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CHAPTER ONE - INTRODUCTION 

If power shortages are to be avoided, spent nucl.ear 

fuel storage facilities must be provided during the early 

1980 1 s. Du,e to the social, economical, technical, and 

political issues surrounding nuclear power some form of a 

managerial a.id is required to enhance the decision-making 

process. A simulation model of the back-end of the 

nuclE~ar fuel cycle is developed. This model assists the 

Department of Energy managers in the complex decision 

processes embroiled with solving spent fuel storage 

demands. 

During either the hottest summer days or coldest 

winter nigh.ts, utilities in certa.in regions of the country 

are producing electricity at near-maximum capability. 

fie,nce, the untimely loss of any electricity generating 

facility can ca use severe conseguences. Although nucle,ar 

power accounts for only approximately eleven percent of 

the electrical needs of this country, 

nuclear energy can result in power 

a reduction in 

shorta.ges and 

brownouts. Presently, the future of the :nuclear: industry 

rests in solving the political and technological problems 

associa.ted with the back-end of the nuclear fuel cycle. 

1 
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These problems are compounded by the President's 

energy announcement of I1pril, 1977 .. m~. .!.dJ..S announei:.:-ment 

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 of foreign spent nuclear fuel is to be stored in 

the continental United States .. Since practically all 

existing at-reactor storage facilities were designed with 

the anticipation of reprocessing, this sh.ift in th.E· policy 

of the United States mandates that some form of interim 

spent fuel storage be provided until the acguis~tion of 

fin al storage repositories is realized (first repository 

scheduled to be on-line in 1997). There exists an urgent; 

nay, a. 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 

apply inefficient or trial and error management techniques 

to the myriad of factors related to the nuclear fuel 

cycle. To enlist the most efficient method with which to 

aid both the Department of Energy managers and th~ utility 

managers in the decision-making p~ocesses, a simulation 

model is developed which permits examination of all the 

factors and permutations thereof which affect the back-end 
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of the nuclear fuel cycle. A sampling of such factors 

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

Prom-Reactor (APR) Storage facilities, 2) spent fuel 

output of individual reactors, 3) spent fuel storage 

demands from foreign countries, and 4) repository on-line 

times and capacities. Each factor is a culmination of 

literally hundreds of activities, each of which are 

trackable via the simulation. A simplified example of a 

related ladder of activities is: Public hearings and 

comments are reguired to complete a generic environmental 

impact statement covering interi1r: storage facilities. 

After the generic state~ent is issued 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 question might be nBow does a delay of six 

months in public hearings affect the demand for repository 

space in the year 2005?" The simulation model quickly and 

inexpensively answers such a question. The model perlliits 

the scrutiny of any desired scenario, arming the managers 

with a most efficient and effective managerial 

technique--absolntely 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 



4 

upon the most probable energy scenario as conceived by 

Department of Energy officials indicate that certain 

reactor complexes require away-from-reactor storage prior 

to the availability of any federal interim storage 

facility. To prevent the actual shutdown of these 

reactors, temporary measures are being taken. 'l'hese 

stopgap measures include 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 

development of the spent fuel simulation mod.el. Since the 

work comb in es th.e technig.ues a.ssocia ted with both. nuclear 

engineering and operations research, a section on the 

current nuclear situation and a section on simulation are 

included in Chapter 'fwo. The second chapte~ also examines 

the availability of the different sources of input data.. 

Chapter Three covers the simulation model development and 

verification. The author believes that since this model 

has been designed for irnplementation by the DepartmE•nt of 

Energy·, that accurate and accountable input is essential. 

Therefore, 

sources in 

Chapter Four discusses the various input 

detail and investigates the techniques 

developed to ensure the accuracy and accountabilit:y of 
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said data. Ch.apter Five contains results and Ch.a.pter Six 

examines the conclusions. Finally, Chapter Seven states 

recommendations fo:r future research. 



CHAP 'I'ER TWO - BACKGROUND 

A simulation model is developed which aids Department 

of l~nerqy (DOE} managers, Dupont managers, and utility 

managers in the realization of the DOE Away-From-Reactor 

(AFH) Spent l7 uel Storage Program objective. The objective 

states that no commercial power reactor will have to shut 

down due to a lack of spent fuel storage space.1 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 

matters are examined, the data digested, and the pertinent 

information extracted. This chapter reviews each of the 

three major areas of research which affect the model. The 

area, THE CRITICAL NE.ED, explains the urgency which exists 

in solving the storage problem. Next, THE APPROACH, 

outlines the principles unaer1.ying simulation technigues 

and why simulation provides a most powerful tool in the 

analysis of the fuel cycle. In addition, the advantages 

and disadvantages of various simulation languages are 

rev iE:' wed. Once a 

technique are chosen, 

need for a model and a modelling 

a source of accurate data must be 

obtained. 'I'he third area, THE INPU'r, examines the sources 

6 
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of input data. Possessing all the proper prerequisites, 

the actual development of the simulation model is covered 

in Chapter Three. 

'.L'HE CHITICA.L REED 

One thought repeatedly surfaces when reviewing 

literature concerning the sta.t us of spent fuel storage. 

This thought concerns just how did this country get. into 

such a dire situation. Throughout the history of nuclear 

power, fuel discharge projections have been made. What 

happened? •.ro under stand the current dilemma, one must 

first understand that nuclear power is a vital energy 

source which cannot be abolished. Next, an understanding 

of the difi:erence between the nuclear fuel cycle as 

conceived prior to 1977 and 

fuel cycle is required. 

the currently defined nuclear 

F'inally, an examination of 

existing and 

availability, 

the spent fuel 

planned storage facilities, their 

and methods to increase the capacities of 

storage pools is given. This section 

includes both at-reactor (AR) storage facilities and away-

from-reactor (AFR) storage facilities. At this point, the 

mystery should begin to unravel. 



Nuclear: Hole: 

In 1979 the total energy consumption of the United 

States was 79 quads ~ne quad is one quadrillion 3TU) .z 

Of this amount, 24 quads (approximately thirty percent) 

was produced by the electric utilities.z A further 

breakdown of the production of energy by the electric 

utilities indicates that nuclear facilities produced 2.7 

quads {eleven percent); hydroelectric facilities, 3.1 

quads (thirteen percent); petroleum facilities, 3.6 quads 

(fifteen percent); natural gas facilities, 3.6 quads 

(fifteen percent) ; and coal facilities, 11.3 quads (:forty-

six percent) .2 A breakdown by the end users of electricty 

shows thirty-four percent for residential, forty-one 

percent for industrial, and twenty-five percent for 

commercial users.3 A regional breakdown reveals that the 

nuclear contribution was greatest in the Northeast, Mid-

west, and Mid-Atlantic.regions.3 An examination of these 

figures attest to the vital role that nuclear power plays 

in the overall energy picture of the United States. A 

loss or severe reduction in the nuclear generation 

capabilities of this country can affect all sectors of our 

economy. 

S12.veral issues highlight the plight of nuclear power. 
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One: during peak loads there is not enough non-nuclear 

capacity to make-up for a serious loss cf nuclear pover. 

Two: an energy system comprising a balance of diff.erent 

energy sources has, historically, proven to be rr:ost 

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 coal; whereas, a balance cf 

coal and nuclear supplies Illinois. During the strike, 

Indiana had extensive plant and school closinqs, whereas 

Illinois saw only minor disturbances. Three: coal, which 

some individuals proclaim should replace nuclear power, 

produces hazardous environmental effects. Ac id rain and 

the "greenhouse" effect a:re potentially more damaging than 

any et cc id en t with nuclear enerqy. Four: producing oil 

from oil shale requires vast amounts of water, water which 

is just not going to be available.3 Hencer nuclear energy 

is a vital resource that this country can ill-afford to do 

without. 

Nuclear Fuel Cycle: 

'I'he critical r;eed for storage space can be observed 
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by studying the nuclear fuel cycle, as conceived by the 

utilities prior to the change in the United States•s 

energy policy of 1977. Prior to 1977, reprocessing of 

spent fuel was anticipated. Since reprocessing returns 

fuel to the reactor the term "cycle" is employed. Figure 

1 depicts the nuclear fuel cycle as conceived prior to 

1977.• Each stage of this cycle is briefly exawinea 

starting with mining and milling. 

Almost all uranium ore mined in the United States 

comes from west of the Mississippi River, notably the 

Colorado Plateau and Wyoming basin areas. 'I'he uranium 

content of these ores typically ranges from 0.15 to 0.30 

percent uranium oxide. The uranium isotope concentrations 

in the oxide are 99.3 percent U-238 and 0.7 percent U-235. 

After mining, the uranium ore is milled, purified, and 

sent to the conversion plants for refinement. Bere, the 

ore is converted into a gaseous compound ter1ned uranium 

hexaf lour ide. This compound 1s required tor 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 is needed since commercial 

reactors reguire a.pproxim21tely three percent fissionable 

U-235. PresEntly, commercial fuel is enriched via gaseous 

diffusion. Small scale experiments have been conducted 
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enr ich.in.g ura.uium by gc,seous centrifuge techniques. Since 

these exp~riments have proven satisfactory, a commercial 

size cent rifuqal plant is be:Lnq constructed in Portsmouth, 

Ohio. The centrifuge process holds promise to lower 

enrichment costs; largely due to the tremendous reduction 

in electricity required tor operation. 

After enrichment, the conversion and fabrication of 

fuel for use in a reactor core are accomplished. E'irst, 

the uranium hexaf louride is converted into the tuel 

material; typically, uranium dioxide. Next, the uranium 

dioxide is fabricated into small fuel pellets which are 

loaded into individual fuel rods. In turn, the fuel rods 

are grouped into fuel assemblies. Table 1 outlines the 

characteristics o:t a typical fuel assembly • 6 A commercial 

reactor can have upwards to several hundred assemblies 

comprising the core. 

One-third of the core of a commercial reactor is 

replaced each year with fresh fuel assemblies. Hence, an 

individual fuel assembly bas a life, within the reactor 

core, of three years. Upon the removal of a fuel a.ssf'.;cir;bly 

( now termed spent fuel assembly) , the assembly is stored 

at a storage pool located adjacent to the reactor 

containment building. such a storage facility is termE·d 

an at-reactor (AR) storac;e pool. Presently, all spent 
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Tabie 1. Characteristics 0£ Typical LiR Fuel Assesb1ies 

PWR BWR 

Assembly length, m 4. 1 4.4 

Assembly width, cm 21.3 14.0 

No. of fuel rods 264 64 
(17xl7 array)a (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 is stored as fuel assemblies; al-though, some 

experirneritation is underway to store fuel by individ.ual 

rods.& Table 2 lists some characteristics of AR storage 

pools .6 The AR storage facilities are sized to hold. an 

amount of assemblies egual to the number of assembli~s 

comprising one full core plus one reload (one-third core) • 

'rhis size is realized since fuel is to be shipped to 

chemical reprocessing plants. A section of storage 

capacity in each pool remains available in case of an 

emergency requiring the removal of the entire reactor 

core. This space is termed full core reserve (FCR) and, 

although not reguirea by federal or state regulation, is 

highly desirable. Reactors have had to make full core 

discharges fiit11 times in the past .e> Some studies sug9est 

that consumer rates may be higher if a utility does not 

pos.sess FCR space. 

and there is not 

When a full core dischargE' is required 

sufficient on-site storage, 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 utility. 6 

Spent fuel a2semblies are stored at the reactor for a. 

period of time to allow a reduction in 

levels. Al though the minim urn time for 

the radioactivit~ 

storage i<:.". 120 

days, longer cooling periods reduce the raaiolysis of some 
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TabJ.e 2. Characteristics of .at-Reactor Spent-Fuel. 
Storage Pools 

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 Reactor) 
DEPTH as deep as 13.7m (Donald C. Cook Reactor) 

at least 3.7m of water above fuel 

WATER CHEMISTRY maintained below 50°C 
less than 5Xl04 curies per cubic meter 

MATERIALS reinforced concrete lined with stainless steel 



of thE' chemical reagents usecI 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 .. Plutonium comes from nuclear activation of 

U-238, forming Pu-239. Pu-239, in itself, is an excellent 

fissionable material; in fact, since Pu-239 is the primary 

constituent in nuclear weapons, the misuse of this element 

is the basis for the halt in reprocessing. The cycle is 

completed when the recovered uranium -is converted to 

uranium hexafluoride for enrichment purposes and then 

combined with plutonium into new fuel rods. 

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 Admi.ni.stration 's energy policy of 1977 .. 

Uranium, plutonium, and their isotopes make up 

approximately seventy percent of the weight of a spent 

fuel assembly .. The remaining thirty percent consists of 

structural materials and fission products. Of the uranium 

and plutonium, typically one percent is U-235 and one 
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percent is Pu-239. After a period of storage, 

was originally expected to be reprocessed 

th.is fuel 

a.nd 

through the reactor. With a halt in reprocessing, 

cycled 

this 

spent fuel must be stored, never again to see a react.or 

core. The present ban on reprocessing mandates the need 

for large capacities of spent fuel storage space. The 

present objective of the Al'. ... R Program is to quara.ntee that 

no commercial reactor has to shut down dne to a lack of 

spent-fuel storage space.1 Geologic repositories which 

are being designed for both defense wastes and for 

commercial spent fuel will not be on-line until 1997 at 

the earliest.7 Therefore, si nee AH storage pools are 

designed for reprocessing and do not possess the capacity 

for long-term storage, some form of interim stora.qe rnust 

be forthcoming. To meet the stated objective of the AFR 

program, these AFR facilities must start coming on-line in 

the early 1980 •s. ·rhis date is chosen since several 

reactors are projected to fill their ava.ilable AR pools in 

the early 19B0 1 s.7 

The AFR Program objectives are being pursued via a 

variety of fronts: 1) increase AH storage by new storage 

techniques; 2) investigate benefits of intra- and inter-

utility shipment of spent fuel; 3) license and modify, if 

necessary, existing nuclear facilities which are 
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potentially capable of storing spent fuel until storage 

repositories come on-line; and 4) design, construct, and 

operate new AFR facilities as needed. Each area of 

endeavor is explained in the following paragraphs. 

AR Storage Facilities: 

Typically, AR storage racks are designed using 

aluminum or steel and result in a fuel storage density of 

2 .69 metric tons of uranium per square 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. Presently, three 

types of new desian racks are licensed. The first design 

employs stainless steel and achieves a fuel storage 

density of 4. 20 mtu/sq m. An increase in storage density 

to 6.24· mtu/sq m is achieved. if boron (a poison) is a.dded. 

Finally, boral racks comprised of boron carbide dispersed 

in aluminum achieve the same storage density of 6.24 

mtu/sg m.t. 

Studies are undE~rwa.y to increase further the storage 

density. One method consists of placing individual tuel 
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assemblies in cans with small metal beads surrounding the 

fuel rods. This method permits a density of B.07 mtu/sg 

m. Another technique involves the uniform crushing of t.he 

fuel spacers and grid plates within a fuel assembly until 

the rods are almost touching. Thus, a storage density of 

10. 23 mtu/sg_ m ca.n be achh:ved. The most promising new 

development involves removing the individual fuel rods 

from an assembly and placinq thE:~m in a can. Wi thiIJ this 

can the fuel rods would be touching each other, achieving 

a density of 11.84 mtu/sg m.6 

methodologies have been licensed. 

