor (AK) storage facilities and away-
from-reactor (L¥R) storage facilities. At this point, the

rystery shouid bhegin to unravel.



Nuclear ERole:

In 1979 the total energy consuption of the United

States was 79 cuads (one <guad 1s one quadrillion 3BTY) .2

Lnd

0f this amount, 24 guads (approximately thirty percent)

was produced by the electric wutilities.2 A furthe

H
[a]

breakdown of the production of energy by the electri

9]

utilities indicates that nuclear facilities produced 2.7

quads (eleven percent) ; hydroelectric faciiities, 3.

-

quads (tkirteen percent); petroleum facilities, 3.6 quads
(fifteen percent); mnatural gas facilities, 3.6 gquads
(fifteen percent); and coal facilities, 11.2 quads (forty-
six percent) .? & breakdown by the end users of electricty
shows thirty—-four percent for residential, forty-one
percent for industriai, and twenty-five percent for
commercial users.3 2 regional breakdown reveals that the
nuclear contribution was greatest in the N¥ortheast, Hid-

West, and Mid-Atlantic .regions.® £in exarination of these

figures attest to the vital «role that nruclear power plays

in the overalil energy picture of the United States. A
loss or severe reduction in the nuclear generation

capabilities of this country can affect all sectors of ocur
€COnony.

Several issues highlight the plight of nuclear power.



One: during peak loads there 1is not enough non-nuclear

capacity to make-up for a sericus loss ¢i nuclear powver.

Two: an energy system comvrising a balance of different
energy sources has, historically, proven to be most
advantageous. Two Midwest states, Illinois and Indiana,

had drastically different effects during the coal strike
of 1977 and 1978. The electrical energy for Indiana is
produced predominately from coalg whereas, a balance of
coal anéd nuclear supplies Illinocis. During the strike,
Indiana had extensive plant and school closings, vwhereas
Iliinoisc saw only minor disturbances. Taree: coal, which
sore individuals proclair should replace nuclear power,
procuces hazardous environmental effects. Acid rain and
the "greenhouse" effect are potentially more damaging than
any accident with nuclear eneragy. Four: producing oil
from o0il shale reguires vast amounts of water, water which
is just not going to be available.® Hence, nuclear enerqgy
is a vital resource that this country can illi-afford to do

without.

Nuclear Fuel Cycle:

The critical need for storage space can be observed
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by studying the nuclear fuel cycle, as conceived by the
ntilities prior to the <change 1in the United States's
energy policy of 1977. Frior to 1977, reprocessing of
spent fuel was anticipated. Since Treprocessing returns
fuel to the reactor the term %cycle" is employed. Figure
1 depicts the nuclear fuel cycle as conceived prior to
1977.4 FEach stace of this c¢ycle 1s briefly exarined
starting with mining and milling.

Klmost all wuranium ore mined in the United States
comes from west of the Mississippl Eiver, notakly the
Colorado Plateau and Wyoming basin areas. The uranium
content of these ores typically ranges from U.15 to (.30

percent uranium oxide. The uranium isotope concentrations

Aftgr mining, the uranium ore is milled, purified, and
sent to the conversion plants for refinement. rere, the
ore is converted into a gasecus compound termed uraniul
hexaflouride. This comwpouné 1s reguired for the next
phase of the cycle, enrichment. Enrichment is the process
where the percentage of U-235 is increased above its
natural value.S Enrichment 1is needed since commercial
reactors reguire approximately three percent fissionable
U-235. Presently, commercial fuel is enriched via gaseous

diffusion. Small scale experiments have been conducted
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Figure 1. 2Yuclear Fuel Cycie, pre-1977



enriching uranium by gaseous centrifuge techniques. Since
these experiments kave proven satisfactory, a cozmercial
size centrifugal plant is being constructed in Portsmoath,
Okio. The centrifuge process holds promise to léwer
enrichment costs; 1largely due to the tremendous reduction
in electricity required for operation.

After enrichmrent, the corversion and fabrication of

fuel for use in a reactor core are accosmplished. First,

.

the wuranium hexaflouride 13 converted intc the fuel
material; typically, uranium dioxide. Next, the uranium
dioxide is fabricated into swalil fuel peliets which are
loaded into individual fuel rods. In turn, the fuel rTods
are cogrouped into fuel assemblies. Table 1 outlines the
characteristics of a typical fuel assembly.® R cozmercial
reacter c¢an have upwards to several hundred assenmblies
comprising the core.

One-third of the core of a commercial reactor 1is
replaced each year with fresh fuel asserblies. Fence, an
individual fuel assembly has a life, sithin the reactor
core, of three years. Upon the removal of a fuel asserbly
( now termed spent fuel assembly), the assembly is stored
at a storage pool located adjacent to the ©reactor
containrent building. Such a storage facility 1s termed

an at-reactor (i4F) storage gpool. Presently, all spent
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Table 1. Characteristics of Typical LWR Fuel Assemblies

PWR

BWR

Assembly length, m

4.1

4.4

Assembly width, cm

21.3

14.0

No. of fuel rods

264a
(17x17 array)

64
(8x8 array)

Fuel rod diameter, cm .94 1.24
Uranium weight, :

Metric ton 0.52 0.21
Total assembly weight,

Metric ton 0.66 0.28

a Array -- the regular arrangement.
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fuel 1is stored as fuel &assemblies; although, some
experimentation is underway to store fuel by indiviaual
rods.® Table 2 lists some cheracteristics of AR storage
pools.® The 4R =ztoracge facilities are =<sized¢ to hold an
apount of assemblies egual to the number of assexnbliies
comprising one full core plus one reload (one-third core).
This size is realized since fuel 1is to Dbe shipped to
chemical reprocessing plants. K section of storage
capacity 1in each pool remains available in case of an
emergency reqguiring the removal of the entire reactor
core. This space is termed fuli core reserve (FCX) and,
although rot recuired by federal or state regulation, is
highly desirable. keactors have had to make full core
discharges fifty tizes in the past.® Some studies sugoest
that corsumer <rates may be kigher 1if a utility does not
possess FCR space. When a full core discharge is required
and there 1is not sufficient on-site sﬁo:aqe, then
permission must be obtained to transship the fuel. The
time required for approval translates into time which
replacement power must be purchased from another uwtility.®

Spent fuel assemblies are stored at the reactor for a
period of time to allow & reduction 1in the radioactivity
levels. Although the miniwmum time for storage is 120

days, longer cooling periods reduce the radiclysis of some
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Table <. Characteristics of at-Reactor Spent-Fuel
Storage Poois

as small as 3.3m by 3.3m (LaCross Reactor)
SIZE as large as 12.2 m by 18.3 m
(Donald C. Cook Reactor)

as shallow as 7.9m (Humbolt Bay Réactor)
DEPTH as deep as 13.7m (Donald C. Cook Reactor)
at least 3.7m of water above fuel

WATER CHEMISTRY maintained below 50°C
Tess than 5X10% curies per cubic meter

MATERIALS reinforced concrete lined with stainless steel




of the chemical reacents used in reprocessing. Hence, the
reprocessing of older fuel (stored for periods up to five
years or more) is desirable. After this storage, the
spent fuel is processed into. uranium, plutonium, and waste
fractions. Plutoniuw comes from nuclear activation of
t-238, forming Pu-22%. Pu-239, in itself, is an excellent
fissicnable material; in fact, since FPu-239 is the primary
constituent in nuclear weapons, the misuse of this elezent
is the basis for the Lhalt in reprocessing. The cyclie is
completed when the recovered uranium -is converted to

uranium hexafluoride for enrichment purposes and then

combined with plutcnium into new fuel rodés.

Spent Fuel Storage:

In summary, the preceedinq description of a nuclear
fuel cycle applies to a cycle as was envisioned prior to
the United States Administration®s energy policy of 1¢77.
Uranium, plutoniumn, and their isoctopes rmake up
approximately seventy percent of the weight of a spent
fuel assenbly. The remaining thirty percent comnsists oif
structural paterials and fission products. Of the uranium

and plutoniunm, typically one percent is U-235 and one



percent is Fu-239. ifter a period of storage, this fuel
was originally expected to be reprocessed and cycled
throughk the reactor. | With & halt in reprocessing, this
spent fuel must be stored, never again to see a reactor
core. The present ban on reprocessing mandates the need
for large <capacities of spent fuel storage space. The
present objective cf the AFR Program is to quarantee that
no commercial reactor has to shut dJdown due to a lack of
spent-fuel storage space.? Geologic repositories whaich
are being designed for both defense wastes and for
commercial spent fuel will not Dbe on-line until 1997 at
the earliiest.? Therefore, since AR storage pools are
designed for reprocessing and do not possess the capacity
for long-term storage, some form of interim storage must
be forthcominge. To meet the stated objective of the ATFK
program, these AFR facilities mzust start coxing on-line in
the early 1980's. This date is chosen since severzl
reactors are projected to £ill their available BF pocls in
the early 1980Ct's.7

The LEFR Program objectives are Dbeing pursued via &
variety of fronts: 1) 1increase BR storage by new storage
techniques; 2) investigate penefits of intra- and inter-—
utility shipwent of spent fuel; 3) license and modify, if

nRecessary, existing nuclear facilities which are



potentially capable of storing spent fuel until storacge
repositories come on-line; and 4) design, construct, and
operate new AFR facilities as needed. Bach area of

endeavor is explained in the foliowing paragraphs.

AR Storage Facilities:

Typically, AR storage rTacks are designed using
aluminum or steel and result in a fuel storage density ot
2.6% metric tons of uraniur per sguare meter (mtu/sg m) .
Such a density prevents criticality, even if unirradiated
U-235 is stored in the pools. In order to increase the
storage density, a neutron absorbing substance (poison)
can be added to the racking material. Fresently, three
types of new desion racks are licensed. The tirst design
employs stainless steel and achieves a frel storage
density of 4.20 mtu/sq m. An increase in storage density
to 6.24 mtu/sqg m is achieved if boron (a poison) is added.
Pinally, boral racks comprised of boron carbide dispersed
in aluminum achieve the same storage density of 6.24
ntu/sg m.®

Studies are underway to increase further the storage

density. One method consists of placing individeal fuel
r :



ssemblies in cans with small wmetal beads surrounding tae

[s}}

fuel rods. This method permits & density of 8.07 atu/sqg
m. Another technigue involves the uniform crushing of the
fuel spacers and grid plates within a fuel assembliy until
the rods are almost touching. Thus, & storage density of.
10.23 mtu/sg m  can be achieved. The mest promising new
development involves removing the individual fuel roas
from an assemily and placing them in & can. Within this
can the fuel rods would be tcuching each other, achieving
a density of 11.84 mtu/sqg n.6 Bone of these newver

methodologies have hteen licensed.

Transshiprxent of TFuel:

This method of allocation of fuel storage space is
almost entirely political rather than technological. iz
an individual reactor's AR pool is full, ther an ortion
exists to ship its spent fuel to either a storage pool
with available capacity located within the same utility
(intrashipment) or a storage pool éwned by another utility
(intershipment) . The intershiprment option is considered
only as a last resort. :

¥ach shipment must meet the approval of the Nuclear



Regulatory Comprision (KEC) . In addition, states arnd
localities way reguire approval. legal proceedings

brought on by envirommentalists or any other group could
hinder transshipment. The present conmnplexities of this
method of storage enhancement reduce the effectiveness of

transshipment as an efficient, long-tern storage aid.

AFR Facilities:

The President's HMessage tc Congress on Feburary 12,
1980 directed the Department of Enerqgy (DOE) to design,
acguire or construct, and operate one or more away—-from-
reactor facilities and to accept, for storage, donmestic
spent fuel and a limited amount of foreign spent fuel
until permanent <disposal facilities are available.® ¥The
DOE is congidering the acquisition of three existing
facilities, originally intended as fuel reprocessing
facilities, and the construction cf one or more new AFER
facilities. The three euwisting facilities are: 1)
Barnwell ¥uclear Fuel Flant (BNFE); 2) General Electric-
Morris Plant (GE-Horris); and 3) Western New York Nuclear
Service Center, WNYNSC (West Valley). Bach facility is

described below.



The Allied General Nuclear Services (RGHNS) Fuel
kecovery and Storace Station 1is part of the Barnwell
Nuclear Fuel Plant Separation Facility, located in

Barnwell, South Carolina. The BNFPF is designed to

=]

reprocess spent fuel and provide for the proper ranagement
of the wastes resulting from such reprocessing. This
facility has never been licensed for reprocessing. in

1974 a license appliication was submitted +to emplcecy the

five interconnected storage pools as interim spent-fuel

storage areas. tfter a Final Environmental Statement and
a Safety Evaluation Report were 1issuea in 1976, the
licensing procedure was suspended. all auxiliary

equipment (e.g., circulating water, unloading cranes)
exists; and this faciiity could be ready to receive spent
fuel once licensed. The current capacity is 400 zetrac
toné of uraniuz (mtua) . This capacity is liimrited oniy by
the types of existing storage racks; however, exploying
the aforementicned rackino techrigues, a capacity of 1750
mtu can be achieved. £ yearly handéling rate (HE)
indicates how much fuel can be unloaded from shipping
casks and racked inte the storage pools. in general, the
HE is the limiting factor in the amount of fuel which can
ke stored in any given <facility. For the BEFF, the

handiing rate at 1750 wtu capacity is 750 mtu/year.®



The GE-Morris facility is located in Coose Lake
Township, Iilinois as part of GE's Midwest Foel Kecovery
Plant.at Morris, Iiliincoise. In 1973 the construction and
testing of this facility as =a reprocessing piant were

completed. In addition, the appropriate licenses ior

a

storage of nuclear fuel were received. The facility,

however, never operated as a reprocessing plant and now i3

licensed only for spent fuel storage. This license
applies only for the GE owned facility. Fhen and if the

DOE purchases this facility for use as an AFE site, the
license will have to Dbe renegotiated. Initiaily the
license permitted the storage of 100 mtu, but presently
permits the storage of 750 mtu (based on Roiling Water
Reactor, BWR, fuel oniy). If & mixture of forty percent
BWR and sixty percent Presurized Water Reactor (PWR) fuel
is stored, the capacity is approximately 700 &nmtu.
Reracking existing pools would increase storage capacity
to 1100 mtu. The DOE has proposed the construction of a
totally new pool which would have a capacity of 1700 utw,

yielding a total cepacity <for Morris of 2800 atu.

Currently, approximately 350 mtu of spent fuel is stored
at this location. This fuel has been recelived from the
following reactor complexes: 1) Connecticut Yankee, 2)

San Oncfre, 3) Foint Beach, 4) Dresden, anc¢ 5) LaCresse.



N
[FR)

The contracts were originally written with the intent to
reprocess this spent fuel. Since then, the contracts have
been modified for only the storage of the fuel. ks of
»id-1979, GE has suspended any further storage
operations.% The handling rate, which depends upon factors
such as design and degree of contamination of <shiprent
casks, is between 20U and 300 mtu/vear.®

The West Valley facility (WNYNSC) is located about
fifty kilometers south of Buffalo 1in the town of Ashfcrd,
New York. This facility has the distiaction of being the
only facility in the United States neot only licensed to
reprocess spent nuclear fuel, but actually operating as za
reprocessing faciltiy for a number of years. In addition,
burial grournds for =so0lid nuclear wastes are located on-
site. The storage capacity can be increased via several
methods. The present racks permit a storage capacity of
270 mtu. If & modified canister desiqn is implemented,
the storage capacity increases to 775 mtu. An upgrade to
1240 mtu 1is possible if multi-assembly storage canisters
are liocked to a supporting fioor grid. Finally, a maxinam
capacity of 1500 mtu 1is achieved by the use of <free-
standing storage modules. In each scenario, the handling
rate is 750 mtu/year. Presently 163.5 mtu of sgpent fuel

is being stored &t ¥West Valley.® In 1578, «FS announced
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that the facility would no loncer remain in the
reprocessing business. In addition, the plant would no
longer receive any spent fuel.1% Presently, West Valley
is in a shutdown condition.

New RFR facility designs are currently being studied.
Present projections indicate that construction could star
on the first new APR in fiscal year 1985. Operation is
expected in fiscal year 19%0. The capacity of each new
AFE is designed at 5000 mtu with a handling rate of 1000

mtu/year.? The EFR Progras Pian calls for the construction

of additional facilities on an as-needed basis. Since a
licensing and construction period of five years is
required, accurate projections of spent fuel storage

requirements are randatory.

THE APPROACH

Initial cost studies confirm the suspicion that
interim storage facilities are desperately needed. An at-—
reactor storage pocl can be reracked for $16,00¢ per mrtu.
Rdditional at-reactor pools cost on the order of $320,G00
per mtu, whereas Federal AFEK storage is estimated between

$100,000 per wmtu and $150,000 per mtu.® There exists a
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large economic incentive for the utilities to first rerack
their exiéting cn-site pools and then ship to an AFK
faciiity. Thereuporn, the demand for AFR storage space
lies.

¥ith time a forsidable enery in the battle to provide
sufficient spent-fuel storage and a realization that
incorrect decisions can cost into the billions of doliars,
the director of the AFR Program requested some form of
computer based tool with which to assist in the managerial
procesgses.}l Tnis aid is a simulation technique applied
to the back-end of +the nuclear fuel <cycle. In tais
section, an explanation of simuiation and why simulation
is chosen is presented. Next, the selection process
involved in picking & particular simulation 1language is

reviewed. Lastly, the selected language is explained.

Simulation

In a managerent process, four methods of decision

aids are:

1 mathematical amnalysis,

2) experimentation,
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3) experience and intuition, and

4§y simuiation.i?

Mathematical analysis for a large, complex system 1is oiten
intractabie, ang if not intractable, prohibitively
expensive. #ithout simrplifyinc assumptions, which can
he back-end

devalue a model, & mathematical analysis of

t
of the fuel c¢ycle is unrealistic due to the large number

(approximately twenty) of interrelated variables {(e.g.,
AFPR faciiity on-line tine, capacity, handling rate,

individual reactor location, fulli core reserve) .
Similarly, experimentation ¢n a prototype or mocdel is not
a viable option Dbecause of the eXxpense and time
consumptiocn. L feasible management technique centers c¢n
experience and intuition. However, experieace in storage
techniques as applied to the present day fuel cycle is
lacking. Intuition is closely interrelated with
experience; generally, an intuitive decision resulits from
some previous experience on a sgimilar situastion. The
effects of intuitive decisions without a sclid foundation
of understanding or experience can prove hazardous to this
country's health.

What 1s required is a tool, a technique which

facilitates the actueal decision-making process. Until



recently, only in isolated applications has a computer
been employed in conjunction with managerial expertise to
improve the actual decision-making process.is There arce
many applications of computerized managezent information
systems (MIS) in managerent. A MIS is a datafile,
providing rapid data retrieval. However, a MIS only makes
existing managerial processes guicker. B ¥IS does not
improve upon the actual decision—-making process itself .13

Dﬁring the last decade, in conjunction with the
improvement in computer technology, simulation methods
have been developed which actually facilitate the
decision-making process.13 In the general sense,
simulation means to model, or specifically, to study the
behavior of a model.'* A child playing with a doll-house
is simnliatincg the real world. Simulation provides the
tool <for predicting the dynamic characteristics of a
systenr under observation, with the objective of gaining an
understanding of the relationships among components cof the
system.13 Here, the term syster is used to represent an
assemblage of interdependent physical (rather han
abstract) objects that form a wunified whole.1S This
technigue actually improves the basis of the entire
decision process.

The policies of the nuclear fuvel cycle are complex,
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ever—-changing, politicaly motivated, and technological in
nature. Elections can drastically alter the course of
investigations. Hence, the maﬁagers reguire a simulation
technique which improves the decision-making methodology.
If one relys c¢n experience and intuition, the rapid
changing environment can iorce the mahager into a poesition
of reacting tc crises, rather than controlling activity.13
Simulation provides the basis for a formal and efficient
rodel which the DOE manacers can apply to their decision-
making policies: formal in the sense that the model can be
precisely documented yielding an aid which can be quickly
learned and appiied to new situations, effective 1in the
sense that costs do not rise in a linear proportion to the
complexities of the system being modelled.ts

Hence, sikulation is deemed the Dbest modelling
technique to use on the back-end of the nuciear fuel
cycle. This model provides a symbolic representaticn of
the fuel cycle, allowing managecrs a mechanism to predict
effects of altermate scenarios. R particular scenario can
be examined in & matter of minutes, vastly superior to
experimentation and/or mathematical techniques.

En erhaustive literature search is undertaken by two
neans. The first is a conputerized examination cf the

enerqgy inforration databanks &t the 0Oak Ridge Hational



Laboratory. The second search method involves & hand
review of various abstracts; not only the nuclear
abstracts, but industrial engineering abstracts as well.
Neither search produces any informaticnu directly related
tc the application of & simulation technigue to the
post-1977 philoscphy of spent fuel disposition. Several
endeavors, however, apply simulation to a fuel cycle which
includes reprocessinog. One of +these works describes a
simulation model o©f the producticn and inventories of the
sequentiaily produced nuclear fuel, including a
reprocessing feedback mechanism.te hnother undertaking
investigates the coptimal amounts of stockpiled fuel
materials via a matheratical mwrodel. The mathematical
model is verified by a simulation technique.l? Both oI
these efforte model the pre—-1977 Zfuel cycie and neither
considers any form of interim storage methodology. The
articles do provide, however, general information o©n
simulation techniques as applilied to a fuel cycle. kn
international effort analyzes the use of Regional HKuclear

Fuel Cycle Centres (RNFCC).18 The advantages and

o

isadvantages between a multination fuel center ang
individual national facilities are studied through various
cimulation models and subnodels of the nuclear fuel cycle.

Reprocessing plays a vital role in the ¥NFCC study.

s



There exists a definite void in material related to
the present day fuel cycle, largely due to the newness c¢f
the task. The BFR Program was establish approximately two
years ago. Only recently has suvfficient material been
accumulated with which to begin any work upon a simulation
model.

Once simulation was chosen, a computer-based language

had to be selected, the topic of the next section.

Language

In broad terms, a simulation language can be any
computer lancuage Wwhich can bhe enmployed in a simulation
model. Examples of suck idnguages include FORTKAN, BASIC,
PL/I, and COEQOL. However, a narrowing definition of a
simulation language, and the one employed in this work, is
a group of pre-packaged subroutines which a user can
modify and emplicy 1in a sixzxulation nodel. These
subroutines contain certain functions common to umost
simulations.

In the beginring days of simulation, a realization
was developed that different simulation models had various

steps in comikon. The following 1ist includes the coxmon
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functions which aimost every simulation model utilizes to

some cegrec.13 These features are

1) random number generation,

2y advancement of tire,

3) recording data for output,

4) performing statisticeal analysis,

S) arranging cutputs ianto specific forrats, and

6) detecting and reporting inconsistencies and

erTOrS e

Endeavors, began to provide simulation languages which
elirinated the need for a user to reprogram these common
functions. Although a complete 1listing of all the
simulation languages would be prohibitively large; those
which showed possibilities and were investigated in detail
include: 1) SIMSCRIPT, 2) GASE IV, 3) CSHMP, 4) GPSS, and
5) DYNANMC. Some of the factors one wust consider in the

selection process for any language include:

1) support by the computer facility,.
2) ease of learning,
3) cost,

§) compiling and running tinme,



5) types of output, and

6) capacity for inserting user-written
subroutines, 13
The first criteria (i.e., supported by the conmputer

facility) is usually the overriding criteria. At Vircginia
Tech, the five 1lanquages previocusly mentioned are
supported. SIMSCRIFT is a complete language criexted
toward event-to-event simulation. This language is
probably the mogst powerful; however, the language is alsc
one of the mest complex anad difficult to learn. Expert
consultation is usually reguired due to the limited self-
diagnostics.i2 GASP IV consists of a set of subroutines,
coded in FORYTRAN, which perform those functions listed
above. If a user is framiliar with FORTRAN, GASF IV can be
irplemented quickliy. However, GASP IV is more restrictive
than SIMSCRIPT in the size of certain characteristics of
the syster bpeing modelled.29 CSMP is a complete language
useful in the solution of non-linear, integral-
differential equations with contintous variables. GPFSS is
alsc a complete language oriented toward problems in whick
items pass through a series of processing and/or storage

facilities.?2 (PS5 is the easiest to learn; but, is one



of the least flexible and becomes very siow and
inefticient as the conmplexity of the problem increases.2©
Finally, DYKAMO is employed toward expressing micro-
economic models of various firms by means of diiference
equations.

An initial review of the various languages eliminated
both CSHMP and DYFNAMO as not appliicable to modelling the
back-end of the nuclear fuel cycle. The difficulty of
GPESS to handle efiectively the complexities which are
involved in the fuel cycle model eliminated its usage.
The two remaining languacges, SIKSCRIPT and GASP IV, were
further arnalyzed during the days of the final decision
review.  Both languages are poor in mewory utilization,
since neither permits dynaumic allocation of memory.
SIMSCEIPT is &rore difficult +to learn, but GASP IV
possesses greater limitations on the size of the problen
to be modelled and the different output optiocns. The
final choice vas ©based largely on selection factors two,
three, four, and six. Tither the limitations of GAESF IV
previocusliy mentioned would not handicap the model, or the
user could easily =modify the GASP IV subroutines to
overcome any such limits. An example would be the number
of output plots available. GASP IV limits this value to

ten; however, since all GASP IV subroutines are coded 1in
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FéRTRAN, the task of modifying +the language to produce
more plots is fessible. The features of cost, ease of
learning, runking time, and built-in diagnostics all
favored GASE IV over SIMSCRIET for the interded
application.

One final observation is worth mentioning. Any
simulation model canr be produced Dby most any simulation
language or any generalized comxputer language. The back-
end of the fuel cycle could have been moedelled using the
computer language LASIC. The final choice is often one of
personal preference. Due to the tremendous capabilities
of present-day comrputers, factors suchk as coumpiiing and
running time become less of & selection criteria. L
certain lanquage may make the Jjob easier since the user
may possess ah existing familiarity with said language.

The computer facilities at Virginia Tech made th

=)
(]

selecticn somewhat more difficult since numerous languages
are supportede. Many facilities possess onliy one, maybe
two, simulation languages—-waking a selection preccess an

inutile exercise.



GASP IV

GESPE IV 1is a combined continuous-discrete FORTHREN-
based sinulation language. Discrete simulation occurs
whenever changes to the dependent variables of a‘ model
occur at specific points during the simulated time.
Continuwous simulation permits continuous changing of the
dependent variables over =sirmulated time. GhSP IV can
operate in a discrete, continucus, or combined mode. This
section overviews the features of GASP 1V employed in the
fuel cycle simulation model. For a detailed description
of thkis 1lanquage, the reader should refer to the
references.21-22

This model exclusively utilizes the discrete mode of
operation. tlso, the mocdel is simulated via the time
function. In other words, a starting time is given and
then GASP IV searches for the first happening or event in
chronclogical order. Once finding such an event, action
is teken depending upon what tyve of event. For example,
if the event is a new storage facility coming on-line, tne
action would be to increase the total availaple spent fuel
storage capacitye. I¥ +the event ié a reactor discharge,
the actior is tc locate a storage facility with sufficient

available capacity and simulate the storage of the



discharced fuel. After the action is completed, time
rarches on until the next event, at which time the logic
is repeated. This increrenting process continues until a
halt is prowvided by the user.

There are four general functions provided by GASY IV
that are of particular usefulness. These functions are 1)
a filing systenm to store input data, 2) a time-advancing
functiocn, 2) a statistical gatkering function, andé 4) an
output data gathering and reporting function. From
previcus discussions, rTeallize that these functions could
conceivably be user written, eliminating the needa for any
simuiation language. However, this tine consuﬁinq process
adds little, if anything, to the value of the modei.

The filing system utilizes a one-dimensional array.

The size of this array is limited only by the computer

\

faciiity. In this erray, all input data are filed and
tracked. A particular datun and its associated
characteristics are referred to as an entry with

attributes. An example of an entry is the add-on storage
pool at the GE-loerris facility. Attributes include on-
line time, capacity, and location. Arother entry is a
spent fuel discharge from a reactor. Its attributes are
which reactor, which vear, and amount of discharge. 811

such entries and associated attributes are filed into this
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single array with an extensive pointer systen. This
pointer system keeps track of each entry in chronological
order.

The time-advancing function searches the event file
for the next time event, removes the event (the entry and
ite associated attributes), and determines tke action
required. The particular actior is coded by the user for
each entry. This code 1is represented by the second
attribute of an entry. In this mncdeil, a code of two
implies that a storage facility 1is coxing on-line and a
code of one means that a reactor is discharging fuel. The
time-advancing function interprets the code and routes the

progrem to the appropriate subroutines.

rlf«

The main statistic cof interest 1is the percent

n

utilization of each

w

torage faciiity and repository. This

¢

value 1is the amount of spent fuel being steored at a
particular facility divided by the total capacity of the
facility. Fach time spent fuel is stored or a change in
capacity occurs, the utiiization is calculated and the
value stored in a GASP IV supplied subroutine. This
subroutine keeps the data and compiles the mean, standard
deviation, and fmaximur and minimum of the different
values.

The simulation model provides two sources of outpute.
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The first source is optional. If desired, the user can
code a separate output subroutine which is called at the
completion of +the simulation. This routine can contain
any additional wuser required output. Chkapter Taree
describes the subroutine written specifically for this
model. The second output 1is a GASP iV provided
subroutine. This output consists of tabular and/or point
plotable 1listings of +the supply and demand for each
storage facility and repository. This output is erployed
in the graphs depicting the spent fuel storage scenarios
under observation. Exanples are given in the followinag
chapter.

In the form of a brief description, the functions
provided by GASP IV, which are implemented into this
model, have been reviewed. & wmore detailed examination of
the reole each function plays within the total model is
given in Chapter Three.