None of these newer 

Transshipment of Fuel: 

This method of allocation of fuel storage space is 

almost entin::.1.y politic al rather than technological. If 

an individual reactor's AR pool is full, 

exists to ship 

with available 

its spent fuel to either a 

ca.pa.city located within the 

ston:19e pool 

same utility 

(intrashipment) or a storage pool owned by another utility 

(intershipment) • The intershipment option is considered 

only as a last resort. 

Each shipment must meet the approval of the Nuclear 
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Regulatory Commision (NRC) • In a.ddition, states and 

localities rnay require approval. Legal proceedings 

brought on by environmental~sts or any other group could 

hinder transshipment. The present complexities of this 

method of storage enhanceruent reduce the effectiveness of 

transshipment as an efficient, long-term storage aid. 

A.FR Facilities: 

The President's Message to Congress on Feburary 12, 

1980 directed the Department of Energy (DOE) to design, 

acquire or construct, a.rid operate one or more away-from-

reactor facilities and to accept, for storage, domestic 

spent fuel and a limited amount of foreign spent fuel 

until permanent disposal facilities are available.a The 

DOE is considering the acquisition of three existing 

facilities, originally intended as fuel reprocessing 

facilities, and the construction of one or more new AFB 

facilities. 'l'he thre.a existing facilities are: 

Barnwell Nuclear Fuel Plant (BNFF) ; 2) General Electric-

Morris Plant (GE-Borris) ; and 3) Western New York Nuclear 

Service Center, WNYNSC (West Valley) • Each facility is 

de.scribed below. 
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The All.ied General Nuclear Services (AGNS) F'uel 

&ecovery and Storage Station is part of the Barnwell 

Nuclear Fuel Plant Separation F'acili ty, located in 

Barnwell, South Carolina. The BNFP is designed to 

reprocess spent fuel and provide for the proper manz19ement 

of the wastes resulting from such reprocessing. This 

facility hai=.~ never been licensed for reprocessing. In 

1974 a license application was submitted to employ the 

five interconnected storage pools a.s interim spent-t.ne,l 

storage areas. After a Final Environmental statement and 

a Safety Evaluation Report were issued in 1976, the 

licensing 

equipment 

procedure was suspended. 

(e.g., circulating water, 

All auxiliary 

unloading cranes) 

exists; and this facility could be ready to receive spent 

fuel once licensed. The current capacity is 400 metric 

tons of uranium (mtu) • This capacity is limited only by 

the types of existing storage racks; however, employing 

the aforementioned racking techniques, a capacity of 1750 

mtu can be achieved. A yearly handling rate (HR) 

indicates how much fuel can be unloaded from shipping 

casks and racked into the storaqe pools. In g enera.1, the 

HR is the limiting factor in the amount of fuel which can 

be stored in any given facility. For the BNFP, the 

handling rate at 1750 mtu capacity is 750 mtu/yea.r. 6 



The GE-Mor~is facility is located in Goose Lake 

Township~ Illinois as part of GE's Midwest Fuel Recovery 

Plant at Morris, Illinois. In 1973 the construction and 

testing of this facility reprocessing plant were 

completed. In a.d.di tion, the appropr:iatf:; licenses for 

storage of nuclear fuel were received. '.the facility, 

however, never operated as a reprocessing plant and now is 

licensed only for spent fuel storage. Th is license 

applies only for the GE owned tacili t:y. ~faen and if the 

DOE purchases this facility for use as an AFR site, the 

license will have to be renegotiated. !.ni tially the 

license permitted the storage of 100 mtu, but presently 

permits the storage of 750 mtu (based on Boiling Water 

Reactor, BWR, fuel only) • If a mixture of forty percent 

BWR and sixty percent Presurized Water Reactor (PNR) fuel 

is stored, the capaci -t:y is approximately 700 rutu. 

Reracking existing pools would increase stora.ge capacity 

to 1100 mtu. The DOE has proposed the construction of a 

totally new pool which would have a capacity of 1100 mtu, 

yielding a total capacity for Morris of 2800 mtu. 

currently, approximately 350 mtu of spent fuel is stored 

at this location. This fuel has been received from the 

following reactor complexes: 1) Connecticut Yankee, 2) 

San Onofre, 3) Point Beach, 4) Dresden, and 5) Lacrosse. 
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The contracts were originally written with the intent to 

reprocess this spent fuel. Since then, the contracts have 

been modifiecl for only the storage ;: 
0~. the fuel. As of 

m.id-1979, GE has suspended further storage 

operations."' The ha.ndling rate, which depends upon factol:s 

such as design and degree of contamination of shipment 

casKs, is between 200 and 300 mtu/year.s 

The West Valley facility (WNYNSC) is located about 

fifty kilometers south of Buffa.lo in the town of Ashford, 

Nt:""W York. This facility has the distinction of being the 

only facility in the United States not only licensed to 

reprocess spent nuclear fuel, but actually operating as a 

reprocessing faciltiy fer a number of years. In addition, 

burial ground.s for solid 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 a modified canister design is implemented, 

the storage capacity increases to 775 mtu. An upgrade to 

1240 mtu is possible if multi-assembly storage canisters 

are locked to a supporting floor grid. Finally, a maximum 

capacity +· o ..... 1500 mtu is achieved by the use o:f free-

standing storage modules. In each scenario, the handling 

rate is 750 mtu/year. Presently '163.5 mtu of i::;pent fuel 

is being stored. at West Valley .e In 197H, NFS announced. 
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that the facility would no longer remain in the 

reprocessing business. In addition, the plant would no 

longer receive any spent fue1.10 Presently, West Valley 

is in a shutdown condition. 

New AFR facility designs are currently being studied. 

Present projections indicate that construction coula start 

on the first new AFR in fiscal year 1985. Operation is 

expected in fiscal year 1990. The capacity of each new 

APf: is designed. a.t 5000 mtu with a handling rate of 1000 

mtu/year. 7 'fi1e AFR Program Plan calls for the construction 

of additional facilities on an as-needed basis. Since a 

licensing and construction period of five years is 

required, a.ccurate projections of spent fuel storage 

reguirements are mandatory. 

THE APPROACH 

Initial cost studies confirm the suspicion that 

interim storage facilities are desperately needed. An at-

reactor storage pool can be reracked for $16,000 per mtu .. 

Additional at-reactor pools cost. on the order of $320,000 

per mtu, whereas .z~ederal A.FE storage is estimated between 

$100,000 per mtu and $150,000 per mtu.s There exists a 
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larqe economic incentive for the utilities to firs~ rerack 

their existing on-site 

facility. 

lies. 

'I'hereupon, 

pools and then ship to an AFR 

the demand for AFR stora.ge space 

With time a formidable enemy in the battle to provide 

sufficient spent-fuel storage and a realization that 

incorrect decisions can cost into the billions of dollars, 

the director of the AFR Program requested some form of 

computer based tool with vhich to assist in the managerial 

processes.it Tnis aid is a simulation technique applied 

to the back-end of the nuclear fuel cycle. In this 

section, an explanation of simulation and why simulation 

is chosen is presE:•nted. Next, the selection process 

involved in picking a pa.rt.:lcular simulation language is 

reviewed. Lastly, the selected language is explained. 

Simulatio11 

In a management process, 

aids are: 

1) mathematical a:aalysi.s, 

2) experimentation, 

four :methods of decision 
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3) experience and intuition, and 

4) simulation.12 

Mathematical analysis for a large, comp lex system is often 

intractable, and if not intractable, prohibitively 

expensive. Without simplifying assumptions, which can 

devalue a model, a. mathematical analysis of the be.ck-end 

of the fuel cycle is unrealistic due to the large n.umber: 

{approximately twenty) of interrelated variables (e.g., 

AFR facility on-line time, capacity, handlinq rate, 

individual 

Sim i.1 ar: ly, 

a viable 

reactor location, 

experimentation on a 

option because of 

full core reserve) ~ 

prototype or model is not 

the expense and time 

consumption. A feasible manage::ment technique centers on 

experience and intuition. However, experience in storage 

techniques as applied to the present day fuel cycle is 

lackinq. Intuition is closely interrelated with 

experience; generally, an intuitive decision results trom 

some previous experience on a 

effects of intuitive decisions 

similar situation. The 

without a solid foundation 

of understanding or experience can prove hazardous to this 

country's health. 

What is reguired is a tool, a technique which 

facilitates the actual decision-making process. Until 



27 

recently, only in isolated applications has a computer 

been employed in con:junction with managerial expertise to 

improve the actual. decision-making process .1;:; 'I'here are 

many applications of computerized management infor:ma tion 

systems (MIS) in man aqemHn t. A MIS J.. "' 
~' a d.a taf ile, 

providing rapid data retrieval. However, a MIS only makes 

existinq managerial processes guicker. A MIS does not 

improve upon the actual decision-making process itself .t3 

During the last decade, in conjunction with the 

improvement in computer technology, simulation methods 

have been developed which actually facilitate the 

decision-making process.1:; In the general sense, 

simulation means to model, or specifically, to study the 

behavior of a. model.14 A child playing with a doll-house 

is simulating the real world. Simulation provides the 

tool for predicting the dynamic characteristics of a 

system under observation, with the objective of gaining an 

understanding of the relationships among components of the 

system~t3 Here, the term system is used to represent an 

assemblage of interdependent physical (rather than 

abstract) objects that form a unified whole.is This 

technique actually improves the basis of the entire 

decision process. 

The policies of the nuclear fuel cycle are compiex, 
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ever-changing, poli tical.Y motivated, and technological in 

nature. Elections can drastically alter the course of 

investigations. Ht-:nce, the managers require a simulation 

technique which improves the decision-making methodology. 

If one relys en experience and intuition, the rapid 

changing environment can force the manager into a position 

of reacting to crises, rather than controlling activity.13 

Simulation provides the basis for a formal and efficient 

model which the DOE managers 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 a.nd applied to new sit.ua.tions, effective in the 

sense that costs do not rise in a linear proportion to the 

complexities of the system being modelled.13 

Hence, simulation is deemed the best modelling 

technique to use on the back-end of the nuclear fuel 

cycle. 'l'his model provi11es a symbolic representat,ion of 

the fuel cycle, allowing managers a mechanism to predict 

effects of alternate scenarios. A particular scenario can 

be ex.amined in a matter of minutes, vastly superior to 

experimentation and/or mathematical techniques. 

An exhaustive literature search is undertaken by two 

means. The first is a computerized examination cf the 

energy information databanks at the Oak Ridge National 
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Laboratory. 

review of 

'fhe second sea.rch method involves a hand 

various abstracts; not only the nuclear 

abstracts as well. abstracts* but industrial en~rineering 

N either search produces any in formation directly related 

to the application of a SL'n ul at ion technique to the 

post-1977 philosophy of spent fuel disposition. severDl 

endeavors,' however, apply simulation to a fuel cycle which 

includes reprocessing. One of these works describes a 

simulation model of the product ion 

sequentially produced nuclear 

reprocessing feedback mechanism.16 

and inventories of the 

fuel, includiny a 

Another undertaking 

investigates the optimal amounts of stockpiled fuel 

materials via a mathematical model. The mathematical 

model is verified by a simulation technigue.17 Both of 

these efforts modE!l the pre-19 77 fuel cycle and neither 

considers any form of interim storage methodology. The 

articles do provide, however, general information on 

simulation techniques as applied to a fuel cycle. An 

international effort analyzes the use of Regional Nuclear 

Fuel Cycle Centres (HNFCC) • 1 s ·rhe adv an tag es and 

disadvantages between a rnultination fuel center and 

individual national facilities axe studied through various 

simulation models and submodels of the nuclear fuel cycle. 

Reprocessing plays a vital role in the "ENFCC study. 
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There exists a definite void in material related to 

the present day fuel cycle, largely due to the newness of 

the task. The AFR Program was establish approximately two 

years aqo. Only recently has suffic~ent material been 

accumulated with which to begin any work upon a simulation 

model. 

Once simulation was chosen, a computer-based la.nqnage 

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

Language 

In broad terms, a simulation language can be any 

computer language which can be employed in a simulation 

moa.el. E>:amples of such languages include F'OI\ThAN, BASIC, 

PL/I, and COBOL. 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 employ in a simulation model. These 

subroutines contain certain functions common to most 

simulations. 

In the beginning days of simulation, a realization 

was developed that different simulation models had various 

steps in common. 'I'he following list includes the common 
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functions which a.lmost ever:y simulation model utilizes to 

some degree.t3 These features are 

1) random number generation, 

2) advancement of time, 

3) recording data for out put, 

4) performing statistical analysis, 

5) arranging outputs into specific formats, and 

6) detecting a.no 

errors. 

reporting inconsistencies and 

Endeavors. began to provide simulation languages which 

eliminated tlle neea for a user to reprogram these common 

functions. Althouoh a complete listing of all the 

simulation languages would be prohibitively large; those 

which showed possibilities and were investigated in deta~l 

include: 1) SIMSCRIP'I', 2) GASP IV, 3) CSi'1P, 4) GPSS, and 

5) DYNAMO. SomE: of the factors one must consider in the 

selection process for any language include: 

1} support ty the computer facility, 

2) ease of learning, 

3) cost, 

4) compili.n~J and running time, 



32 

S) types of outputr and 

6) capacity for inserting user-written 

subroutine'.s.1a 

The first criteria (i.e.r supported by th0 computer 

facility) is usually the overriding criteria. At Virginia 

Techr the five languages previously mentioned are 

supported. SH'iSCIUPT is complete language oriented 

toward event-to-event simulation. This language is 

probably the most powerful; however r the language is also 

one of the most complex and difficult to learn. Expert 

consultation is usually required due to the limited self-

diagnostics.12 GASP IV consists of a set of subroutines·r 

coded in FOR'l'RAN r which perform those functions listed 

above. If a user is familiar with FORTRAN, GA.SP IV can l•e 

implemented guic.K.ly. However r GASP IV i.s more restrictive 

than SIMSCRIPT in the size of certain characteristics of 

the system being modelled.19 CSi'lP is a comph:ite language 

useful in the solution of non-linear r integral-

differential equations with continuous variables. GPSS is 

also a complete language oriented toward problems in which 

i terns pass through a series of processing a.nd/o:r: storage 

facilities.12 GPSS is the easiest t.o learn; bu-c, is one 
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0£ the least flexible and become's very slow and 

inefficient as the complexity of the problem increases.2° 

Finally, DYNAMO is employed toward expressing micro-

economic models of various firms by means of differ:e:nce 

equations. 

An initial review of the various languages eliminated 

both CSl'1P 

back-end of 

and DYNA.i'10 as not applicable to 

the nuclear fuel cycle. The 

modelling t:he 

difficulty of 

GPSS to handle eff.ectivel.Y the complexities which are 

involved in the fuel cycle model eliminated its usage. 