Now that +the need Ifor & technigue to aid DOE
personnel 1is established and the specific methodology
chosen to provide such a technique, the next phase
involves a selection of sources of input data. The best
model wili yield erroneous results and prove worthless if
the sources of input are outdated and unreliable. The

final section 1im this chapter addresses the 1input data
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acquisition process.

THE INPUT

L realization that data covering all phases of tke
back-end of the nuclear fuel cycle are not centrally
located was obtained in the initial phases oi model
development. Some data are cocn—hand in the Hanagement
Inforration Systemr (MIS) developed by Virginia %Tech for
the ©Department of Energy's Savannah EKiver Operations
Office (SER). Other data have to be 1located elsewhere.
This section explains what data are required and from what
sources the data are obtained. The verification amnd
updating of all the ipput 1is & comrpiex undertakinge.
Measures to accomplish this are developed at Virginia Tech
and elsewherc. Due to the importance of verification, a
separate chapter examines the technigues used to perform
such functions.

There exist three general categories of input data.
The first is away-from-reactor (AFR) and at-reactor (&X)
storage faciliity data; the second, storage repository
data; and the thirg, spent fuel discharge data. An

important definition is required: in this paper, discharge
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data refers +to the amocunt of spent fuel that cannot te
stored at the reactor {on-site) and not the amount of fuel
out of the reactor core. The third category is further
diviaed into three subcategories: 1) individual rceactor
Gischarge data by year fror the present until 1599, 2)
national discharge data by vear from the year 2000 until
2020, and 3) foreign discharge data by year from the

present until 2020.

LR and AFR Facility Pata

The research and developrmental studies to increase
storage space for both AR anda AFR storage pools and the
studies related to the operation of &FEk facilities are all
under the ccagnizance of the AFR Program Office. B few
examples of these studies include new methods co¢f racking
fuel assemblies, disassembly of fuel assemblies, ary
storage concepts, prelicensing activities, and
environmental impact statements. The results of these

ndividual studies have both indirect and direct effects

-

upon the fuel cyclie model. & direct effect is an activity
which, if delayed, can affect the on-line time or capacity

of an AFE facility. An 1indirect effect is an activity



81

<

which can alter the discharge

1

ata of a reactor {(lL.€.,
improved racking technigues would increase AR storage
capacity end therefore iower discharge amounts) . &11 such
activities are maintained and tracked within the HIS
designed and operated oy Virginia YTech for the AFE Frogram
Office.

The RFR MIS maintains current and cocurplete
information on all work packages authorized by the &iFK
Program Office. Each work package has a unigue ¥work
breakdown structure number for reference and 1internal
tracking. The data are divided 1into three sections: 1)
general contract information, 2y financial cdata, and 3)
activity data. The activity data are of prime importance
tc the operation of the sirulation nodel. FPigure 2
pPresents a simplified activity listing for the GE-Horris
storage facility. Appendix A contains the complete
listing for this work package. As is evident, the

activities are characterized by = title, start date, end

date, and predecessor and/or successcor relations. This
information is tracked¢ and analyzed within the simulation
nodel to determine the ultimate on-line time of that AFR
facility. In addition, other data files contained within

the KIS provide the capacities and handling rates of the

various storage facilities. By including the AFR MIS



Figure Z. activity Section of Work ¥ackage for Gk

STATUS REPORT SPENT FUEL STORAGE 06/28/80 3- 2
8

ACTIVITY LIST:

WEN NO: 1212.
START: 01 OCT 80 END: INDEFINITE
TITLE: FACILITY IMPLEMENTATION-MORRIS

ACTIVITY: 1213.1
START: 01 OCT 81 END: 31 JAN 87 % COMPLETE 0
NAME: LICENSING

SUB-ACTY: 1213.1.1
START: 01 OCT 81 END: 02 OCT 81 % COMPLETE 0
NAME: CONSIDER LICENSE APPLICATION ACTIVITIES

AND MAKE APPLICATION FOR TRANSFER AND

RERACK
** PROGRAM CONTROLLED **
PREDECESSORS SUCCESSORS
1212.1.1 1213.1.2
1211.3
1121.4
SUB-ACTY: 1213.1.2
START: 02 OCT 81 END: 30 SEPT 82 % COMPLETE 0
NAME: PREPARE TO RECEIVE LICENSE FOR TRANSFER
AND RERACK
** DELIVERABLE **
PREDECESSORS SUCCESSORS
1213.1.1 1213.3.1
SUB-ACTY: 1213.1.3
START: 01 JuLY 84 END: 01 JuLY 84 % COMPLETE 0
NAME: SUBMIT APPLICATION FOR ADD-ON POOL
LICENSE
** PROGRAM CONTROLLED **
PREDECESSORS SUCCESSORS
1213.1.2 1213.1.4
1212.1.2
1142.3.6

SUB-ACTY: 1213.1.4
START: 02 JULY 84 END: 31 JAN 87 % COMPLETE: 0
NAME: PREPARE TO RECEIVE LICENSE FOR ADD-ON

POOL
** CONTRACTOR MILESTONE **

PREDECESSORS SUCCESSORS
1213.1.3 1213.3.2

ACTIVITY: 1213.2

START: 01 OCT 81 END: 31 JAN 87 % COMPLETE: 0

MAME: CONSTRUCTION DESIGN

SUB-ACTY: 1213.2.1
START: 01 OCT 81 END: 30 JUNE 82 % COMPLETE: O
NAME: €ONSIDER DESIGN PACKAGE AND COMPLETE

RERACK DESIGN

** CONTRACTOR MILESTONE **

PREDECESSORS SUCCESSORS
1212.2.9 1213.3.1
1414.3 . 1213.2.2
1423.2.1

SUB-ACTY: 1213.2.2
START: 01 ACT 84 END: 31 JAN 87 % COMPLETE: O
NAME: CONDUCT ADD-ON POOL CONSTRUCTION DESIGN

PREDECESSORS SUCCESSORS
1213.2.1 1213.3.2
1211.3

1413.2

1415.3.2

ACTIVITY: 1213.3
START: 01 OCT 82 END: 26 FEB 89 % COMPLETE: 0
NAME: CONSTRUCTION

—-40orr

’..l

U



SUB-ACTY: 1213.3.1
START: 01 OCT 82 END: 30 JUNE 34 % COMPLETE: 0
NAME: PERFORM RERACK CONSTRUCTIGN

** CONTRACTOR MILESTONE **

PREDECESSORS SUCCESSORS
1213.2.1 1213.4.3
1213.1.2

SUB-ACTY: 1213.3.2
START: 01 FEB 87 END: 26 FEB 89 % CCMPLETE: 0
NAME: PERFORM ADD-ON POOL CONSTRUCTION

** CONTRACTOR MILESTONE **

PREDECESSORS SUCCESSQORS
1213.1.4 1213.4.5
1213.2.2

ACTIVITY: 1213.4 .
START: 01 JUL 84 END: INDEFINITE % COMPLETE: 0
NAME: OPERATION

SUB-ACTY: 1213.4.1
START: 01 JULY 84 END: 02 JuLY 84 % COMPLETE: 0
NAME: START OPERATION WITH RERACK

PREDECESSORS SUCCESSORS
1213.3.1 1213.4.4

SUB-ACTY: 1213.4.2
START: 03 JuLy 84 END: INDEFINITE % COMPLETE: O
NAME: OPERATE USING RERACK

PREDECESSORS
1213.4.3

COORDINATED
1213.4.2
1213.4.6

SUB-ACTY: 1213.4.3
START: 27 FEB 89 END: 28 FEB 89 % COMPLETE: 0
NAME: RECEIVE FUEL IN ADD-ON POOL

PREDECESSORS SUCCESSORS
1213.3.2 1213.4.6

SUB-ACTY: 1213.4.4
START: 01 MAR 89 END: [INDEFINITE % COMPLETE: O
NAME: OPERATE FACILITY WITH ADD-ON PQGL

PREDECESSORS
1213.4.5

Figure 2. ({continued)
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fu

within the model, extreme flexibility ané reliability are
achieved in two ways. The first is that there exists only
one place where such information resides. Therefore, when
AFR managers update the HMIS for purposes of reporting or
planning, the input into the simulation model 1s also
updated anrd nc confiicts exist. Secondly, all activities
within the IS connected by predecessocr/sueccesscr
relations are trackable throughout the model. ¥or
examrple, if a manager desires to evaluate the effect of &
one-year slippage of the site-specific envircnmental

impact statement (£IS) for GE-Meryris, the user simply

changes the completion date for the EIS activity. I
program tracks, through the predecessor/successor
relationships, the effects of such a change. Slack times

are accounteéd for and the on-line time for CE-Horris is
changed.

An important digression needs to be presented at this

point. Botice that the sipulation model (i.e., computer)
is not actually managing. The model merely provides a
picture of the selected sterage scenario. In the above

example, if the manager is not satisfied with the outcone,

Yol

his managerial responsibility would entail a shifting in

resources (dollars and/or manpower) . to avoid the eifects

of the one-vear delay in the EIS. The mwmahager isg



emploving the model as an aid. He still retains the
actual managerial duties.

Eence, a source for all the current data related to
APR storage facilities and AFR Program studies is obtained

through the AFE Frogram MIS.

Repositery Data

The respongibility for the desigr, construction, and
operation of nuclear waste Trepoesitories falls under the
Office of Nuclear Waste Isolation (ONWI). Currentiy, OKNWI
is initiating reguests for proposals for the design and
maintenance of a ¥IS similar to the AFR MIS. Therefore,
the ability +to track predecessor/successor related
activities does not exist at thilg tine. The data for on-
line times, capecities, and handling rates employed in the
simulation wmodel come from a DOE document.? This source
provides three scenarics for repository implementation.
Each scerario is differentiated by the on-line time of the

repositories. Table 3 gives the repository stcrage data

for each of the tnree scenarios.
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Tabie 3. Annual Repository Receipt Rate, MTU

Year Repository Startup Date
Ending 1997 2002 2006
1997 900

1998 1800

1999 a1800

2000 2700

2001 3600

2002 b5700 900

2003 8700 1800

2004 9600 a1800

2005 C11700 2700

2006 14700 3600 9500
2007 14600 b5700 1800
2008 11700 8700 a1800
2009 13800 9600 2700
2010 13800 11700 3600
2011 15900 ©14700 b5700
2012 18000 14600 8700
2013 18000 11700 9600
2014 18000 13800 CI]?OO
2015 15000 13800 14700
2016 12000 15900 14600
2017 12000 18000 11700
2018 9000 18000 13800
2019 6000 18000 13800
2020 6000 15000 15900

a. Second Repository Startup
b. Third Repository Startup
c. Fourth Repository Startup

Note: Handling rate for the first five years will be 1800
MTU/year; afterwards, 6000 MTU/year.



Discharcve Data

Restating to avoid confusion, this is the defipnition
of discharge data as used in this report: discharge data
refer to the amount of spent nuclear fuel from a given
reactor that is sent to en ARFR facility and not the anount
of spent fuel renoved from the reactor core. This implies
that improved AR storage techniqgues enhance RE storage arnd

reduce the ragnitude of the spent frel discharges. ¥ith

th

|

s uncéerstanding, the three subcategories oi discharge

ata are reviewed.

2

Two sources of discharge data by individual reactor

rt
e
P

are exanrined. The f£irst is data produced by the
Nuclear Assurance Corporation using their FUEL-TX4C futura
system.23 The second is the discharge data produced by

the computer prograik DISFUL developed for the DGE by the

3.
&

~

S. M. Stoller Corporation.2¢ R Getailed discussion of each

p

program and all the cutputs is not intended in this paver;
rather, a discussion of those features of each program
which influence the final decision is presented.  For a
complete in-depth review of the prograrks, the rTeader is
referred to the atforementioned references.

The initial investigation 1into these two prograss

shows reparkable similarities. Pigures 3 ané 4 are



48

samples of output data from FUEL-TRAC and Pigures 5 and 6
are outputs from LISFUL. The DISFUL data are current as
£ 197%; whereas, due to the accessibility of FUEL-TRAC
data, the FUZL-TRAC figures are current as of 1977. This
partially accounts for any discrepancies in  the specific
number of discharged assemblies between the outputs of the
two progranms. For example, Figure 4 shows that in 1993,
fifty-two assemblies are to be shipped from Farley-1 to &
repositery. However, since the time that this FUEL-TRAC
data was generated, the repository schedule has been
delayed. The fifty-twc assemblies would actually e sent
to an AFR faciiity. This number compares favecrably with
the forty-six assemblies projected by the DISFUL program,
as given in Figure 6. Additional factors, inciuding at-
reactor pool expansion estimates and power factors, are
also partislly respousibie for the discrepancies between
the outputs. The purpose of these figures 1is not 1in
showing accurate discharge data; rather, to illustrate the
type and format cof the diéferent outputs. Upon
examination one can ascertain that either systern can
provide the reguired input data for the simulation model
(i.e., reactor identification and amount of discharge fuel
per year from present to 1299). FPurther investigatrion

reveals differences in the methodologies used to arrive at



Assemblies Shipped

CATAWBA 2 (C2)

REACTOR TYPE TRUCK/RAIL | 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1932 1993 1994 1995 1996 1997 1998 1999 2000
FARLEY 1 4 T - - - - - - - - - - 2 - - - - - - - - - - - - -
FARLEY 2 P T - - - - - - - - - - - - 2 - - - - - - - - - - -
PALO V. 1 P R - - - - - - - - - 1 8 80 80 8 80 - - - 1 80 8 81

PALO V. 2 3 R - - - - - - - - - - - - V8 80 80 8 80 - - - 181 80
PALO V. 3 3 R - - - - - - - - - - - - - - 1 8 8 8 8 8 - - - 1
ARK. NUC. 1/} P R - - - - - - - 3 5 5 - - - - - - 35 56 56 - - - - -
ARK. NUC. 1/2 P R - - - - - - - 45 61 60 56 61 - - - - 45 61 60 56 61 - - -
CALV. CLIFFS 182 P T - - - - - 12145 145 144 145 73 - - - 12145 145 144 145 - - - - 12
PILGRIM 2 [ T - - - - - - - - - - 7273 72 12 713 72 72 13 72 712 13 w2 12 13
H. 8. ROB. 2 3 R 153 - - - 53 52 63 52 53 - 38 52 53 52 53 52 83 52 53 - 38 52 53 52
BRUNSWICK 1 B R - - - 104 136 144 144 136 136 132 140 - 36 136 140 136 140 132 140 136 - 36 136 140
BRUNSWICK 2 8 R - - - 124 144 144 140 140 136 140 - - 116 140 140 140 140 140 140 - - 16 140 140
S. HARRIS 18&4 [ R - - - - - - - - - - - - - - - - - 38 §3 52 53 52 - -
S. HARRIS 283 [ R - - - - - - - - - - - - - - - - - - - 27 53 52 83 52
ZIMMER 1 [ R - - - - - 76 140 136 136 132 128 - - - - 76 124 124 116 124 120 - -
ZIMMER 2 8 R - - - - - - - - - - - - - - 196 196 196 196 196 - - - - 19
PERRY 182 8 R - - - - - - - - - 254 - 464 468 - 468 464 - 140 174 - 468 464 - 468
BRAIDWOOD 182 P R - - - - - - - - - - - 109 128 128 128 128 64 - - - 109 128 128 128
BYRON 182 [ R - - - - - - - - - 10 128 128 128 128 64 - - - 1l 128 128 128 128
LA SALLE 1&2 (D2) B R - - - - - - 191 232 192 - - - - - 88 215 216 192 - - - - - 176
LA SALLE 1&2 (D3) 8 R - - - - N2z 129 212 22 - - - - 60 212 - 212 212 - - - - e 22
LA SALLE 1&2 (Qc) B R - - - - - - 84 388 200 - - - - - - - 30 12 - - - - - -
LA SALLE 182 (LS) B R - - - - 296 496 376 392 392 392 - 335 504 396 400 392 392 372 396 286 263 300 392 400
INC. PT. ) 3 1 - - - - 37 64 64 64 64 - - - 37 64 64 64 64 64 - - - 37 64 64
BIG ROCK PT. 8 R 6 2 - 8 22 2 22 2 22 8 22 1 18 22 2 2 22 2 8 22 1 w22 22
MIDLAND 182 P R - - - - - - - - NS N7 121 120 16 117 2 60 - 120 N6 117 121 N6 117 21
LA CROSSE B8 R 20 4 24 244 24 24 26 20 - 10 24 24 24 24 24 24 244 24 - 10 24 24 24 24
FERMI 2 8 R - - - - - - 270 200 192 216 200 192 200 200 196 200 200 192 200 200 196 200 200 192
GREENWOOD 2 P R - - - - - - - - - 63 68 69 68 69 68 69 68 69 62 69 68 69 68 69
GREENWO0D 3 3 R - - - - - - - - - - 63 68 69 68 69 68 69 68 69 62 69 68 69
OCONEE 182 P T - - - - - - - - - - - 108 112 112 112 11z 112 12 105 101 108 12 112 1R
OCONEE 3 P 1 - - - - - - - - - - - 56 5 56 56 56 56 56 - 50 56 56 56 56
McGUIRE 1 P R - - - - - - - - - - - - - 13 64 64 64 64 64 - - - 13 64
McGUIRE 2 P R - - - - - - - - - - - - - 13 64 64 64 64 64 64 13 64
CATAWBA 1 P R - - - - - - - - - - - - - - - 64 64 64 25 - 64 64

[ R - - - - - - - - - - 63 64 64 64 64 64 -
P R - - - - - - - - - - - -

CATAWBA 2 (C1)

Fiqure 3. Sample Output trow FUbL-TRAC Proyraa

O



Reactor/Utility= Reactor # 1 (Farley-1)
MWe/Type/COD 829/PWR
Transport Mode Truck
Pool Assemblies
Expansion Shipped To
Year Cost - § Other Reactor AFR Repository

1977
1978
1979
1980
1981
1982
1983

1984
1985
1986
1987
1988
1989
1990

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

(1) Direct From Reactor

Pigure 4.

Sample Output from FUEL-TKAC Frograk



REACTOR

FARLEY-1
FARLEY-2

PALO VERDE-)
PALO VERDE-2
PALO VERDE-3
ARKANSAS NUCL ORE-1
ARKANSAS NUCL ONF.-2
CALVERT CLIFFS-1
CALVERT CLIFFS-2
PILGRIM-]
PILGRIM-2
ROBINSON-2
BRUNSWICK-2
BRUNSWICK-1
HARRIS-1
HARRIS-4
HARRIS-2
HARRIS-3
ZIMMER-1
PERRY-1
PERRY-2
DRESOEN-1
DRESDEN-2
DRESDEN-3
QUAD CITIES-1
QUAD CITIES-2
ZION-1

ZI0N-2

LA SALLE-)

LA SALLE-2
BYRON-1
BYRON-2
BRAIDWOOD-1
BRAIDWOO0D-2
CONNECTICUT YANKEE
INDIAN POINT-2
BIG ROCK POINT
PALISADES
MIDLAND-2
MIDLAND-1

LA CROSSE
FERMI-2
GREENWOOD-2
GREENWOO0D-3
OCONCE-]
OCOHEE -2
OCOHEE-3
MCGUIRE-1
MCGUIRE-2
CATAHBA-1
CATAWBA-2
PERKINS-1
PERKINS-2
PERKINS-3
CHEROKEE-}

utTiLlTY

ALABAMA POWER CO
ALABAMA POWER CO
ARIZONA PUB SERV CO
ARIZONA PUB SERV (O
ARIZONA PUB SERV CO
ARKANSAS P AND L CO
ARKANSAS P AND L CO
BALTIMORE G AND £ CO
BALTIMORE G AND E CO
BOSTON EDISON CO
BOSTON EDISON CO
CAROLINA P AND L CO
CAROLINA P AND L CO
CAROLINA P AND L CO
CAROLINA P AND L CO
CAROLINA P AND 1. CO
CAROLINA P AND L CO
CAROLINA P AND L CO
CINCINNATL G AND E
CLEVELAND ELECTRIC
CLEVELAND ELECTRIC
COMMONWEALTH EDISON
COMMONWEALTH EDISON
COMMONWEALTH EDISON
COMMONWEALTH EDISON
COMONWEALTH EDISON
COMMONWEALTH EDISON
COMMONWEALTH EDISON
COMMUNWEALTH EDISON
COMMONWEALTH EOISON
COMMONWEALTH EDISON
COMMONWEAL TH EDISON
COMMONWEALTH EDISON
COMMONWEALTH EDISON
CONN. YANKEE ATOMIC
CONSOL LDATED EDISON
CONSUMERS POWER CO
CONSUMERS POWER CO
CONSUMERS POWER CO
CONSUMERS POWER CO
DALRYLAND POAER CO
DETROIT EDISON CO
DETROIT EDISON CO
DETROIT EDISON CO
DUKE POWER COMPANY
DUKE POWER COMPANY
DUKE POWER COMPANY
DUKE POWER COMPANY
DUKE POWER COMPANY
DUKE POWER COMPANY
DUKE POWER COMPARY
DUKE POWER COMPANY
DUKE POWER COMPANY
DUKE POWCR COMPANY
DUKE PONLR COMPANY

ANRUAL MTU SHIPPED

1979 1980 1981 1982 1983 1984 1985 1986 1987
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 (4] 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 18 21 21
0 0 0 0 0 0 0 0 0
0 0 [0} 0 0 0 0 0 0
0 0 0 0 0 0 1] 0 0
0 0 0 0 0 0 0 0 0
0 0 0 o 0 0 0 0 0
0 14 20 2J ) 20 20 20 20
0 9 0 9 27 r 27 27 27
0 1) 20 21 27 27 27 27 27
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 Q
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

4 8 8 8 8 8 8 8 8
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Suumple Output

1948 1989
0 0
0 0
0 0
9 0
0 0
21 21
0 0
0 23
0 0
0 0
0 0
20 20
27 27
27 27
0 0
0 0
0 0
1] 0
0 0
0 0
0 0

8 8
0 0
0 0
¢ 0
[} 0
b} 0
u 0
] 0
0 [
0 0
0 0
0 [
0 0
0 0
0 |
[ 0
27 27
0 0
0 ]
9 0
0 0
0 0
Q 0
13 a8
0 0
24 2
0 )
G 0
0 O
Q )
0 y
0 0
0 0
0 0
trow

1990 1991 1992
Q 0 0
0 0 0
0 0 0
0 0 0
0 0 0
21 21 21
[ 0 0
44 44 44
0 Q 0
13 22 22
0 0 0
20 20 20
27 27 27
27 27 27
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

8 8 8
0 0 0
) 0 0
0 0 0
0 0 0
0 0 23
0 0 0
21 76 76
0 0 0
0 0 0
0 0 0
Q 0 0
0 0 0
0 5 23
23 23 23
0 0 0
27 27 27
0 0 0
0 0 0

2 3 3
0 0 0
0 0 0
Q 0 4
48 a8 48
0 0 0
24 24 4
0 0 0
0 d 0
0 0 ]
0 0 0
0 0 [
0 0 0
0 0 0
0 0 0
DisFulL

1993 1994 1995
] 0 0
0 0 0
0 0 0
0 0 0
0 0 0
21 21 21

5 23 23
44 44 a4
0 0 1]
22 22 22
0 0 0
20 20 20
27 21 27
27 27 27
0 0 0
0 0 0
[ 0 0
0 0 0
0 17 27
76 79 79
0 0 0

8 8 8
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PROJECTED ANNUAL SHIPMENTS FROM FARLEY-1

STARTUP

CONDITIONS
STORAGE PERMITTED WITHIN REACTORS DWN POOL ONLY
EXPANSION OF POOL ACCORDING TO CURRENT UTILITY PLANS
MAINTENANCE OF NORMAL YEARLY DISCHARGE CAPABILITY
NORMAL YEARLY DISCHARGE SIZE CALCULATED AT 70, PCT. P, F.

1.
2.
3.
4.

YEAR

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

POOL
CAP.

675
675
675
675
675
675
675
675
675
675
675
675
675
675
675
675
675
675
675
675
675
675
675
675

1978
OPERATOR ALABAMA POWER CO
NERC REGTON 6 (SERC)

i
N

FULL CORE SIZE (ASS.)
ASSEMBLY WEIGHT, MTU

TOTAL TOTAL

0
46
92

138
184
230
276
322
368
414
460
506
552
598
629
629
629
629
629
629
629
629
629
629

Pigure b.

MTU ASS. MTU NO. AGE  NO. AGE

0.0 0 0.0 0 0

20.7 0 0.0 0 0

41.5 0 0.0 0 0

62.2 0 0.0 0 0

83.0 0 0.0 00
103.7 0 0.0 0 0
124.5 0 0.0 0 0
145.2 0 0.0 0 0
166.00 0 0.0 0 0
186.7 0 0.0 0 0
207.5 0 C.0 0 0
228.2 0 0.0 0 0
249.0 0 0.0 0 0
269.7 0 0.0 0 0
283.7 15 6.8 15 13
283.7 46  20.7 31 14 15 13
283.7 46  20.7 31 14 15 13
283.7 46  20.7 31 14 15 13
283.7 46  20.7 31 14 15 13
283.7 46  20.7 31 14 15 13
283.7 46  20.7 31 14 15 13
283.7 46  20.7 31 14 15 13
283.7 46  20.7 31 14 15 13
283.7 46  20.7 31 14 1 13

Saaple Output froa DISFUL Prograx

NORMAL YRLY DISCHARGE (ASS.)
0.451

(829,MWE ,PWR)

157
46

IN STORAGE SHIPMENTS SHIPMENTS BY AGE
ASS.

NO. AGE



the discharcge data. Figure 7 depicts the information for
both FWX and EWR fuel cycles used in the FUEL-THAC futura
systen. These data are the basis for ithe calculations of
discharge fuel for three United States enerqgy forecasts.

In turn, each forecagt is evaluated under two cases,

depending on AR storage time before shipment (ten year

0
o
H

180 days). Figure 8 schows the basic options zor tne

DISFUL progran. tithough

]

pecific options are different
than thoge for FPUEL-TRAC, a sigilarity exists. To this
point of investigation, either data are acceptable.

The final selection is based on factors which are not
actualiy related tc the prograne themselves. The DISFUL

database 1

n

. located on both the Bapbcock and Wilcox (B8 and

W) cenputer and the Virginia Tech competer. S. M. Stoller

-t

employs the B and W computer faciliity for thelr use. The
database at Virginia Tech is modified to cperate under a
generalizeG report writer system called HERK 1IV.2S This
system permits DOE officials to extract specific data from
the datebase in & host of formats without employing the

DISFUL progran. for the =imulation wmodel, certain

information contained within this database is invaluable.

®

For exanmple, the location of each reactor is given in
longitude and letitude. These valiuves are employed within

the DISFUL progran; hovever, they are not produced in any
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Average MWe: 1000

First Cycle Length: 13.6 full power months

KgHM/ASBL : 183
Initial Ist 2nd 3rd 4th
Core Reload Reload Reload Reload
Fuel Loading
MTHM** 125.6 36.0 30.5 27.3 28.5
Uranium Fraction 1 1 1 1 1
U-235 Enrich 1.87 2.755 2.755 2.755 2.755
Kg Pu-Fissle Q 0 0 0 0
Discharge
W/0 Initial Fuel 98.7 97.4 96.6 96.2
Uranium W/0 4100 ~100 2100 2100
U-235 Enrich .67 .726 .586 .761
Fissile Pu W/0 Init. .346 .484 531 .378
PUR
Average MWe: 1000
First Cycle Length: 12.4 full power months
KgHM/ASBL : 462
Initial Ist 2nd 3rd dth
Core Reload Reload Raeload Reload
Fuel Loading
MTHM** 78.4 26.1 26.1 26.1 26.1
Uranium Fraction 1 1 1 1 1
U-235 Enrich 2.60 3.25 3.25 3.25 3.25
Kg Pu-Fissile 0 0 0 0 4]
Discharge
W/0 Initial Fuel 37.8 96.4 95.4 95.6
Uranium W/0 100 100 100 100
U-235 Enrich .942 .781 .743 .918
Fissile Pu W/0 Init. 474 .604 .667 .660

* same for subsequent reloads.

** hased on a 70% capacity factor.

Figure 7. FJEL-TEZAC BHR/PWik Fued Cycle Data
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TYPES OF TRANS-SHIPMENT PERMITTED

1) Storage within reactors own pool oniy

2) Shipment within same or affiliated utility, system
considered one unit

3) Shipment within same or affiliated utility, one
intermediate site before federal facility

4) shipment to another utility within same NERC region

LEVELS OF POOL EXPANSION CONSIDERED

1) Expand pool according to Ticensed plans

2) Expand pool according to current utility plans
(unlicensed expansions delayed 0 years)

3) Expand pool to maximum utility estimate in 1983

4) Expand pool to maximum SMSC estimate in 1983

REQUIREMENTS FOR OFF-SITE SHIPMENT CONSIDERED

1) Maintain full core discharge capability
2) Maintain normal discharge size capability

3) Ship éssemblies stored 5 years post-irradiation

DETERMINATION OF NORMAL DISCHARGE SIZE
1) As estimated by utility

2) As calculated at 70. pct. capacity factor

figure 8. Storage Options of tae DISFUL Frogras
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values are total United States discharges by mtu per year.
This data is given in Table U.%¢& Ten pseudo-reactors,
arbitrarily located throuchout the United States, are
chosén to represent dJdischarge points for these yearly
estimates. This enavles the model to function in a manner
analogous toc pre-200C. This approach 1is approved by DGE
officals.2?

The foreign discharcde data are handled in a similar
feshion. The data are by total mtu per year; hence, taree
pseudo-reactors are selected and the gspent fuel egually
divided. Two reactors are chosen on the East coagt and
one on the West coast. Once the fuel reaches the United
States, said fuel is treated in a manner exactly like
domestically produced fuel. Table 5 gives the anticipated
vearlvy foreign discharge data.28 ¥ote that the total
amount of foreigm spent fuel is limited to 600 mtu.

fow that the foundation for the rodel 1is complete,

the next chapter discusses the actual model.



Tabie 4.

Projected Reactor biscmarges, MTU

Year Ending Annual BWR Annual PWR Annual Total
2000 1925 3090 5015
2001 1685 3375 5060
2002 1760 3520 5280
2003 1840 3680 5520
2004 1910 3820 5730
2005 1990 3980 5970
2006 2060 4130 6190
2007 2140 4280 6420
2008 2210 4420 6630
2009 2290 4590 6880
2010 2360 4720 7080
2011 2435 4875 7310
2012 2490 4980 7470
2013 2540 5080 7620
2014 2590 5180 7770
2015 2630 5260 7890
2016 2680 5360 8040
2017 2730 5470 8200
2018 2780 5570 8350
2019 2830 5670 8500
2020 2880 5770 8650
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Tabie 5. AFR Program Foreiga Siorage idequirezents

Year *Storage Required, (MTU)
Ending Cummulative
1979 0

1980 0

1981 50

1982 100

1983 220

1984 340

1985 435

1986 575

1987 690

1988 885

1989 and beyond 1000

*DOE is proposing to provide storage for a maximum of 1,000 MTU
foreign fuel.



CHATYTER THEEE - KODEL

This chapter describes the simulation model of the
back-end of the nmnuclear fuel cycle. Through the use ci
flow charts and graphs a complete understanding, inciuding
all options, is presented. Due to the complexities of the
interrelated subroutines, extensive effort 1is exerted to
ensure that the subroutines function as desired. In this
chapter, emphasis is placed on the technigues employed to
ensure the accuracy of the various subroutines. The
verification of the model a&as a unit is presented as a
separate section at the end of this chapter. Appendix B
details the steps in the model verification process and
includes sample output.

Those functions common to most simvliation models are
handled by GASE IV subroutines as reviewed in Chapter Two.
Except where recuired for clarification and enhancement a

further description of thesge routines is not givern in this

@

work; the reader ig referred to the referenceg.21—22 Thege
references provide a much more complete and authoritative

description than can he provided in this work. The GALSFE

1

{
we

IV supplied subroutines provide supportive functions

4

e

-

whereas, the udser upplied subroutines provide t
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rmodelling.

THE SIKULATION MODEL

Figure 9 9presents the overall flcw through the
simuleation model. Yhe model is divided into two systems
with each system composed of a series of modules. The
delineation between the systems centers epon  those
computer programs independent of control by GASF IV
subroutines and those prografs orchestrated by GASE IV.
This demarkation also separates those functions which are

performed on one tyve of computer and those performed on

another type of computer. System One runs vunder IEH's
Conversational fionitoring Svstem (CHS) ianguage. This is
an interactive languace permitting active user
participation. Syster Two runs on the computer which
accepts batch Jjobs only, providing greater central

processing unit (CPU) utilization. In addition, the GASE
IV subroutines are available only on the batch CPU.
However, to the user no distinction is evident since
executive prograxs are developed which auvtomaticalily
submit Systex COnets output, along with the modules o©f

Systen Two, to the katch machine. These executive
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programs are custom designed for this simulation model.
The vrogrars ensure the proper operation of the model by
different managers possessing varying decrees of ccorzputer
savvy. Iin turn, the output of the entire simulation model
is returned tc the CHS computer for user scrutiny. The
employrent of the +two coazputers provides for the =most
flexiile and efficient model possihle. The interactive
features enhance flexipility anéd the batch CPU enhances

efficiency. Both systems are totally interrelated

-

unitizing the simulation model.

System (ne is described first, then the =modules
comprising System Two. Each module within the systems is

exawined, both as an individual entity and as the module
relates to the entire model. Ldditicnal figures elaborate
System Two. The reader 1is directed to refer to the

appropriate flow {iagrak throughout the discussion of the

simulation model.
Syster One
The modules waking up System One, in many respects,

are the most vital to the simulation model. These modules

are responsible for the correctness of e&ll input data.
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The precision of this system Llays a solid foundation for
System Two.

To ensure such precision, festures are designed into
the model which miniszize the coccurrence of various errors.
There are two classes of errors: 1) errors which cause an
abnormal termination of the medel and 2) errors which do
not terminpate e programs but iter the correctness of
the output. 0f these classes, the later is by far the
rost serious and hardest to detect. An  abrornmal
termination is svotted immediately; all sorts of visual
hints are present 1n the output. Although the cause of

the termination may not be obvicus, the user has no doubts

|97}

that presented output 1is worthless. ince ne  errcr
ressa¢es are printed, the other type of error can often go
unncticed for z long peried of time. Due to the mpassive
amount of reguired input and the interrelations amongst
said input, an error of this nature may not he okvicus to
the user. For exampie, the output may report that reactor
number twenty cannot ship spent fuel in 1982, when in fact
the actual date is 1%84. One cause for errors of this
classification is the format of the input variables. HMost
input is formatted as integer and wust be right Jjustifi

Whenever this right justiiicetion is lacking, the conmputer

pads the number with zeros, changing its value. One
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exanple ceals with the random number generator seed. The
seed must be c©dd; however, if not correctly justified the
seed is padded with zeros and becomes a even integer. The

random number generator still spews out numbers, but the

randorness is lost.

The first class of errcors 1is remedied by dogged
programming ceterainatione. The second class 1s corrected

by extensive use of user guery prograiks which extract the
input data frowm the appropriate sources. These programs
are designed by the author as an integral part of the
simulation. The ©programs accept free-format 1input and
then auvtomatically <ormat the data into the appropriate
columns. In addition, echc statements provide the user

with a look at the value dust inputted. if an incorrect

]
-t

value is visuwalized, another chance is given. Intern
range checks ensure bail-park accuracy. For example, if &
repository on-iine time is keyed as 1977, instead of 1947,
the program politely informs the uger that 1977 is past
and no repository has vet to become operative.

Each module is nov revievwed, commencing with the
module which works upon the AFR Management Information

Syster (MIS).
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AFR M1S pmModule

Chapter Two examines the AFR MIS 1in detail and
provides semple output which illustrates the type of data
contained within. i brief refresher of the MIS is given
here.

Phe APFE KIS contains every WOrK package {(€.Ge,
contract) awarded by the AFK Prograk Office at Savaannah
River. Each work package is further divided iuto three
sections: 1) «general information and scope ¢f work, Z2)
financial data, anda 2) activity data. Figure 2 shovws an

activity breakdown for a work package centering on the GE-

florris facility implementation. Appendix A dives a
complete iisting of this work package. An activity is

defined to be

s

specific unit of work within the work
package charécterized by a brief descriptican of the WOrK,
the start date, the end date, and any predecesscr anda/on
successor related activities. Zach wvwork package piays a
critical role in the realization of the &FR Progran
obiective (i.e., provide adeguate storage space). The
activities are the critical rpath elements Iformning a
network whichk 1is necessary in the evaluvation of the
progress of the AFK Program. The APFR KIS module acts upon

all the activities and their interrelationships centained
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within the AFR MIS.

The workinag of the AFR MIS module is as follows: A
manager updates or «changes a specific activity under his
jurisdiction. This may involve the changing of the ead
date of an activity oz changing the predecessor
relationship of en activitye. dfter this and any otaer
changes are made to the entire #IS, the trackXing of the

activities conmences. An interrelatiocnship tra

O
=
[N
faed
Q

program provides twce options. The first option permitc

the progran to automatically adiust all reiatec
predecessor /successo dates; the second, flags

discrepancies. For example, if the change is to delay the

o

site selection for the new AFE facility, then the user can

specify that all successor activities e utomatically
delayed the reguired amount. Siack times act as butfers.

In this example, successors would include site design,
construction, and operation. The seccnd option £lags

conflicts and/or logic failures, without affecting dates,
permitting the user the choice of adjusting the activities
in whatever manner desired. 4 one vear delay in site
design may be unacceptable; hence, the user can simulate
increased resources acting on design by placing the delay

at oniy six months. Elready these preliminary results are

providing managerial aids.
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are tracked and

B

kfter the activities of the I
adjusted in the desgired manner, the milestone extraction
progrem is invoked. This program automatically retrieves
the culminating activities of each AFE faciitiy. These
activities represent the operation of the facilities. in
addition, the required characteristics of the faciliities
are extracted. The characteristics include 1) the on-line
time, 2) the handling rate, 3) the storaqge capacity, and
4) the amount of on-site spent fuel. 11 this information
is correctly formatted and transferred intoc the input
nodule.

In sumwary, the BRFE #IS mrodule initiates the
simulation model by tracking all the events which
ultimately affect the operation and capacities of the LFR
facilities. aActivities, such as site selection, affect
the on-line times and activities, stuch as studies to
improve storage fuel density, affect +the capacities.
Purther, alil data which are reguired to interface with the
other mocdules of +the simulation model are extracted,
formattead, and fecrwarded to the appropriate rodule.
Intermediate results can Dbe selected which provide the

user with & mechanisk to check and/or correct a desired

Manual tracking provides the basiz for verification
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of this module. &n end date of an activity is chanced and
the effects wanually tracked throughout the entire HIS.

These results are compared with the 1ntermediate cutput of

the tracking program, confirming proper operation. in a
comparable fashion, the milestone extraction prograp is
guaranteed.

Reactor Discharge Data dModule

This module accumulates the spent fuel discharge data
oricinating £from the DISFUL program and DOE docuxents.
The DISFUL progras provides spent fuel discharge data by
individual <domestic reactor for the pericd from 1979
through 2003; however, only the data through 19%Y is used
in this simulation model {this decision 1s determined by

AFR Program officials). The DOE documents yield annual
United States ecstimates of spent fuel discharges from the
year 200¢ to 2026 and foreign discharge estimates fron
1979 until 2020. L detailled review of these documents is
given in Chapter Two.

The foreign fuel data from the year 1979 to the year
202¢ and the domestic Gisc?xrce data for the year 2000 and

beyond are handled in an &analogousS waYe Three pseudo-



reactors are allocated the foreign fuel ailotments. Two
0of these reactors are located on the Fast coast; the

Temaining, the West coast. The date for the years z0UO

and on are divided anroung ten pseudo-reactors arbitrarily

located throuchout the United States. This =method of
assigning national estimates to pseudo-reactors is
regquired since the wajority of discharge data, which
originates frorw the DISPUL progran, is listed ny
individual reactcr. All discharge data can then be

handled by the sare programming technigues.

As mentioned, the output of +the DISFUL prograwm is
broken down by individual rTeactor. Several desired

simulation model features reguire additions to the DISPFUL

output. These features include

1) storing fuel against the full core reserve (FCR)
capacity ¢f an individual reactor,

2) determining the distance between a reacter and
each AFkK facility and Trepository in order to
decicde shipment priority, and

3) combining reactor discharges according to state.

An auxiliary procgram massages the output of DISFUL to

include the latitude and longitude, state code, and FCR
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capacity of each reactor. Sone data are extracted
directly from the Stoliler Database, while other data

(¢eg., state codes) are retrieved from auxiliary files
created specifically for the mocel.

Efter the DISFUL output is formatted, these data are
appended with the information on foreign discharges and on
future discharges (i.e., beyond 1999). The reasoun for
using pseudo-reactors now becones apparent since at this
point &ll discharge data are formatted identically for
handling by the GASPY IV routines.

Temperary write statements injected into the module
provide output which ig utilized in checking for proper
operation. Once precise cperation is confirmed by hand

calculations these terpcrary statements are removed.

Model Control Data Hodule

The simulaticn meodel possesses options which perzit a
user to tailor a specific storage scenario to hig wishes.
Table € ¢gives a functional description of these options.
Fach option is expiained in detail during the discussion

of its associated medule. This module gueries the user

for the desired informaticn, providing clarificaticn when



Tabie 6. Siwmuiation KModel CouLtrol Options

Option

Function

Starting year

Sets the beginning time for
the simulation

AFR shipment priority

Determines the shipment method
between a reactor and an AFR
facility (e.g. ship fuel to the
nearest AFR site)

Repository shipment
priority

As above, except for shipment
from a reactor to a geologic
repository

Full core reserve

If invoked; permits storage in
the FCR section of the at-reactor
storage pools

Temporary file storage

If invoked; tracks, by reactor,
the amount of fuel which cannot
be stored either at-reactor or
away-from-reactor

Detailed output

I[f invoked; the 6utput includes
a listing of each discharge and
the originating facility

Accident analysis

[f invoked; simulates the
possibility of an undesirable
event causing a delay in fuel
discharges




requested. is explained previously, by employing such &
guery prograw, format errors are avoided. The user inguts
a =specific vaiuve in free-format and then the prograun
assumnes the responsibility to format the veariable 1in the

vstem Two is controlied by

[47]

needed Lanner. The logic of

the variables chosen by the user through this moduie.

Repository Bata Hodule

The specific data covering repository operation times
and cepecities are given in Chapter Two. Therefore, the
moGule simply extracts the information frow a disk file
and transfers said data intce the input module. However,
functions have been programmed into the simulaticn model
in anticipation of more detailed information concerning
all aspects of repositcory design, construction, and
operaticn.

The author has met and exchanged ideas with ONKI,
officials. As explaired in Chapter Two, ONWI has the

responsibility of overseeing the effortis involved in the

~

development and cperation of all federal nuclear wuwaste
storage repositories. In the fall of 1980, CRWI will

commence the developuent of & #¥1$ along similar iines as
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the AFR MIS. Ls this information system 1s nurtured into
a cotpiete HIS including activities and

interrelationships, the author anticipates using the

tracking and milestone prograns developed for the LFk FIS

against the ONVWI ¥IS. Format and other rpinor
modifications are tc be expected; however, the heart of
the prograrms will remain. Chapter Seven, covering

recormendations, expounds upcen this concept.

Input Module

The input module has the non-glorified but extremely
important task of organizing the ocutputs from the various
modules of Systen One. OCnce assembled, these data are

combined with the nmodules of System Two and submitted to

the batch corxputer at Virginia Tech. Once on the batch
machine, the routines dinterface with the GRASP IV

subroutines and continue the simulation.

System One Reflections

This syster probably has the greatest role to play



within the simulation wmodel. A series of nmodules track
thkrough all the data asscciated with the back-end of the
nuclear fuel cycle. The nmodules are respoasible for
ensuring not only the mechanical but the logicail
correctness of said data. £11 interreiated activities
within the AFR MIS are ezamined, slack times accounted
for, and reguired knowledge extracted. keactor discharge
anrd repository facts from the most current sources are
employed to quarantee the most reliable input into Systenm
TWo. Finally, several auxiliary programs query the user
and set the control =mechanisms for the entire model.
These programs pratically eliminate input mistaxes cowmon
to other models.
Fach mcdule is separately tested. After all are
ndividually certified, the wmodules are combined to fornm
Systen One. Once again hand calculations invoking sauple

data prove the interrelated workings of this System.

System Two

System Two &accepts the lore amassed by System Gne.

Figure 10 provides a flow diagram of System Two. The

f£irst block, labelied INPUYT, represents the input into
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this System accumulated by the modules of System One.
Before GRSP IV receives tfunctional contrel, an optional

accident analysis module massaqges the output frop Systen

One. ‘“he remaining mrodules of the modeli functicn under
the gquidance of the standardized GASP IV routines. Fach
rodule is discussed as seguenced in the flow diagraws.

Accident Analvsis Module

The procedure for satisfying the spent fuel storage
reguirements depends not only on technclogical issues, but
on governmental policies. However, these governrentul
policies are dictated by political elections, lobbying
groups, law suits, nuclear and related accidents, and a
multitude of other occurrences. Each potential eftfect has
an amount of uncertainty associated with its probability
of happening. Hence, the DOE managers are faced with
making decisions under uncertainty.

Uncertainty is defined as a state of knowleiqé in
whick the probability that each event actually occurs is
either mnot known or is not bhased on a aeaningful
statistical hbase.?? B gpanager aust make a decision in an

environrkent of incomplete knowliedage, being forced to use



personal ({subljective) Jjudgments. There are three classes
of uncertainty:

1) complete knowledge where each future event occurs
with some degree of chance,

2) compiete ignorance where neither subjective nor
objective kﬁﬁwle&ge of the probabiiities of
future events exists, and

3) partial igrorance where several probabilities of

future events are either missing or incomplete.?2%

Under complete dicnorance the ugser may use whatever
rational decision criteria he desires teo arrive at a tinal
choice.29

i Bpechanisin to account for the uncertainties
associated with the nuclear fuel cycle is prograzsed into
the simulation model. This module is cailed the accident

analysis routine, where the term accident is used in it

"n

broadest sense. That is, an accident refers not oniy to

o

nuclear accident, scut any vunintentional or undesiracle
happening. The vuser nas the option whether or not to
exercise thics nodule. Bltnough most uncertaiaty can be
cateqgorized by partial igrorance, the uncertainties

associated with the back-end of the fuel cycle larcely

exist under the second class; namely, complete ignorance.
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The presidential election of 197¢ resulted in a
redetinition of the nuclear fuel cycle. Certain
candicates for the 1960 electicns xant +to tersinate
nuclear power altogether; others, increase its use. There
is just no subdective or inteliigent method to precict
probabilities associated with political directions--&

vital influence on the nuclear industry.

The accident analysis

data oniy. The AFK facilit

and capacities are not alter
an undesirable happening has

shutting down nuclear reacto

>

of storsge facilities. And

&

In fact,

move up the timetable for &

to safely store spent fuel.

undesirable event (accident)

model with the accident a
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the accident
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irst, &an overview on the worxkings oif the accident

0]

module is given, followed by a detailed description. Hhe

o
o

erploying the accident analysis wmodule, a user selects &
variety of parameters including the yearly accident rate,
the maximum nunber of years tce delay discharges in the
wvorst case accident, and the coefficients of the various
egquations used in the module. These coefficients permit
the wuser to teilcr the anslysis to his beliefs. The
values are utilized to determine the number of vyears to
delay the discharged spent fuel and the percentage of
reactors affected by the simulated accident. Finalily, the
individual d¢ischarges are adiusted the appropriate amount.

Figure 11 1is the deteiled £flow diagram for the
accident analysis module andé Figere 12 graphically depicts
the series of calculations performed in determiving the
number of vears o¢f delay in the discharges of spent fuel
and the percentage of the reactors affected for any given
year. Noted on Figure 12 are all user inputted variables.
The reader should refer o poth figures during tae

folleowing explanaticn.

The analysis is performed yearly, until the tinme
exceeds the value 1inputted by the user. L random nuzmber

between zero and coune 1is obtained, multiplied Dby one

hundred, and compared with the yearly accident rate. It
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Figure 11. Accident Analysis Module of System Two
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the first rardom value is gyreater than the accident rate

no analysis for that year is performed. The year 1is
incremented by one and compared to the analysis
ternination time. If this time 1s exceeded, the entire

accident analysis ends and control 1is transferred back to
the GESPF IV subroutines. However, 1if the first randon
variable is less than the accident rate, a geries of
calculations are performed¢, as illustrated in Figure 1Z.
The first «celcuiation involves choosing a second
randoa number. The first random number merely confirms cr
denies the existence of an accident, any accident of any
severity. This =econd randor number, in conjunction with
the exponential ecuation, determines the severity of the
accident. The =severity is lirned as a percentage 1ncrease
in puklic negativism. 7The general form of the exponential

equation is

y=Cc+b*exp {8 *x)

where the boundary conditions are

1) when x=100.0, yv=100.06 and

2} when x=0.0, y=0.0.



The user influences the relationship between the second
random number &and the value of public negativism by the
selection of the constant b. The velues of a and ¢ are
calculated by the application of the boundary conditions.
Once the percentage of néqativlsm is calculated, this
percentage is compared witir the cutoff value (also user
inputted) . The cutofif furnishes the user with & mechanisw
to plece a threshold value on negativism, ©below which no
delays in spent fuel discharces canh OCCUT .

Khenever the negativism ig above the cutcfif valve,
the delay time and percentage of reactors affected are
determined Dby two separate calculations. The seconcg

deciphering of the analysis uses the exponential eguation

y=c+b*exp(é*x)
and the boundary conrdition such that when X equals one
handred, y ecuals the maximum delay as selected uy the
user. In this equation, both constants b and ¢ &are user
selected and a is determined bty the Dboundary condition.
The variable x is the value of negativism determined 1in

the first calculation; the valuve of y, the number of years

¢

to delay reactor discharges.

The percent of reactors which are to be delayed 1is
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calculated thirdly by the eguatiocn

Y::b«fa*x
where both constants a and b are user selected. dere the

value of x is eqgual to the negativism determined in the
first caiculation and the value of ¥ is the percentage of
reactors affected by the accident.

Given the twe values, delay time and percesntage cof

reactors afiected, a subroutine adjusts +the reactor
discharges. One by one, each <zreactor discharge 1is

exarnined over the periocod starting with the current year
under analysis and ceontinuing into the future for a number
of years egual to the calculated delay. As each rezctor
discharge is examined, a random number 1is retrieved wihich
iz compared with the percentage of r1eactors affected
(third calculiation). If this random nunber is legs than

the percentage, +then the reactor discharge is delayed the

corresponding unumber of years. The amount oi delay
depends upon the vyear. FPor example, consider the year
under analysis (base year) as 1981 and the delay time
{second calculation) as three years. 1f reactor & has no

discharge in 1981, but has a discharge in 1982, then the

discharge 1in 1%€2Z is moved back only two years. if



reactor B has a discharge in 1981, that discharce is moved
back a full three years. & temporary file accounts for

the effects wupon each reactor to ensure that redundancy
does nct occur. Once a <reactor has 1its discharge

adjusted, said reactor is exempt from foarther adjustments

antil the base vear is iuncrenented. In the previous
example, reactor £ is exeapt aiter 1981. This quarantees

that when discharges in 1982 are checked, <tTeactor B dces

not have its discharge moved back an additional two years.

n

kRemember, throughout this exemple using reactors kK and B
the base year is 1981. After all adjustments are rade for
1981, 1982, and 1983 (since the delay time is calcuiated
at three years), the base year is incremented by one vear
and new values of public negativism, Gelay tine, and
percentage of reactors afiected are calculated.

The precedinc procedure is repeated once a year until
the base year exceeds the limit as set by the user. st
this point all reactor discharges of spent fuel have been
adjusted according to the parameters of the accident

analysis moduie.

Fnsurinc that this accident nodule perforus &s
cutlined involives a series of reasurec. The first is

checking each subroutine comprising thais modale on an

individual basis. BGefore each subroutine is compined into



the simuiaticn rodel, the subroutines are fitted into
separate stané—-alicne programs. Thus a testing FORTIAN

program is uvtilized to check +the randem number generator;

a testing program is utilized to check the calculations

for negativisn, delav tiwe, and percentage of reactors
affected by the gimulated accident; and so on untii each

component is certiiied. Next, the analysis nRrodule is
compiled in ite entirety and verified by using a sarpling
of discharge data. GASF IV provides an echo check on the

events before the

[

main file containing all th
increrentation of tine. By running the simulation radel
with and without eccident analysis, the echo check can be
enmployed, along Wwith numercus programner inserted write
statements, to confirm the proper working of the analysis.
The temporary write statements cause ab outputting of the
values of the random numbers, delay times, and other
pertinent values. The author then perforas hand
calculations and compares tihe accident analysis adjusted
discharge with +these hand calculaticus and the non-
adjusted data. £11 checks verify the accuracy of the
accident analysis module.

Trhe accident module <does= not have to e invoked--the
decision rests with the user. After the anslysis is

perforwed, the input data are arranged into caronological



order via a file pointer systen. Kow the actual
simulation of the passage of time begins by extracting the
first entry from the main GASEF IV file (event file).
Interpretation of this entry directs the action of the
simulation. YThe specific action 1is & function of the user

selected event code, as discussed in the following

m

secticn.

Event Code Hodule

kn event is an occurrence which affects the status of
the system being modelled. The eifect upon the system can
be pc effect. For exanple, the event could be a cecisicn
vhich has as one option the choice to leave the status of
the system as is. in GASPF IV, the pcssible events are
categorized by the mechanism by which they are scheduled.
Those events which occur at & specified projected point in

time are time-events. Those that occur vwhenever the

o]

systern reacnes a particular state are referred to as
state-events.?2* In the fuel cycle simulation model, all
events are clasgified as time-events. Yhigs method of
simulation is often called "next event® simulation.

A4n  exanple of an event 1is a reactor discharge of



spent fuel. Trhis event is characterized by a series of

attributes. In thi

16}

exampie, attributes include reactor

identification, year of discharce, and amcunt of discharce

in metric tons of uraniur (mtu) . En entrv is a specific
happening and fails within an event classificarion. Al

example of an entry is reactor Z5 discharging fifty mtu of
spent fuel in 198&&. The firet two attributes of each
entry {(and hence each event) dictate the action to be
considered. ‘he first ettribute is the ranking atiribute.
In this model the ranking attribute represents time. The
second attribute is termed the event code and dictates the
course of the simulation. Table 7 lists each event code
erployed in this eimulation and associated function.

Appendix C details the events and all the attributes.

GaSF IV scans the event file, extracts the first
entry, and examinegs the second attribute. Thig attribute

pilots the simulation to the appropriate subroutines. The
actions associatea with each event code are perlustruted
in numerical order, starting with event code one--storage

demand.
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Table 7. Simulation #dodei Events and Associated Punctions

Event Code Function

Discharge spent fuel from a

One specific reactor.

Change the capacity and/or handling

Two rate of an AFR facility.

Report the utilization statistics
Three (e.g. mean, standard deviation) for
each AFR facility and repository,

Accumulate storage supply and
demand data for each AFR facility

Four and repository (to be used in
final output plots).
Five Change the capacity and/or handling

rate of a repository facility.

Remove fuel from the AFR facilities
Six and store in the repositories.




Storacge Derand Xodule

An event code of cre indicates that a certain amount
of spent fuel is reguired to be stored in either an AFEK
facility or repository. Pigure 13 represents the fiow of
actions reguired to simulate spent fuel storage. The

‘

sk 1s to agcertain which shiprent priority between

]

first ta

14

reactor and storage location 1is desired. There exists
five different shiprment cptions. The user selects the

desired option for shipment from the reactor to the APE
facility and from the Teactor to the repository. The
options do not have tc be the same for AFE faciliity and

repository. The five shipment coptions are:

1) nearest lccation, and if unavailable then the
next nearest iocation;
2) lovest utilized location, and if unavailable the

next lowest utilized;

w
St

nearest location, &nd if unavailable the location

with the lowest utilizationg

4) lowest utilized locaticn, and if vnavailable the
nearest location; and

5) user specified location (e.u., reactor number ten

ships to GE-HKorris).
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EVENT CODE 1

OETERMINE SHIPMENT PRIORITY

I

"E"sﬁgg'" STORE FUEL IN
AVAILABLE REPOSITORY
?

AFR SPACE STORE FUEL IN

AFR FACILITY

AVAILABLE
?

STORE
AGAINST FCR
?

NO

FCR SPACE
AVAILABLE

STORE AGAINST
FCR

RECORD TIME REACTOR
CANNOT STORE FUEL

NO

NOT STORED FOR
MANAGERIAL
ANAIBYSIS

YES

ENTER AMOUNT OF FUEL AND
REACTOR NUMBER IN TEMPORARY FILE

Y

> GATHER STATISTICS -

l

RETURN

Figure 13. Storage Demand #cduie of Systes Two
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Gnavailable indicates that either the capacity of the
storage location is full or that the yearly handiing rate
of the location is eXceeded.

Bach reactor and each storage location hLas 1its

associated longitude and latitude stored 1in separate

arrayse. When an event code of one 1is detected, the

0

!

distance bhetween the specific reactor and each AFR

facility and each repeository is determined. Then a
sorting routine is used which results in 1vwo arrays. The
first array contains, in order of nearness, the AFk
facility codes and the second array contains the
repository codes, also in order of nearness. In an

[«Y

analogous fashion, the EPK facilities and repositories are
et

ordered by current wutilization. The ilization is
ordered from lowest tc highest.
Shipment option five provides the user with extrenme

.

flexibility 1in directing spent fuel shipments. Bach
individuwal spent fuei discharge is categorized in  foux
ways: 1) by reactor identification number, 2) by utility
identification number, 3) by state code, ané 4) by
Natioral Eiectric Feliability Council (NERC) code. The
best way to expliain this option 1is by way of several

exanples. The first example states that discharges from

reactors in V¥Yivrginia, South Carolina, and Hew York be
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stored &t the ZBarnwell AFR facility if aveilable storage
space exists. If storage space is unavailable, then ship
to the nearest facility with available space. K11 cther

reactors are to ship thelr spent fuel to the AFR facility

with the lowest utilizaetion. £ second example combines
several codes. Reactor discharges frow the utilities

Boston Zdison, Xaltimore Gas and Electric, and New England
Power ship to the BFR facility at West Veliey, Hew York.
Reacter discharges from the states of Caiifornia,
Nebrasks, Ohic, VWashington, &nd Indiana ship to the AFK
facility GE-¥forris. Feactor discharges fror the reactors
Oconee, River Bend, Vogtle, Turkey Point, Beaver Valley,
and Cherokee ship to Repository Nuamker Two. Euy spent

fuel discharge not specifically aillocated is sent +to the

)

U

nearest AFR facility. If the nearest facility :is

unavailable, ship the spent fuel to the facility with the

lowest utilization. 1In addition, any spent fuel dischavge

not specifically allocated is trangported to the
repository possessing the lowest utilization;  and if
unavailable, the next lowest utilization. The user is
cautioned to avoid conflicts; that is, designating San

Onofre to ship to GE-HMorris and all reactors in Caiifornia
to send fuel to West Valley causes difficulties.