The two rernaininq languages, SIMSCRIPT and GASP IV, were 

further analyzed. 

review. Both 

during the days of 

languages are poor in 

the final decision 

memory utilization, 

since neither permits dynamic allocation of memory. 

SIMSCRIPT is more difficult to learn, but GASP IV 

possesses greater lim~tations on the size of the problem 

to be modelled and the different output options. The 

final choice was based largely on selection factors two, 

three, four, and six. Either the limitations of GASP IV 

previously mention.ea would not handicap the model, or the 

user could easily modify the GASP IV subroutines to 

overcome a.ny such limits. 

of output plots available. 

An example would be the number 

GASP IV limits this value to 

ten; however, since all GASP IV subroutines are coded in 
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PORTH.AN,. the task of m.odify-inq the language to produce 

more plots is feasible. 

learning, running time, 

favored GASP IV over 

application. 

The features of cost, ease of 

and built-in diagnostics all 

SIMSCRIPT for the intended 

One fina.l observation is worth mentioning. Any 

simulation model can be produced by most any simulation 

language or any generalized con1puter language. The back-

end of the :fuel C"ycle could have been modelled usir.g the 

computer language BASIC. The final choice is often one of 

personal preference. Due to the tremendous capabilities 

of present-day computers, factors such as compiling and 

running time become less of a selection criteria. A 

certain language may make the job easier since the user 

may 

The 

possess an existing 

computer facilities 

familiarity with said language. 

at Virginia Tech made the 

selection somewhat more difficult since numerous languages 

are supported.. Many facil~ties possess only one, maybe 

two, simulation J.anguages--:f·.ak ing a selection procE,ss an 

inutile exercise. 
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GASP IV 

GASP IV is a combined continuous-discrete F'OR'I'HAN-

based simulation language. Discrete simulation occurs 

whenever changes to the dependent variables of a model 

occur at specific points during the simulated time. 

Continuous simulation permits continuous ch.anging of the 

dependent variables over simulated time. GASP IV can 

operate in a discrete, continuous, or combined mode. This 

section overviews the features of GASP IV employea. in the 

fuel cycle simulation model. For a detailed description 

of this language, the reader should ref er to the 

references.21-22 

This model exclusively utilizes the discrete mode of 

operation. Also, the model 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 

chronological order. Once finding such an Ewent,, action 

is taken depending upon what type of event. For example, 

if the event is a new storage :facility coming on-line, the 

action would be to incr.E:ase the total available spent fuel 

storage capacity. If the event is a reactor discharge, 

the action is to locate a sto:r:age facility with sufficient 

available capacity and simulate the storage of the 
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discharged fuel. After the action is completed, time 

marches on until the next event, at which time the logic 

is repeated. This incrementing process continues until a 

halt is prov,iCied by the user. 

There are four general functions provided by GASP IV 

that are of particular usefulness.. 'fhese functions are 1) 

a filing system to store input data, 2) a time-advancing 

function, 3) a statistical gathering function, and 4) an 

output data gathering and reporting function. From 

previous discussions, realize that these functions could 

conceivably be user written, eliminating the need for any 

simulation language. However, this time consuming process 

adds little, if anything, to the value of the model. 

The filing system utili'..£.:es a one-dimensional arr.,ay. 

The size of this array is li~ited only by the computer 

facility. 

tracked .• 

In th is a.rray, 

A particular 

all input data are filed and 

datum and its associated 

characteristics are referre·d to a.s an entry with 

attributes. An example of an entry is the add-on storage 

pool at the GE-r'iorris fa.cili ty. Attributes include on-

line time, capacity, and location. 

spent fuel discharge from a reactor. 

Another entry is a 

Its attributes are 

which reactor, which year, and 2.mount of dischargE:-. All 

such entries and associated attributes are filed into this 
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single array with an extensive pointer system. This 

pointer system keeps track of each entry in chronological 

order. 

The time-advancing function searches the event fi.le 

for the next time event, removes the event (the entry and 

its associated attributes) , and determines the action 

required. 'I'he particular action is coded by the user for 

each entry .. 2~is code is represented by the second 

attribute of an entry. In t.his model, a code of two 

implies that a stora.ge facility is corning on-line and a. 

code of one means that a reactor is discharging fuel. The 

time-advancing function interprets the code and routes the 

program to the appropriate subroutines. 

The main statistic of interest is the percent 

utilization of each storage facility a.nd repository. '.i.'his 

value is the amount of spent fuel being stored at a 

pa.rticular facility divided by the total capacity of the 

facility. Each time spent fuel is stored or a change in 

capacity occurs, the utilization is calculated and the 

value stored in a GASP IV supplied subroutine. 'l'his 

subroutine keeps the data and compiles the mean, standard 

deviation, 

values. 

and ~aximnm and minimum of the different 

The simulation model provides two sources of output. 
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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. 'l'his routine can con ta in 

any add.i tional user required output. Chapter T h.ree 

describes the subroutine written specifically for this 

model. The second output is a GASP IV provided 

subroutine. This output consists of tabular and/or point 

plotable listings of the supply and demand for each 

storage facility and repository. This output is employed 

in the graphs depicting the spent fuel storage scenarios 

under observation. Examples are given in the following 

chapter. 

In the form of a brief description, the :functions 

provided by GASP IV, which are implemented into this 

model, have been reviewed. A more detailed examination of 

the role each function plays within the total model is 

given in Chapter 'Jhree. 

Now that the need for 

personnel is established and 

a technique to aid DOE 

the specific methodology 

chosen to provide such a technique, the next phase 

involves a selection of sources of input data. The best 

model will yiel~ erroneous results and prove worthless if 

the sources of input are outdated and unreliable. The 

fin al section in this chapter addresses the input data 
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acquisition process. 

THE INPUT 

A realization that data covering all phases of the 

ha.ck-end of the nuclear fuel. cycle are not centrally 

located was obtained in the in~tial phases of model 

development. Some data are on-hand in the Management 

Inforlliation System (MIS) developed by Virginia Tech for 

the Department of Enerqy•s Savannah River Operations 

Off ice (SR) • Other data have to be located elsewhere. 

This section explains w h.at data are' required and from what 

sources the data are obtained. The verification and 

updating of all the input is a complex undertaking. 

Measures to a.ccomplish th.is are developed at Virginia Tech 

and elsewhere. Due to the importance of verification, a 

separate chapter examines the techniques used to perform 

such functions. 

There exist three general categories of input data. 

The first is away-from-reactor (AFR) and at-reactor {AR) 

storage facility data; the second, storage repository 

data; and the third, spent fuel discharge data. An 

important definition is reguired: in this paper, dischar9e 



data refers to the amount of spent fuel that cannot be 

stored at tht::' rea.ctor {on-site'} and not the amount of fuel 

out of the reactor core. The third category is further 

divided into three subcategories: 1) individual reactor 

discharge data by year from the present until 1999, 2) 

national discharge data by year from the year 2000 until 

2020, and 3) foreign discharge data by year from the 

present until 2020. 

AR and AFR Facility Data 

The research and developmental studies to increase 

storage space for both AR and AFR storage pools and the 

stuaies relatc::d. to. the· operation of lif'.H facilities are all 

under the cognizance of the AF'R Program Office. A few 

examples of these studies include new methods of rac!\ing 

fuel a.ssemblies, disassembl·y of fuel assemblies, dry 

storage concepts, prel1censing activities, and 

environmental impact statements. The results of these 

individual studies b ave both indirect and direct effects 

upon the fuel cycle modi:~l. A direct effect is an activity 

which, if delayed, can affect the on-line time or capacity 

of an AFR facility. An indirect effect is an activity 
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which can alter the discharge data of a reactor (i.e., 

improved racking techniques would increase AR storage 

capacity and thereforc-e low<~r discharge a.mounts) • All such 

activities are maintained and tracked within the MIS 

designed and operated ny Virqinia Tech for the AFR ~roqrarn 

OffiCC". 

'I'he A.FR rUS m ainta.ins current and complete 

information on all work packages authorized by the AFH 

Program Office. Each vorK package has a unique work 

breakdown structure number for reference and internal 

tracking. The data are divided into three sections: 1) 

general contract information, 2) financial data, and 3) 

activity data. The activ~ty data are of prime ~mportance 

to the operation the simulation model. Figure 2 

presents a simplified activity listing for the GE-Morris 

storage facility. Appendix A contains the complete 

listing for this vork package. As is evident, the 

activities are characterized by a title, start date, end 

date, and prec'h~cessor and/or successor relations. 1'his 

information is tracked and analyzed within the simulation 

model to determine the ultimate on-line time of that AF'R 

facility. In addition, other data files contained within 

the tHS provide the capacities and handling rates of the 

various storage facilities. By includiuq the AFR MIS 



Yigure 2. 

STATUS REPORT SPENT FUEL STORAGE 

ACTIVITY LIST: 

WEN NO: 1213. 
START: 01 OCT 80 ENO: INOEFlNITE 
TITLE: FACILITY IMPLEMENTATION-MORRIS 

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

SUB-ACTY : 1213. 1 . 1 

% COMPLETE 

06/28/80 3- 2 
8 

0 

START: 01 OCT 81 ENO: 02 OCT 81 % COMPLETE 0 
NAME: CONSIDER LICENSE APPLICATION ACT!Vli!ES 

AND MAKE APPLICATION FOR TRANSFER ANO 
RE RACK 

** PROGRAM CONTROLLED ** 

PREDECESSORS 
1212. 1. 1 
1211.3 
1121.4 

SUB-ACTY: 1213.1.2 

SUCCESSORS 
1213.1.2 

START: 02 OCT 81 ENO: 30 SEPT 82 % COMPLETE 0 
NAME: PREPARE TO RECEIVE LICENSE FOR TRANSFER 

ANO RERACK 
** DELIVERABLE ** 

PREDECESSORS 
1213. l. 1 

SUB-ACTY: 1213. 1. 3 

SUCCESSORS 
1213.3.1 

START: 01 JULY 84 ENO: 01 JULY 84 % COMPLETE 0 
NAME: SUBMIT APPLICATION FOR ADD-ON POOL 

LICENSE 
** PROGRAM CONTROLLED ** 

PREDECESSORS 
1213.1.2 
1212.1.2 
1142.3.6 

SUB-ACTY: 1213. l.4 

SUCCESSORS 
1213.1.4 

START: 02 JULY 84 END: 31 JAN 87 % COMPLETE: 
NAME: PREPARE iO RECEIVE LICENSE FOR ADD-ON 

POOL 
** CONTRACTOR MILESTONE ** 

PREDECESSORS 
1213. 1 .3 

ACTIVITY: 1213.2 
START: 01 OCT 81 END: 31 JAN 87 
NAME: CONSTRUCTION DESIGN 

SUB-ACTY: 1213.2.1 

SUCCESSORS 
1213.3.2 

:i COMPLETE: 

START: 01 OCT 81 END: 30 JUNE 82 % COMPLETE: 
NAME: COtlSIOER DESIGN PACKAGE AND COMPLE:E 

RERACK DESIGN 
** CONTRACTOR MILESTONE ** 

PREDECESSORS 
1212 .2. 9 
1414.3 
1423.2. 1 

SUB-ACTY: 1213.2.2 

SUCCESSORS 
1213.3 .1 
1213.2.2 

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

PREDECESSORS 
1213. 2. 1 
1211. 3 
1413.2 
1415. 3.2 

ACTIVITY: 1213.3 
START: 01 OCT 82 
NAME: CONS fRUCTI ON 

SUCCESSORS 
1213 .3.2 

END: 26 FEB 89 :i COMPLETE: 

Activitt Seetion oi ~ork ~ackage tor G~-tlorri~ 



SUB-ACTY: 1213.3.l 
START: 01 OCT 82 END: 30 j UNE 84 
NAME: PERFORM RERACK CONSTRUCTION 

** CONTRACTOR Ml LESTONE ** 
PREDECESSORS 
1213.2. 1 
1213.1.2 

SUB-ACTY: 1213.3.2 

SUCCESSORS 
1213.4.3 

START: 01 FEB 87 END: 26 FEB 89 
NAME: PERFORM ADO-ON POOL CONSTRUCTION 

** CONTRACTOR M[LESTONE ** 

% COMPLETE: 

.~ COMPLETE: 

PREDECESSORS 
1213.1.4 
1213. 2.2 

SUCCESSORS 
1213.4.5 

ACTIVITY: 1213.4 
START: 01 JUL 84 ENO: lNDEF!NITE ~i COMPLETE: 
NAME: OPERATION 

SUB-ACTY: 1213.4.l 
START: 01 JULY 84 END: 02 JULY 84 % COMPLETE: 
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: 
NAME: OPERATE USING RE RACK 

PREDECESSORS 
1213.4.3 

COORDINATED 
1213.4 .2 
1213.4.6 

SUB-ACTY: 1213.4.3 
START: 27 FEB 89 END: 28 FEB 89 '.l COMPLETE: 
NAME: RECEIVE FUEL [N ADD-ON POOL 

PREDECESSORS 
1213. 3.2 

SUB-ACTY: 1213. 4. 4 

SUCCESSORS 
1213.4.6 

START: 01 MAR 89 END: INDEFINITE % COMPLETE: 
NAME: OPERATE FACILITY WITH ADD-ON POOL 

PREDECESSORS 
1213.4.5 

Figure 2 .. {continue(].) 
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within the model, extreme flexi.bility and. reliability are 

achieved in two ways. The first is ~bat there exists only 

one place where such information resides. Therefore, when 

AFR managers update the HIS for purposes of reporting or 

planning, the input into the simulation model is also 

updated and no conflicts exist. Secondly, all activities 

within the MIS connected by predecessor/successor 

relations are trackable throughout the model. f'cr 

example, if a manager desires to evaluate the effect of a 

one-year slippage of 

impact statement (EIS) 

the site-specific environmental 

for GE-Jlllorris,, the user simply 

changes the completion date for the EIS activity. A 

program tracks, through the predecessor/successor 

relationships, the ef fect.s of such a change. Sla.ck times 

are accounted for and the on-line time for GE-Morris is 

changed. 

An important diqression needs to be presented at this 

point. Notice that the simulation model (i.e., computer) 

is not actually managing. The model merely proviues a 

picture of the selected storage scenario. In the above 

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

his managerial responsibility would entail a shifting in 

resources (dollars and/or manpower) to avoid the effects 

of the one-year delay in the EIS. The mana.ger is 



employing the model as an • ·1 a.ic ... He still retains the 

actual managerial duties .. 

Hence, a source for all the current data related to 

APR storage facilities and AFH Program studies is obtained 

through the AFR Program MIS. 

Repository Data 

The responsibility for the design, 6onstruction, and 

operation of nuclear waste repositories falls under the 

Office of Nuclear Waste Isolation {ONHI). Currently, ONWI 

is initiating requests for proposals for the desian and .J 

maintenance of a MIS similar to the AFR MIS. Therefore, 

the ability to track prec1ecessor/.successor related 

activities does not exist at th~s time. 'I'he data for on-

line times, capacities, and handling rates employed in the 

simulation model come from a. DOE document. 7 'l'his source 

provides thrt:-'e scenarios for rE;posi tory implementation. 