During the remainder of the description on storage



demand, a shipment priority of nearness is assumed. The
methodology zfor any other shipment mode is identical.
Referring to Figure 13, the present policy of the DOE 1is,
if possible, store fuel first in a rerository. Since the
expected earliest date for the operation of the first
repository is 1997, numerous discharges will be shipped to
AFR tacilities prior to 1927. This expectation is
obvious, but crucial, for the existence o¢f an expectation
ot discharges befcere 14997 prormpts the need for the entire
LFR Program. The nearest repository is examined, and if
space is available, the discharged spent fuel is stored in
the repository. kFefcre returning simulation coatrol back
to the GASP IV subroutines which search for the next
entry, statistics s&sre ccliected. ‘hese statistics are
reviewed at the end of this =section after all naths of the

storage demand flow chart ar travelled. If the nearest

T

repository is unavailable for storacge, the next nearest

repository is examined and so on. if no repository is

ﬂ\

available to accept the discnarge, the simulation exaRines

the ARFR facilities.

In a completely identical wmanner, each AFR facility

is scrutinized for availability of storage space in order

of nearest, next nearest, and so forth. If a fecility i

n

able to store fuel, the spent fuel is indeed stored and
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the proper statistics colliected. Whenever there does not
exist auny AFk facility for storage, the full core reserve
(FCR) option is simulated, it selected by the user. The
FCR option first checks the amcunt of spent fuel stored
against the FCR of the reactor in question. it enocugh
storage space is vresent, the spent fuel is stored against
the FCk capacity and statistics are collected. If the
total FCE space or the availalkle portion of the FCK is not
sufficient to store the discharge, the next step is to
determine if the temporary fiie option has been selected
by the user. Storing spent fuel in this temporary file is

a

E

anagerial tool. kemerber, to reach this point there
are no repositories or AFK facilities available and, if
enploying the FCR option, no ¥Ck storage space. kit this
point in time the objective of the AFK Program cannot be

met since all realiistic avenues of storage gprove futile.

[

The overriding function of the simulation model is to
provide the DOCE manacers with a wechaniss to examine this
failure point under the storage scenario being reviewed.
Depending upon the magnitude of the failure, the manager
can change a voluminous number cf factors such as shipping
priorities a&and/or on-line times for AFE facilities in
ocrder to eliminate the failure. The temporary file

provides a record on how bad the failure is. In other



words, a case where only one metric ton of spent fucl
cannoct be stored is far different thar a case where one
thousand metric tons of spent fuel cannot be stored. The
temporary file option tracks all spent fuel which cannot
be stored. If this option is not utilized, the discharge
is not recorded, nc statistics are colilected, and the next
entry in the svent £file is sought.

2 variety of statistic

n

are collected after the spent
fuel discharge is acknowledaed. Prime amonag the
statistics is the percent utilization of the APk facility
or repository. If a faciiity possesses a low utilization,
then the need for its total capacity may net exist. Any

capacity to store gpent nuclear fuel is rather expensive,

and capacity not utilized is wasted. This 1s especially
applicable to APFE facilities. AFR facilities w@are only
interim resting places for spent fuel. kfter the

repositories bear the burden of storage and the spent fuel

within the &KPR facilities is mpmoved to the repositories,
the AFR facilities will be decommissioned. Excess
capacity which 1is provided at a high cost, but not

utilized, represents inefficient wanagement technigues.
Therefore to¢ examine this important variable, yearly
printcuts of the percent utilizetion for each AFE faciliity

and for each repository are provided along with graphs



showing supply and demand versus time over the life of the
simuleation. Zxampiles of these outputs are given in
Chapter Five.

Cther stetistics collected at the ernd of the storage
demand module include percent uwtilization of FCR, number
of shipments to each AFR facility and each repository, and
the amount oif fuel handled against the yearly handling
rates. In addition, the first time spent fuel cannot be
stored is vrTecorded and this value 1s wnmarked on the
graphical output. Ail statistics are printed out either
daring the simulaticn period or at the end of the
simulation. LKfter the statistics are gathered, the
storage demand module transiers control back to GASP IV.
kR measurement is performed to check end-of-simulation. If
the simulation is not over, the next entry in the event
file ig extracted and the appropriate action undertaken.

The correctnesz of the storage demand module is
ensured due to exhaustive testing performed during model
development. The subroutine to calculate & distance
between & reactor and facility or repository 1is veriified
by hand. The distance is determined by using Great C(Circle
calculations. Numerous exampies from other socurces
provided sample calculations with which to compare the

results of the subroutine.¥*® Sample supply and demand
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‘he

v

b

figures verify the percent utilizaticn rocutines.
gsorting routines are confirmed by temporary write
statements within the podel. During & simulation Tun,

each time the sort routine 1s engaged the reactor under

consideratior and the sorted arrays are printed. Hana
calculaticns confirm proper sort. 211 other subrocutines

are similarly checked and verified by hand calculation.
After the entire module is unitized, once again hand
calculations verify that the sun 1is indeed equal to its

part

n

- A sampiing of data is generally used for
verification anelysis seince the number of discharges in
the sample prove manadgeable.

The next event code to be eplightened vpon is storage

supply, the topic of the next section.

Storage Supply Kodule

This section describes <the flow cf happenings
whenever a storage supply event occurs. This <storage

supply includes either an AFk facility storage supply or a

repository storage supply. The discussion assumes an AFR
facility supply; however, a completely analogous flow

transpires if a repcsitcry supply occurs. An AFK supply

I
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is signified by an event code of two ard a repository
storage supply i1z indicatea by an event code of five.

Different event codes for facility supply or &

o)}

repository =supprly are used te direct the pr

(D

g am  to
different formatted output statements. Figere 14 details
the flow diagrar for the storage supply module.

&n event code of wwo indicates that an AFR facility
igs 1) coming on-line, Z) increasing 1ts existing storace

capacity, and/or 3) changing its spent fuel handiing rate.

Bach facility possesses & unicue numerical code vwhich isg
stored as the forth attribute of the entry. *he first

step in & storage supply is to determine whick facility is
being mcdified.  Next, the capacity is increased and the
handling rate adjusted. Both actiens are glways

performed; however, 1if conly the nandling rate is desire

D_

to be changed then the user codes the charge in capacity
as zero. This concept applies especially to repositories,

since the initial handling rate iz expected to be 1800 ntu

per vear. Five vear after the repository egins
operaticn, the handling rate is expected to 1increase to
6000 mtu per year. The time, capacity, and handling rate

are all automatically extracted fror the AFR Program #IS

2t

by the use of a series of &uxilliary prograkbs. This step

is performed during the operation o¢f System Oue, as
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EVENT CODE 2 0R §

'

ADJUST AFR FACILITY {OR REPCSITORY)
STORAGE CAPACITY AND/OR HANOLING RATE

i

STORAGE

AGAINST FCR
?

NO

REMOVE FUEL HELD AGAINST FC3

|

AVAILABLE
SPACE REMAINING
?

NO

STORAGE

IN TEMPORARY FiLE al

REMOVE FUEL HELD IN TEMPORARY FILE

[

> GATHER STATISTICS -+

l

RETURN

Figure 1. Storage Supply Hodule of System Two
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explained previousivy. iow if both the FCR option and the
temporary storage option are not requested, statistics on
facility utilization are collected. Rfter the statistics
are gathered, GASP IV regains control and searches for the
next entry.

whern the FCRK storage option 1is implemented and after
the wodifications to the facility are performed, an
investigation is made to determine if any reactors are
storing fuel against their FCR  capacity. If this is the
case, then spent fuel is removed from the FCR space and
stored in the ATR facility. The priorityv for removal is:

the reactor with the hichest percentage of 1its FCR being

(]

utilized removes its spent fuel first, regaining TCR

*

capatility. Sore concern exists that the priority should
be the reverse, which in turn leads to z greater number of
reactors regaining their FCL capabilities. The reasoning
dictating the hichest percent utilized order 1i& one of
econonrics. The probakility of any individual <teacter
having to imsediately utilize 1its FCR storage space 1is
independent of any amount of fuel being stored against the
FCR. Therefore, if such an accident occurs which reguires
core removal, the reactor with the ¢reatest utilization
has to ship the most fuel to another at-reactor (&X) or

LFK storage location. This shipment translates into



increased consumer cost and increased down-time.

Femoving fuel from FCR storage space continues until

either the BFE facility's capacity is exceeded, the AFR
facility's vyearly handling rate is exceeded, or all

reactors have regained PCR storage space. (Under the first
two instances the remaining action is to collect

statistics and search for the next entry. However, if AP

¥4

storage is still aveilable and the user selected to trac

non-storable fuel 1in & temporary file, then anpother
routine is entered. Thig rottine rencves fuel frowm the

temporary file and stores said fuel in the AFR facility.
Spent fuel 1is tracked by reactor within this temporary
file, &andé removed by reactor also. iiemoval from the
temporary £ile continues antil the capacity of the LEFE
facility is exceeded, the handiing rate of the facility is
exceeded, or the temporary file exhausted.

ks previously explained, the temporary file option
provides a mechanism to track the spent fuel whick cannot
"be stored in an AFR faciltiy, a repository, or the FCE
porticn of the AR storage pool. The user can functicnelliy
interpret the fuel contained in this file in any manner so
desired. The three cptions of storage (AFE, repcsitory,
and FCR storage) are either being presently employed (FCR

option) or will be utilized 1in future endeavors. Other
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methods of interin storage are not yet clearly detined and

n

¢

the purpecse of the temporary f£ile is to simulate whatever
additional methods of storage the user requires. One
possible functiorn 1is transshiprent of fuel, as described
in Chapter Two. At present, specific quidelines on the
methods of transshipment do not exist. An example of such
a guideline 1s @ series of rules deteailing which reactors

transship to which other reactors' AR storage pocoles.

Without =such guidelines, programeing tce account for
transshipment cannot be performed. When using the

temporary fiie to simulate spent fuel storage, the feature
that is lost is what exactly happens to the fuel. The
file Zjust contains so may metric tons of uranium of spent
fuel discharged from reactor number X. There 1is no
indication as to vwhere this fuel is to be shipped or how
the fuel is to be handled.

The oprtion exists that, upon storage supply and after
all reactors have regained their FCR capacity, fuel stored
in the temporary file canr be removed and placed irto the
AFR facility. When transshiprent 1is considered, this

feature simulates a priority with whkich to remove the

Fh

transshipped fuel.
Present policy sugoests that whenever the tesporary

file option 1is exmployed, transshipment is simulated.3t



Spent fuel is shipped tou ancther reactor's AR storage pocl
if space is available. ‘ This space excludes the FCR
capacity. Hence, transshipped fuel does not infringe upon
PCR capebilities. This policy determines the order in
which spent fuel is removed from the FCH areas and the

temporary fiie. Whenever an AFZ facility comes on-line or

increases either capacity or handling rate, fuel stored
against FCR is shipred to the <facility. Then if the EFE
facility still has available capacity, spent fuel

accountea for in the temporary file is remcoved andé stored
at the AFKk site.

Returring to the storage supply flow diagram; aiter
the temperary file is enptied, statistics are collected.

Percent utilizaticn and number of shipments are determined

and collected. Fuel stored against the vyearly handiing
rates 1is accunulated for Zfuture reference. Fimaliy,

control of the model is returned to GASP IV which locate

o
0

the next entry in the ovent file.

This explanstion cf +the storage suppiy pcodule is
presented using an AFR facility as the source of suppliv.
The procedure 1is identical when a repository comes on-
line, changes 1its handling rate, O0r increases its
capacity.

The accuracy ¢f this nodule is checked 1in & similar



fashion, as previously described in the vreview of the

storage demand module. Rach suvbroutine is individually
examined and verified. | Finally, the entire module is

checked via the use cof sample data and hand calculations.

Utilization ¥eportinc Module

An event code o0f three directs +the vprogram 1to

calculate and report on the percent vtilization of each

RFR facility and repository. This event occurs once each
year. The percent utilization is determined every time a

storage locsation accepts spent fuel or changes its
characteristics. This value 1is equal to the current
amount of stored spent fuel divided by the current
capacity of the storage location. This value is passed to
a GASPY IV supplied subroutine. Then at any time reqguested
by the vser, GAS® IV reports the mean, standard deviation,
anéd maximum and minimum of the sampled values.

The Ptasic assumption in these calculations 1is that
the variable (in this case, percent utilization) has a
constant value .during the interval from one revort of
utilization to the next time & value 1s repoerted. Herce,

the relative freguency with which the variable has a



specific value can be congsidered eas the prepoertion of the
time during the simulation that the variable has that

value.2® 7This translates into the following equation
Lverage Value = sulm over xf x*t(x) }/TO¥

where x is the value ot the variable; t(x) is the tine
during the simulation that the variable has the value of
X; and TOT is the totel simulation time.2?

Thié eguation 1s meodified due to tne value of T0T.
GASP ¥V cdefines TO0T as the total simulation time; however,
if an AFR facility or & repository does not come crn-line
at the beginning oi the simuvlation (usuaiiy 1978), then
erronecus results follow. For example, if a repository
comes on-line in 1897, GAS? IV assumes the value of x as
zero from 197& until 1997; when, in fact, the value of x
is non-existent until 1¢%7. To overcome this difficulty,

a separate array 1is formed which contains the on-line

times of each storage 1location. Then whenever the
utilization valiues are reported, insteac¢ of 10T
representing total simulation time, 0T is directed to

indicate simulation time from +the appropriate storage
location on-iine time tc¢ the present time.

Hand calculations confirm that the modification works



as anticipated. Examnples of utilizaticn reported output
and a discussicn on how these valiues can Dbenefit the DOE

managers are given in Chapter Five.

Plot Data HKodule

GASP IV provides for up to ten line printer plots.
Each plot consists of one independent variable ané up to
ten dependent variables. In addition, all plot data can
be tapulated during final output. In this model, the
independent variable is tiwe and the dependent variables
are the =upply of and demand for speat fuel storage of
each individual storage location. An  event code of four
flags the collectiocn of data. This event is set to occur
every two-tenths of a year.

Line printer plots are very guick and easy to

produce. In addition, a standardized language can have
the plots produced at most any computer faciltiy.

However, plots wmade by a printer are usuaily difficult to

read and understand. in order to illilustrate Dbetter the
supply and demrand, use is nrnade of an electrostatic

plotter. The actuval GASP IV plots are suppressed, but the

tables of plot deta are printed. An auxiliary pregran



automatically extracts +the data from the tabliles and
produces a series of plots generated by the electrostatic

plotter at Virginia Tech. This series includes a plot for

each 2AFR facility, for each repository, for the total AFE

supply and demand, and for the total repository supply and
demand.' Figure 15 1is a sample line printer plet and
Figure 16 is a plct preduced on the electrostatic plotter.
Both plots originate £from the same data, yet the
electrostatically drawn figure is noticeably cleaner and

easier to interpret.

AFR Spent Fuel Ekemoval HModule

«

The final event code to be covered is nunber six.
Remembier that the numerical value of any event code has Lo
relaticn as to when that code is invoked. Event code four
indicates plot data colliecticn and occurs every two-tenths

of a year. Event code two, implying AFRK facility supply,

17}

happens only when an AFR facility undergoes

=

a cChange 1n
status. Returning to code =ix, this produces the action
of +transferring sprent fuel frow an AFEK facility to a
repositorye.

The AFR facilities are interim storade areas which
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0.9260€+02
0.9280E+02
0.9300£+02
0.9320E+02
0.9340E+02
0.9360€+02
0.9380E+02
0.9400E+02
0.9420E+02
0.9440£+02
0.9460E+02
0. 9480E+02
0.9500E+02
0.9520E402
0.9540€E+02
0.9560€+02
0.9580E+02
0.9600E+02
0.9620E+02
0.3640€+02
0.9660E+02
0.9680€E+02
0.9700E+02
0.9720E+02
0.9740€+02
0.9760E+02
0.9780E+02
0.9800£+02
0. 9820E+02
0.9820£+02
0.9840E+02
0.9860E+02
9.9880E+02
0.9900E+02
0.9920€+02
0.9940€+02
0.9960E+02
0. 9980E+02
0.1000€+03
0.1002€+03
0.1004E+03
0.1006£+03
0.1008E+03
0.1010€+03
0.1012E+03
0.1014€+03
0.1016€+03
0.1018E+03
0.1020€+03
0.1022E+03
0.1024€+03
0.1026€+03
0.1028€+03
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Figure 15. Storage Utiliazation for the Morris Pacaility
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are to be decousmissioned after the spent fuel 1
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transferred from the AFK to the geoleogic repositories.
Upon examination of the timetable for repository
operation, this decommissiong happens well intc the next
century. The handling rates of the repositeries are upased
on projected amounts of waste material from individual
reactors and defense programse. Remaining repository

capacity is utilized for the transier of fuel frow the AFK

n

sites to the repositories. The simulation of tais
transfer is offered as an option.

Figure 10 iliustrates the flow involved in simulating
the transfer of spent fuel frouw the AFE facilities to the
repositories. The first acticn is to check the status oi
the revositories. If a repository has available space
(i.e., neither the total capeacity or yearly handling rate

are exceeded) thoen AFR stored spent fuel is removed from

S

4}

the AFR site and stored in the repository. This proce
continues until each AFEK facility and each repository are
canvassed.

Shipments from a specific BFr  facility to a
repository can pe halted 3if 1) the caypacity of the

repository is exceeded, Z) the yearly handling rate of the

repository is exceeded, 3) the vearly handling rate cf the
AFR feacility is exceeded, or 4) the APE facility ships all



-
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its stored spent fuel. In prioritizing the APR
facilities, the facility with the highest percentage of
utilization 1is the first to ship to the available
repositorye. This priority is selected since the
facilities with the hichnest utilization probably come on-

line at the ecariiest tiwmes. Hence, the decommissioning cf

the oider A¥R tfacilities occurs first. kfter each
available repository receives fuel from the APK

facilities, the usual statistics are collected and centrol
is relinguished to GALSP IV.

Once again verification of this module is performed
through the use of temporary write statewments, apbreviated
data, and hand calculations.

E1ll possible event codes have been examined. In each
case, after the appropriate action is accomplished,
control is turned over to GARSP 1IV. If the simulation 1is
to continue, GASP 1V checks the event file for the next
entry. There are severali rethods to terminate the

simulation model, all explained in the next section.

End-of-Sinpulation Module

There exists three normel methods and cone abnormal
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vrinkle in whichk to halt the sisclstion mcdel. The three

normal methods are

1) setting a GASP IV variacple to minus one,

,‘
a1

-t
rb-

2) cefining e time (e.4e., 1993) to | tae
simulation, or

3) emptying all erntries from the event file.

The abnormal wrinkle involves any wmethod causing a

termination error. This method is not as foolish as said
rethod may at f£irst appear. This is especially useful

during certain testing since causing an early termination
via an 1illegal statement wmay be the easiest technigue.
One exapple 1s to limit the time of simulation. Here tinre
refers to computer execution time. If one is interested
in testing just the beginninrg of a routine, the execution
time can be set at a low wvaiue. for normal operation, an
increased time limit must be coded.

For the fuel cyvcle simulation rodel, the termination
of the s=imulation occurs at the user ingutted end date.
The event file never Dbecores comnpletely empty since
certain events are automaticelly entered on a regular
basis. This logic applies to event codes three and four.

Considering code three, after statistics are reported, the
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current time is increased by one; and this new time, alon

]

K=}

with an event code of three, is entered into the evernt
file. This relieves the user of having to input an event

code of three each vear throughout the desired simulation
period. Therefore, entries of discharce data may expire,
but there still exist some events due to the automatic
replenishing feature. The user is ceautioned not to rely
on the model endinc vhen entries no lenger exist.

If the simulation is mnoct over, the next entry is
eztracted from the event file and the flow of Figure 10
repeated. Whenever the simulation is terminated, several

output routines are executed. GRSF IV first looks for a

user supplied output subrcutine. This subroutine is
optiocnal. The fuel cvcie model employs such a routine to
report on the number of shipiuments to each APFR facility and
each repositorye. Also inciuded in the output is an echo
check of the input data from User Input. This teature

aids the user in keeping track of the output from several
different simulation runs.
After the user supplied ouvtput subroutine completes

.

Vv provided subroutine 1is called to

i
b4

ite deads, the CASE

dutye. b cdetailed listing of the opticons available with

|4

this routine is given 1in the GASE IV reference. For this

rodel, the wain use for this subroutine is in producing



the plot data in tabular form.

This completes the description of the simulation

rodel . The next section examines model verification, as
pertains to the entire model. The coutput, along with

numerous exatnples, 1s tackled in Chapter Five.

MGCDEL VERIFICATION

During the discussion of each module comprising the
enptire simulation model, a paragraph is devoted to

verification of that module. After all modules are linked

together, model verification proceeds in a similar
fashion. The printed output ig scanned for any FORTRAN
execution errors. Once all such errors are corrected,
detailed hand calculations are performzed. EPrintouts of
all the input are wassed and wanual wealk-throughs
undertaken to simviate the simviation model. The errors

in coding and logic are discovered using this methodology.
Correcticns are made and the final model certified.
Appendix I details tiis procedure by previding a sarple

input and the correspending output along with a written

explanation.



CHAPTER FOUR - INPUT VERIFICLTION

Employing a snapshot of data for use as 1input has
always been shunned uponr; for thkis input would cquickly
become obsolete. The activities and their interrelations
withinp thae AFR FEIS can change monthly; estimates oOn

foreign discharge requirements are subject to political

decisions; &nd the repository data can beccome nore
detaiied and comrplete. To insure that the user of tais

simulation wodel is employing the wmost current data,

specific mechanisms are developed and inmplemented. The
recharisms fali into two general categories: 1) those
methods which pinpoint gaps and/or overliaps in
interrelationships and 2) +those methods which yield an
easily upaatable Dbase of information. These mechanisus

are described, where applicable, 1in <relation to the AFR
Mis, the reactor discharge data, and the repository data.
Some cgeneral comments deserve mentioning. First, the
following discussions, centering upon the various sources
cf input, are concerned only with those aspects relevant
to the simulation wodel. Tne purpose of this paper is to
describe the model and rot a general explanation of the

AFR }¥IS or the DISFUL progranm. The reader is encouraged



118

to obtain the referenced works whenever mwore information
on these subjects is desired. Second, the author has
served as technical manager for the development of the
cctopcedous AFR MIS and all asscciated tentacles. Since
numerous computer programs which 'scrutinize the HIS have
rultiple applications, the actual FORTEAN coding of soume
of the programs has leen completed by other individuals.
However, ali the procgram designs have been developed and

supervised by the author.

AFR M1S IRPUT

in October 1977 the Department of Energy (DOX)
announcec that under certain conditions the federasil
government Qeuld take title +to and. store spent nuciear
fuel frore private compercial reactdrs.i All costs
associated with the storage, including AFE decomwmiscioning
costs, are borne bty the utilities concerned. This effort
reguires a computerized ¥IS in order tc track and repcert
on the large numbder of work packages (e.g., contracts)
required to successfully meet the AFR Program objective.
Bach work package allocates to & specific contractor a

porticn of the total effort. Areas of eifort inciude 1)
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legisiative reguireuments; 2} cite-selection studies; 3)

transportation evaluations; and &) facility design,
construction, and operation reguirements. Presently, the

AFR MNIS contains information oun approxikateiy ninety such
work packaces. The effort ailccated to each work packacge

is further broken down into =specific elements called

cactivities. B work package contains, on the average,
twenty activities. Through predecessor and suc sSOT
relationships, the activities are related not only to the

activities within their own work package, but to any work
package or packages within the AFR Progranm. For exzamuple

a specific liceunsing¢ activity in a work package within the
general area of legislation hkas as a successor an activity
contained within a work packace under facility desigu.
These relationships form the inks which permit the
tracking of the activities contained within the AFLk KIS,

culminating 1in the AFHK Zfacility opetation activities.
Hence, a delay of =six wmonths in site selection can be
translated into the delay for the on-line time of & new
AFE facility. 0r, & sliippgage in reracking design and/or
licensing can have a domino eftect through the HNIS
atfecting the anticipated capacity of the GE-dorris

facility. The correct identification of all related

=

activities is © prime importance to insure the accuracy



of the cutput from the simulation model.
The orginial frawmework for the AFR MIS is based upon
a functional vwork TLreakdown structure (¥BS) . This

structure places work packages and their associated

activities into functional categories. A saxple of this
functiopal structure 1is shown in  Figqure 17. ““his

functional WHS 1s employed in the allocetion of funds

through contractual processes. Kote that the overkhead,
Planning and #Hanagement (task 11), and the Internal
RKesearch and DJeveloprent (IESD), Technical Support (task

14) , are of such importance to long-terx R&ED prograns ihat
there is both politicai and raehagerial value in
highlighting ther in this structure. However, these tasks
are merely autyiliary functions in support of the overall
RFR Program objective. Typically, decision points and
integration xilestones are placed under ?lanning and
Management; scoplng and evaluation awmilestones, under
Studies zand &nalysis; and concept develiopment rilestones,
under Technical Support. In addition, milestones related
to the objectives and¢ products of the prcagram are
intermixed throughout the functional WBS. Elthough this
functional KBS satisiies the financial aliocation
requirements of tke AFE Prograwm, prograi céntrol problexs

can arise from this functional Gdisgemination of



11 Planning and Management

111 Planning

1111. Facility Planning
1112. Program/8udget Planning & Management
1113. Business Services

112 Planning Support

1121. Full Core Reserve Evaluation
1122. Storage Logistics
1123. AFR/AR Economics
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113 Fee

1131. Fee Methodology
1132. Fee Update
[ ]
L]
114 Storage Contract
115 Program Management
116 Quality Assurance
117 Public & Governmental Relations

12 Facility Acquisition

121 Morris

122 Barnwell
123 West Valley
124 New AFR #1
126 New AFR #2

13 Legislative Requirements

131 NEPA Activities
132 Congressional Activities

14 Technical Support

141 Safety & Environmental Technology
142 Dissassembily & Fue! Rod Storage
143 Equipment Development

144 Storage Alternatives

145 Operations Data & Assessments
146 Generic Studies

147 Safeguards

15 Transportation

151 Transport Industry Programs
152 Adequate Transport Capability
153 Transportation Support

16 International Activities
161 Transfer Plans
162 Muitinational Storage Facility

163 International Cooperation
164 Activities Integration & Planning

Figure 17. Yunctional W85 of the AFE

Programn
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rilestones. In fact, technolcgical, operational, auna
anagerial ogaps and overlaps can exist whenever a

functional @BS 1

i

: s0lely employed in  program management.
During the desion phase of the +tracking and milestone
extraction module, the eliminatioen of +these gaps and
overlaps pecomes necessary for proper module operaticn.
To assist in this elimimation, a wodified objective ¥ES
and a logic flow diagrawm are program customized.

B classical cbijective WBS is not set against a time
basge. towever, to aid in the tracking and aggregation of
milestones a time base is ‘desired. L modified objective
WBS is developed during the desion stages of the

simulation model in order to visualize the timing of the

individeal activities within the AFK HIS. Ficure 1€
iillustrates an abbreviated <section of the APE Frograb

modified objective WBS. The top portion (above the dotted
line) is a typical ctijective orientated structure. This

portion ig 1linked to the individual activities which are

placed¢ against the vertical tine grid. The upper portion
provides the opjective structure, cruycial in the process
of <checking gaps and overlaps. Trhe lower porticn is

invaluable in providing the mechanism with which to track
program progress via the simulaticn model. in adaition,

slack times can be observed and cousidered in the
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managerial processes.
Une feature lacking in any objective diagram 1is an
ability to handle decilsion branches. Decision branches

highlight caps which may not be apparent in the cbiective

WBS. 2 logic diagrunr provides a branching mechanisw, as
shown in Pigure 19. Whereas the WES's are based on

success—oriented management, the logic flow diagramr aliows
for alternative directions and result decisions.

The comrbinatorial use of these three WBS*s and the

N

logic flow diagrar ensure that the financial aspects (and
hence, resgource allcoccations) and all the decision points,
the milestounes, and the interrelationships of the AFR
Programx are realized, maintained current, and trackable.
The importance ©of maintairing current data and ensuring ao
gaps or overiaps ewist car rnot be understated since these
milestones become the decision variables of the Gasp 1V
simulation model.

The AFk MIS is a continucusly evolving systen. kork

packeges are completed; new work packages are awarded; and

activities can be redirected, reduced, expanded, oL
eliminated. Teuwenmber, the managers can empicy any

available resource to slter the status of any activity

M
n
ot
[}
=
(@]
et
o
el
©

under their Jjurisdicticn. Hence, the objectiv

i1s constantly empleyed to guarantee a unitized HKIS. LS
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explained in Chapter Three, the +tracking module of the
simuletion model works within the HMIS. Sc as the system

grows, the sipulation model always uses the best available

information.

Pue to the scope of the AFR Frogranm, the work
packages are awarded to numerous contractors. Bacn
contractor is responsible for the exactness c¢f the
activities under his control. To ensure that the MIS

possesses current data, all contractors must report their

work progress on a monthly basis. For even when ail
present activities are structured correctly, it  the

information on a vwork package 1is outdated, the output of
the model becomes unreliable. Several technigues are
designed and irplemented to relay the inforzation
contained within the MIS to the‘contractors. In turn, the
contractor can verify said data. At the onset, the
concise presentation of a contractort's information 1s of
paranount importance. Iinterviews with é¢ifferent

contractors reveal <that they do not always have enoughk

2

tire to review lenathy monthly reports. el
visualizations of activity data are developed to meat the
regquirerent of conciseness.