Each scenario is differentiated by the on-line time of the 

repositories. Table 3 gives the repository storage data 

for each of the tnree scenarios. 
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Tabie J. Annual Repository Receipt Rate, aTa 

Year Repository Startup Date 
Ending 1997 2002 2006 

1997 900 
1998 1800 
1999 al800 
2000 2700 

2001 3600 
2002 b5700 900 
2003 8700 1800 
2004 9600 a1800 
2005 c 11700 2700 
2006 14700 3600 900 
2007 14600 b5700 1800 
2008 11700 8700 al800 
2009 13800 9600 2700 
2010 13800 11700 3600 

2011 15900 cl4700 b5700 
2012 18000 14600 8700 
2013 18000 11700 9600 
2014 18000 13800 c 11700 
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. 
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Discharge Data 

Restating to avoid con± usion, this is the def ini t.ion 

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 an AFR facility and not the amount 

of spent fuel removed from the reactor core. This implies 

that improved AR storage techniques enhance AB storage and 

reduce the magnitude of the spent fuel discharges .. With 

this understanding, 

data are reviewed. 

the three subcategories of discharge 

Tvo sources of discharge data by individual reactor 

are examined .. The first is the data produced by the 

Nuclear Assurance Corporation using their FUEL-TRAC futura 

system.23 The second is the discharge data produced by 

the computer program DISFUL developed for the DOE by the 

S. M .• Stoller Corporation.2"' A deta.iled d.iscussion of each 

program and all the outputs is not intended in this paper; 

rather, a. discu~;sion of those features of eacn progra.m 

which influence the final decision is presented. For a 

complete in-depth review of the programs, the reader is 

referred to the aforementioned references. 

The init~al investigation into these two progra~s 

shows remarkable similarities .. Figures 3 and q are 
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samples of output <la.ta fro!!! FU.r.n-TI{AC and Figures 5 and 6 

are outputs from DISFUL. The DTS.FUL data. are current. as 

of 1979; whereas, due to the accessibility of FUEL-TRAC 

data, the FUEL-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 programs. F'or exc:tmple, Figure 4 shows th at in 1993, 

fifty-two assemblies are to be shipped from. F'arley-'i t.o a 

repository. However, since the time that this FUEL-'l'RAC 

data was generated, the repository schedule has been 

delayed. The fifty-two assemblies would actually be sent 

to an AFR facility. This number compares favorably with 

the forty-six assemblies projected by th~: DI SF UL program, 

as given in Figure 6. Additional factors, includ~ng at-

reactor pool expansion est~mates and power factors, are 

also partially responsible for the discrepancies between 

the outputs. The purpose of these figures is not in 

showinq accurate discharge data; rather, to illustrate the 

type and format of the different outputs. Upon 

examination one can ascertain that either system can 

provide the required input data for the simulation model 

(i.e., reactor identification a.nd amount of discha.r~5e fuel 

per year from present to 1999). Further investigaLion 

reveals differences in the methodologies used to arrive at 



Assemblies Shipped 

REACTOR TYPE TRUCK/RAIL 1971 1978 1979 1980 1981 1982 1983 1984 19B5 1986 1987 1988 1989 1990 1991 1992 1993 

FAltLEY I p T - - - - 2 - - - - -
FARLEY 2 p T - - - - - - - - 2 - - -
PALO V. I p R - - - - - - l 81 80 80 81 80 -
PALO V. 2 p R - - - - - - - - I 81 80 80 Bl 
PALO V. 3 p R - - - - - - l Bl BO 
ARK. NUC. I/I p R - - - - 35 56 56 - - - - 35 
ARK. NUC. 1/2 p R - - - - - - 45 61 60 56 61 - - - 45 
CALV. CLIFFS 1&2 p T - - - 12 145 145 144 145 73 - - 12 145 145 
PILGRIM 2 p T - - - - - - 72 73 72 72 73 72 72 
H. B. ROB. 2 p R 153 53 52 53 52 53 - 38 52 53 52 53 52 53 
BRUil Sf/i CK I 8 R 104 I 36 144 144 136 136 I 32 140 36 136 140 136 140 
BRUNSWICK 2 B R - 124 144 144 140 140 136 140 - 116 140 140 140 140 
S. HARRIS 1&4 p R - - - - - - - - - - - - -
S. HARRIS 2&3 p R - - - - - - - - - - - -
ZIMMER I B R - - - 76 140 I 36 136 I 32 12B - - 76 
ZIMMER 2 B R - - - - - - - - 196 196 196 
PERRY I &2 B R - - - - - - 254 - 464 46B - 468 464 -
BRAIDWOOD 1&2 p R - - - 109 128 128 12B 128 64 
BYRON l &2 p R - - - 110 128 128 12B 128 64 -
LA SALLE 1&2 (02) 8 R - - 191 232 192 - - - - 88 215 216 
LA SALLE 1&2 (03) B R - - 11 272 129 212 212 - - - 60 212 212 
LA SALLE 1&2 (QC) B R - - - - 84 388 200 - - - - - - - 320 
LA SALLE 1&2 (LS) B R - - - 296 496 Ji6 392 392 392 335 504 396 400 392 392 
HIC. PT. I p T - - 37 64 64 b4 64 37 64 64 64 64 
UIG HOCK PT. B R 26 22 18 22 22 22 22 22 8 22 l 18 22 22 22 22 
MIDLMO 1&2 p R - - - - - 115 117 121 121 116 117 121 60 
I.A CROSSE B R 24 24 24 24 24 24 24 24 - 10 24 24 24 24 24 24 24 
FEl<MI 2 8 R - - - - 270 200 192 216 200 192 200 200 196 200 200 
GREENl~OOO 2 p R - - - - 63 68 69 68 69 68 69 68 
GRE ENf/000 3 p R - - - - 63 68 69 68 69 68 
OCONEE I &2 p T - - - - - - - 108 112 112 112 112 112 
OCONEE 3 p 1 - - - 56 56 56 56 56 5b 
McGU!llE I p R - - - 13 64 64 64 
McGUIRE 2 p R - - - - 13 64 64 64 
CATAWBA 1 p R - - - - - - - - - 64 64 
CATAWBA 2 (U) p R - - - - - 63 64 64 64 64 M 
CATAWGA 2 (Cl ) p fl - - - - - 64 63 - -

~·ig urc J. 53lflpi.e Out.put trolli t'lJf;L-'l'HAC I>rOljTii& 

1994 1995 1996 1997 

- - -
- - -- l 80 
80 - - -
BO 81 BO -
56 56 - -
61 60 56 61 

144 145 - -
73 72 72 73 
52 53 38 

132 140 l 36 -
140 140 - -

JB 53 52 53 - - 27 53 
124 124 116 124 
196 196 - -
140 174 - 468 

- - 109 
- 110 128 

192 -
212 - - -

12 - -
372 396 286 263 
64 - - -
22 8 22 l 

120 116 117 121 
24 - 10 24 

192 200 200 196 
69 62 69 68 
69 68 69 62 

112 105 101 108 
56 50 56 
64 64 -
64 64 64 -
64 25 -- - -

- -

1998 1999 

- -
80 81 

I Bl 
--

- -
72 72 
52 53 
36 i Jo 

116 140 
52 
52 53 

120 
-

464 
128 128 
123 128 
-- 124 

-
300 392 
37 64 
18 22 

116 117 
24 24 

200 200 
69 68 
69 68 

112 112 
56 56 
- I J 

13 
- 64 
-

2000 

-

80 
I 

-
12 
73 
52 

140 
140 

52 

196 
46B 
128 
128 
176 
212 
-

400 
64 
22 

121 
24 

192 
69 
69 

112 
56 
64 
64 
64 
-

~ 
t..() 
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Reactor/Utility= Reactor# 1 (Farley-1) 
MWe/Type/COD = 829/PWR 
Transport Mode = Truck 

Assemblies 
Shipped To 

Year 

Pool 
Expansion 
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 

2 52(l) 
52 
52 

52 
52 
52 
52 
52 
50 
52 
52 
52 
52 

Figure ii. S.:i.11p.le Output fro• F UEL-1'.iLAC Fro9ralli 



ANllUAL MTU SH I PP[U 

REACTOR UTILITY 1979 1960 1981 1982 1983 1984 1985 1986 1987 19UB 1989 1990 1991 1992 1993 1994 199; 1996 l':l'l7 1998 1999 2008 2001 2002 2003 

I FARLEY-I ALABAW. POWER (0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 22 
2 fARLEY-2 ALABAW. POWER CO 0 0 0 0 0 0 0 0 0 0 I) 0 0 0 0 0 0 0 a 0 0 0 0 0 a 
5 PALO VEROE-1 ARIZONA PUB SERV CO 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 9 32 32 32 32 32 
6 PALO VEROE-2 ARIZONA PUB SERV to 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 32 32 32 
7 PALO vrnoE-3 ARIZONA PUB SERV CO 0 0 0 0 0 0 0 0 0 0 0 C) 0 0 0 0 0 0 0 0 0 0 9 32 32 
8 ARKANSAS NUCL ONE-1 ARICANSAS P ANO L CO a 0 0 0 0 0 IB 21 21 21 21 11 11 11 11 11 21 21 21 21 21 21 21 21 21 
9 ARKANSAS NUCL ONF.-2 ARICANSAS P ANO L CO 0 0 0 0 0 0 0 0 0 0 0 u 0 0 5 23 23 2J 23 23 23 23 23 23 23 

10 CALVERT CLIFFS-I BAL Tl MORE G ANO E CO 0 0 0 0 0 0 0 0 0 0 2J 44 44 44 44 44 44 44 44 44 44 44 44 44 44 
11 CALVERT CLlffS-2 BALTIMORE G AND E CO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Cl 0 0 0 0 0 
12 P ILGRIM-1 BOSTON EDISON CO 0 0 0 0 0 0 0 0 0 0 0 Id 22 22 2l 22 22 22 22 22 22 22 22 22 22 
IJ PILGRIM-2 BOSfON EDISOtl CO 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 28 30 JO 
14 ROBlflSON-2 CAROLI NA P ANO L CO 0 14 20 20 £,) 20 20 2u 20 20 20 20 20 20 20 20 20 20 20 20 20 20 10 20 20 
15 BRUN SW I CK-2 CAROLI NA P AND L CO 0 0 0 9 17 27 27 17 27 27 17 21 27 17 27 27 27 17 27 27 27 27 27 27 27 
16 BRUNSWICK-I CAROLI NA P AflD L CO 0 0 2ci 27 27 17 27 27 27 27 17 27 27 27 27 27 27 27 27 27 27 27 27 27 27 
17 llARRIS-1 CAROLI NA P AND L CD 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 C) 0 0 0 0 7 46 46 46 46 
18 HARRIS-4 CAROLINA P ANO c. CO 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
19 llARRIS-2 CAROLHIA P ANO I. CO 0 0 0 0 0 0 0 0 0 0 C) 0 0 0 0 0 0 0 0 0 0 0 JO 46 46 
20 HARRIS-J CAROLINA P ANO L CO 0 0 0 0 [) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
22 Z IMMER-1 CJrlCINNATI G AND E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 21 27 27 27 27 '/_/ 21 21 27 
23 PERRY-1 CLEVELAND ELECTRIC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 76 79 79 79 79 19 79 79 79 79 79 
2t1 PERRY-2 CLEVELAND ELECTRIC 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 
25 ORESOlN-1 COM1'JNWEAL !II ED I SON 4 8 8 B 8 8 u 8 B u 8 8 8 8 8 8 !l u 8 8 II B 8 8 u 
26 ORESOEN-2 COMMONWEALTH EDISON 0 0 0 0 0 0 0 0 Cl 0 0 0 0 0 0 0 0 27 28 28 28 28 28 28 18 
27 ORESDUl-J COMMONWEALTll EDISON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 28 28 28 28 28 211 28 
28 QUAD CITIES-I COMMONWEALTH Elli SOU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 56 56 56 56 56 56 56 56 
29 QUAil CITJES-2 COMMONW£AUH EDI SON 0 0 0 0 0 0 0 0 0 cl 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 
JO ZION-I COMMONWEALTH EDISON 0 0 0 0 0 0 0 0 0 ,j 0 0 0 (J 54 ;4 54 54 54 54 ;4 54 54 54 54 
JI llON-2 COMMONWfALTll EDISON 0 0 0 0 0 0 0 0 0 u 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 I.Ii 32 LA SALl.E-1 COMMutMAL Tl! ED I SON 0 0 0 0 0 0 0 " 0 u 0 21 76 76 lb lb 76 10 ;6 76 76 76 76 76 76 
JJ LA SAl.LE-2 COMMONWEAL TH E 0 I SOil 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 ~ 

34 BYRON- I COMMONWE Al TH ED I SON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 36 'i7 ~1 I 'jl 57 51 51 5/ 57 57 
35 BYRON-2 COMMONWEALTll ED I SON 0 0 0 0 ') 0 0 0 0 0 0 0 0 0 0 0 u c u 0 0 0 0 0 0 
36 BRAIUW000-1 COMMONWEAL Ill EDISON 0 0 0 0 0 0 0 0 0 l) 0 a 0 0 0 j6 ,,, 51 57 57 ~! 51 57 51 57 
37 BRAIOWU00-2 COMMOUWEAL 111 ED I SON 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 ~· 0 0 0 0 0 0 0 
JO CONNECT I CUT YANKEE CONN. YANK[[ ATOMIC 0 0 0 0 0 0 0 0 0 0 0 0 5 2J 2J 2J 23 23 23 2J ?J <J 23 23 13 
40 ltlUIAN POINT-2 COllSOLIOATEO EOISO!I 0 0 0 0 0 0 0 0 0 0 I 2:. 23 23 23 23 23 23 23 23 l.I 23 21 23 2J 
41 BIG ROCK POINT CONSUMERS POWf.R CO 0 0 0 0 0 0 J 0 0 0 0 0 0 0 0 0 0 0 0 0 J J 3 J J 
42 PALISADES CONSUMERS POWER CO 0 0 0 0 4 21 27 27 27 27 27 21 27 2.' 27 21 27 27 27 27 27 27 27 27 l7 
4J MIDl.ANU-2 CONSUMERS POWER CO 0 0 0 0 0 0 0 0 0 0 0 () 0 0 0 34 40 40 40 40 40 40 40 40 40 
44 MIDLANll-1 CONSUMEPS POWEil CO 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
45 LA CROSSE DAIRYLAND PO~ER CO 0 0 0 0 0 0 0 () 0 0 0 2 J J J J J J J 3 J J 3 3 J 
46 FERMl-2 DE!ROIT EDISON CO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26 JI JI JI JI JI JI JI 37 JI 
47 GREENWOOU-2 DE!ROIT EOISOll CO IJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 JI 
48 GRHNWOOU-J DETROIT EDISON CO 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 
49 OCON[L-1 DUKE POWER COMPANY 0 0 0 0 0 0 0 0 39 41< 48 4U 48 48 48 48 •18 48 48 48 48 4il 48 48 48 
50 OCOUEE-2 DUKE POWER COMPANY 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 0 0 cl 0 0 0 0 0 
51 OCONH-3 DUKE POWER CO'U'ANY 77 24 0 0 () 0 0 I/ 24 14 :ct 24 24 24 14 24 l4 24 24 24 24 24 24 24 24 
52 MCGUIRE-I DUKE POWER COMPANY 0 0 0 0 0 0 0 cl 0 0 ~ 0 0 0 Q 0 0 0 14 28 28 28 26 28 28 
51 MCGUIRE-2 OllKE POWER COMPAllY 0 0 8 0 0 0 0 0 0 G fl 0 0 0 0 0 CJ 0 0 0 14 28 28 28 28 
54 CATAWBA- I DUKE POW[ R COMPMH 0 fl 0 0 0 0 0 0 0 0 " 0 0 0 0 0 ,, 0 0 0 0 0 0 0 0 
55 CATAWBA-2 DUKE POWER COMPANY 0 0 0 0 u 0 0 0 'J 0 ,, 0 0 0 0 G 0 CJ fl 0 0 0 0 0 0 
56 PERKINS- I OUK( .PDWER COMPAIH 0 0 0 0 0 0 0 () 0 fl u 0 0 u 0 0 " u 0 0 0 0 0 0 0 
57 PEltKIHS-2 OUK[ POW[R COMPAllY 0 0 0 0 0 0 ,, 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
58 PERKINS-J DUKE POWER COMPAtlY 0 0 0 0 0 0 0 ii 0 0 (! 0 0 0 IJ t; ,, 