The first visuwalization is totally computerized

)

version cf the DOE fcrw 535, as showa in Figure 20. This
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form lists the activities cortained within a specific work

package. Milestones are shown as triangles or diamonds
located upon the activity time bar. Different svmbols
represent different levels of wilestones. This torm is

forwarded to the appropriate contractor once a month for
his review. Upon this form, tke person in charge
indicates: 1) percent cf coumpletion for each activity; 2)
whether an activitv is behind, on, or aihead of schedule;
3) change in activity start and/or end date; and 4) any
rerarks. keziize that only cutdated iunforzation needs to
be corrected, <freeing the individual of the montily task
of completely fillino out frem scratch such a forme.

The DOE form 53% depicts rilestomes; however, this

form does not iliustrate the interrelationships which are

vital to the simpulation rodel. 4 totally originel form,
termed network diagram, is developed to display such
interrelationships acainst a time line. Figure 21 1= a

picture of the network diagram corresponding to the work
package shown 1in Figure 2C (DOZ form 535). This is a
unigue form in thet the related activities forming the
network are shown against a time line. The pentagonail
symbols contain the structure numbers of predecessor or
successor activities. The eliiptical syrmbols contain the

structure numnbers of the coordinated activities. tnce &
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month this form is sent 10 the appropriate contractor for
his perusal. Chances are performed upon the network
diagram and then the form is returned to Virginia Tech for

inclusion into the MIS.

In summary, an updated AFR MIS is crucial to the
success of the gcimulation mcdel. Programs a&are designed

which track through the activities within the KIS and

extract pertinent inforwation required for System Two of

the model. Several mechanisms are erployed to quarantee
the accuracy of the HiS. B coliecticn of %WBS's and togic

diagrams present the informetion contained within the HIS

from various vantages. This ensures that gaps or
duplicatione are identified snd corrected. The DOE form

535 and the network diaqram provicde the contractors with a

mechanisre to easily and routinely update the milestones

within the #IS. These milestones become the decisgion
variables c¢f System Two. Hdence, if the =simulation is

reguired six months from now, the user can be assured that
the information about the AFR Program has been reviewed Dy
the contractors and approved by the DOE officials within

the last thirty days.
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XEACTOR DISCHEARGE INPUT

The dorestic reactor spent fuel discharge data
originate from the DISFUL procram developed by the S. M.
Stoller Corporation. The DISFUL program extracts the raw
date from the Stoller Database, wmanipuiates the data, and
produces the reguired output. As previously explained,
additional information about each reactor discharge 1is
required. Some of this informaticon (i.e., Ieactor
location and full core reserve capacty) 1is retrieved
directly frowm the Stoller Database and combined vwitn the
DISPUL output. As ig evident, the Stoller Database is the
keystone for the comestic discharge data through the year
1969.

Periodically, a gquestionnaire is =sent, by the DOE, to
each utility throughout the United States which operates
or intends to operate a nuciear facility. Information on
all aspects related to spent fuel discharge is accumulated
and the Database updeted. Concern is raised by the DOE as
to the completeness with which the gquestionnaires are
being returned. This form is multiple pages, and the
possibility exists that not every wutility has the time to
comprehensively revieg the form. In order to reduoce the

burden uron the wutilities, a Gquestionnaire on each
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individual reactor is produced and £filied-in with dJdata
from the Stoller Database. The result is that the
appropriate individual has to only correct outdated datéa,
rather then totally complete the form.

Figure 22 is a rewproduction of the first page of the
guestionnaire developed at Virginia Tech. A complete
guestionnegire can be found in hppendix D. If &ll the
information is accurate, tae responsible person initials
the form and returns =said form +to the S. H. Stolier

Corporaticn.

The latest wailing occurrea during the suvmmer of

1980. The S. B Stoller Corporation employed this
reporting technique as a prototyvpe. The form whichk is

actually wmailed to tae utilities 1is slightly difierent
than thet given in Eppendix D; however, the philosophy
pioneered at Vircinia Tech 1is incorperated into the
Stoller guestionnaire.

By uwtilizing this guestionnaire, the Stoller Database
is periodically wupdated. Whenever this Database is
changed, a copy is inmediately forwarded to Virginia Tech.
The database at Virginia Tech is then formatted 1into a
ARK IV structure. MARK IV 1is a generalized zreport

data

Fh

®writer, used to extract any dJdatum or coxbination o

ol
o5}

\l

from the Stoliier Dateabase.2% HWhereas the DISFULL program

a



‘DOMESTIC SPENT FUEL STCORAGE SURVEY

DATE:
Utility Name: A[43aAMA POWER CO
Reactor Name: FAR[FY-i
Locatior (L3titude, [cragtitude): 31 Degrees,
3< "la%_v'aa" A Minutas
Person(s) Supplying Dats:
Mailing Acddress:
Telephore Number:
REACTOR
Type: Pressurized Water XX Boiling water
Vendor: W
Net Capacity: HMWe 329. MW o
Commercial Cperaticrns Dat2 (Morth and Year) 1978

If not operaztiornal, stata:
licensing Status:

Construction Status (Mcrnth and Year):
. Limited Work Authorizaticn (Constructiorn Permit;:
Completicn (or Forecast):
Full Core Size: Number c¢f Assamblies 157
Assembliy Weight MTU D.451

2000 CHARACTERISTICS

Number of Ra2ctangular Spant Fuel Pools: 1
LLength (ft) 37.9
Aideth (fL) 21.5
Depth (£t} 39. 9
Center=-teo-Canter Spacing (in.) 12.37529

Figure 22. Domestic Spent Fuel Storage

Survey
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produces hordes of output desirabile for certain
applicatiouns, the need arises for only specitic
information. For exauple, one item of information which

may be required is the at-reactor pool

Farley-71 reactor. The MARK Iv

knowledge quickly and inexpensively.

primarily enployed as described, this
indirect verifiication c¢f datu. The DOE
detailed understending of the LFR

unreasonabie value is

IV, then an investication into the
forthceoming.

Ey the direct use oI
indirect application of the HA
Stollier Database is mainteined in

5

turn, the dowmestic reactor discharge
enjoy a high reliability factor.
The discharge data for the

the foreicn spent fuel data

documents referenced in Chapter Tvwo.

the technical manager for the developn

cf the AFE NIS, direct channel of

<

with the DOHE. Ls the DOE updates

estimates or outyear discharge figures,

s

found on a repor

Stoller

pericd 2000 to

both originate from

C

dimensious for the

ystem yields this

Although HAXK IV 1is
system provides aun
nanagers

possess

a

Frogra. If  an

t PIOdUCGd f}jx MARK

Database is

periodic questionnaires and the

#K IV produced reports, the
&l accurate state. in

data continuousiy
2020 and
the DOQE
Since the auwthor is
emt and RBaintenance
rists

ommunication e

either the foreign

these updates are
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forwarded to Virginia Tech and implemented 1intc the

simulation model.

REPOSITORY INPUT

The proegram to provi&e comprehensive Trepository
ipformation is in its infancy. The preliminary data which
are given in Chapter Two are utilized im the sizmulation
model. is these data are adjusted, the changes will be
quickly inputted into the model. This technigue continues
until a database, similer in concept with the BAFR ®¥IS, 1is
developed.

The author has exchanged informaticon concerning HiSt's
with the ON¥I wanagers ¥ho are responsibie for the

repository pregram. 4 similarity between the existing AFE

KIS and the proposed repository MIS is apparent. Heuce,
as the repository HMIS forms, the tracking and the

milestone extraction programs employed acalilnst the AFR
KIS, will be applied ageainst the repository #IS.
Opbviously, changes to the actual FORTRKAN programs will be
required; however, the 1icgic will be the same for both

KIS's.



EEFLECTIONS

h

The primary aim of this work is the production of a
gimulation model for the baci-end of the ruclear fuel
cycle. The 1rodel provides the device which can be used to
forecast and to play what-if games with the nuclear fuel
cycle. ¥hether or not the input data are accurate or not
is of little dimportance to the . actual working of the
rodel. If the model performs correctly for the phantasy
date cf 1979 for the operation of the GE-Morris facility,

then the nmodel will perform correctly for the realistic

cdate of 1Y84. However, the DOE requested such a model and

fully irtends to exercise saze; therefore, ircm their
vantage point, accuarate input data 1s imperative. An

[

analogy would be the design and use of & fuel depletion
code wutilizing meke-believe neutron cross-—-section data.
The code would still perform, but the outpui would be of
littie pratical value.

The methods to verify the various sources of input
vere designed over the past few years; some resulting
from work directly related to the simulation model; some,

indirectly related. All such methods ensure the existence

(2]

cf a most comprehkensive and accurate source o input on

the back-end of the nuclear fuel cyvcle.



CHAPTER PIVE - RESULTS

+

This chapter 1s divided into three sections. The
first section examines the sensitivity of the model to

various permutetions. Exemplary output is reviewed in the

o of

second section. The third section studies the simulation

output outtained when using the Dbest available input as o

hagust, 1580, This section highlichts the current statu

n

of spent fuel disposition in the United States.

This simulation nodel i1s designed as a descriptive
model to be usa2d by DOE and/or utility managers as a tool
to aid in their =mwanagerial responsibilities. Since this
descriptive mnodel employs a large number of parameters,
there is no intention to exhaust every avenue of variance.
Instead, a sampling of parameters which can realigtically
be varied are selected. The resulting effects wupon the
model output are then analyzed.

kn important delineation is required. This present
chapter utilizes twoe sets of input data. The first =zet is
cailed sample data and forms the foundation Zfor the
simulations which produce the sensitivity analyses and the
eXxemplary output. Thkis output is used to expleain ‘how an

individual reads and interprets the simulation reports,



and not necessa
AFR Prodgrahk.

Llthouok t

daring these ai

such analyses
period, some of
the
of this work.

status c¢f tae

differences hetw

rily used to show the current status of

nalyses is

second set of data
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the

he utilizatior of the wmost current data

the effort to produce

requires several months. this

buring

the input date can be updated. Therefors,

is anmassed just prior to completion

This Dbest-case information yields the

EFR Pregrewm as of August 1980. The

een the sampie data and the best-case data

include shipwment priority to the AFR facilities and the
number of new AFR facilities. The spent fuel discharge
amounts are identical.
sults, as presented in this chapter, are factual
accounts ot nodel beghavior. Conclusions are
interpretations, by the author, based upon the resuits.
Sometimes there exists a gray area petween results and
interypretations. T¢ reduce any conflicts between factual
results and opinionated conclusions, the conclusions are

separately prese

nted in the next chapter.
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SENSITIVITY

The basic purpose of a censitivity analysis is to

determine those parameters which influence the output and

to vwhat extent.3z Usually, some parameters can vary
widely with minimal effect upon the output, while other
parameters possess greater sensitiveness. The accident

analysis rodule is looked upon first, with a2 determination
of the relation bhetween the vearly accident rate and the
failure point of the AFK Program (i.e., the first time a
reactor cannot successfully store spent fuel). Then,

rodel sensitivity to facility handling rate, on-line tizme,

and cepecity is analyzed.

Accident Analysis Sensitivity

|l

To analyze the accident analysis module, the vearly
accident rate 1g varied from £five percent to ninety

‘

percent. At each selected rate, the earliiest time at

i
83

which any reactor cannct store spent Zfuel is recorded.
For each gpecific accident rate, ten simpulastion runs are
executed in which the seed for the random number generator

is changed in order tc arrive at an average failure time.
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The value of +ten runs per accident rate 1is chosen in
regards to compuiter cost and contfidence. En analysis
provices an acceptabie coniidence 1interval.3®3 The ten
values of the fallure point resulting frox +the seventy-
five percent accident rate yield a ninety-five percent
confidence interval of plus or rinus 1.7 years. When this
confidence interval 1is Dbalanced against the cost of
additional wsimulation runs, the interval 1is deered
acceptable.

Figure 23 1s @& dgraphical representation of the

sensitive relation Dbetween yearly accident rTate and
failure point. Included on the figure 1is a curve of the
equation

¥y=79.3240.158x-0.00044%x2 .

This curve 1is derived by the method of least squares.

[y

- 4
By applying standard statistical analysis to the values
determined by the simulation and the values calculated by
the curve, a ninety-five percent confidence interval is
determined.3? The interval varies irem minus 1.7 years to
plus 1.68 years.

Thie analysis is performed using the sample input

data. The value

wn

of the parameters within the accident

Q5
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Figure 23. Akccident hAnalysis Module Sensitivaty
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module are given in Teble 8. The coefficients o©f the
various curves are arbitrarily selected to yield & range
of values as the independent variables traverse their

domains. The accident module adijusts discharges on &n

individual reactor basis; therefore, a termination time of
99.0 ies chosen vwhich «correspoads to the last year of

individual reactor discharge datae.

Facility Parameter Seunsitivity

Three paraketers which classitfy anr AFR facility are
varied and the effects uvon the sipulation output are
reasured. The three parameters are facility capacity, on-
line time, and yearly handling rate. The measured effects

includge failure point; percent utilization of the

associated facility; and total amount of *uel whica cannot

be stured in a repcgitory, an AFR facility, or the ¥CE
secticn of the on-zite storage pools. Probably the most

important measurement is the amount of non-storable spent
fuel. Small arcunts can possibly be transshipped to other
utilities; whercas, large amounts of sgpent fuel can
potentially result in the shutdown of certain reactors.

These effects are chosen to represent better the overall
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Table 8. Parameter Values of the Accident Analysis Module

PARAMETER VALUE
W
CUT OFF 0.0
MAXIMUM DELAY 10.0
TERMINATION TIME 99.0
B-COEFFICIENT FOR NEGATIVISM 50.0
B-COEFFICIENT FOR DELAY 0.3
C-COEFFICIENT FOR DELAY 0.1
A-COEFFICIENT FOR PERCENT 1.0
REACTORS AFFECTED
B-COEFFICIENT FOR PERCENT 0.0
REACTORS AFFECTED




model sensitivity. That is, using the sample discharge
data, the Zfailure point occurs prior to 1964. It the

handling rate of +the GE-ilorris facility {(on-line time of
1984) is varied, this failure point would be unaifected.
Hence, combinative nmeasurehents are enploved in this
portion of the &nalysis to elucidate better parameter
sensitiveness.

Takle 9 gives the LFR facility information

culminating from the tracking of the activities within the

APR MIS module. The activities of the MIS comprise the
saikple RFR MIS data. The repository, foreign discharge,

ard outyear discharge data are g¢iven in Chapter Two.
During this portion of the sensitivity anzlysis, the
accident analysis rodule is not invoked.

Tc analyze the effect of & <change in storage pool
capacity, the capacity of the main storage pool at the GE-
Morris facility ig varied. 7Table 10 condenses the results
from a variance in storage pocl capacity. The left colusn

lists the ditferent capacity values. The singular point
of AF® Program objective failure 1is recored in the next
column. The different values of percent utilizaticn and
non-storaple fuvel within each capacity category are

recorded at the times listed in the right column (tine

statistice recorded). The capacities of 1500 mtu, 2000
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Tablie 9. Sample AFR PFacility Data

ON-LINE HANDLING CAPACITY
FACILITY (NUMBER) TIME RATE (mtu)
(mtu/year)

S S S S e

BARNWELL (ONE) ~ 84.5 750 1750

GE-MORRIS (TWO) 84.5 250 1100

GE-MORRIS ADD-ON 89.2 250 1700
(TWO)

WEST VALLEY (THREE) 84.5 750 1700

NEW AFR (FOUR) 90.8 1000 5000
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Tabie 10. Values from a Yariance in Storage Pool Capacity

CAPACITY OF TIME OF PERCENT AMOUNT OF TIME STATISTICS
MAIN POOL (mtu)- | AFR OBJECTIVE | UTILIZATION NON-STORABLE RECORDED
FACILITY TWO FAILURE OF FACILITY FUEL (mtu)
23 404 89.5
33 404 91.5
49 555 9.5
3000 80.3 54 834 95.5
59 1249 9.5
65 2105 97.5
29 404 89.5
a2 404 91.5
62 555 9%.5
2000 80.3 68 834 95.5
76 1249 96.5
82 2105 97.5
33 404 89.5
48 404 91.5
72 555 9.5
1500 80:3 80 834 95.5
' 87 1249 96.5
95 2105 97.5
39 404 89.5
_ 58 404 91.5
. 87 555 9%.5
900 80.3 9% 834 95.5
100 1249 96.5
100 2238 97.5
34 404 89.5
56 404 91.5
38 601 9.5
600 80.3 99 880 95.5
100 1316 96.5
100 2349 97.5
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mtu, and 32000 mtu yvield equal awmounts of non-storable fuel
since the vyearly handling rTate is a rather 1ow 250
mtu/year. is expected, with the capacity set at S0C wmtu,
instead of 1300 mtu, & wmore rapid increase in Ddoth the
percent utilization and amount of non-storable spent fuel
oCccurs. Likewise, a capacity of 600 mtu causes &an even
guicker increase in the percent utilization and a larger
accumulation of non-storable fuel.

“aintaining a constant capacity but varving the

vearly handling rate of the GE¥-Morris facility produces

the infoermation contained in Table 11, This taple
presents the data in the samre format as Table 10. in all
cases, the reduction in percent utiiization from time 88.5

to time 91.5 is due to the operation of the add-on pool at
the GE-forris facility. The top two rates (1000 mtu/year
and 750 mtu/vear) ©nroduce identical effects. However,
further decreasing the handling rate does not necessarily
produce an increase in the amcunt of non-storable fuel.
Specitically, & handlincg rate of 500 =mtu/year results in
less non-storable fuel than & handling rate of 750
mtu/year. tn in-denpth review of the sirulation cutput
reveals that the hicher handling rate permits the facility

to achieve 1ts maximum capacity at an earlier time; thu

U

14

7

=

ol

gcilit

()]

terminating ; wvailabitiity at an earlier tine.



Table 11.

Values froa

1us

a Variance in the Facility
Handling kate

HANDLING RATE TIME QF PERCENT AMOUNT OF TIME STATISTICS
(mtu/Year) AFR QBJECTIVE UTILIZATION NON-STORABLE RECORDED
FACILITY TWO FAILURE OF FACILITY FUEL (mtu)
99 404 36.5
100 404 88.5
7 404 91.5
1000 80.3 100 971 95.5
100 1410 96.5
100 2291 §7.5
59 404 86.5
100 404 88.5
71 404 91.5
750 80.3 100 971 95.5
100 1410 G6.5
100 2291 97.5
88 404 36.5
100 404 88.5
66 404 91.5
500 80.3 100 673 95.5
100 1037 96.5
100 1975 §7.5
65 404 86.5
87 404 38.5
55 404 91.5
250 80.3 91 834 98.5
100 1249 96.3
100 2105 97.5
49 404 86.5
56 404 88.5
37 404 91.5
100 80.3 51 1323 95.5
54 1860 96.5
58 2988 97.5
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Prior to facility on-line time, discharge fuel is being

n

gain

joX
a)

stored

[¢

st FCE capacity and in the terporary filea. &s

N
o))

Ls i

soon ags th

8,

cility becomwes operational, the higher
handling rate allows for a grester amount of fuel to be
transferred from the FCE and the temporary trackine fiie
into the facility. Since the non-storeble amount of fuel
is the gross accumulation and noct e net figure, this
earlier demise of Facility Pwo causes a slicht increase 1in
non-storable fuel.

Continuval recductions 1in the handling rate increase
the amount of non-storable fuel. 4 yearly handling rate
of 100 mtu/year results in the lafgest value of fuel ({(258&
mtu} held in the tenmporary file c¢f any of the seansitivity
analyses. #ithal, the facility nmever utilizes more than
fifty-eight percent capacity.

The concluding pararketer to be varied is the on-line
time for Faciiity Gne. Table 12 lists the data from the

different simulations in a correspondincg manner. The most

noticeable effects occur  when the facility Dbeconmes
cperational prior to time &64.5. As expected, tiwe 2.5
yields the lowest values of non-storable fuel. hcuwever,

as soon as the facility reaches one hundred percent
utilization, the amount of non-storable fuel Iiacreases

sharply.



Table 12. Values from a Variance of the Facility
On-line Time
ON-LINE TIME OF PERCENT AMOUNT OF TIME
TIME- AFR OBJECTIVE | UTILIZATION NON-STORABLE STATISTICS
FACILITY ONE FAILURE OF FACILITY FUEL (mtu) RECORDED
N/A 404 83.5
N/A 404 85.5
23 404 87.5
86.5 80.3 100 404 91.5
100 834 95.5
100 2105 97.5
N/A 404 83.5
11 404 85.5
32 404 87.5
85.5 80.3 100 404 91.5
100 834 95.5
100 2105 97.5
N/A 404 83.5
43 404 85.5
- 64 404 87.5
84.5 80.3 100 404 91.5
100 834 95.5
100 2105 97.5
34 264 83.5
50 264 85.5
7 264 87.5
83.5 80.3 100 264 91.5
100 694 95.5
100 1965 97.5
34 124 83.5
57 124 85.5
78 124 87.5
82.5 80.3 100 124 91.5
100 554 95.5
100 1879 97.5




EXEMPLERY RESULTS

The simulation wmodel provides for two categories ot
results; intermediate output and final summary output.

Both cive the user an added dimension into the model. The

two outputs should be employed in  any analysis of a
particular scenaric. The sgemple input data ezployed imn
the parameter gcensitivity analysis are also utilized in

the produection of the exemplary results.

The output represents the facilities, repositories,
and reactors by numerical code rather than commoen Lame
(e.¢., reactor 25 versus Dresden—-1). KNumerical values are
easier tc handle by the computer, rTesulting in guicker
execution tinmes. klso, the repositories and new AFR
facilities have mnot been assigned &ny literal nare.
Rppendix E contains & conversion between numerical code
and literal name for the reactors and AFR tacilities.
Time 1is represented by year and fraction rather than year
and month. This is required by the GASF IV modules. The

~

output has &pril, 1979 shown as 79.3; and June, 2002

[

represented as 102.5.
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Intermediate Output

The intermediate output is

simulation, providing a

selected scenario. Figure 24

internediate output from a

output is reviewed by reference to

as indicated by the numbhers on

figure. Bach section illustrates

features of the model. The total

be several thousand lines

options chosen by the user.

Section 1: At time 756 .3

fuel acainst
indicate that neither repository
space is available. A
the FCEk capacity is ¢iven for each

Section Z: The failure

objective, tor this scenaric,

this +tire Keactor 51 caninot

repository, an AFR facility,

already contains 77 mtu froz

This is the first occurrence

Prograr zanagyers can

accumulated throughout
comprehensive
contains portions

particular sizulation.

in length

keactors
their respective FCR capacity.
nor AFER

cumtlative total

point of
aoccurs
store
or 1its
a discharge at
of such

vary the alilocation of

portrait of

The
the different sections,

the left—-side of tre

a particular feature or
intermediate output can

depending upon the

25% and 351 store

These results

facility storage

against FCE
reactor.

the AFR Progran

at E0.3. At

tine

fuel either in a

Cr section (FCK

time 79.3).

an event. The EFREK

resources to



w

Pigure 4.

REACTOR  25. ¢

-
o o

RED 4.0 MTU AGAINST FOR AT TIME 7¢.3: TOTAL AGAINST FOR

w

RED 77.C MTU AGAINST FOR AT TIME 79.3: TOTAL AGAINST FOR

(8]

REACTOR  51. S

REACTOR  14. STORED 14.0 MTU AGAINST FOR AT TIME 80.3: TOTAL AGAINST FOR
REACTOR  25. STORED " 8.0 MTU AGAINST FOR AT TIME 80.3: TOTAL AGAINST FOR

REACTOR NUMBER 51. CANNQT STORE 24. MTU AT 80.3

REACTOR NUMBER 2300. CANNOT STORE 18. MTU AT 81.3
REACTOR NUMBER 301. CANNOT STORE 16. MTU AT 31.3
REACTOR NUMBER 302. CANNQT STORE 16. MTU AT 81.3
REACTOR  14. STORED 20.0 MTU AGAINST FOR AT TIME 81.3: TOTAL AGAINST FOR
REACTOR  16. STORED 26.C MTU AGAINST FOR AT TIME 81.3: TOTAL AGAINST FOR

FACILITY NUMBER 2 HAS INCRZASED CAPACITY BY 1100. MTU AT TIME =
/AX CAPACITY IS  1100.0; HANDLING RATE IS  250.0 MTU PER YEA

84.5
R
REACTOR  16. STORED 107.0 MTU AT TIME 84.5 IN FACILITY 2 TO REGAIN FOR
REACTOR  51. STORSD 77.0 MTU AT TIME 84.5 IN FACILITY 2 TO REGAIN FOR
REACTOR  25. STORED 44.0 MTU AT TIME 84.5 IN FACILITY 2 TO REGAIN FOR
PEACTOR  14. REMOVED  22.0 MTU FROM ITS AR POCL AT TIME  85.

THIS AMOUNT WAS DICTATED BY THE HANDLING RATE OF FACILITY 2

TRIS REACTOR STILL IS UTILIZING  45.4 PERCENT OF ITS FOR CAPACITY

FACILITY NUMBER 1 HAS INCREASED CAPACITY 8Y 1750. MTU AT TIME = 84.5
MAX CAPACITY IS  1750.0; HANDLING RATE IS  750.0 MTU PER YEAR

REACTOR 159. STORED 36.0 MTU AT TIME 84.5 IN FACILITY 1 TO REGAIN FOR

REACTOR 189. STOREC 5.0 MTU AT TIME 84.5 IN FACILITY 1 TO REGAIN FOR

REACTOR  51. HAS REMOVED  24.0 MTU FROM TEMPORARY STORAGE
FUEL STORED IN FACILITY NUMBER 1 AT TIME 84.5

REACTOR ~ 14. HAS REMOVED  40.0 MTU FROM TEMPORARY STORAGE
FUEL STORED IN FACILITY NUMBER 1 AT TIME 84.5

-
(%)

&.C MTU; FOR
77.0 MTU; FOR IS

14.0 MTU; FOR IS
12.0 MTU; FOR IS

34.0 MTU; FOR IS
26.0 MTU; FOR IS

Intermediate Output from Simulatioun Bodel

48.7 MTU
82.8 MTU

70.5 MTU
48.7 MTU

70.5 MTU
109.2 MTU



= FACILITY NUMBER 2
**x**REACTOR  300.
**x**REACTOR 301.
*xwx*xREACTOR  302.
FACILITY NUMBER 2
*xeEHREACTOR 8.
***x*REACTOR 14,
*xxkxREACTOR  15.

FACILITY NUMBER 1

*xex*REACTOR  16.

**e*REACTOR
*x*==REACTOR
*ex*REACTOR
wrexxREACTOR 8.
+xcesREACTOR  14.
***r=REACTOR  15.
*wemsREACTOR  16.
*##~*REACTOR  25.
=xwexREACTOR 42,
=#ersREACTOR  51.
*#mexxREACTOR  67.
*++x+REACTOR  85.
*xx**REACTOR

FACILI

FACIL2

——— FACIL2

. STORED 46.
. STORED 46.

MEAN
0.4513£+00 0.8022€-01

MEAN
0.4573€E+00 0.1718E+C0

MEAN
0.2264€+00

HAS EXCEEDED
STORED 31.0
STORED 33.0
STORED 31.0
HAS EXCEEDED
STORED 18.0
STOREC  20.0
STORED 27.0

HAS EXCEEDED

STORED 27.C

STORED 48.

STORED 21.
STORED 20.
STORED 27.
STORED 27.
STORED 8.
STORED 27.
STORED 17.
STORED 18.
STORED 21.
STORED 11.

OCOOODO0OOLOLOLOOOOO

S70

STD

STD

MTU
MTU
MTU
MTU
MTU
MTU
MTU
MTU
MTU
MTU
MTU
MTU
MTU

FOLLOWING STATISTICS AT TIME  87.5

154

HANCLING RATE AT TIME

IN FACILITY 1 AT TIME
IN FACILITY 3 AT TIME
IN FACILITY 1 AT TIME

HANDLING RATE AT TIME
IN FACILITY

IN FACILITY
IN FACILITY

1 AT TIME
1 AT TIMZ
1 AT TIME

HANDLING RATE AT TIME
IN FACILITY 3 AT TIME

IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY
IN FACILITY

AT TIME
AT TIME
AT TIME
AT TIME
AT TIME
AT TIME
AT TIME
TIME
AT TIME
AT TIME
AT TIME
AT TIME
AT TIME

W W — = PO N ot = PO — W )
>
-

85.3

o0 00 00
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www

88.3
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**STATISTICS FOR TIME-PERSISTENT VARIABLES**

DEV

MINIMUM
6.0

MAXIMUM
0.5383E+00

TIME INTERVAL
0.3000€+01

**STATISTICS FOR TIME-PERSISTENT VARIABLES**

DEV

MINIMUM
0.0

MAXIMUM
0.7455€E+00

TIME INTERVAL
0.3000E+01

**STATISTICS FOR TIME-PERSISTENT VARIABLES*=

DEV

0.9873E-01

Figure 24.

MINIMUM
G.0

{continued)

MAXIMUM
0.4432E+00

TIME INTERVAL
C.3000E+01

CUR. VALUE
0.8383+00

CUR. VALUE
G.7455E+00

CUR. VALUE
0.4432E+00
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—— REPOSITQRY NUMBER 1 HAS INCREASED CAPACITY 3Y 41000.0 MTU AT TIME= 97.6
MAX CAPACITY IS 47000.0; HANDLING RATE IS 1800.0 MTU PER YEAR

REACTOR 43 STORED 80.0 MTU AT TIME 97.6 IN REPOSITORY 1 TO REGAIN FOR
REACTOR 128 STORED 84.0 MTU AT TIME 97.6 IN REPOSITORY 1 TO REGAIN FOR

REACTOR 173 STORED 102.0 MTU AT TIME 97.6 IN REPOSITORY 1 TQ REGAIN FCR

REACTOR 175 STORED 102.0 MTU AT TIME $7.6 IN REPOSITORY 1 TO REGAIN FOR

REACTOR 137 REMOVED 39.0 MTU FROM ITS AR PQOL AT TIME 97.6
THIS AMOUNT WAS DICTATED BY THE HANOLING RATE CF REPOSITORY 1
THIS REACTOR STILL IS UTILIZING 25.0 PERCENT OF ITS FCR CAPACIT
REPOSITORY NUMBER 1 HAS EXCEZDED ITS HANDLING RATE AT TIME 98.3
REACTOR NUMBER 5. CANMOT STORE 3. MTU at 98.3 IN ANY REPOSITORY

L— REACTOR 5. STORED 9.0 MTU AGAIMST FOR AT TIME 98.73: TOTAL AGAINST FOR 9.0 MTU; FOR IS

[ ****REACTOR 290. STORED 389.0 MTU IN REPQSITORY 1 AT TIME 100.
***x+QEACTOR 291. STORED 389.0 MTU IN REPOSITORY 1 AT TIME 100.
*x***RQEACTOR 292. STCRED 389.0 MTU IN REPOSITORY 1 AT TIME 100.
****REACTOR 293. STORED 389.0 MTU IN REPOSITORY 1 AT TIME 100.

LLwwww

REPOSITORY NUMBER 1 #AS EXCEEDED ITS HANDLING RATE AT TiME  100.3
QEACTOR NUMBER 294. CANNQT STORE 389. MTU AT 1003.3 IN ANY REPQSITORY
=x**x*QEACTOR 294. STORED 389.0 MTU IM FACILITY 4 AT TIME 100.3
REPOSITORY MUMBER 1 HAS ZXCEZEDED ITS HANDLING RATE AT TIME  100.3
REACTOR MUMBER 295. CANNOT STCRE 389. MTU AT 100.3 IN ANY REPOSITCRY

=== *****QEACTCR 295. STORED 389.0 MTU IN FACILITY 4 AT TIME 100.3

Figure 24. (continueaq)

102.9 MTY
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—— FACILITY 2 REMOVED 108.0 MTU AND PLACED FUEL INTO REPOSITORY 1 AT TIME 101.7
AMOUNT WAS LIMITED 8Y REPOSITORY HANDLING RATE OR AVAILABLE CAPACITY

FACILITY 3 REMOVED 750.0 MTU AND PLACED FUEL INTOQ REPOSITORY 2 AT TIME 101.7
AMOUNT WAS LIMITED 8Y FACILITY HAMDLING RATE

FACILITY 2 REMOVED 142.0 MTU AND PLACED FUEL INTO REPQSITORY 2 AT TIME 101.7
AMOUNT WAS LIMITED 8Y FACILITY HANOLING RATE

FACILITY 4 REMOVED 908.0 MTU AND PLACED FUEL [NTQ REPOSITORY 2 AT TIME 101.7
AMOUNT WAS LIMITED BY REPOSITORY HANOLING RATE OR AVAILABLE CAPACITY

*****REACTOR 290. STORED 441.0 MTU IN REPOSITORY 1 AT TIME 102.3

*xkx*QEACTOR 291. STORED 441.0 MTU IN REPQSITORY 1 AT TIME 102.3
1 AT TIME 102.3
1 -

L_. *x*x*QEACTOR 292. STORED 441.0 MTU [N REPOSITORY

*#x**QEACTOR 293. STORED 441.0 MTU IN REPOSITORY AT TIME 102.3

— REPOSITORY NUMBER 3 HAS INCREASED CAPACITY 8Y 0.0 MTU AT TIME= 108.6
MAX CAPACITY IS 8690C0.0; HANDLING RATE IS 6000.0 MTU PER YEAR

REACTOR 298 HAS REMOVED  33.0 MTU FROM TEMPORARY STORAGZ
FUEL STORED IN REPOSITORY NUMBER 3 AT TIME 0.0

PEACTOR 299 HAS REMOVED 1253.0 MTU FROM TEMPGRARY STORAGE
FUEL STCRED IN REPOSITORY NUMBER 3 AT TIME 0.0

T *=***PEACTOR 290. STCRED 302.0 MTU IN REPOSITORY & AT TIME 109.3
****x*QEACTOR 291. STORED 3502.0 MTU IN REPOSITORY 4 AT TIME 109.3
*****REACTOR 292. STORED 502.0 7y IN REPOSITCRY 4 AT TIME 109.3

REPOSITORY NUMBER 4 HAS SXCEZDED ITS HANDLING RATZ AT TIME  109.3

— *=*x*REACTOR  293. STORED 502.0 MTU [N REPOSITORY 3 AT TIME 109.3

Figure 24. (ceatinueaq)



effect a ¢ifferent scenaric in anticipation of eliminating
this failure. At this time, Reactor 25 stores an
additional & mtu against FCER, bring the total amount of

fuel against FCE to 12 wtu.

Section 3: Feactors 300, 3201, and 302 represent the
foreic¢n discharges. There is no FCH capacity assocclated

with these pseudo-reactors. 1f neither repository ncr AFR

space is availiable, then the discharges cannoct be stored.

However, the fuel is tracked in the temporary file.
Section 4: Yhe first AFR facility tc come on-line 1is

~

Facility 2 (G¥-torris). This event occurs at time 84 .5.
The facilzity cavacity is 1100 mtu and the handling rate 1is
250 mtu/year. Aftterwards, spent fuel is removed from the
FCR sections of any reactor storing fuel against FCRk. The

pricrity is that the FCRE with the greatest percentace of

utilized capacity transfers fuel first. Notice that

=]

Reactor 114 can rewmove ouly 22 mtu from its FCK dve to the

handiing rate of Facility Two. For the next vear,
Facility Two cannot receive fuel from any source.

Faciiity One comes on-line at 84.5 and receives fuel from
FCR space. After all reactors have regained their FIk
capebkilities, an exemination is performed on the temporary
file. LAny fuel tracked in this file is removed and stored

in Facility One. This process of storing fuel 1in the
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temporary file is optional and can simulate any desired

storage method c¢r rethods (e.g¢., transshipment).

Section 5: Shipment priority to the AFR facility is
ship to the nearest facility if space 1is availeble. it

v

space is not available, ship the discharve tc the next
nNearest and sSC oh. For Reacrtor 300 the nearest facility

is Facility 2; however, Facility Twc has exceeded its

yearly kandling zrate. The next nearest facility is
Facility 1 and the <fuel is stored. In an analogous
fastaion, fuel ig stored in the indicated facilities. AT

time §5.3, Facilities 1 and 2 have exceeded their handling
rates.

Section 63 El: three AFE facilities have availazble

storage space at tire 86.3.

Section 7 Bach year =statistics on the percent

utilization of the operating storage facilities are
outputted. At time 7.5 Facility OCre 1is utilizing 64
percent of its capacity; PFacility Two, 75 percent; and
Facility Three, 44 percent. The time interval for these
statistics is three years, as said interval should bve.
Wormaliy, GASP IV would 1nave enmploved a time interval
starting at time 78&.0; bhut, & program podification adjusts

s

nis calcuiation. The ease of perforning this

ct

-modification emphasizes the correctness of selectinc GRESFE



IV for this simulation model.

Section #H: Repository One comes on-line at tise
97.6. In & manner kinared to the operation of an BFR
facility, the simpulation prouceeds. Et time 98.3, spent

fuel from Keactor 5 attempts to be stored in & repositoryg

however, none are avallable. The next choice is aa AFER
facility; again, none are available. The spernt fuel 1is
finally stored against FCR capacity. Here, a specific

message indicating the unavailability of AFK space is aot
printed. Whenever fuel 1s stered in the FCR or temporary
file, repository and AFR space have been exazined and

discovered lacking. Since a specific line 1indicates no

repository space. ané another line of output indicates that

byt

FCK storage is emploved, AFL examination is implied. This
reduces the ocutput to a manageahle length.
Section Y: This section depicts the shipment order.

Discharges are storedé in Kepository One until the handling

1,

rate is exceeded. Then, since no other repositories ace
operational, the discharges are stored in Pacility 4.
Section 10: At time 101.7 (corresponding to rugust,
2001 spent fuel ifrom AFK facilities is shipped and stored
in the repositories. This exchange continues until either
the handling rate of the repository or facility, or the

capacity of the repository is exceeded. By the <tinme

o]
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102.3, the yearly repository handling rate has been reset
and discharges from individual reacteors are shipped
directly to Repository Two.

Section 11: Hepository Three increases its handiing
rate frox 180C =mtu/vear to 6000 mtu/vear. kext, fuel is
removed from the tempovary file. At this point there is
no fuel being¢ held against FCR nor any fuel being tracked
in the temporary file. keactor discharges continue to be

stored in the repositories until the end-of-simulation.

The preceeding output is produced during the
simulation, as e€ach action occurs. Summary output is

accumulated &t the end of the simulation run. The summary

output is reviewed in the next section.

Final Summary Output

This output suxmarizes the entire sirulation. The
nean, standard deviation, minimum and maxizmum value, and

current value of the utilization for each AFR facility and
repository is given in Figure Z25. Notice that each AFR
facility has a current utilization value of zero,

indicating all spent fuel has been removed Irom the

facilities and transferred into the repositories. Figure



End-of-Simulation Statistics-

Figure Z5.

MEAN
FACIL1 0.4341€+00
MEAN
FACILZ 0.5731E+00
MEAN
FACIL3 0.3844E+00
MEAN
FACIL4 0.3436£+C0
MEAN
REFOS1 0.7486E+00
MEAN
REPOSZ 0.1173E+00
MEAN
REPQS3 C.1855e+G0
MEAN
REPOS4 0.4029€e+00
MEAN
REPQSS 0.4533E-01
FACILITY NUMBER 1 HAD
FACILITY NUMBER 2 HAD
FACILITY NUMBER 3 HAD
FACILITY NUMBER 4 HAD

**STATISTICS FOR
STD DEV MINIMUM
0.4367E+00 2.0

**STATISTICS FOR

STD DEV MINIMUM
0.3012E+00 0.0
**STATISTICS FOR
STD DEV MINIMUM
0.4368£+00 0.0
**STATISTICS FOR
STD DEV MINIMUM
0.37935e+00 c.0

**STRTISTICS FOR

STD DEV MINIMUM
0.3601E+00 0.0

**STATISTICS FOR

STD DEV MINIMUM
0.5617E+01 0.0

**STATISTICS FOR

STD DEV FINIMUN
0.8386E+01 0.0

**STATISTICS FOR

STD DEY MINIMUM
0.3063E+00 0.0

**STATISTICS FOR

STD DEV MINIMUM
0.1464E-01 0.0

78 SHIPMENTS
94 SHIPMENTS
64 SHIPMENTS

188 SHIPMENTS

TIME-PERSISTENT VARIABLES**
TIME INTERVAL

MAXIMUM
0. 1000E+01

TIME-PERSISTENT VARIABLES™*
TIME INTERVAL

MAXTHLUM

0.9996E+00

TIME-PERSISTENT VARIABLES**
TIME INTERVAL

MAXIMUM
G.9997E+00C

TIME-PERSISTENT VARIABLES**
TIME INTERVAL

MAXTIUM
0.100GE+01

0.3950E+02

0.3950E+02

0.3950E+02

0.3320E+02

TIME-PERSISTENT VARIABLES*>

MAXIMUM
0.1000E+01

TIME-PERSISTENT VARIABLES**
TIME INTZRVAL

MAXIMUM
0.1781E+00

TIME-PERSISTENT VARIABLES**
TINE IKTERVAL

MAXTELL
0.2408E+u

TIME-PERSISTENT VARIABLES**
TIME INTERVAL

MAXIMUM
G.8228E+00

TIME-PERSISTENT VARIABLES**
TIME INTERVAL

MAXIMUM
0.6193€E-01

REPOSITORY NUMBER
REPOSITORY NUMBER
REPOSITORY NUMBER
REPOSITORY NUMBER
REPOSITORY NUMBER

TIME INTZRVAL

0.2640E+02

0.2340€E+02

C.2040E+02

0.1740E+02

0.7440€+0C2

1 HAD
2 HAD
3 HAD
4 HAD
5 HAD

148
38
79

102

VALUE

CUR.

0.0

CUR. VALUE

0.0

CUR. VALUE
0.0

VALUE

CUR.
6.0

CUR. VALUE
0.1781E+00

CUR. VALUE
0.1781E+00

CUR. VALUE

0.2408E+00

CUR. VALUE
0.8228E+00

CUR. VALUE
0.6193E-01

SHIPMENTS
SHIPMENTS
SHIPMENTS
SHIPMENTS
SHIPMENTS

Final Summary Output from Simulation Model



25 also inciudes the number of spent fuel shipments for

cach facility and repositoery.

L.

Perhaps the best method to summarize a particular

scenaric¢ is through the use of oraphs. The output

n

provides for a series c¢i graphs of supply versus demand

for 1y each AFPR facility, 2) a compination of all AFR

facilities, 3) each repository, and 4) a combination of

+

all repositories. Figure 26 is the graph for the new AFR

facility nunber one; Figure 27, the sunkation of all AFE

facilities; and Figure 28, the sumration cf ail
repositories. Besides the supply and demand curves, a

heavy vertical 1line indicates the AFR Program objective

failure point. For tais simulation run, the failure pcint

=3

is Aprii, 1980. he shapre of the BPE curves showe the

initial receipt of ent fuel from the reactors rfolloved

in
T

by the transfer of this fuel to the repositories. The dip

ul

in the demand curv

O

s

[

or tae AFR facilities 1is caused by

the shipment of fuel frow the facility to the T

)

o
o
0
}..l»
rf
0
s

et
.

Initially, this amount of fuel adds to the handliing rate
of both LFR site and vTepository. Next, spent fuel is
shipped directly to the repositcory, further consuming the
repositery handling rate. #hen the repository rate is

exceeded, discharced fuel is then directed +to the EFR

facilities, increasing their dewmand. Finally, additional
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repositories beacore cperational and the AFR denmand
decreasses to zero.

fiow that the exemplary cutput has been discussed, the
results of & simulation based upon the most accurate dats
available as of BAugust, 1930 are summarized in the

following section.

RESULYTS DERIVED PLOM AUGUST 1980 INPUT LATE

5 review of the simulation results based upon the

best-case 1input cata accumulated in &August of 1980 is

given in this section. Avrendix F contains a detailed
accounting of this imput dara, excluding the &FR H®IS

activity listing. &An activity listing is over twe bundred
pages and, therefore, nct included in the appendix.
Instead, the output from the interrelationship tracking
program and the milestone extraction prograr is given.

This output contains the AFRK facilities on-line tismes,

yearly wandling rates, capacities, ant¢ amounts ci spent
fuel being stored on-site. The accident apalysis modulie
ig not used during this sipulation. otk the FPCR and the
temporary fiie storage options are permitted. The

selective pode of <shipment, Dased upon EERC region, is



167

chosen for discharce shipment from +the reactor 1o the AFR

site. If the specified facility is unavallapie, the

n

discharge 1s transferred *to the nearest AFR ifacility.
Discharges are shipped to the nearest repository.

Employing the above selected options, the simulation

model is exercised. The simulation requires twenty-three
seconds oi computer CPU time and less than 384 kilobytes
of CPU mermorv. % total cost of approximately tern dollars
iz incurred. Cixty-five percent of this value covers the

cost of over nine thousand lines of printed output.

The results indicate that the AFR Progranm cannot meet
its objective at time £0.3 (i.e., Epril 1980) due to the
discharge from keactor 51 (Oconee-3). &n anaylsis of this
failure point, including an explanaticn as to why Oconee-3
is still operating, 1is given in Chapter Six. The first
stora¢ge site becowes cperational at time 84.5. Frior to
thig time, 404 mitu of spent fuel cannot be stored and 1is

tracked within the temporary file. RNinety-four percent of

‘N

the 404 mtu oif non-storable fuel is attributed te Zoreign

3

spent-fuel ftTeguirements. B total of ten different
reactors are reguired to store fuel acgainst their FCER
capacity before time &4 .5.

Between time 84.5 and time 97.5 all discharges are

stored either in an APR facility or in the FCR sectiocns of



cn-site povls; hence, no additional non-storable fuel is
accusulated during this interval. A total of 2711 mtu cf

fuel is stored ageinst PCE between times 84.5 and 97.5.

A1l AFE facilities, except new AFPE number 2, reach maximun
capacity - at time $6.5. The first repository begins
accepting fuel at time $7.6. Oue to a selected option,
fuel stored against FCR space is shipped to this
repository until its bandling rate 1s exceeded. At tiwme

98.7, the repository hancling rate is reset and fuel from

the AFR facilities 1is relocated into the repository. This

¥y handling rate of the

=t

relocation continves until the year

pace is onpce again

repository is maximized. AFR storagc

£

e

s
n
o)

L

available. This avallapiltity pernits the sterage of spent

fuel in the AFR sitez until the assocliated handling rates

&

are exceeded.
Due to the large amount of projected spent fuel
discharges after time Y98.5, the handling rates of

kepositery One and the AFP facilities are guickiy

maximized. kKfter the FCH sections of the at-reactor
storage pools become full, ncn-storable fuel accumulates

in the tewporary file. Bt time 106G.5 & total of 2779 sutu
of non-storable fuel is obtained; at time 141.5, 53717¢ mtuag
and at time 102.5, 7963 nutu. By time 102.5, kKepository

Two starts operating and the handling rate for Kepository



-
o
(X

One increases from 1800 mtu/year to €000 mtu/vear. This
ad¢itional storage capacity, 1in conjunction with the
future capacity provided by Kepositories Three, Four, and
FPive, e&avoids any additicnal accumulaticn of non-storable
fuel throuchout the simulation.

Ficures 29 and 30 are the graphical representations

of total RFR Zfacility and total repcsitory suppiy and

demand. Figure 31 shows the final statistics oan the
percent utilization of each storage site. The complete

(o]

series of cutput ¢raphs is suppiied in Appendix F.
En interpretation of these results 1is given in
Chapter Six. This @next chapter also contains overall

model performance ccncliusions.
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FACIL]

FACIL2

FACIL3

FACIL4

FACILS

REPQS1

REPQS2

REPOS3

REPOS4

REPOSS

FACILITY
FACILITY
FACILITY
FACILITY
FACILITY

MEAN
0.4270e+00

MEAN
0.5886E+Q0

MEAN
0.3840E+00

MEAN
0.3911E+00

MEAN
0.2978E+00

MEAN
0.7547€+0C

MEAN
0.1541€+00

MEAN

0.1708e+Q0

MEAN
0.4002E+00

MEAN
0.4533E-01

NUMBER 1 HAD 62 SHIPMENTS
NUMBER 2 HAD 119 SHIPMENTS
NUMBER 3 HAD 64 SHIPMENTS
NUMBER 4 HAD 171 SHIPMENTS
NUMBER 5 HAD 151 SHIPMENTS

Figure 31.

)

nal
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**STATISTICS FOR TIME-PERSISTENT VARIABLES**

STD DEV MINIMUM MAXIMUM TIME INTERVAL
0.4312E+00 0.0 0.9994€+00 0.395QE+02
**STATISTICS FOR TIME-PERSISTENT VARIABLES**
STD QEV MINIMUM MAXIMUM TIME INTERVAL
0.2912E+00 2.0 0.9996E+00 0.3950e+Q2
**STATISTICS FOR TIME-PERSISTENT VARIABLES**
STD DEV MINIMUM MAXIMUM TIME INTERVAL
0.4311E+Q0 a.0 0.9985E+00 0.3950e+02
**STATISTICS FOR TIME-PERSISTENT VARIABLES** i
STD DEV - MINIMUM MAXIMUM TIME INTERVA
0.3898E+00 0.0 0.9996E+00 0.3320€+02
**STATISTICS FOR TIME-PERSISTENT VARIABLES**
STD OEV MINIMUM MAXIMUM TIME INTERVAL
0.3552E+00 0.0 0.9996€+00 0.3020E+02
**STATISTICS FOR TIME-PERSISTENT VARIABLES**
STD DEV MINIMUM MAXIMUM TIME INTERVAL
0.3543e+00 0.0 0.1000€e+01 0.2640E+02
**STATISTICS FOR TIME-PERSISTENT VARIABLES**
STD DEV MINIMUM MAXIMUM TIME INTERVAL
0.5425€-01 0.0 0.2020e+00 0.2340€+02
**STATISTICS FOR TIME-PERSISTENT VARIABLES**
STOD 0EV MINIMUM MAXIMUM TIME INTERVAL
0.7608E-01 0.0 0.2213E+00 0.2040€+02
**STATISTICS FOR TIME-PERSISTENT VARIABLES**
STD DEV MINIMUM MAXIMUM TIME INTERVAL
0.3042E+00 0.0 C.8184E+00 0.1740€+02
**STATISTICS FOR TIME-PERSISTENT VARIABLES*™™
STD DEV MINIMUM MAXIMUM TIME INTERVAL
0.1464€-01 a.0 0.6193€-01 0.1440E+02

Statistics

REPOSITORY NUMBER 20 HAD

CUR. VALUE
0.0

CUR. VALUE
0.0

CUR. VALUE
c.0

CUR. VALUE
0.0

CUR. VALUE
0.0

CUR. VALUE
0.1000E+01

CUR. VALUE
0.2020€+00

CUR. VALUE
0.2213€+00

CUR. VALUE
0.8184€£+00

CUR. VALUE
0.6193-01

REPOSITORY NUMBER 16 HAD 158 SHIPMENTS
REPOSITORY NUMBER 17 HAD 28 SHIPMENTS
REPOSITORY NUMBER 18 HAD 30 SHIPMENTS
REPOSITORY NUMBER 19 HAD 103 SHIPMENTS
8 SHIPMENTS



CHAEBTFER SIX - CORCLUSZIONS

Cenclusions based upon model coperation &né the
exemplary results are g¢iven in the first section of this
chapter. The remaining section ratiocinates upon the
results based on the best available data as of A&ugust,

1980.

GENERIC CORCLUSIOXNS

The simulation model is verified throuch the
mechanisms described in Chapter Three and detailed in
Appendix B. Except for the accident analysis module, this

verification process confirms the accuracy of the model.

There are no probabilities associated with this
descriptive simulatiocn. B aischarge of spent fuwel 1is
either stored irn a repository, an AFR facility, or the FCR

portion of the at-reactor pocl or the fuel is not stored.

"3

Whenever hand calculations confirm this series of events,
the correctness of the model is ensured.

The sensitivity analysis performed upon the accident
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analysis module shows a definite relationship between the
yearly accident rate and the failure point of the AFE
Program objective. i ninety-five percent confidence
interval varies frowm sinus 1.7 years to plus 1.68 years.
This interval resuvits from statistical varistions and not
from & lack of correlatiozn petween the two parameters.

An analysis of variations in the yearly bandling rate
and the «capacity of Facility Twe indicates a practical
reletion between these two parameters. A large facility
capacity and a 1low handliing rate resuits in a low overail
utilization, yielding a waste of storage resource. A
large handling rate and a low capacity causes rapid fuel
storage into the faciiity. The facility quickly wmaxirzizes
capacity and goes off-line. 4As the amount of nomn-storablie
fuel indicates, a low facility capacity is definitely not
desirable.

Bringing PFacility One con-line at succeszsively earlier
timee reduces the overall amount of non-storazble fuel.
Due to goveramental regtrictions this action 1is  highliy
unlikely. 1In any case, the failure point remains fixed at
time ©0.3. Frowr tihhe perspective of a prograk manag¢er,
this insensitivity of the failure point indicates that the
only method with which to achieve the AFR Frograwm

objective is some form of transshiprent.



If extremely optimistic estimates ¢f the on-line tize

and cepacity of the AFR facilities are utiiized, then the

total elimination of the £

pol}

ilure point is possible. In
such a case, the accidenrnt module can be employed to judge
the efiects that different yearly accident rates bave on
the percent utilization.

in sumpary, the simulation model is found sensitive,
to some degreeg, tc each of the varied parameters. The
only measuresent not effected by the variances is the
failure point. Some parameters have a cutoff value, above
or below which changes have minor effects wupon the total
simulated scenario. Mo one parameter is found to have an
overriding influence upon the simulation results.

4 variance in repesitory characteristics is expected
to yield <comparable analyses. Changes in the discharge
data are viewed through the accident analysis section

since the module acts upon the individual discharges.
RERLISTIC CASE COHCLUSICHS
The first reactor which cannot successtully store

spent fuel is Oconee-3. The sirulation model predicts

that this event occcurs in April 198C. At the time of this



writing (Sumnmer, 1Y980), Oconee-3 is still operating. The
on-site stovage pool is ninety-three perceat utilized,
including fuel stored against FCR. Oconee-3 is schedulied
for refuelinc in Hovenber of 188¢. in order t9 ensure
storage space for the discharge from the refueling,
transshiprent reguests to  the Mcquire-1 reactor are
presently being processed. 1t apprevael for transshiprent

is not realized by mid-Kovember 19860, tken CGconee-3 will
remain inoperable until some interim storage agreement can

be apprecved.

The discharge data obtained from the Stoller Databacse
is listed by vear. In the model a scpecific time 1is
reguired ifor this simulated event. The value of RApril of

each year 1s selected since electrical reguirenents ebb
during this period. When the simulation reports a failure
point of time 80.3, this does not mnecegsarily rean that
the particular reactor is shutting down on the twelfth day
in April. Rather, the result fliags & critical area which
requires furtner investigation by the program managers

In the case of Occnee-3, 1its actual discharge occurs in

the Falil of 198&0. e simulation deoces indicate trouble
for the Oconee-3 reactor in 15¢0, and further

investigation reveals that some form of transshipment must

be approved to aveid an extended refueling shutdown.



Until the first AFR facilities come on-line 1n Juue
of 1984, the non-storavle fuel is accumulated from foreigmn
discharges, except for twenty-four mtu from Oconee-3. The
political nature of the decision to accept foreign spent
fuel makes definitive statemnents on this subject
difficult. Obviously, if this fuel reaches the borders of
the United Stutes in 1981, <cowe form of temporary storage
is required.

Petween 1984 and 19%6, all discharges are stored
either in an AFEk facility or the FCR section of at-reactor
pcols. The large amount of fuel (27171 wmtu) accumulated
within the PCR sections of the pocls is an oxinous sign.
Wnen Repository One comes on-line in 1997, the repository

-

accepts the fuel held against FCK. This iarge amount of

g
fuel ties up the handiing section of the repository for
sone time. While fuel is being transferred from the FCR

sections to the repository, numercus reactors continue to

discherge fuel. post of this fuel hag to be tracked
withir the temporary file. Approximately five years,

starting in 1997, are required to relieve the packloe of
fuel held ageainst FCR and irn the temporary file. Not
until 2003 is the need to track fuel in the tenmporary iile

relaxed.

o
16}

The analysis of this particular scenario



178

disheartening. The large accumulation of non-sterable

fuel (7963 mtu) has to be transshipped in some manner to

avoid reactor shutdowns. Shipping cask capacity, asg ot

-

1960, is twenty-eight mtu of pressurized water reactor
(PWR) fuel.® Epproximately three years are reguired for
the construction of a cask of approved design. Up to

eight years i

]

reguired for the construction of casks of
neoteric design. The transshipment of 7963 mtu of fuel 1is
going to be interesting, especially when yearly discharces

to available BFR racilities are competing for cask usage.

And 1if the Huclear Requlatory Commission  (HRQC) ever
reguires each Teactor to @maeintain FCk, the storage

problems become overwhelking.

REFLECTIONS

The glum results of the a&aforementioned scenario

indicate the desperate need for some type oif model of

spent fuel disposition. The developed simulation nodel
satisfies this need. For ncw the DOE managers possess a

tool with  which to analyze any disposition scenaric.
Licensing activities can be hactened; the time required

for environmental impact statements can ke Treduced; AFR
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facility handliag rates can be increased; and S0 One The
impact upon spert fuel disposition of each o0%f these
variations car be inexpensively aralyzed in the nope of

determzining an acceptablie, realistic waste scenario.

A SCENRRIQ THAT WOEKS

The value of the model iz demonstrated by detersgining

a wvorkable =oiution to the task of providing adeguate

storage SpPace. The model 1is employed on an iterative

basis. A scenaric is posed, simulated, and analyzed. The

author decides on any improvements and/or modificatione,

adjusts the scenario, and performs another simulaztion.
After several iterations, the result is a finely honed

storage supply Scenario which provides adeguate storage

)

capacity for all the reactor discharges given in appendix
F (best-case data). The basic approach is to reduce the
time required for licensing and oOther regulatory
functiouns. Except vwhere specificelly noted, the
capacities and handling rates remain the same as those
given in the best-case data. The following paragraphs
delineate the required scenario.

One: Permit, in Ncvember 1980, the transshipnrent of
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fuel irom Oconee-3 to ancther at-reactor storage pooci.
Two The GE-Morris plant ©Dpegins storage operaticng

-

as an AK¥E facility in early 1981. The add-on storage pool
is started in early 1987 with & handling rate of 500
mtu/year.

Three: In Januvary 1982, Dbegin storace cperation of
the West Valley facility.

Four: The AGHS storage facility starts accepting
fuel in mid-1984.

Five: Construct three new AFR facilities. The first
starts operation in mid-1$8€; the seccnrd, wmid-19%G; and

the third, mid-199%2.

Sixs Complete construction and begin operation of
the first repositcery in June 19%4. The reguired handiing

rate is 3000 wmtu/year.
Seveny The second repository requires & handling

rate of 600C mtu/year and comes on-iine in early 1997.

el

icht: ©Dring into operation, at three yvear intervals -
starting in 2003, three additiornel repositories.
ilthougn reducing the time to accomplish a licensing

or design activity via the simulation is straightforward;

an actuail, real-world reduction in time may not be
feasible. However, given the ©proper motivation, there

does not appear to be any reason why this scenaric cannot
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be realiized.