" 0 0 u 0 0 0 0 
59 CllEROKE£- I DUKE POWlR COMPANY 0 0 0 0 0 0 0 0 0 0 0 0 () fl 0 0 ,, " 0 0 II 32 12 32 32 

.figur~ "- !iu11tJ_Jle OUlf'l!l .tr Oirt Dl~i'iJL Px:ogra"-..... 
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PROJECTED ANNUAL SHIPMENTS FROM FARLEY-1 (829,MWE,PWR) 

STARTUP 1978 FULL CORE SIZE (ASS.) 157 
OPERATOR ALABAMA POWER CO NORMAL YRLY DISCHARGE (ASS.) 46 
NERC REGTON 6 (SERC) ASSEMBLY WEIGHT, MTU 0.451 

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

TOTAL TOTAL 
POOL IN STORAGE SHIPMENTS S H I P M E N T S B y A G E 

YEAR CAP. ASS. MTU ASS. MTU NO. AGE NO. AGE NO. AGE 

1978 675 0 0.0 0 o.a a 0 
1979 675 46 20.7 0 a.o 0 0 
198a 675 92 41.5 0 0.0 0 0 
1981 675 138 62.2 0 0.0 a 0 
1982 675 184 83.0 0 0.0 0 0 
1983 675 230 1a3.7 0 0.0 0 0 
1984 675 276 124.5 0 0.0 0 0 
1985 675 322 145.2 0 0.0 a a 
1986 675 368 166.00 a 0.0 a 0 
1987 675 414 186. 7 0 a.a 0 a 
1988 675 46a 2a7.5 a 0.0 0 0 
1989 675 506 228.2 0 o.a 0 0 
1990 675 552 249.0 0 0.0 0 a 
1991 675 598 269.7 0 o.a 0 0 
1992 675 629 283.7 15 6.8 15 13 
1993 675 629 283.7 46 20.7 31 14 15 13 
1994 675 629 283.7 46 20.7 31 14 15 13 
1995 675 629 283.7 46 20.7 31 14 15 13 
1996 675 629 283.7 46 20.7 31 14 15 13 
1997 675 629 283.7 46 20.7 31 14 15 13 
1998 675 629 283.7 46 20.7 31 14 15 13 
1999 675 629 283.7 46 2a.7 31 14 15 13 
2000 675 629 283.7 46 20.7 31 14 15 13 
2001 675 629 283.7 46 20.7 31 14 15 13 

Figure 6. sa~ple Out~ut fro~ DlSFUL Program 



the discharqe data. Figure 7 depicts the information for 

both FWR and BWR fuel cycles used in the FUEL-TRAC futura 

system. These data a.re the basis for tho c<:t1culations of 

discharge fuel for three United States energy forecasts. 

In turn,- ea.ch forecast is eva.luated. under two cases, 

depending on AR .storage time before shipment {ten years or 

180 days). Figure B shows the basic options ror tne 

DISFUL program. Although specific options are different 

than those for FUEL-TRAC, a siwilarity exists. 'l'o this 

point of in.vestig at ion, either data a.re accepta.ble. 

The final selection is based on factors which are not 

actually rela.ted to the progra.rns themselves. The DISPUL 

database loca.t<:?d on both the Babcock and Wilcox (B and 

W) computer and the Virginia Tech computer. s. ~- Stoller 

employs the B and W computer facility for their use. The 

database at Virginia Tech is modified to operate under a 

generalized report writer system called MARK Iv.2s This 

system permits DOE officials to extract specific data from 

th.e database in 21 host of formats without employing the 

DISFUL program. f'or the simulation model, certain 

information contained within this database is invaluable. 

For example, the location of each reactor is given in 

longitude and latitude. These values are employed within 

the DISFUL program; however, they are not produced in any 
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Average MWe: 1 ODO 

First Cycle Length: 13.5 f~ll power months 

KgHM/ASBL: 183 

Initial 1st 2nd 3rd 4th 
Core Reload Reload Reload Reload 

Fuel Loading 
MTHM** 125.5 36.0 30.5 27.3 28.5 
Uranium Fraction l 1 1 1 1 
U-235 Enrich 1.87 2.755 2.755 2.755 2.755 
Kg Pu-Fi ssl e a 0 0 0 0 

Discharge 
W/0 Initial Fuel 98.7 97.4 96.5 96.2 
Uranium W/O .,, 100 .,,100 "t.100 '!.i 00 
U-235 Enrich .67 .725 .586 .761 
Fissile Pu W/0 Init. .345 .484 .531 .578 

PWR 

Average MWe: 1000 

First Cycle Length: 12.4 full power months 

KgHM/ASBL: 462 

Initial 1st 2nd 3rd 4th 
Core Reload Reload Reload Reload 

Fuel Loading 
MTHM** 78.4 26. 1 26. l 26.1 25.1 
Uranium Fraction 1 1 1 1 1 
U-235 Enrich 2.50 3.25 3.25 3.25 3.25 
Kg Pu-Fissile 0 0 0 0 0 

Discharge 
W/0 Initial Fuel 97.8 96.4 95.4 95.6 
Uranium W/0 iOO iOO 100 100 
U-235 Enrich .942 .781 .743 . 918 
Fissile Pu W/0 !nit. .474 .604 .667 .660 

* same for subsequent reloads. 

** based on a 70% capacity factor. 

Figure 7. .PilE.l.-Tli.AC lsiR/l:'i..U . .fual Cycle Da.ta 
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TYPES OF TRANS-SHIPMENT PERMITTED 

1) Storage within reactors own pool only 

2) Shipment within same or affiliated utility, system 
conside~ed 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 

l) Expand pool according to licensed 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 assemblies 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 Opt.ions oi tae DISFUL Program 
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of the output. Since the d<1 ta. bcLSe is on the computer at. 

Virginia Tech, there is no problem in extracting the 

location of the various reactors and inputting this 

information into the simulation model. In addi~ion, the 

procedure to link to the B and W computer and operate 

DISFUL is provided to Virginia Tech. An authorizea user 

can run DISFDL and transfer the 

Tech computer. These features of 

output to the Virginia 

the Stoller System are 

basically free of any costs except for computer time. 

In contra.st, the FUEL-TPAC futura system is the 

property of the Nuclear Assurance 

the programs nor the databases 

Corporation. Neither 

are readily available; 

especially at no cost. Since both systems y iel.d 

comparable data, the selection of DISFUL and its 

associated database is based on the tremendous ease of 

access and the no cost features of the Stoller System. In 

addition, Virginia Tech assists both DOE and Stoller ~n 

the maintenance of their database. The ability to control 

the accuracy of the input into the simulation model is 

reassuring. A ~etailed description of the method of 

assurance is given in Chapter Four. 

The DISFDL progralli does not provide projections past 

the year 2003. The data just do not exist for indivi~ual 

predictions. For discharge data out to the year 2020, the 
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values are to~al United states discharges by mtu per year. 

This data is given in Table u.26 Ten pseudo-reactors, 

arbitrarily located throughout the United States, are 

chosen to represent discharge points for these yearly 

estimates. This enables the model to function in a manner 

analogous to pre-2000. 

officals.27 

This approach is approved by DOE 

The foreign discharge data are handled in a similar 

fashion. The data are by total mtu per year~ hence, three 

pseudo-reactors are selected and the spent fuel egually 

divided. 'l'wo rea.ctors a.re chosen on the East cocu:::t and 

one on the West coast. Once the fuel reaches the Dnited 

States, said fuel is treated in a manner exactly like 

domestically produced fuel. Table 5 gives tbE: anticipated 

yearly foreign discharge data.2s Note that the total 

amount of foreign spent fuel is limited to 1000 mtu. 

Now that the foundation for the model is complete, 

the next chapter discusses the actual model. 
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Table 4. Projected Reactor liisci:&arges, hTU 

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 



59 

Table 5. AFH Progra~ Foreign s~orage Hequire~ents 

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. 



CHAFTEB TEEEE - HODEL 

This chapter ciescribes the simulation model of the 

back-end of the nuclear fuel cycle. Through the use~ of 

flow charts and graphs a complete understanding, inclufing 

all options,. is presented. Due to the complexities of the 

interrelated subroutines, extensive effort is exerted to 

ensur€, that the subroutines function as desired. In this 

chapter, emphasis is placed on the t8chnigues employed to 

ensure the accuracy of the various subroutines. The 

verification of the modE•l as a unit is presente;d as a 

separate section at the end of this cha.pter. Appendix B 

details the steps in the model verification process and 

includes sample output. 

1N10E;e functions com1lion to most simulation models a.re 

handled by GASP IV subroutines as reviewed in Chapter Two. 

Except where reguired for clarification and enhancEoment a 

further description of these routines is not 9iven in this 

work; the reader iE: ref1t.":I:red to the· refe.,rences .. 21- 2 2 'l'hese 

references provide a much more complete and authoritative 

description than can be provided in this work. The GASP 

IV suppli<2d subroutines provide supportive functions; 

the user supplied 

c. (\ uV 

subroutines provide the 
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modelling. 

THE SIMULATION MODEL 

Figure 9 presents the overall flow through the 

simulation model. The model is divided into two systems 

with each system composed of a series of modules. The 

delineation between the systems centers upon those 

computer proqrams in&epende1~ 

subroutines and those programs 

This demarkation <:ilso separates 

of control b~r 

orchestrated by 

those functions 

GASP IV 

GA.SF IV. 

which are 

performed. on one typE! of computer and those performed on 

another type of computer. System one runs under IBM's 

Conversational flonitoring System (CHS) language. 'I'his is 

an interactive la.nguaqe permitting active user 

participation. System Two runs on the computer which 

accepts batch jobs only, providing greater central 

processing unit {CPD) utilization. In addition, the GASP 

IV subroutines arE1 available only on the batch CPu. 

However,. to the user no distinction is evident since 

executive programs are developed which automatically 

submit System One's output, along with the modules of 

system Two, to the batch machine. These executive 
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~---------------------------------------------, 
TRACK RELATIONSHIPS 
THROUGH AFR MIS 

ACCUMULATE ANO 
ENHANCE REACTOR 

DISCHARGE OATE 
ACCUMULATE MODEL 
CONTROL DATA 

INPUT INTO GASP IV ORCHESTRATED MODULES 

FORMAT REPOSITORY 
DArA 

SYSTEM ONE 

----------------------- ·--------~-------------J 

Figure 9. 

,------------· ·------------
GASP IV CONTROLLED MODULES 

!REFER-FIGURE IOI 

RESULTS 

SYSTEM rwo 

~------------------------~ 

.Flov Dia9ra.m or t.o.e Ba.ck-end Nuclear i'uel Cycle 
Siiulation hOdel 
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programs are custom designed for this simulation model. 

The programs ensure the proper. operation of the model by 

different managers possessing varying degrees of computer 

savvy. In turn, the output of the entire simulation model 

is returned to the Cf·1S computer for user scrutiny. The 

employment of the two computers provides for the most 

flexiLle and efficient model possible. The in.teracti ve 

features enhance flexibility and the batch CPU enhances 

efficiency. Both sy stem:o: are totally inte~related, 

unitizing the simulation model. 

System One is describea first, then the modules 

comprising System Two. Each module within the systems is 

examined, both as an individual entity and as the module 

relates to the entire model. Additional figures elaborate 

System Two. The reader is directed to refer to the 

appropriate flow 6iagram throughout the discussion of the 

simulation model. 

System One 

The modules making up Sy stern One, in many respects, 

are the most vital to the simulation model. These modules 

are responsib1E :for the correctnPss of all input data. 
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The precision of this system lays a solid foundation for 

Syste,m T·wo. 

To ensure such precision, features are designed into 

the model which minimize the occurrence of various errors. 

There are two classes of errors: 1) errors which cause an 

al:morma.l termination of the moael and 2) errors which do 

not terminate the programs but alter the correctness of 

the output. Of these classes, the later by far the 

most serious and hardest to detect. hn a.bnormal 

termination i::-; spotted immediately; all sorts ot visual 

hints are present in the output. Although the cause of 

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

that presented output is worthless. Si.nee no error 

messas;es are' printed, the other type of error can often qo 

unnoticed for a long period of +· l--ime .. Due to the massive 

amount of required input and the interrelations amongst 

said input, an error of this nature may not be obvious to 

the user. For example, the output may report that reactor 

number twent]' cannot shi.p spent fuel in 1982, when in fa.ct 

the actual date is 1984. one cause for err:ors of this 

classification is the format of the input variables. Most 

input is formatted as integer and must be riqht justified. 

Whenever this right justification is lacking, the computer 

pads the number with zeros, changing its value. One 
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example ceals with t..he random numbe:r 9enerator seed. The 

seed ~ust be odd; however, if not correctly justified the 

seed is padded with ZE>ros and becomes a even integer. The 

rand.om number geni~rator still spews out numbers, but the 

randomness is lost. 

The first class of errors is remedied by dogged 

programming aetermination. '.rhe second class is con::ectEO;d 

by extensive use of user query programs which extract the 

input data from the appropriate sources. 'l'hese programs 

are designed by the author as an integral part of the 

simulation. The programs accept tree-format input and 

then automatically format the data into the appropriate 

columns. In addition, echo statements provide the user 

with a look at the value iust inputted. If an incorrect 

value is visualizPd, another chance is qiven. Internal 

range checks ensure ball-park accuracy. For example, if a 

repository on-line time is keyed as 1977, instead of 1997, 

the program politely informs the user that 1977 is past 

and no repository has yet to become operative. 