CRAPTER SEVER — KECOMMENDATIONS

This work lavs the foundation for a simulation mcdel
which encompasses the supplies and demands associated with
all sources of nuclear wastes. The present model only
tracks spent fuel from commercial reactors. Other soirces
of supply inclilude defense wastes, high level wastes, low
level wastes, and transuranic wastes. Dach category comes

under the supervicgion of a separate program office. Since

)

the ultimate disposition of all these waste products is
currently prodected as the geologic repositories, the
simulation model canr be enhanced to track all such wastes.

The ONWI is developing a HIS containing detailed

‘repository data. This XIS shcould contain all activities

associated with repositoery desigrn, iicensing,
construction, and operation. In turn, these activities

should ke linked via predecessor/succegsor relationships
in order to track program progress in  a manner analogous
with the AFR MIS wmodule. This will provide a wmore
comprehensive and flexiple source of repository date.
Currently, the pclicy of the United States prohibits
the reprocessing of spent nuclear fuel. When this policy

changes, spent fuel will be sent +to the reprocessing
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o
Cat

plants not only from the individual reactors but from the
BFR facilities. The model should be expanded to simulate

the reprocessing shiprents.

ot

Transshipment of spent fuel 1is & critical neea if
individueal reactor shutdowns are to be avoided.

Presently, approval for transsnipment of fuel is done on a

case—-bhy-case basis. As =more and more shipwents are
required, some specific guidelines should emerge. When

3

such guidelines are forsulated, the simulation rodel will
incorporate said guidelines and accurately model this

imrportant stopgap storace technigue.

Finally, the model 1is expected to £ind extensive
utilization by the AFE Prograk #ahagers. ks the model is

exercised under real world conditions, various zdéitions
will inevitabiy Dbe needed. buring all phases of godel
desiagn, careful attention is paid to provide the required
rechanisms with which to incorporate additiomnal and
modificatory changes 1in the disposition of nuclear waste

material.
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APPEVDIX A - WORK FACKAGE HEPORT

Fundamental to the AFR ¥IXIS is the AFR Status Revort.

Once each month this document reports on each work package
( e.g., countract) which exists between the DOE and the
contractor. The Teport is paramount te¢ the successiul
updating of the AFR ~MIS, for this report relays
information between sponscr and contractor. EDY

discrepancies are guickly identified and resolved.

The AFR Status Report consists of three parts. The
first contains general work package information and is
shown in Ficure 3Z2. The work element number (WER) 1is
determined by the functicnal WES, since one of the main
uses of this report 1s in the tracking of fuads. DOB
allocates dellar resources via the functional ¥BS. A
descrivtion of the scope of work is given along with
summary cost data.

Part Two, Figure 33, gives detailed plannead and
actual cost Dbreakdowns for the associated work package.
Projected costs are given in addition to current
expenditures.

The interrelationship tracking program and the

milestone extraction program act uponr the activity data of

167



Part Three of the AFEK Stetus %eport, as shown in Fioure

34, ¥or each activity a start date, an end date, a nhawe,
and the relationships are listed. Many of the

predecessors are from work packages other than tnis one.
This chain of interrelationships permits & computerized
tracking of ail related activities within the AFE HIS--the

basis for the AFR KIS module of Systewm One.



Figure 32.

STATUS REPORT  SPENT FUEL STORAGE

AEN NO PREVIOUS ID PROGRAM
1213. DF
TITLE: FACILITY IMPLEMEMTATION-MORRIS
CONTRACTOR:  UUNKNOWN

PRINCIPAL INVESTIGATOR:

CESCRIPTION:
THIS TASK WILL PROVICE FOR:

1)

06/28/80 3- 1
7

STATUS
NEEDED

LICENSE FOR OPERATION OF MORRIS OPERATION AS A DOE OWHED

AFR SPENT FUEL STORAGE FACILITY WITH A RERACK OF EXISTING
POOLS FOR [NCREASED STORAGE CAPACITY,

INCEFINITE

3 & R: AS058510

COST ACCT: D01213.

8 & R: AsS051000
COST ACCT: Fi213.

8 & R: 39-AS05051
COST ACCT:

2) CONSTRUCTION OF ADDITIOHMAL STORAGE POOLS, AND
3) STARTUP AND OPERATION GF iQRRIS OPERATICH.
START DATE: 0Of O0CT 20 END DATE:
DOMESTIC
FUNDING (1000S):
FY79 COST FY80 COST FY30 ST
Q ) 0 0
FOREIGN
FUNDING (10003):
FY79 COST FY8Q COST FY80 st
0 Q ]
LINE ITEM 79-1-7
FUNDING (1000S):
FY79 COST FY80 COST FY30 EST
0 0 0

for Gz-HoIrris

General 1nformaticu Section or Xorx

Package



STATUS REPORT
1213.

B&R #: ASQ50510
COST ACCOUNT #:
CURRENT 8/0 FY
F179 FY80
0 0

(1980)

0CT  NOV  DEC
0 0] 0

B&R #: AS051000
COST ACCOUNT #:

CURRENT B/0 FY
FY79 FY80

0 0
B&R #: 39-AS0505

CURRENT B/0 FY E
FY79 FY80
0 0

Figure 33.

01213.

£sT

FY81

F1213.

esT
FY81
0

1

ST
FY81

230100

SPENT FUEL STORAGE
FINANCIAL DATA

FY82

CURRENT MOMTHLY PLAN
JAN

FEB

o]

FY8e

FY82
1000

MAR

08/14/80 31- 2

133
FUND TYPS:  DOMESTIC
Fv83 rY84 FY8s FY86 FY87 FY83
6000 4200 5000 4000 0 0
APR  MAY  JUNE JULY AUG  SEPT
0 0 Y 0 0 Q 0
FUND TYPE:  FOREIGH
FY83 FvY84 FY85 £Y80 Fy87 FY88
o 0 0 0 0 0
FUND TYPE: LINE ITEM 79-1-P
F183 Fvea F185 FY86 FYa7 FY38
6200 4500 300 12000 0 Q

Financia. Section ot WOILK Package
for GE-HMorris
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STATUS REPORT  SPENT FUEL STORAGE 06/28/80 3- 2

ACTIVITY LIST:

WEN NO: 1213
START: Gl 9CT 80 END: INDEFINITE
TITLE: FACILITY [MPLEMENTATION-MORRIS

ACTIVITY: 1213.1
START: 0l OCT 81 ENO: 31 JAN 87 % COMPLETE 0
NAME: LICENSING

SUB-ACTY: 1213.1.1
START: 01 0CT 81 END: 02 OCT 81 % COMPLETE 0
NAME: CONSIDER LICENSE APPLICATION ACTIVITIES
AND MAKE APPLICATION FOR TRANSFER AND
RERACK
** PROGRAM CONTROLLED **

PREDECESSORS SUCCESSORS

1212.1.1 1213.1.2

1211.3

1121.4
SUB-ACTY: 1213.1.2
START: 02 0CT 8l €Nd: 30 SEPT 82 % COMPLETE 0
NAME: PREPARE T0) RECE[VE LICENSE FOR TRANSFER

AND RERACK
** DELIVERABLE **

PRECECESSORS SUCCESSORS

1213.1.1 1213.3.1
SUB-ACTY: 1213.1.3
START: 01 JULY 84 END: 01 JULY 84 % COMPLETE 0
NAME:  SUBMIT APPLICATION FOR ADD-ON POOL

LICENSE
** PRNGRAM COMTROLLED *~

PREDECESSORS SUCCESSORS

1213.1.2 1213.1.4

1212.1.2

1142.3.6

SUB-ACTY: 1213.1.4
START: 02 JuLY 83 END: 31 JAN 87 % COMPLETE: 0
MAME: PREPARE TO RECEIVE LICENSE FOR ADD-ON

POOL
** CONTRACTOR MILESTONE *=

PREDECESSORS SUCCESSORS
1213.1.3 1213.3.2

ACTIVITY: 1213.2

START: 01 OCT 81 END: 31 JAN 37 % COMPLETE: O

NAME: CONSTRUCTION DESIGN

SUB-ACTY: 1213.2.1
START: 01 OCT 381} END: 30 JUNE 52 % COMPLETE: 0
NAME:  €ONSTDER DESIGN PACKAGE AND COMPLETE

RERACK DESIGN

** CONTRACTOR MILESTONE **

PREDECESSORS SUCCESSORS
1212.2.9 1213.3.1
1414.3 1213.2.2
1423.2.1

SUB-ACTY: 1213.2.2
START: Q1 ACT 84 END: 231 JAN 87 % COMPLETE: 0
NAME: CONDUCT ADD-ON POOL CONSTRUCTION DESiGN

PREDECESSORS SUCCESSORS
1213.2.1 1213.3.2
1211.3

1413.2

1415.3.2

ACTIVITY: 1213.3
START: ©1 OCT 82 END: 26 FEB 89 % COMPLETE: O
MAME:  CONSTRUCTION

Figure 34. 4activity Section «f WHork Package
for G&-Horris
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SUB-ACTY: 1213.3.1
START: 01 OCT 82 END: 30 JUNE 34 % COMPLETE:
NAME: PERFORM RERACK CONSTRUCTION

** CONTRACTOR MILESTONE **

PREDECESSORS SUCCESSORS
1213.2.1 1213.4.3
1213.1.2

SUB-ACTY: 1213.3.2
START: 0l FEB 87 END: 26 FEB 89 #* COMPLETE:
NAME: PERFORM ADD-ON POOL CONSTRUCTION

** CONTRACTOR MILESTONE **

PREDECESSORS SUCCESSORS
1213.1.4 1213.4.5
1213.2.2

ACTIVITY: 1213.4
START: 01 JuL 84 END: INDEFINITE % COMPLETE: O
NAME: OPERATION

SUB-ACTY: 1213.4.1
START: 01 JuLY 84 END: 02 JULY 84 % COMPLETE:
NAME: STAKT OPERATION WITH RERACK

PREDECESSORS SUCCESSORS
1213.3.1 1213.4.4

SUB-ACTY: 1213.4.2
START: 03 JuLY &4 END: INDEFINITE % COMPLETE:
MAME: OPERATE USING RERACK

PREDECESSORS
1213.4.3

COORDINATED
1213.4.2
1213.4.6

SUB-ACTY: 1213.4.3
START: 27 FEB 89 END: 28 FEB 89 % COMPLETE:
NAME: RECEIVE FUEL IN ADD-ON POOL

PREDECESSORS SUCCESSORS
1213.3.2 1213.4.6

SUB-ACTY: 1213.4.4
START: 0! MAR 89 END: INDEFINITE % COMPLETE:
NAME: OPERATE FACILITY WITH ADD-ON POOL

PREDECESSORS
1213.4.5

Figure 34. (coutinuea)



EPPENDIX E - VERIFICRTION ANELYSIS

Nugerous mcdels are verified by resuits of difterent
techniques applied +to the problem in guestion. For

exanple, the mathematical wodel discussed in refersnce 17

is verified by a GBESF IV simulation model. Hcowever, there

does not exist any available model, mathematical or
otherwise, with which to check the &accuracy of the

simulationr modeil of the Dbuck-end of the nuciear fuel

cyclie. This fact leads to the exclusive use of hand
calcuiations and temporary output statements 1in <tThe
verification of this model. Hand calculations utilizing

the resl-case data become prohibitively difficult, =since

these data contain informaticn on over two hundred

individual reactors aund numercks sStorage feacilities.
Thereiore, abbreviated data from the various input sources

are epployed in the verification analysis.

Table 12 1l1liste +the information on the two AFR

faciiities and the one repository that are used in the
verificatiocn. The foreign spent fuel discharge amounts

are given in Table 14, The final tabie in the section,
Table 15, depicts the quantities of spent fuel discharged

from doumestic reactors. Notice that only eighteen

193



Table 13.

Storage Site Input Data for Veritication Analysas

HANDLING }JAMOUNT OF
STORAGE ON-LINE CAPACITY RATE EXISTING LATITUDE |} LONGITUDE
SITE TIME (mtu) (mtu/year) | SPENT FUEL
(mtu)
AFR
FACILITY 80.5 1750 750 0 33.2 81.4
NUMBER ONE
AFR
FACILITY 82.5 1100 250 350 41.4 88.4
NUMBER TWO
REPOSITORY 83.6 41000 1800 0 47.0 118.0
NUMBER ONE

a6l



Table 1l4.

Foreign Input bata for Verification Analysis

SPENT FUEL DISCHARGE AMOUNT (mtu)

PSEUDO-REACTOR LATITUDE LONGITUDE
1979 1980 1981 1982 1983*
300 33.8 118.2 0 0 18 16 0
301 40.7 73.5 0 0 16 16 0
302 32.8 79.9 0 0 16 18 0

GhHt



Table 1. Domestic Reactor input Data for Verification Anaylsis

REACTOR FULL- SPENT FUEL DISCHARGE AMOUNT (mtu)
NUMBER | LATITUDE |LONGITUDE |CORE
RESERVE

cAPACITY| 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 | 87 | 88

1 31.2 85. 1 708 10 | 20| a5 | a5 | 45 o] o 0 0 0
2 31.2 85. 1 7081 32 | s5s { w0 ] 61 | 75 ] 32 ] 30 0 0 0
5 33.4 | 2.9 102.90 14 | 32 ] 32| 2a | 2a | 2a | 24 | as | 45| 45
6 33.4 | n2.9 102.9 0 0 0 0 ol of o 0 0
7 33.4 | 112.9 102.9) 45 | a6 | 67 | 89 | 89 | 89| 23 | 23| 23| 23
8 35.3 93.2 g2l 20 30 2312} ii2)as|es| ] 2] 2
9 35.3 93.2 73.5| 67 | 67 ] a5 ] 55 | 55 | 55 ] 60 | 60 ] 60 | 60
10 38.4 76.4 82.9( 0 0 0 0 0 0 0 0 0 0
N 38.4 76.4 8.4 23 | 23| 23] 3a | 34| 34| 34 34| 20| 20
12 42.0 70.6 ne.sfao | a0] 30f 30 70 70 70} 70| 70| 70
13 42.0 70.6 8.4y 20 1w ] 1w0] w}jiw]|] wofiw]w] o] 0
14 34.4 80.2 705 o] ] 20] 20| 20| 20| 20| 20| 20| 20
15 33.0 78.0 109.2] o} 30| 30 gl aal o aal an| 21| 27
16 33.0 78.0 109.2| © o| 26| 27| 27| a7} 22| 27| 27| 27
17 35.6 78.9 72.5] 60 | 60 9 9 9 5 s 10| 20| 20
18 35.6 78.9 72.5| aa | aa | 38| 38 | 38| 49| a9 ]| a9 | 49| 2
19 35.6 78.9 7250 o} 30} 30} 30 0 0 0 0 0 0
20 35.6 78.9 72.5] 10 o] 20 o] 20| 20 20 s0| 55] 55

961



reactors are empioved. Since the end of the simulation is

selected as time 87.Y%, the discharge data for the year

2000 to the year 2020 are not required. The accident
analysis module iz mot wutilized in this process. A1l
other options are ailowed, including storsge against FCR
and in the temporary file. The shipwent priority is

nearness for discharces to poth the APE facilities and the

repository.

tfter the aforementioned input data are accumulated,

the simulation is performed. The output is shown 1n the
multiple pages of Figure 35. The conmplete veriticaticn

process involves examining the output and input from many
different directions. Por illustrative purposes in this
appendcix, the discharges from keactor Two are highlighted
and followed.

At time 79.3, this reactor discharges 32 metric tons
of uranimunr {(mtu) «nd stores the fuel against its FCK
capacity cf 70.8 mtu. Both these tigures agree with thae
input data given in Teble 1%; hence, the GASPF 1V input
sukroutine, which ceathers the data Irom System One and

places said date in the event file, 1ig working nroperly.

The foliowing year, time &§0.3, finds that 55 mtu is
discharged from Keactor Two. Since there 1s not enough

at-reactor storage space (only 38.8 mtu remain) to hold an
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23.0 MTU AGAINST FCR AT TIME 79.3:
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20.0 MTU AGAINST FCR AT TIME  30.3:

CANNQT STORE 55. MTU AT 30.3

32.0 MTU AGAINST FCR AT TIME  30.

46.0 MTU AGAINST FCR AT TIME 30.3:
30.0 MTU AGAINST FCR AT TIME  80.3:
CANNQT STORE &67. MTU AT 30.3

23.0 MTU AGAINST FCR AT TIME 30.
40.0 MTU AGAINST FCR AT TIME  80.
10.0 MTU AGAINST FCR AT TIME  30.
14.0 MTU AGAINST FCR AT TIME  80.
30.0 MTU AGAINST 7CR AT TiME  80.

CANNOT STORE 60. MTU AT 30.3
CANNOT STORE 44. MTU AT 80.3
30.0 MTU AGAINST FCR AT TIME  80.3:

§7.0 MTU AT TIME  30.5 [N FACILITY
91.0 MTU AT TIME 80.5 IN FACILITY
60.0 MTU AT TIME 80.5 [N FACILITY
80.0 MTU AT TIME 30.5 IN FACILITY
50.0 MTU AT TIME  80.5 IN FACILITY
44,9 MTU AT TIME 80.5 IN FACILITY
46.0 MTU AT TIME  30.35 [N FACILITY
32.0 MTU AT TIME 20.5 IN FACILITY
46.0 MTU AT TIME  80.5 [N FACILITY
30.0 MTU AT TIME  80.3 IN FACILITY
30.0 MTU AT TIME  30.5 [N FACILITY
30.Q MTU AT TIME  80.5 [N FACILITY
30.0 MTY AT TIME 30.5 IN FACILITY
14.0 MTU AT TIME  80.5 [N FACILITY

10.0 MTY AT TIME  80.5 IN FACILITY
44.9 MTU FROM TEMPORARY STORAGE
1 AT TIME 30.5
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TO REGAIN ~CR
TO REGAIN 7CR
70 REGAIN FCR
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THIS AMOUNT WAS DICTATED 8Y THE HANDLING RATE OF FACILITY
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FACILITY NUMBER 1 HAS EXCEZEDED TS HANDLING RATE AT TIME 31.3
REACTOR MUMBER 300. CANNQT STORE 8. MTU AT  81.3

FACILITY NUMBER 1 HAS EXCZEDED ITS HANDLING ATt AT TIME 81.2
REACTOR NUMBER 301. CANNOT STORE 1&. MTU AT  81.3

FACILITY NUMBER 1 HAS SXCEEZDED ITS HANDLING RATE AT TIME 81.3
REACTOR NUMBER 302. CANNQOT STORE 1i€. MTU AT  81.3

FACILITY NUMBER 1 HAS EXCEEDED ITS HANOLING RATE AT TIME 81.3
REACTOR 1. STORED  45.0 MTU AGAINST FCR AT TIME 81.3: TOTAL AGAINST FCR  45.0 MTY; FCR IS  70.3 MTU

FACILITY NUMBER 1 HAS EXCEEDED [TS HANDLING RATE AT TIME 81.3
REACTOR (@ STORED  10.0 MTU AGAINST FCR AT TIME 81.3: TOTAL AGAINST FCR  10.0 MTU; FCR IS 70.8 MTU

FACILITY NUMBER 1 HAS SXCEEDED ITS HANDLING RATE AT TIME 31.3
REACTOR 5. STORED  32.0 MTU AGAINST FCR AT TIME 31.3: TOTAL AGAINST 7FCR  32.0 MTU; FCR IS 102.3 MTU

FACILITY NUMBER 1 HAS EXCEEDED [TS HANDLING RATE AT TIME 31.3

REACTOR 7. STORED  57.0 MTU AGAINST FOR AT 7IME  31.3: TOTAL AGAINST FCR  67.0 MTU; FCR IS 102.9 MTU
*exe*QEACTOR 300. STORED  16.0 MTU [N FACILITY 1 AT TIME 82.3
rrexxQEACTOR 301. STORED  16.0 MTU IN FACILITY 1 AT TIME 32.3
ekexxQEACTOR 302. STORED  18.0 MTU IM FACILITY 1 AT TIME 82.3
ek *REACTOR 1. STORED  45.0 MTU IN FACILITY 1 AT TIME 32.3
e *REACTOR C) STORED  61.0 MTU IN FACILITY 1 AT TIME 32.3
*rax*QEACTOR 3. STORED  24.0 MTU IN FACILITY 1 AT TIME 382.3
*kxREACTCR 7. STORED  89.0 MTU IN FACILITY 1 AT TIME 82.3
*erxeREACTOR 3. STORED 12.0 MTU N FACILITY ! AT TIME 32.3
*exx*QEACTOR 3. STORED  S5.0 MTU N FACILITY 1 AT TIME 32.3
*eexr*QEACTOR 11. STORED  34.0 MTU IN FACILITY 1 AT TIME 82.3
e ~REACTOR 12. STORED  30.0 MTU IN FACILITY 1 AT TIME 32.3
*rexxREACTOR 13. STORED  10.0 MTU IN FACILITY 1 AT TIME 82.3
*eIe*QEACTOR 14. STORED  20.0 MTU IN FACILITY 1 AT TIME &2.3
*erQEACTOR 15. STORED 9.0 MTU IN FACILITY 1 AT TIME 32.3
*ekaeQEACTOR 16. STCRED  27.0 MTU IN FACILITY 1 AT TIME 382.2
*H***REACTOR 17. STORED 9.0 MTU IN FACILITY 1 AT TIME 32.3
*xxexQEACTOR 18. STORED  33.0 MTU IN FACILITY 1 AT TIME 32.3
*xex*QEACTOR 19. STORED  30.0 MTU IN FACILITY 1 AT TIME 32.3

FACILITY NUMBER 2 HAS [NCREASED CAPACITY 3Y 1100. MTU AT TIME= 32.5
MAX CAPACITY IS 1700.9; HANDLING RATE IS 250.0 MTU PER 1EAR

REACTOR 7 STORED  67.0 MTU AT TIME 82.5 IN FACILITY 2 TO REGAIN FCR
REACTOR 1 STORED  45.0 MTU AT TIME 82.5 IN FACILITY 2 TO REGAIN FCR
REACTOR 9 STORED  45.Q MTU AT TIME 82.5 IN FACILITY 2 70 REGAIN. FCR
REACTOR 18 STORED  28.0 MTU AT TIME 32.5 [N FACILIT 2 70 REGAIN FCR
REACTOR 19 STORED  30.0 MTU AT TIME  32.3 IN FACILITY 2 TO REGAIN 7CR

U

REACTOR 5 REMOVED  25.0 MTU FROM [TS AR P00L AT TIME 82.35

THIS AMOUNT WAS DICTATcD BY THE HANDLING RATE OF FACILITY 2

THIS REACTOR STILL {S UTILIZING 5.3 PERCENT OF TS FCR CAPACITY
FOLLOWING STATISTICS AT TIME 82.5

**STATISTICS FOR TIME-PERSISTENT VARIABLES**

MEAN STD OEv MINIMUM MAXTMUM TIME INTERVAL CUR. YALUE
FACIL! 0.4133E+00 0.1085€+00 0.0 0.7389€+00 0.2000€+01 0.7389%+00
**STATISTICS FOQR TIME-PERSISTENT VARIABLES™
MEAN STO DEY MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE
FACIL2 NG VALUES RECORDED

Figure 35. (continueqg)
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FACILITY 1 REMOVED 730.0 MTU AND PLACED FUEL INTO REPOSITORY 1 AT TIME 84.7

AMOUNT WAS LIMITED 8Y FACILITY HANDLING RATE

Foeme*QEACTOR CD STORED ~ 30.0 MTY IN REPOSITORY 1 AT TIME 85.3
*r***QEACTOR 5. STORED  24.0 MTU [N REPOSITORY 1 AT TIME 85.3
*wrxxREACTOR 7. STORED  23.0 MTU [N REPOSITORY 1 AT TIME 85.3
*xkx*REACTOR 8. STORED  28.0 MTU IN REPOSITORY 1 AT TIME 35.3
*xrx*REACTOR 9. STORED  6Q.0 MTU IN REPQSITORY 1 AT TIME 85.3
*x***REACTOR 11, STORED  34.0 MTU [N REPOSITORY 1 AT TIME 85.3
fexx*QEACTOR 12. STORED  70.0 MTU IN REPOSITQRY 1 AT TIME 85.3
*3xx*QEACTOR 13. STORED  10.0 MTU IN REPOSITORY 1 AT TIME 385.3
**x**QEACTOR 14. STORED  20.0 MTU [N REPQSITORY 1 AT TIME 85.3
FarkexQEACTOR 15. STORED  27.0 MTU [N REPOSITORY 1 AT TIME 85.3
mxwr*REACTOR 16. STORED  27.0 MTU IN REPQSITORY 1 AT TIME 85.3
*ekexxQEACTOR i7. STORED 5.0 MTU [N REPOSITORY 1 AT TIME 35.3
FACILITY 2 REMOVED 250.0 MTU AND PLACED FUEL INTO QEDOSITORY 1 AT TIME 835.7

AMOUNT ‘WAS LIMITED 8Y FACILITY HANOLING RATE

*axsxQEACTOR 5. STORED  45.0 MTU IN REPOSITORY 1 AT TIME 86.3
*xx*QEACTOR 7. STORED  23.0 MTU [N REPOSITORY 1 AT TIME 86.3
*****REACTOR 8. STORED  21.0 MTU IN REPQOSITORY 1 AT TIME 36.3
*xxx*QEACTOR 9. STORED  60.0 MTU IN REPOSITORY 1 AT TIME 86.3
*akkxQEACTOR 11. STORED  34.0 MTU IN REPOSITORY 1 AT TIME 86.3
*xxx*QEACTOR 12, STORED  70.0 MTU IN REPOSITORY 1 AT TIME 86.3
*xxx*QEACTOR 13. STORED  10.0 MTU IN REPOSITORY 1 AT TIME 36.3
*xaxeQEACTOR 14, STORED  20.0 MTY IN REPOSITCRY 1 AT TIME 86.3
*xxx*QEACTOR 15. STORED  27.0 MTU IN REPOSITORY 1 AT TIME 36.3
Farr*QEACTOR 16. STORED  27.0 MTU IN REPOSITORY 1 AT TIME 86.3
*wx*xQEACTOR 17. STORED  10.0 MTU IN REPOSITORY 1 AT TIME 36.3
*xke*QEACTOR 18. STORED  49.0 MTU I[N REPQSITORY | AT TIME 36.3
*x**REACTOR 20. STORED  50.0 MTU IN REPOSITORY 1 AT TIME 36.3

**STATISTICS FOR TIME-PERSISTENT YARIABLES*~*

MEAN STD OEV MINIMUM MAXIMUM TIME [NTERVAL
FACIL1 0.4543E+00 0.2865E+00 0.9 0.9920E+00 G.7S00e+Q1
**STATISTICS FOR TIME-PERSISTENT VARIABLES*™
MEAN STD OEv MINIMUM MAXIMUM TIME INTERVAL
FACIL2 0.2678E+00 0.1818€+00 2.0 0.5455E+00 9.5500E+01
**STATISTICS FOR TIME-PERSISTENT VARIABLES*=
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL
REPOST 0.7031E-01 0.2984€-01 2.9 0.1139€E+90 0.4400E+01

FACILITY NUMBER 1 HAD 46 SHIPMENTS
FACILITY NUMBER 2 HAD & SHIPMENTS
REPOSITORY NUMBER 1 HAD 72 SHIPMENTS

Pigure 35. {continuea)
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additional 55 mtu, Reazcter Two cannot store the fuel.
This amount is tracked within the temporary file.
AFR facility One begins operaticn at tire 80.5.

Immediately thereafter, fuel is transferred Irom the PCK

sections of the various reaciors. hfter all reactors
regain their FCK capacities, fuel tracked within the

temporary file is removed ana stored in Facility One.
Keactor Two «can only transfer 46 mtu out of the 55 atu
held in the temporary file. This amount is limited by the

handling rate of tl

)

X faciiitve. &n additiocn of the

=4

jen
[45]

amount of fuel shipped to Facility One confirms that the
handling rate 1s pmpaximized.

Por the next yeear, Facility Opne cannot accept any
tuel. Reacter Two stores fuel against FCR at time 81.3.
The total against FCR is 10 mtu, verifying that the file
contaiping the arcunts of fuel stored in the FCE section
is reset to zero when the fuel is transferred to Facility
One at time 8U.5. The next discharge from Reactor Twc is
shipped to Facility One, since the handling rate for this
facility is reset at time 81.5.

Keactor Two continuwes to store fuel 1in the APFR
facilities. The next check point occurs at time £53.06.
Repository One comes on-line, reactors regain taelr FCR

capacities, and then fuel is transferred fIrom the



temporary file. Et this time, 9 nmtu from Reactor Two is

renoved from the file. This amount, when added to the 46

rtu removed at time 80.5, egualis the total amount of fuel
(55 mtu) piaced into the temporary file at time EG.3.

Discharges from Reactor Two are directed to the repository
until tire 86.3, the end-of-simulation.

Comprehensive verification reguires the examination
of numercus reactors and facilities by the method Just
described. For example, another check happens at tize
85.7. Facility Two removes 250 mtu of fuel and places the
fuel intc FRepositcory Oune. This figure agrees with the
handling rate of Faciliity Twec as given in the input data.
The final statastics, given at the end of the output,
confirm that botk ALFK facilities accept fuel and then
transter *the fuel to the repository.