Each module is now reviewed, commencing with the 

module which works upon the AFR Management Information 

System {NIS) • 
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Chapter Two examinE~s the AF'I-1 MIS in detail and 

provides sample output which illustrates the type of data 

contained within. A brief ref rE':Sher of the I"IIS is given 

here. 

The AFR MIS contains every work package (e .. g •, 

contract) awarded bv J. the AFh Program Office at Sava.nnah 

River. Each work package is further divided into three 

sections: 1) general information and scope of worK, 2) 

financial data, and 3) a.ctivity data. Figure 2 shows an 

activity breakdm·rn for a. work package centering on the GE-

Norris facility implementation. Appendix A gives a 

complete listing of this work package. An activity is 

defined to be a specific unit of work within the work 

package characte-rized by a brief aescription of the work, 

the· st.art date, th<:: end dater and any predecessor a:rul/or 

succeE.sor related activities. Each work package plays a 

critical role in the realization oi the AFR Program 

objective (i.e., provide adeg uate storage space) • The 

activities a.re the critical i;a.th elements fo:rmin9 a. 

network which is necessary in the evaluation of the 

progress of the AFR Program. The AFR MIS module acts upon 

all the activities and their irrterrelationships ccntained 
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within the AFR MIS. 

The working of the AFR MIS module is as follows: A 

manager updates or changes a specific o.ctivity under his 

jurisdiction. 

date of an 

This may involve the changing of the end 

activity or changing the preaecessor 

relationship of an activity. After this and any otner 

changes are made to the entire MIS, the tracking of the 

activities commences. An interrelationship tracking 

program provides tgo options. The first option permits 

the pro qr am to automatically adjust all rel a:t.~~o. 

predecessor/succeEsor dates; the ~;econd., i:laqs 

discrepancies. Por E: xa mple, i:t the change is to delay the 

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

specify that all successor activities be automatically 

delayed the required amount. Slack times act as buffers. 

In this example, successor:.s would iriclude site desi9n, 

construction, a.nd. operation. The second option flags 

conflicts and/Or logic failures, without affecting dates, 

permi ttinq the user the choice of c~djusting the activities 

in whatever manner d.esired. A one year delay in site 

design may be unacceptable; hence, the user can simulate 

increased resources acting on design by placing the delay 

at only six months. Already these preliminary results are 

providing manaqerial aids. 
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After the activ·ities of the rns are tracked and 

adjusted in the desired manner, the milestone extraction 

program is invoked. This proqram automatically retrieves 

the culminating activities of each AFR faciltiy. 

activities rE~presf:nt thE.• operation of the facilities.. In 

addition, the required chara.cteristics of the :tacili ties 

are extracted. The chara.cb~ristics include 1) the on-line 

time, 2) the handling rate, 3) the storage capacity, and 

4) the amount of on-site spent fuel. All this information 

is corr:ectly formatted and transferred into the input 

module. 

the APE MIS module initiates the In summary, 

simulation model by tracking all the events which 

ultimat~ly affect the operation and capacities of the APR 

facilities. ~ctivi.ties, such as site selection, affect 

the on-line times and activities, such as studies to 

improve storage fuel density, affect the capacities. 

Further, all data which are required to interface w~th the 

other modules of the simulation model are extracted, 

formatted, and forwarded to the appropriate module. 

Intermediate results can be selected. which provide the 

user with a. mech.anisIP to check and/or correct a desired 

scena.rio. 

1'1anual tracking provides the basis for verification 
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of this module. An en.d date of an a.cti vi ty is chanqed a.nd 

the effects manually tracked throughout the entire MIS. 

These results are compared with the intermediate output of 

the tracking program, confirming proper operation. In a 

comparable fashion, 

guaranteed. 

the milestone extraction program is 

Reactor Discharae Dat!! Module 

This module accumulates the spent fuel discharge data 

originating from the DISFUL program and DOE documents. 

The DISFUL program provides spent fuel discharge data by 

individual domestic reactor for the period from 1979 

through 2003; however, only the data through 1999 is used 

in this simulation model {this decision is determined by 

AFB Program officials) • The DOE documents yield annual 

United States estimatE·s of spent fuel discharges from the 

year 2000 to 2020 and foreign discharge estimates from 

1979 until 2020. A detailed review of these documents is 

given in Chapter- Two. 

The foreign fuel data from the year 1979 to the year 

2020 and the domestic discharge data for the year 2000 and 

beyond are handled in an analogous way. Three p:.s'.eudo-
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reactors are allocated the foreiqn fuel allotments. Two 

of these reactors are located on th.e East coast; the 

remaining, the West coast. The data for the years 2000 

and on are divided araoung ten pseudo-reactors arbitrarily 

loca.ted throughout the United Sta.tes. 'I'his method of 

assigninq national estimates to pseudo-reactors lS 

required since the majority of discharge data, which 

originates trorn the DISFUL program, is listed hy 

individual reactor. All discharge data can then be 

handled by the same programming techniques. 

As mentioned, the output of the DISFUL progra.1u is 

broken down by individual reactor. Several desired 

simulation model features require additions to the DISFUL 

output. These features include 

1) storing fuel against the full. core reserve (FCH) 

capacity of an individual reactor, 

2) determining the distance between a reactor and 

each AFH facility and repository i.n order to 

decide shipment priority, and 

3) combinin9 reactor discharges according to state. 

An auxiliary proqram massages the output of DISFUL to 

include the latitude and longitude, state code, and FCR 



71 

capacity of each reactor. Some data are extracted 

directly from the Stoller Database~ while other data 

(e.g., state codes) are retrieved from auxiliary files 

created specifically for the model. 

After the DISFUL output is formatted, these data are 

appended with the information on foreign discharges and on 

future discharges (i.e., beyond 1999). The reasoll for 

using pseudo-reactors now becomes apparent since at this 

point all discharge data are formatted identically for 

handling by the GASP IV routines. 

Temporary write statements injected into the module 

provide output which is utilized in checking £.or proper: 

operation. Once precise operation is confirmed by hand 

calculations these temporary statements are removed. 

The simulation model possesses options which permit a 

user to tailor a specific storage scenario to his wishes. 

Table 6 give~ a functional description of these options. 

Each option is explained in detail during the discussion 

of its associated module. Th is mod u.le, g uerie.s the user 

for the desired information, providing clarification when 
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Tabie 6. Simu.:lation aodel. co~trol Options 

Option Function 

Starting year Sets the beginning time for 
the simulation 

Determines the shipment method 
AFR shipment priority between a reactor and an AFR 

facility (e.g. ship fuel to the 
nearest AFR site) 

As above, except for shipment 
Repository shipment from a reactor to a geologic 
priority 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 If invoked; the output includes 
a listing of each discharge and 
the originating facility 

Accident analysis If invoked; simulates the 
possibility of an undesirable 
event causing a delay in fuel 
discharges 
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requested. As explained previously, by employing such a 

guery program, format errors are avoided. The use~ inputs 

a spf'JCific value in free-format and then the program 

assumes the responsibility to format tbe variable in the 

needed manner. The logic ot System Two is controlled by 

the ·variables chosen by the user th.rough this module. 

'l'he specific a.ata covering repository operation times 

and capacities are given in Chapter Two. Therefore, the 

module simply extracts the information from a disk file 

and transfers said data into the input module. However, 

functions have been programmed into the simulation model 

in an tici pa ti on of more detailed information concerni.ng 

all aspects of repository design, construction, and 

operation. 

The author has met and exchanged ideas with ONWI. 

officials. As explained in Chapter Two, ONWI has the 

respo11sibil.i ty of ove·rsE,ein9 the efforts involved in the 

development and operation of all federal nuclear Wdste 

storage repositories. In the fall 1980, m;wr will 

commence the development of a NIS along similar lines as 
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the AFR ~us. As this information system is nurtured into 

a complete MIS including activities and 

interrelationships, the author anticipates using the 

tracking and milestone proqrams developed for the APR MIS 

against the ONWI £'1 IS. Format. and other minor 

modifications are to b8 expected; however, the heart of 

the programs will remain. Chapter Seven, covering 

recommendations, expounds upon this concept. 

The input module has the non-glorified but extremely 

important task of organizing the outputs from the various 

modules of system One. Once assembled, these data are 

combined 'with the modules of System Two and submitted to 

the batch computer at Virginia Tech. Once on the batch 

machine, the routines interface with the GASP IV 

subroutines and continue the simulation. 

'.I'his system probably has the greatest rol0 to pla}' 
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within the simulation model. A series of modules track 

through all the data associated with the back-end of the 

nuclear fuel c}cle. The modules are responsible for 

ensuring not only the mechanical but the logical 

correctness of said data. All interrelated activities 

within the AFR MIS are examined, slack times accounted 

for, and reguired knowledge extracted. Reactor discharge 

and r:E-:pository facts from the most current sources a.r.:e 

employed to guarantee the most reliable input into System 

Two. Finally, several auxiliary 

and set the control mechanisms 

programs query the user 

for the entire ~odel. 

These programs pratically eliminate input mistakes common 

to ot:hE::r models. 

:E:ach module is ~rnparately tested. After all ar€· 

individually certified, the modules are combined to form 

System One. Once again band calculations invoking sample 

data prove the interrelated workings of this System. 

System Two 

system 'l'wo accepts the lore amassed by system One. 

Figure 10 provides a flow diagram of syste.m Two. 'Ihe 

first bloc:l{, labelled INPUT, represents the input into 
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this System accumulated by thE-~ modules of System One. 

Before GASP IV receives functional control, a.n optional 

accident analysis module massages the output from System 

One. The remaining modules of the model function under 

the guidance of the standardized GASP PJ routines. :Each 

module is discussed as sequenced in the flow diagrams. 

The proced tlr(" for satisfying the sfwn t fuel storage 

reguirernents depends not only on technological issues, but 

on governmental policies. However, these governmental 

policies are dictated by political elections, lobbying 

groups, law sui.ts, nuclear and related accidents, and a 

multi tu de of other occurrences. r:acb. potential effect has 

an amount of uncertainty associated with its probability 

of happening. HE-rnce, the DOE managers are faced with 

making decisions under uncertainty. 

Uncertainty d.efined as a. state of knowledge i.n 

which the probability that each event actually occurs is 

either not known or is not based on a meaningful 

statistical base. 2 9 A manager must make a decision in an 

environment of incomplete knowledge, being forced to use 
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personal ~ubjective) judgments. There are three classes 

of uncertainty: 

1) complete knowledge where each :future event occurs 

with some degree of chance, 

2) complete ignoranct'? where neither subjective nor 

the probabilities of 

future events exists, and 

3) partial ignorance where several probabilities of 

future events are either missing or incomplete. 29 

Under complPte ignorance the user may use whatever 

rational decision criteria h.e desires to arrive at a final 

choice. 2.9 

A mech.a.nism to account for the uncert a.in ties 

associated with the nuclear fuel cycle is programmed into 

the simulation model. This module is called the accident 

analysis routine, whecE~ the term accident is used in its 

broadE$t sense. 'I'hat is, an accident refers not onl '-' to a J. 

nuclear accident, but any uni.ntentional or undesira.ble 

happening. The user has the option whether or not to 

exercise this module. Although most uncertainty can be 

cateqorized by partial ignorance, the uncertainties 

associated with the back-end of the fuel cycle largely 

exist under the second class; namely, complete ignorance. 
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The presidential election of 1976 resulted in a 

redefinition of the nuclear fuel cycle. Certain 

candidates for the 1980 elections want to terminate 

nuclear power altogether; others, increase its us+:. Tb ere 

is just no subjectivE; or intelligent mE>thod to predict 

probabilities associated with political directions--a 

vital influence on the nuclear industry. 

'l'he accident analysis module af:f.e:cts the discharge 

data only. The AFR facility and repository on-line times 

and capacities &re not altered. The author reasons that 

an undesirable happening has a much greater probability of 

sbuttinq down nuclear reactors than stopping construction 

of storage facilities. And shutting down reactors affects 

discharge data. In fact, an undesirable event might JUSt 

move up the timetable for AFR facility operation in order 

to safely store spent fuel. The sensitivity toward an 

undesirable event (accident} and results of the simulation 

model with the accident analysis module exercised arE:-

given in Ch aper Five. This current section explains how 

the accident paralileters are calculated and then how the 

discharge data are adjusted. In this adjustment, the two 

required parameters are the number of years that tne 

discharges are to be delayed and the percentage of 

reactors affected by the accident. 
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rirst, an overview on the worJ<.in9s of the accident 

module is given, followed by a detailed description. When 

employing the accident analysis module, a user selects a 

variety of parameters including the yearly accident rate, 

the maximum number of years to delay discharges in the 

worst case accident, and the coefficients of the various 

equations used in the module. These coefficients permit 

the user to tailor the analysis to his beliefs. The 

valuE·s are utilized t.o determine the· number of yea.rs to 

delay the d.ischarqed spent fnel and the percentage of 

reactors affectE>d by the simula tea accident. Fina.lly, the 

individual discharges are adjusted the appropriate amount. 

l'~i c;m re 11 is the detailed flow diagram for the 

accident analysis module and Figure 12 graphically depicts 

the series of caJculations performed in determining Uie 

number ot years ot delay in thE-1 di.sch.a.r9es 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 to both figures during the 

following explanation. 

The analysis is performed yearly, 

exceeds the value inputted by the user. 

until the time 

A rando;ii n.um.ber 

between zero and one is obtained, multiplied by one 

hundred, and compared with the yearly accident rate. If 
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STARTING YEAR 

OBTAIN RANDOM NUMBER 

NO 

OBTAIN RANDOM NUMBER 

CALCULATE PUBLIC NEGATIVISM 

USE NEGATIVISM TO CALCULATE 
AMOUNT OF DELAY IN YEARS 

USE NEGATIVISM TO CALCULATE 
PERCENTAGE OF REACTORS WHICH 

ARE TO BE DELAYED 

NO 

ADJUST DISCHARGE 
INPUT DATA 

YEAR = YEAR • I 

RETURN 

Pi9ure 11. accident Analysis Module of System Tvo 
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y 

RANDOM NUMBER X 100 

y i 

•• rt1AA.P.~~Y •••••••••••••••••••••• : -···. 

100 x 
PERCENT PUBUC NEGATIVISM 

y 

x 
PERCENT PUBLIC NEGATIVISM 

b is user inputted 
cutoff is user inputted 

b. c are user inputted 
max delay is user inputted 

a.b are user inputted 

Figure 12. Belationsuips between iariables in Acc~dent 
Anaiysis calcu1ations 
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the first random value is greater than the accident rate 

no analysis for that year is performed. 'l'hE; year is 

incremented by one and co rnpared to the analysis 

termination ~ime. If this time is exceeded, the entire 

accident analysis ends and control is transferred back to 

the GASP IV subroutines. However, if the first random 

variable is less than the accident. rate, a. series: of 
~ 

calculations are performed, as illustrated in Figure 12. 

The first calculation involves choosing a second 

random number. 'I'he first random number merely confirms or 

denies the existence of an accident, any accident of any 

severity. This second random number, in conjunction with 

the exponential equation, determines the severity of the 

accident. The severity is limned as a percentage increase 

in public negativism. The general form of the exponential 

equation is 

y=c+b*exp {a *x} 

where the boundary conditions are 

1) when x=100.0, y=100.0 and 

2} when x=O.O, y=O.O. 
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The user influences the relationship between the second 

random number and the value of public negativism by the 

selection of the constant b. The values of a and c are 

calculated by the application of the boundary conditions. 

Once the percentage of negativism ~s calculated, this 

percentage is compared with the cutoff value (also user: 

inputted). The cutoff furnishes the user with a mecnanism 

to place a threshold value on negativism, below which no 

delays in spent fuel discharges can occur. 

Whenever the negativism is above the cutoff value, 

the delay time and percentage of reactors affected are 

determined by two separate calculations. 'Ihe second 

deciphering of the anal:ysis uses the exponential equa.tion 

y=c+b*exp {a*x) 

and the boundary condition such that when x equals one 

hundred, y equals the maximum delay as selected by the 

user. In this equation both constants b and c are user -· , 
selected and a is determined by the boundary condition. 

The variable x is the value of negativism determined in 

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

to delay reactor discharges. 

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

y=b+a*x 

where both constants a and b are user selected. Here the 

value of x is equal to the negativism determined in the 

first calculation and the value of I is the percE?ntage of 

reactors affected by the accident. 

Given the two values, delay time and percentage of 

reactors affected, a subroutine adJusts the reactor 

discharqes. On(;; by- one, each reactor discharge -· .::: .. ...... 
examined. oVET the period starting with the current year 

under analysis and continuing into the future for a number 

of years egual to the calculated delay. As ead1 reo,ctor 

discharge is examined, a random number is retrieved which 

is compared with the percentaqe of reactors affected 

(third calculation) • If this random number is less than 

the percentage, then the reactor discharge is delayed the 

corresponding number of years. The amount of delay 

depends upon the year. For example, consider the year 

under analysis (base year) as 1981 and the delay time 

(second calculation) as three years. If reactor A bas no 

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

discharge in 1982 is moved back only two years. If 
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reactor B has a discharge in 1981, that discharge is moved 

back a full three years. A temporary file accounts for 

the effects upon each reactor to ensure that redundancy 

does not occur. Once a reactor has its discharge 

adjusted, said reactor is exempt from further act:Justments 

until the base year ic incre~ented. 

example, reactor E is exempt after 1981. 

In the previous 

This qua ran tees 

that when dii=::charqE·s in 1982 an:5 checked, reactor B does 

not have its discharge moved back an additional two years. 

Remember, throughout this example using reactors A and B 

the base year is 1981. After all adjustments are made for 

1981, 1982, and 198 3 {since the delay time is c<:1lculat(O:d 

at three y-ears) , the base year is incremented by one yectr 

and nt~w values of public negativism, delay time, and 

percentage of reactors affected are calculated. 

'l~he precedi nc; procedure is repeated once a year until 

the base year exceeds the limit as set by the user. At 

thi~ point all reactor discharges of spent fuel have been 

adjusted according to the pare.meters of the accid.ent 

analysis module. 

Ensuring that this accident module perfor~s as 

outlined involves ct series of measures. ':!.'he first is 

checking each subroutine comprising this module on an 

indiv~dual basis. Before each subroutine is combined into 
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the simulation model, the subroutines are fitted into 

separate stand-alone programs. Thus a testing FORTRAN 

program is utilized to check the random number generator; 

a testing program is utilized to check the calculations 

for negathrism, delay tim<::, and percc-::n ta.ge of reactors 

affected by the simulated accident; and so on until each 

component is certified. Next, the analysis module is 

compiled in its entirety and verified by using a sa~pling 

of discharge data. GASP IV provides an echo check on the 

main file cont::dning all the events before the 

increruentation of time. By iunning the simulation model 

with and without accident analysis, the echo check can be 

employed, along with numerous programmer inserted write 

statements, to confirm the proper working of the analysis. 

The temporary write statements cause an outputting of the 

values of the random numbers, delay times, and other 

pertinent values. ThH a.uthor hand 

calculations and compares the accident analysis adjusted 

discharge with t hesE: hand calculations and the non-

adjusted data. All checks verify the accuracy of the 

accident analysis mod nle. 

The accident module does not have to be invoked--the 

decision rests with the user. After the analysis is 

performed, the input data are arranged into chronological 



order via a file pointer system. Now the actual 

simulation of the passage of time begins .by extracting the 

first entry from the main GASP IV file (event file) • 

Interpretation of tnis entry directs the action of the 

simulation. The specific action is a £unction of the user 

selected event code, 

section. 

as discussed in the following 

An e:vent is an occurrence which affects the status of 

the system being modelled. The effect upon the system can 

be no effect. Fo:c example, the eVGil t could be a d.ecisicn 

which has as one option the choice to leave the status of 

the system as is. In GASP IV, the possible events are 

categorized by the mechanism by which they a.re scheduled. 

Those events which occur at a specified projected point in 

time are time-events. Those that occur whenever the 

system :ceacnes a particular state are referred to as 

state-events.21 In the fuel cycle simulation model, all 

events are claE;sif ied as time-events .. This lhethod. of 

simulation is often called "next event~ simulation. 

An example of an event is a reactor discharqe of 
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spent fuel. 

attributes. 

This event is characterized by a series of 

In this exailiple, attributes include reactor 

id en tif ication, year of discharge, a.rid amount of di.scharge 

in metric tons of uranium {mtaj • An entry is a specific 

happening and falls within an event classification. An 

example of an entry is reactor 25 discharging fifty mtu of 

spent fuel in 1984. 'l'he first two attributes of each 

entry (and hence each event) dictate the action to be 

considered. The first attribute is the ranking attribute. 

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 

employed in this simulation and associated function. 

Appendix C details the events and all the attributes. 

GASP IV scans the event file, extracts the first 

entry, and examines the second attribute. This a·ttribute 

pilots the simulation to the cippropriate subroutines. The 

actions associateci with each event code are perlustruted 

in numerical order, starting with event code one--storage 

demand. 
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Table 7. Si.ll'lulation ftod.e.l Events and Associated .Functions 

Event Code Function 

One Discharge spent fuel from a 
specific reactor. 

Two Change the capacity and/or handling 
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 
Four demand data for each AFR facility 

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. 



An event code of one indicates that a certain amount 

of spent fuel is required to be stored in either an AFR 

facility or reposj.tory. Figure 13 represents the flow of 

actions required to simulate spent fuel storage. The 

first task is to ascertain which shipment priority between 

reactor and storage location is desired. 'l'here exists 

five different shipment options. The user selects the 

desired option for shipment from th.e reactor to the APH 

facility and from the reactor to the repository. The 

options do not have to be the same for AFR facility and 

repository. The five shipment options are: 

1) nearest location, and if unavailable then the 

next nearest location; 

2) lowest utilized location,, and if unavailable the 

next lowest utilized; 

3) nearest location, and if unavailable the location 

with the lowest utilization; 

4) lowest utilized location, and if unavailable the 

nearest location; and 

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

ships to GE-Morris) • 



STORE AGAINST 
FCR 

.Figure 13. 

92 

EVENT CODE I 

DETERMINE SHIPMENT PRIORITY 

RECORD TIME REACTOR 
CANNOT STORE FUEL 

ENTER AMOUNT OF FUEL ANO 
REACTOR NUMBER IN TEMPORARY FILE 

GATHER STATISTICS 

RETURN 

STORE FUEL IN 
REPOSITORY 

STORE FUEL IN 
AFR FACILITY 

NO 

Storage De21.dnd rtodule of Sjste~ Two 
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Unavailable indicates that either the capacity of the 

storage location is full or tha.t the yea.rly hand.ling ra.te 

of the location is exceedt:o,d. 

Each reactor and each storage location has its 

associated longitude and latitude stored in separate 

arrays. When an event code of one is detected, the 

distance between the specific reactor and each AFR 

facility and each repository is determined. Then a 

sorting routine is used which results in two arrays. lhe 

first array contains, in order of nearness, the AFH 

facility codes and the sec:ond. ar r·r"-~l contains the 

repository codes, also in order of nearness. In an 

analogous fashion, the AFR facilities and repositories are 

ordered by current utilization. 

ordered from lowest to highest. 

The utilization is 

Shipment opt.ion 'five provides the user with extreme 

flexibility in directin9 spent fuel shipments. Ea.ch 

individual spent fuel discharge is categorized in four 

ways: 1) by reactor identification number, 2) by utility 

identification number, 3) by st.ate code, and 4) by 

National Electric Reliability Council {NERC) The 

best way to explain this option is by wav of several 

examples. The first example states that discharges from 

reactors in 1rirginia, south Carolina, and New York be 
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stored at the Earn well. ld''H facility if availct.ble storage 

space exists. If storage space is unavailable, then ship 

to the nE,arest La cili ty with a. vaila.ble space. lUl other 

reactors are to ship their spent fuel to the AFR facility 

with the lowest utilization. A second example combines 

SE:Veral codes. Reactor discharges from the utilities 

Boston Ed~son, Baltimore Gas and Electric, and New England 

Power ship to the AFR facility at West Valley, New York. 

Reactor discnarges from the states of California, 

Nebraska, Ohio, Washington, and Indiana ship to the AFR 

facility GE-horris. Reactor discharges froIB the reactors 

Oconee, River Bend, Voqtle, Turkey Point, Beaver Valley, 

and Cherokee ship to Repository Number Two. Any s2ent 

fuel dischargt!:: not specifically allocated is sent to the. 

nearest AFR facility. I.f the nearest facility is 

unavailable, ship the spent fuel to the facility with the 

lowest utilization. In addition, any spent fuel discharge 

not specifically allocated is transported. to the 

repository possessing the lowest u~ilization; and if 

unavailable, the next lowest utilization. The user is 

cautioned to avoid conflicts; that is, designating San 

Onofre to ship to GE~-f1orris and all reactors in Ca.liforni.a 

to send fuel to West Valley causes difficulties. 

During the remainder ot the description on storage 
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deman6, a shipment priority of nearness is assumed. The 

methodology for any other shipment mode is identical. 

Referring to Figure 13, the present policy of the DOE is, 

if possible, store fuel first in a repository. Since the 

expected ear: lie st date for the opera ti on of the i irst 

repository is 1997, ~umerous discharges will be shipped to 

AFR facilities prior to 1997. This expectation l. c ... .::. 

obvious, but crucial, for the existence of an expectation 

of discharges before 1997 prompts the need for the entire 

AFR Program. The nearest repository is examine6, and if 

space is available, the discharged spent fuel is stored in 

the rE:pository. Before returning simulation control back 

to the GASP IV subroutines which search for the next 

entry, statistics a.re collected.. 'these statistics are 

reviewed at the end of this section af-ter all ?aths of the 

storage demand flow chart are travelled. If th€· nearest 

repository is unavailable for storage, the next nearest 

repository is examined and so on. If no repository is 

available to accept the discharge, the simulation examines 

the AFR facilities. 

In a completely identical manner, each AFR facility 

is scrutinized for availability of storage space in order 

of nearest, next nearest, and so forth. If a facility is 

able to store fuel, the spent .fuel is indeed stored and 
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the proper statistics collected. Whenever there does not 

exist any AFR facility for storage, the full core reserve 

(FCR) option is simulated, if selected by the user. 'Ihe 

FCR option first checks. the amount of spent fuel stored 

against the FCR of the reactor in question. I:t enough 

storage space is present, the spent fuel is stored against 

the FCR capacity and statistics are collected. If the 

total FCR space or the available portion of the FCR is not 

sufficient to store the discharge, the next step is to 

determine if the temporary file option has been selected 

by the user. Storing spent fuel in this temporary file is 

a managerial tool. Remember, to reach this point there 

are no repositories or AFR facilities available and, if 

employ·in.g the FCR option, no .t'CFt st.on1ge space. At this 

point in ti:nP the objective of the Program cannot be 

met since all realistic avenues of storage prove futile. 

'The overriding function of the simulation model is to 

provide the DOE managers with ~ mechanism to examine this 

failure point under the storage scenario being reviewed. 

Dependinq upon the magnitude of the failure, the manager 

can cl1a.nge a voluminous nmnbe·r of fa.ctors such as shipping 

priorities and/or on-line timc~s for APE facilities in 

order to eliminate the failure. The temporary file 

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



97 

words, a case where only one metric ton of spent fuel 

cannot be stored. i:.::• far dif fer:ent tha.n. a case where one 

thousand metric tons of spent fuel ca.nnot 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, no statistics are coll.ected, a na the next 

entry in the '.i3Vent file is sought. 

A variety of statistics arE'. collectec: after the spent 

fuel discharae is acknowledqed. Prime a.mong the 

statistics is the percent utilization of the AFR facility 

or. repository. If a facility possesses a low utilization, 

then the need for its total ca.paci ty may not exist. Any 

ca.paci ty to .storE' spe n.t nuclE!a.r fuel is rather expE:nsi ve, 

and capacity not utilized is wasted. This is especially 

applica.ble to Al~E facilities. facilities a.re only 

interim resting places for spent fuel. After the 

repositories bear the burden of storage and the spent fuel 

withili the AFH facilities is moved to the repositories, 

the AFR facilities will be decommissioned. I~x.cess 

capaci t:i:' which is provided. at a high cost, but not 

utilized, represents inefficient management techniques. 

Therefore to examine this important variable, yearly 

printouts of tile percent ntiliz2,tion for each /!,FE facility 

and for each repos:.tory arE: provided along with graphs 
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showing supply and demand versus time over the life of the 

simulation. Examples of these outputs are given in 

Chapter Five. 

other statistics collected at the er.d of the storage 

demand moaule include percent utilization of PCR, number 

of shipments to each AFR facility and each repositoq•, and 

the amount of fuel handled against the yearly handling 

rates. In addition, the first time spent fuel cannot be 

stored is recorded and this value is marked on the 

graphical output. All statistics are printed out either 

during the simulation period or at the end of the 

simulation. After the statistics are gathered, the 

storage demand module transfers control ba.ck to GASP IV. 

A measurement is performed to check end-of-simulation. If 

the simulation is not over, the next entry in the event 

file is extracted. and -the appropriate action undertaken. 

The correctness of the storag·e demand mod.ule is 

ensured due to. exhaustive testing performed du:r:iug modE;l 

development. The subroutine to calculate a distance 

betweem a reactor and facility· or repository is verified 

by hana.. '.I'he distance is determined by using Great Circle 

ca.lculations. Numerous examples from other· sources 

provided sample calculations wi.th which to comparE-! the 

results of the .subroutine.::: 0 Sample supply and demand 
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£igures verify the percent utilization routines. 'I'he 

sortinq routines are confirmed by temporary write 

statements within the model. During a simulation run, 

each time the sort routine is engaged the reactor under 

consideration and the sorted arrays are printee. i'la.n.d 

calculations confirm proper sort. All other subroutines 

are similarly checked and. verified by hand calcula.tion. 

After the entire module is unitized, once again hand 

calculations verify that t:.he sum is indeed e.gual to its 

parts. A sampling of data is gen er ally used for 

verification analysis since the number of discharges in 

the sample prove manaqeable. 