The conparison between input and output contindes
entil ali facets of nmodel operation are verified. in
addition, many of the subroutines, as they are ccded, are
independently operated and checked. These steps confirm

the exactness of this desgcriptive simulation model



APPERDIX C - EVENT CORE DESCEIFTION

GESF IV controls the logic of Syster Two of the
simulation model Ly keying on the event code associated
with each entry. &n exanple of an entry is reacior nusber
thirty discharging 43 =atu of spent fuel at time 87.3.
Along with this informetion, the user attaches an event
code of one. CGARSY IV reads the event code and directs the
simulation.

Table 16 describes each of the six event codes
employed in the model. A swvecific reguirezment of GARST IV
is that the event code exists as attribute twe. &lsc, the

ranking attribute of +the model (time in this simulation)

]

is stored as attribute one. 411 other attributes are
assigred at the discretion o©i the user. GASP 1V provides

for a maximum of twenty-five attributes per entry.



Table 16.

bescription of Eveut Code aund Attributes

EVENT ATTRIBUTE NUMBER AND DESCRIPTION
CODE
1 2 3 4 5 6 7 8 9
1(STORAGE
pemaND) | Time oF | Event | awmount oF |reactor | uriity | state NERC
SPENT FUEL| CODE | DISCHARGE | NUMBER CODE CODE CODE  [LATITUDE  |LoNGITUDE
1 DISCHARGE (ntu)
2(AFR .
stornct | TIME OF | EvenT | capaciTy AFR HANDLING |  AMOUNT
suppLY)  |oPeRATION | coDE (mtu) FACILITY |  RATE OF ANY N/A N/A N/A
) NUMBER | (mtu/year)| EXISTING
FUEL (mtu)
3(STATISTICS
REPORTING)| TIME oF | EvENT N/A N/A N/A N/A N/A N/A N/A
REPORTING | CODE
3 EVERY YEAR
a(coLLect  |Tive oF
PLOT DATA)PCOLLECTING | ¢ yeyy /A N/A N/A N/A N/A N/A N/A
EvER Two- | EVEN
4 TENTIS OF
A YEAR ,
5(REPOSITORY
STORAGE | TIME OF | Event  [capactTy  |RepostTory | HANDLING | AMOUNT
suppLY)  JoperaTiOn | coDE (mtu) NUMBER RATE OF ANY N/A N/A N/A
5 (mtu/year) | EXISTING
FUEL (mtu)
ls(aFr 10
REPOSITORY] TIME OF |  EvenT N/A N/A N/A N/A N/ N/A N/
TRANSFER) | TRANSFER- |  CODE
6 EVERY YEAR

S0z



APPENDIX D — ESPENT FUEL SURVEY FORM

n

Precisicn of the individual reactor discharce data is

{

rmandatory for reliable model resultis. With approximatel

g

sixty utilities responsible for nearly two hundred
operating and proposed reactors, the task of ensuring such
precision is formidablie. L prototype cuegtionnaire is

designed to a

[

sist in transmitting data between the

utilities and the 5toller Database. L separate survey
form ig coupleted for each reactor. Bs a guestionnaire is

X

produaced, an auxiliary program reads the Steller Databas

[

and 1inserts data where apprepriate. The resultant
document is then sent to the required utility. in

individual just corrects the form; relieving his of the

LYo

o

time-consuming task oi gathering the information and
£illing out the survey from scratch.

Figure 3& presents a complete survey torm for the
Parliey-1 reactor. The form regtests more information than

presently contained within the Stolier Database; heuce,

®

some fields are blank. These additional facts are

required for future endeavors.

o]
)
jol]

The S. M. Stolier Corporation adapted the format

procduction methodolegy designed into the prototype survey



form for the actual guestionnaire. The first mailing

)

occurred during the summer of 1930. The Stoller Databas

<

-

is expected to be pericdically updated via the surve

he;

forme.
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DOMESTIC SPENT FUEL STORAGE SURVEY

Utility Name: A[ABAMA POWER CO
Reactor Name: FARIEY-?
Location (LaTitude, l[ongticude):

DATE:

31 Dagraes,

= Jagree A Minutes

Person(s) Supplying Data:

Mailing Address:

Telepnorna Number:

REACTOR
Type: Pressurized Water XX
Vendor: W
Net Capacity: HWe _ 355

Commercial OJperatiorns Date (Month and Y2ar)

If rnot operatioral, state:
[icensing Status:

Construction Status (Mornth and Year):

Soiling Water

MWt

—_—

19

-2

!

3

Limited Work Authorization (Censtruction Fermit):

Completion (cor Forecast):

Full Core Size: \MNumber of Assemblies 157
Assembly Weight MTU 0.551
POOl CHARACTERISTICS
Number of Ractangular Spent fuel Pools: 1
Langtn (ft) 37.9
Width (fr) 21.5
Depth (f%) 33,0
Center-to-Canter Spacing (in.) 10.37500

Figure 3b. Domestic Spent Fuel Storage Survey
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Number of "I" Shaped Fuel Pools:

A (ft)
B (ft)
C (ft)
D (fy)
Depth (ft)
Center-to-Center 3Spacing (in.)

Note Any Variatiens in

Number of Other Pools That Potentially Could be Used to Stcra Spe
Fuel:

Lerngth (ft)
Width (ft)
Depth (ft)
Potential Center-to-Center Spacing if XKrown (in.)

Existing Storage Capacity (Fuel Assamblies): 375  (MTU) 204,

Licensed Storags Capacity (Fuel Assemblies): (MTU)

Is Pocl Now Shnared or Forecasted to be Shared by Cther Reactor(s):

Tes No XX
For Shared Pool (Before May 1, 1679)
Fuel Stored (3y React

Mames of All Reactors Sharing Pool

Cask Hdardlirg Area (ft. sg.), if Handled in Storage Pool:

Pigure 36. (continueq)
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Cask Handling Capability:

Cask Handling limitation
(i.e., Crane Capacity,
Pool Deptn)

Spent Fuel Shipping Cask Ownersnip:
Type of Ownership Purchase
Cask Type Number (Leased or Purchase

Assembliss):

Increased Spent fuel Fool Storage Capacity

Has Action Been Taken to Increase Spent Fuel Pool Storage Capacity?
Neo Yes XX :

If Yes, Describe Actior Taken and Date:

Future Plans for Increased Storage Capacity:

Method of Total Storage
Increasing Capacity

Storage After Center to Canter [icensing
Capacitv* Yaar MTU Increase

*i.,e., Rerack; Double Tier; Pocol Modification

Pigure 36. {continued)



Total Storage Capacity After Maximum Possibls Expansion:

Fuel Assemblies 675 MTU 304,425

Institutional impediments (i.e., Statutory limits on Expansions)

SPENT FUEL STORAGE PROGRAM

As of May 1, 1979.
Total Amournt of Spent fuel Discharged: Assemblies 0  MTU UUUUUUYUUY
Amt. of Spent Ffuel in Storage 3t Reactor Site: Assemblies 0 MTU 0.000C
If There is any difference between the above two rasponses, please explain:

Age and Origin of the Stored Fuel:
Number of [eakers
or Defactive
No. of Ag f Fuel in Years Fuel Assamblies Origin
Assemblies MTU A f May 1, 1979
{ 0.000 0

20
S O

Projectad Spent Fuel Discharges:

Bases for Calculation
Average Burrup Number
Thermal Power Capacity of Discharged cf
Month Year MWt Factor %

Figure 36. (cont:muedj



SPENT FUEL SHIPPING PROGRAM

Capability: Rail Truck Barge
Institutional Impediments:

Snipments Before April 1,1979:
Number of Assemblies: MTU
Location:

Plans for Future Shipments Off Sits After April 1, 1979:
Number
of Mode of
Assemblies Transportaticorn

<
[
w
~
=
-3
[eny

%J

Cask te

1980

1981

1982

1983

1984

1985

1986

1987

1938

1989

1990

FULL CORE RESERVE

is Full Core Reserve Internded to oe Maintained for Future Reactor Operation?

Yes No

State Reason

Figure 36. (coatinued)
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OPERATING HYISTORY JF REACTOR

Refueling .
Shutdown Cap. Effective
Cycle Date Power Factor Burnup Assem. Failed Full Power
# Mo. Y=sar MWt % * Disc. *

i
N

*A batch or regior is defined as a group chargad to the reactor at the
same time and discharged at the same time.

Figure 3b. (continued)



EPPERDIX E - REACTOR NUHBER VERSUS KANE

Prograrwing chores and execution times are reduced by
the use of numbers rather than character strings.
Bowever, oI dutput repcrts the terw “reactcer 35% coes not
relay =wmuch information. The assoclilated literal name,
Byron-2, conveys a sense of exactness. Any program cal e
modified to convert between the different terms; the more
conversion, the wore execution time. flany of the DOE
managers who utilize the mnodel are familiar with +the
reactor numbers and¢ asscciated names; thus, at this time,
the conversion is not computerized.

Table 17 1ists reactor nurber, rTeactor name, aznd

affiiiated utilitv. The list includes all operating and

o

roposed reeactors which are maintained within the Stoller



Table 17. Cross Reference between Reactor Busber and kawe
REACTOR I.D. NAME UTILITY REACTOR I.D. NAME UTILITY

1 FARLEY-1 ALABAMA POWER CO. 60 CHEROKEE -2 DUKE POWER COMPANY

2 FARLEY-2 ALARAMA POUER 0. 61 CHEROKEE-3 DUKE POWER COMPANY

5 PALO-VERDE-1 ARIZONA PUB SERV (O. 63 BEAVER VALLEY-1 DUQUESNE LIGHT CO

6 PALO-VERDE-2 ARIZONA PUB SERV CO 64 BEAVER VALLEY-2 DUQUESNE LIGHT CO

7 PALO-VERDE -3 ARIZONA PUB SERV CO 65 CRYSTAL RIVER-3 FLORIDA POWER CORP

8 ARKANSAS NUCL ONE-L  ARKANSAS P AND L CO 66 TURKEY POINT-3 FLORIDA P AND L CO

9 ARKANSAS NUCL ONE-2 ~ ARKANSAS P AND L CO 67 TURKEY POINT-4 FLORIDA P AND L CO
10 CALVERT CLIFFS-1 BALTIMORE G AND E CO 68 ST. LUCIE-] FLORIDA P AND L CO
n CALVERT CLIFFS-2 BALTIMORE G AND E CO 69 ST. LUCIE-2 FLORIDA P AND L CO
12 PILGRIM-1 BOSTON EDISON CO 70 HATCH-1 GEORGIA POWER CO

13 PILBRIM-2 BOSTON EDISON CO 71 HATCH-2 GEORGIA POWER CO

14 ROBINSON-2 CAROLINA P AND L CO 72 VOGTLE-] GEORGIA POWER CO

15 BRUNSWICK-2 CAROLINA P AND L CO 73 VOGTLE-2 GEORGIA POWER CO

16 BRUNSWICK-1 CAROLINA P AND L CO 7 RIVER BEND-1 GULF STATES UTLTS CO
7 HARRIS-1 CAROLINA P AND L CO 75 ROVER BEND-2 GULF STATES UTLTS CO
18 HARRIS-4 CAROLINA P AND L CO 78 ALLENS CREEK HOUSTON L AND P CO
19 HARRIS-2 CAROLINA P AND L CO 79 CLINTON-1 ILLINOIS POWER CO
20 HARRIS-3 CAROLINA P AND L CO 80 CLINTON-2 ILLINOIS POWER CO
22 ZIMMER-1 CINCINNATL G AND E 81 D C COOK-1 IND AND MI ELEC CO
23 PERRY-1 CLEVELAND ELECTRIC 82 D C COOK-2 IND AND MI ELEC CO
24 PERRY-2 CLEVELAND ELECTRIC 83 DUANE ARNOLD IOWA E L AND P CO
25 DRESDEN-1 COMMONWEALTH EDISON 85 OYSTER CREEK JERSEY CENTRAL PL CO
26 DRESDEN-2 COMMONWEALTH EDISON 86 FORKED RIVER JERSEY CENTRAL PL CO
27 DRESDEN-3 COMMONWEALTH EDISON 87 WOLF CREEK KANSAS G AND E CO
28 QUAD CITIES-1 COMMONWEALTH EDISON 88 SHOREHAM LONG ISLAND LIGHTING
29 QUAD CITIES-2 COMMONWEALTH EDISON 89 JAMESPORT -1 LONG ISLAND LIGHTING
30 ZION-1 COMMONWEALTH EDISON 90 JAMESPORT-2 LONG ISLAND LIGHTING
31 ZION-2 COMMONWEALTH EDISON 93 WATERFORD-3 LOUISIANA P AND L CO
32 LA SALLE-] COMMONWEALTH EDISON 94 MAINE YANKEE MAINE YANKEE AT PWR
33 LA SALLE-2 COMMONWEALTH EDISON 95 THREE MILE ISLAND-1 METROPOLITAN EDISON
34 BYRON-1 COMMONWEALTH EDISON 96 THREE MILE ISLAND-2 METROPOLITAN EDISON
35 BYRON-2 COMMONWEALTH EDISON 97 GRAND GULF-1 MISSISSIPPI P AND L
36 BRAIDWOOD-1 COMMONWEALTH EDISON 98 GRAND GULF-2 MISSISSIPPI P AND L
37 BRAIDWOOD-2 COMMONWEALTH EDISON 99 COOPER NEBRASKA PUB PWR DIS
38 CONNECTICUT YANKEE CONN. YANKEE ATOMIC 100 NEP-1 NEW ENGLAND POWER CO
40 INDIAN POINT-2 CONSOLIDATED EDISON 101 NEP-2 NEW ENGLAND POWER CO
41 BIG ROCK POINT CONSUMERS POWER CO 102 NEW HAVEN-1 N Y STATE E AND G
42 PALISADES CONSUMERS POWER CO 103 NEW HAVEN-2 N Y STATE E AND G
43 MIDLAND-2 CONSUMERS POWER CO 104 NINE MILE POINT-1 NIAGARA MOHAWK POWER
44 MIDLAND-1 CONSUMERS POWER CO 105 NINE MILE POINT-2 ~ NIAGARA MOHAWK POWER
45 LA CROSSE DAIRYLAND POWER CORP 106 MILLSTONE-) NORTHEAST UTILITIES
46 FERMI-2 DETROIT EDISON CO 107 MILLSTONE-2 NORTHEAST UTILITIES
47 GREENW0OD-2 DETROIT EDISON CO 108 MILLSTONE-3 NORTHEAST UTILITIES
48 GREENKOOD-3 DETROIT EDISON CO 109 MONTAGUE -1 NORTHEAST UTILITIES
49 OCONEE-1 DUKE POWER COMPANY 110 MONTAGUE -2 NORTHEAST UTILITIES
50 OCONEE-2 DUKE POWER COMPANY m BAILLY NORTH INDIANA P S CO
51 OCONEE-3 DUKE POWER COMPANY 112 MONTICELLO NORTHERN STATES PWR
52 MCGUIRE-1 DUKE POWER COMPANY 13 PRAIRIE ISLAND-1 NORTHERN STATES PHR
53 MCGUIRE-2 DUKE POWER COMPANY 1n4 PRAIRIE ISLAND-2 NORTHERN STATES PWR
54 CATAWBA-1 DUKE POWER COMPANY 116 ERIE-1 OHIO EDISON COMPANY
55 CATAWBA-2 DUKE POWER COMPANY 1 ERIE-2 OHIO EDISON COMPANY
56 PERKINS-1 DUKE POWER COMPANY 118 FORT CALHOUN-1 OMAHA PUBL PWR DIST
57 PERKINS-2 DUKE POWER COMPANY 19 HUMBOLDT BAY PACIFIC G AND E CO
58 PERKINS-3 DUKE POWER COMPANY 120 DIABLO CANYON-2 PACIFIC G AND E CO
59 CHEROKEE -1 DUKE POWER COMPANY 121 DIABLO CANYON-1 PACIFIC G AND E CO

SL?e



Table 17. (continued)

REACTOR [.D. NAME UTILITY REACTOR I.D. NAME UTILITY
122 SUSQUEHANNA-1 PENNSYLVANIA P AND L 169 WATTS BAR-1 V A
123 SUSQUEHANNA-2 PENNSYLVANIA P AND L 170 WATTS BAR-2 T VA
124 PEACH BOTTOM-2 PHILADELPHIA ELEC CO 7 BELLEFONTE-1 T VA
125 PEACH BOTTOM-3 PHILADELPHIA ELEC CO 172 BELLEFONTE-2 T VA
126 LIMERICK-1 PHILADELPHIA ELEC CO 173 HARTSVILLE-A] T VA
127 LIMERICK-2 PHILADELPHIA ELEC CO 174 HARTSVILLE-A2 T VA
128 TROJAN PORTLAND GEN ELEC CO 175 HARTSVILLE-BI T VA
129 PEBBLE SPRINGS-1 PORTLAND GEN ELEC CO 176 HARTSVILLE-82 TV A
130 PEBBLE SPRINGS-2 PORTLAND GEN ELEC CO 177 PHIPPS BEND-1 T VA
133 FITZPATRICK POW, AUTH, STATE OF NY 178 PHIPPS BEND-2 T VA
134 INDIAN POINT-3 POW, AUTH, STATE OF NY 179 YELLOW CREEK-1 T VA
137 MARBLE HILL-1 PUB SERVICE INDIANA 180 YELLOW CREEK-2 T VA
138 MARBLE HILL-2 PUB SERVICE INDIANA 181 COMANCHE PEAK-1 TEXAS UTIL GEN CO
139 SEABROOK-1 PSC OF NEW HAMPHSIRE 182 COMANCHE PEAK-2 TEXAS UTIL GEN CO
140 SEABROOK-2 PSC OF NEW HAMPSHIRE 183 DAVIS-BESSE-1 TOLEDO EDISON CO
141 BLACK FOX-1 PUB SERV CO OKLAHOMA 184 DAVIS-BESSE-2 TOLEDO EDISON CO
142 BLACK FOX-2 PUB SERV CO OKLAHOMA 185 DAVIS-BESSE-3 TOLEDO EDISON CO
143 SALEM-1 PUB SERV E AND G CO 186 CALLAWAY-1 UNION ELECTRIC CO
144 SALEM-2 PUB SERV E AND G CO 187 CALLAWAY -2 UNION ELECTRIC CO
145 HOPE CREEK-1 PUB SERV E AND E CO 188 VERMONT YANKEE VERMONT YANKEE NUCL
146 HOPE CREEK-2 PUB SERV E AND E CO 189 SURRY -1 VIRGINIA E AND P CO
151 SKAGIT-1 PUGET SOUND P AND L 190 SURRY -2 VIRGINIA E AND P CO
152 SKAGIT-2 PUGET SOUND P AND L 191 NORTH ANNA-) VIRGINIA E AND P CO
153 GINNA ROCHESTER G AND E CO 192 NORTH ANNA-2 VIRGINIA € AND P CO
154 STERLING ROCHESTER G AND E CO 193 NORTH ANNA-3 VIRGINIA E AND P CO
155 RANCHO SECO-1 SACREMENTO MUN uT DI 194 NORTH ANNA-4 VIRGINIA E AND P CO
158 SUMHMER SO CAROLINA E AND G 195 WNP-2 WASH PUB PWR SUP SYS
159 SAN ONOFKRE-1 SO CALIF EDISON CO 196 WNP-1 WASH PUB PWR SUP SYS
160 SAN ONOFRE-2 SO CALIF EDISON CO 197 WNP-3 WASH PUB PWR SUP SYS
161 SAN ONOFRE-3 SO CALIF EDISON CO 198 WNP-4 WASH PUB PWR SUP SYS
162 SOUTH TEXAS PLANT-1 HOUSTON L AND P CO 199 WNP-5 WASH PUB PWR SUP SYS
163 SOUTH TEXAS PLANT-2 HOUSTON L AND P CO 200 POINT BEACH-1 WI EL PWR/WI MI PWR
164 BROWNS FERRY-1 TV A 201 POINT BEACH-2 Wl EL PWR/WI MI PWR
165 BROWNS FERRY-2 T VA 204 KEWAUNEE WISCONSIN P S CORP
166 BROWNS FERRY-3 T VA 205 YANKEE -ROWE YANKEE ATOM ELEC CO
167 SEQUOYAH-1 T VA 207 BRUNSWICK-2 PWR POOL CAROLINA P AND L CO
168 SEQUOYAH-2 TV A 208 BRUNSWICK-1 PWR POOL CAROLINA P AND L CO

209 MILLSTONE-3 BWR POOL NORTHEAST UTILITIES

9Lz



APFENDIX F - BEST-CASE DATEH

Shortly bkefore the final printing oi this work, all

sources of inpuat wWere reviewed and updated. The
sinmulation nmodel is exercised usine these data. The

results o¢f this sizulation are given in Cha

'TS

m
Lo
"5
P.
<3
T
L]

This appendix contains the various input data along with
the complete series of ¢graphical output.

For the best-case simulation, a selective shipuent
priority between reactor and BFk faciiity is employed.
The pricrity is based on the Kational Electric keliability
Courcil ({MEEC) codes. AFR Facility One (AGKS) receives
fuvel frowm ail reactors witain the Southeastern Electric
Reliability Council (SEEC).. AFR Facility 7wo (GE-HKorris)
accepts fuel from reactors within the East Central Area
Reliability Ccordination Agreerent (BCLR), the Electric
Reliability Council of Texas (ERCOT), the Hid-imeric
Interpool Ketwork (MATIYW) , the fid-Continent Lrea
Reliability Coordination Agreement (MARCR), the Southwest

Peower Fool (SWEPR), and the Western Systems Cocordimating

Council ({WSCC). Zeactors within the Mid-Atlantic Area
Council (MAasQ) and the ¥ortheast Fower Coordinating
Councii (NPCQ) shin fuel to AFR Facility ‘Three, West



Vallevy. When aany one of the apbove faciiities becoues
unaveilable, the discharge is transierred to the nearest
AFH site. Nearness is the =shipping priority tc botk new
AFR facilities and all repogsitories.

The accident analysiz module is nct utilized. The

opticne to store fuel against FCK andéd track fuel within

the temporary file are permitted. The repository
scheduling is given in Table 3; the earliest scenaric

(i.e., first repository on—-line in 1997) is employed. The
domestic discharge data and the foreign data are listed in
Tables 4 and 5, respectively.

The best-case date include two new AiFR tacilities.

Table 1& describes the characteristics of each APFK

3

facility and each repository. The AFEK <cite gata are

[

accumulated through the tracking of the milestones withimn

the AFE MIS. The final input bilock originates from the
DISFUL prograt. Table 19 gives the doxestic discharge

figures.
Figures 37 through 45 zre the utilization gplets for
the BrfR facilities and repositories. &n interpretation of

these fiqures is given in Chapter Six.



Table 1&.

Storage Site Input Data for Best-case Simulation

STORAGE  [ON-LINE | cAPACITY | nANDLING | AMOUNT OF
SITE TIME (tu) RATE | EXISTING | LATITUDE | LONG ITUDE

. (mtu/year) | SPENT FUEL
BARNWELL 84.5 1750 750 0 33.2 81.4
GE-MORRIS | 84.5 1100 250 350 Mn.4 88.4
SEMORRIS | 89.2 1700 250 0 0.4 88.4
WEST VALLEY| 84.5 1700 750 164 42.4 78.7
NEW AFR 1| 90.8 5000 1000 0 37.5 9.7
NEW AFR 2 | 93.8 5000 1000 0 35.0 110.0
REPOSITORY 1] 97.6 41000 1800 0 47.0 118.0
REPOSITORY 2| 100.6 69000 1800% 0 33.0 110.0
REPOSITORY 3| 103.6 69000 1800* 0 32.0 87.0
REPOSITORY 4] 106.6 69000 1800* 0 43.0 74.0
REPOSITORY 5| 109.6 69000 1800* 0 45.0 90.0

*After the first five years, this value increases to 6000

‘e

6L



powestic bischarge Data for Best-case Simulation

Table 194.
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(continued)
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Table 19. (continued)
ANNUAL MTU SHIPPED

REACTOR 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
122 0 1] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 73 73 73 73
123 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
124 0 0 0 0 0 0 0 1 38 38 38 38 38 38 38 38 38 38 38 38 38
125 (4] 0 0 0 0 0 0 20 38 38 38 38 38 38 38 38 38 38 38 38 38
126 0 0 0 0 0 0 0 0 0 0 0 10 38 38 38 38 38 38 38 38 38
127 0 0 0 0 0 0 0 0 0 0 0 0 0 10 38 38 38 38 38 38 38
128 0 0 0 0 0 0 0 0 0 1] 0 0 0 19 28 28 28 28 28 28 28
129 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
130 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
133 0 0 0 0 0 1] 0 0 0 0 9 27 27 27 27 27 27 27 27 27 27
134 0 0 0 0 0 0 0 0 0 1] 1 23 23 23 23 23 23 23 23 23 23
137 1] 0 0 0 0 0 0 0 0 0 0 0 1] 1] 0 0 0 6 56 56 56
138 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
139 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1} 0 0 0 22 28 28
140 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22
141 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 38 38 38 38 38
142 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 38 38 38 38
143 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 28 28 28 28
144 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28 28 28 28
145 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1] 0 0 0 0
146 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
151 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 35 42 42 42
152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 35 42
153 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 13 13 13 13 13
154 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q
155 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 23 23 23 23 23
158 0 [1] 0 0 0 0 0 0 0 0 0 0 0 0 12 23 23 23 23 23 23
159 0 0 3 11 n 1 n n n 1" n n n n 1 n 11! 1 1 1 1
160 0 0 0 0 0 0 0 0 0 0 0 12 28 28 28 28 28 28 28 28
161 0 0 0 0 0 0 0 0 0 0 0 0 0 12 28 28 28 28 28 28 28
162 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
163 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L] 0 0 0 0 0 0
164 0 0 0 0 0 0 0 0 0 0 0 0 78 81 81 81 81 81 81 81 81
165 (1] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
166 0 0 0 1] 0 0 0 0 0 0 0 6 40 40 40 40 40 40 40 40 40
167 0 0 0 0 0 0 0 0 0 0 0 0 47 56 56 56 56 56 56 56 56
168 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
169 0 0 0 0 0 0 0 0 0 0 0 0 18 56 56 56 56 56 56 56 56
170 1] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
mm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1] 0 0 30 30 30 30
172 (i} 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 30 30
173 (] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 40 40 40 40
174 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 40 40 40
175 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 40 40 40 40
176 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1] 22 40 40 40
127 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 40 40 40
178 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 40
1{9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1130 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1581 0 0 0 0 0 0 0 0 0 0 1] 0 0 0 0 0 0 0 33 57 57
182 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Figure 38. Storage Utilization tor the horxis Facility
Shipmrent Hode to AFk: S

Based on Best—case laput Data
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based on best—case fugput Data
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Figure 40. Storage Utilizsétaion tor New AFR Facilaty 1
Shipmwent Hode Lo iAFg: S
Based on Best-case iunput Data
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Figure 41. Storage Utilizataion for New AFKR Facility 2
Shipwent fode to AFk: S
based on Best-case lnput Data
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dased on best-case laput Data



TONS URANIUM

METRIC

41000
J

(en]

LN

|

(an]

m

O

O

o |

o

(gV]

(en]

LN

o |

(@n]

e CAPARCITY
/_ _ DEMAND
| I | T I |
1997 2002 2007 2012 2017 2022 2027

Figure 43.

TIME (TEARS)

Ltorage Utilization 1o0r kepository Number 1
Shipueunt #Hode to kepository: e
based on best-caese input Data

057



METRIC TONS URANIUM

69q00

o
n
~ —
L
o
o
o —
j‘
(4]

N

W
[ =
n
ou —
™ e

_—/____/'—_’—’_
—_— CAPACITY
I DEMAND
1 I ] I ] |
1997 - 2002 2007 2012 2017 2022 2027

Pigure 44,

TIME (YERRS)

Storage Utilization ior Kepository Number %
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Bused on best—case liuput Data
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Figure 45. storage Utilization for Repository Number 3
Smipgment Hode to Kepousitory: N
Basea on best-case luput Data
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Y SIMULATION
O0F THE DISPOSITION OfY HUYCLEARR FUEL ¥ASTE
by

Jeffery Lee Turek

(ABSTRACT)

&

Yc achieve the non-proliferation objectives of th
United States, the reprocessing of spent nuclear fuel was
discontinued in 1977. Since current at-reactor storage

capacity is based upon a nuciear fuel cycle which includes

reprocessing, this halt in reprocessing is causing large
quantities of non-storablie spent fuel. Permanent nuciear

waste storage repcsitories will not be available until the
end of the centurye. Fresent Department of Energy policy
calls for sufficient interim Away-From-kKeactor  (AFEH)
Storage capacity tc insure that no commercial reactor has

to shutdown due to inadequate storage space for discharged

spent fuel.

L descriptive simulaticn model 1s developed which
includes aill aspects of nuclear waste disposition. The
model is comprised of two systens, the second systen
orchestrated by GASP IV. 4 spent fuel generation

preciction module 1s interfaced with the APE  Frogran



Management Information Syétem and a repository scheduling
information module. *he user is permnitted a wide range of
options with which to tailor the siwmulation to any desired
storage scenaric. The model projects storage reguirements
through the year 2020.

The outputs are evaluations of the impact that
alterrative decision policies and mrilestone date changes
have on the demang for, +the aveilability of, and the
utilization of spent fuel storage capacities. Both gravhs
and detailed listings are available. These ocutputs give a

comprehensive view of the particular scenaric under

observation, including the tracking, by year, ct each
discharge Irom every reactor.

Included within the work is a review of the status of

N

spent fuel dispositicon based on 1input data accurate as o
Aaugust 1986C. The results indicate that some temporary

storace techniques (e.g., +transshipment of fuel and/or

additional at-reactor storage pocls) nust be utilized to
prevent reactor shutdovwas. These technigues will be

required uvntil the 19%0's when several AFE facilities, and

possibly one repository, can become operational.
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