The next event code to be, enlightened upon. is storage 

supply, the topic of the next section. 

storage sunill. Modulf. 

:!.'his sect ion describes t.he flow of happenings 

whenever a storag-e supply event occurs. This storage 

supply includes either an AFh facility storage supply or a 

repository storage supply. The discussion assumes an AFR 

facility supply; however, a completely analogous flow 

transpires if a rE:pc::~itory supply occurs. An AFH supply 
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is sign.if ied by a.11 event code of two and. a repository 

storage supply is indicate& by an event code of five. 

Different event codes for a facility supply or a. 

repository supply are used to direct the program to 

different formatted output statements. Figure 14 details 

the flow diagram for the storage supply module. 

An event code of two inaicates that an AFR facility 

is 1) coming on-line, 2) increasing i t.s existing· storage 

capacity, andft>r 3) changing its spent fuel handling rate. 

Each facility possesses a unique numerical code which is 

stored as the for: th attribute of the ":mtry. The first 

step in a storage supply is to determine which facility is 

beinq modified. 

handling rate 

Next, the capacity is increased and the 

adjusted. Both actions are 

performed; however, if only the nandling rate is ilesired 

to be changed th en the Uf;er codes the change in capacity 

as zero. This concept applies especially to repositories, 

since the initial handling rate is expected to be 1800 mtu 

.F' iv E· v f>:a rs after the repository begins 

operation, the handlin9 rat.e is expected to increase to 

6000 mtu per year. The timE·, capacity, and handling :ca te 

are all autom~tically extracted from the AFR Program MIS 

by the use of a series of auxiliary programs. 'l'his step 

is perforllied during the operation of System One, as 
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EVENT CODE 2 OR 5 

i 
ADJUST AFR FACIL!TY [OR REPOSITORY! 

STORAGE CAPACITY ANO/OR HAN OU NG RA TE 

i 
NO 

REMOVE FUEL HELD AGAINST FCil 

NO 

NO 

REMOVE FUEL HELO IN TEMPORARY FILE 

GA THEA STATISTICS 

RETURN 

Figure 1q. Storage Supply aouuie of System Two 
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explained previously. Now if both the FCR option and the 

temporary storage option are not requested, statistics on 

facility utilization are collected. After the statistics 

are ga.thered, GASP IV regains control and searches for the 

next entry. 

When the FCR storage option is implemented and after 

the mociifications to the fa.cility are performed, an 

investigation is maae to determine if any reactors are 

storing fuel against their FCR capacity. If this is the 

case, the,n spent fuel is removed from the FCR space and 

stored in the APR facility. The priority for removal is: 

the reactor with the highest percentage of its FCR being 

utilized removes its spent fuel first, regaining FCR 

capability. Some concern exists that the priority should 

be the reverse, which in turn leads to a greater number of 

reactors regaining their £CTI capabilities. 'I'he reasoning 

dictating the hiqhest percent utilized order is one of 

economics. The probability of any individual reactor 

having to immediately utilize its FCR storage space is 

independent of any a.mount of fuel beinq stored again:::;t the 

FCR. Therefore, if such an accident occurs which rer:iuires 

core removal, the reactor with the qreatest utiliza.tion 

has to ship the most fuel to another a.t-reactor (AR} or 

AFR storage location. This shipment translates into 
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increased consumer cost and increased down-time. 

Removing fuel from FCB storage space continues until 

either the AI"E facility's capacity is exceeded, 

facility's yearly handling rate is exceeded, 

the A?E 

or: all 

reactors have reqaine,d FCR storage spa.ce. ander the first 

two instances the re:.taining action is to collect 

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

storage is still available and the user selected to track 

non-storable fuel in a temporary file, then another 

routine is entered. 'l.'his routine remov<2s fuel from t:he' 

temporary file and stores said fuel in the AFR facil~ty. 

Spent fuel is tracked by reactor within this temporary 

file, anO. removed by reactor also. Hemoval from the 

temporary f: ile continues until the capacity of the kf'H. 

facility is exceeded, the handling rate of the facility is 

exceeded, or the temporary file exhausted. 

As previously explained, the temporary file option 

provides a mechanism to track the spent fuel which cannot 

be stored in an AFR faciltiy, a repository, or the FCB 

portion of the hB storage pool. The user can functionally 

interpret the fuel contained in this file in any manner so 

desired. The three options of storage (AFR, repository, 

and FCR storage) 

option) or will 

are either t.--eing presently employed (FCR 

be utilized in future endeavors. Other 
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methods of interim storcige are not yet clf':arly de:tinea and 

the purpose of the temporary tile is to simulate whatever 

additional methods of storage the user requires. One 

possible function is tr.:i.nsshipment of fue;l, as described. 

in Chapter Two. At present, specific guidelines on the 

methods of transshipment do not exist. An example of such 

a guideline is a. series of rules detailing which react.ors 

transship to which other reactors• AB storage pools. 

Without such guidelines, programming to account for 

transshipment cannot be performed. When us~ng the 

temporary fi.Le to simulate spent fuel st.orage, the feature 

that 1., "' 
~· lost is what exactly happens to the 'I'he 

file just contains so may metric tons of uranium of spent 

fuel d ischa.r:ged from reactor n.umber X. 'I'here is no 

indication as to where this fuel is to be shipped or how 

the fuel is ~o be handled. 

The option exists that, upon storage supply and after 

all reactors have regained their FCR capacity, fuel stored 

in the temporary file can be removed and placed into the 

APR facility. When transshipment is considered, this 

feature simulates a priority with which to removE• thE: 

transshipped fuel. 

Present policy suggests that whenever the temporary 

file option is employed, t.ranssh ipme.nt is simulated. 3 l 
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Spent fuel is sh~pped to another reactor's AR storage pool 

if space is available. This space excludes the FCR 

capacit:y. Hence, transshipped fuel does not infringe upon 

FCR capabilities. This policy determines the order in 

which spent fuel i~ removed from the FCR areas and the 

temporary file. Whenever an AFR facility comes on-line or 

increases either capacity or handling rate, fuE:·l stored 

against FCR is shipped to the facility. 'I'hen if the AFFi 

facility still has available c&pacity, E;pent fuel 

accounted for in the temporary file is removed and stored 

at the lU''R site. 

Returning to the storaqe supply flow diagram; after 

the temporary tile is emptied, statistics are collected. 

Percent utilization and number of shipmen ts are determined 

and collected. Fuel stored against the yearly handling 

rates is accumulated for future reference. Finally, 

control of the model is returned to GASP IV which locates 

the next entry in the event file. 

This explanation of the storage supply module is 

presented using an APR facility as the source of supply. 

The procedure is identical when a repository comes on-

line, cnanqes its hand.ling rate, or increases its 

capacity. 

The accuracy of this module is checKed in a similar 
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fashion, as previously described in the review of the 

storage a em and module. 

examined and verified. 

Each subroutine is individually 

Pin ally,. the entire module ~s 

checked via the use of sample data and hand calculations. 

An event code of three directs the program to 

calculate and report on the percent utilization of each 

AFR facility and repository. This event occurs once each 

The percent utilization is determined every time a 

storage loco.tion accepts spent fuel or chanyes its 

charact.eristi cs. This value is equal to the current 

amount of stored spent fuel divided by the current 

capacity of the storc.ge location. This value is passed to 

a GASP IV supplied subroutine. Then at any time requested 

by the user, GASP IIJ reports the mean, standard a<:?Via.tiori, 

and maximum and minimum of the sampled values. 

The basic assumption in these calculations is that 

the variable (in this case, percent utilization) has a 

constant value .during the interval from one re~ort of 

utilization to the next time a value is reported. Hence,. 

the relative frequency with which the variable has a 
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specific value can be considered as the proportion of the 

time during the simulation that the variable has that 

value.21 This translates into the following equation 

P1verage Value -· sum over x[ x.*t (x) ]/TO'l' 

where xis the value of the variable; t(x) is the time 

during the simulation that the variable has the value of 

x.; and 1'0'i is the total simulation time .•n 

This equation is modified due to the value of TOT. 

GASP IV defines TO'l' as the total simulation time; however, 

if an AFR facility or a repository does not come on-line 

a.t the be9inning of the .simulation (usually '1978), then 

erroneous results follow. For exa~ple, if a repository 

comes on-line in 1997, GASP IV assumes the value of x as 

zero frorn 1978 until 1997; when, in fact, the value of x 

is non-existent until 1997. To overcome this difficulty, 

a separate array is formed which contains the on-line 

times of each storag~ locatio:n. 

utilization values a.re reported, instead of 'l'O'l' 

representing total simulation time, TOT is directed to 

indicate simulation time from the appropriate storaqe 

location on-line time to the present time. 

Hand calculations confirm that the modification works 



as an tici pa tea.. Examples of utilization reported output 

and a discussion on how these values can benefit the DOE 

managers are given in Chapter Five. 

GASP IV provides for up to ten line printer plots. 

Each plot consists of one independent variable and up to 

ten dependent variables. In addition, all plot data can 

be tabulated during final output. In this model, the 

independent variable is time and the dependent variables 

are the supply of and demand for spent fuel storage of 

each individual storage location. An event code of four 

flags the col.l.ection of data. This event is set to occur 

every two-tenths of a y e.a.r. 

Line printer plots are very guick and easy to 

produce. In addition, a 

th~ plots produced at 

standardized language can have 

most any computer faciltiy. 

However, plots made by a printer are usually difficult to 

read and understand. 

supply and. <lemand, 

In order to illust.rate better the 

USt.~ is wade of an electrostatic 

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

tables of plot datc:t are printed. An auxiliary program 
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automatically extracts the data from the tables and 

produces a series of plots generated by the electrostatic 

plotter at Virqinia Tech. This series includes a plot for 

each AF'R facility,. for each repository, for: the total Al".R. 

supply and demand, and for the total repository supply and 

demand. Figure 15 is a sample line pri.nter plot ana 

Figure 16 is a plot produced on the electrostatic plotter. 

Both plots originate from the same data, yet the 

electrostatically arawn figure is noticeably cleaner and 

easier to interpret. 

The final event code to be covered is number six. 

Rem.ember that the numerical value of any F;vent code has no 

relation as to when that code is invoked. Event code four 

indicates plot data co11ection and occurs every two-tenths 

of a year:. Event code two, implying AFR facility supply, 

happens only when an AFE facility undergoes a cn.ange Jn 

status. Returning to code six, this produces the action 

of tra.nsferring .spent fuel from an AF'H facility to a 

repository. 

The AFB facilities are interim storage areas which 
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are to be decomruissioned after the spent fuel is 

transferred from the AFR to the geologic repositories. 

lJpon examination of t.he timetable for repository 

operation, this d.ecommissiong happens well into the next 

cen tur.y. The hanalinq rates of the repositories are based 

on projected. amounts of waste material from individual 

reactors a.nd. defense programs. Remaining repository 

capacity is utilized for the transfer of :fuel from the. A.F'R 

sites to the repositories. The simulation of this 

transfer is offered as an option. 

Figure 10 illustrates the flow involved in simulating 

the transfer of spent fuel from the Af'R facilities to the 

repositories. The :tirst action is to chE:'Ck the status of 

the repositories. If a. repository has available space 

(i.e., neither the total capacity or }'early handling rate 

are exceeded) then l~F'R stored spent fuel is removed. from 

the AFR site and stored in the repository. This process 

continues unti.l ea.ch AFR facility and each repository are 

canvassed. 

Shipments from a specific AFH facility to a 

repository can be halted if 1} the capacity of the 

repository is exceeded, 2) the yearly handling rate of th.e 

repository is exceeded, 3) the yearly handling ra.te of the 

AFR facility is exceeded, or 4) the AFE facility ships all 
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its stored spent fuel. In prioritizing the AFR 

facilities, the facility with the highest percentage of 

utilization is the first to ship to the available 

repository. This priority is selected since the 

facilities with the highest utilization. proba.bly come on-

line at the earliest times. 

the old.er Af'R facilities 

Hence, the decommissioning of 

occurs first. Aftt•r ea.ch 

available repository receives fuel from the AFT< 

facilities, the usual statistics are collected and control 

is relinquished to GASP IV. 

Once again verification of this module is performed 

through the use of tempora:cy write statements, abbreviated. 

data, and hand calculations. 

A.11 possible E:vent codes have been examined. In each 

case, after the appropriate action is accomplished, 

control is turned over to GASP IV. If the simulation is 

to continue, GASP IV checks the event file for the next 

entry. There are several methods to terminate the 

simulation mod.el, a.11 explained in the next section. 

There exists three normal methods and. one abnormal 
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wrinkle in which to halt the simulation model. 

normal methods are 

1) setting a GASP IV variable to minus one, 

The three 

2) d~fining a time (e.g., 1995) to .halt the 

simu.la ti on, or 

3) emptying all entries from the event file. 

The abnormal wrinkle involves any method causing a 

termination error. Thi.s method is not as foolish as said 

method may at first appear. This is especially useful 

during certain testing since causing an early termination 

via an illegal statement may be the easiest technigue. 

One example is to limi·t the time of simula.t.ion. HE're time 

refers to computer execution time. If one is interested 

in testing just the be9inning of a routine, th.e execution 

time can be set at a low value. }"or normal operation, i:in 

increa.sed ti.me limit must be coded. 

For the fuel cycle simulation model, the teru:ination 

of the silliulation occurs at the user inputted end d.c.tE.o. 

The event f.i.le never becomes completely em.pty since 

certain events are automatically enter:ed on a regula.r 

basis. This loq ic applies t:o event codes three and four .. 

Considering code three, after statistics are report~d, the 
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current time is increased b~~ one; and this new time, along 

with an event coae of three,. is entered. into tlrn event 

file. 'Ihis relieves the user of h.a.v ing to input an ev·ent 

code of three each year throughout the d.esired simulation. 

period. Therefore, entries of discharge data may expire, 

but there still exist some events due to the automatic 

replenishing feature. 'fhe user is cautioned not to rely 

on the model ending when entries no longer exist. 

If the simulation is not over, the next entry is 

extracted from the event file and the flow of Pig·ure 1 O 

repeated. When~ver th.€ simulation. is terminated, several 

output rout.in es are ex:ecu.tea. GASP IV first looks for a 

user supplied. output subroutine. This subroutine is 

optional. '!'he fuel cycle model ern.plO]' s such a routine to 

report on the number of shipments to each AFR facility and 

each repository. Also included in the output is an echo 

check of the input data from User Input. This feature 

aids the user in keeping track of the out.put from several 

different sirnulati.on runs. 

After the user supplied output subroutine completes 

its deeds, the GASP TV provided subroutine is ca.lled to 

duty. A detailed listing of the options available with 

this routine is given in the GASP IV reference. For this 

model, the main use for th.is subroutine is in producing-
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the plot data in tabular form. 

1'his completes the description of the ::-;im ula tion 

model. The next section examines model verification, as 

pertains to the entire model. The output, along- with 

numerous exam pl es, is tacklEod in Chapter .Five. 

MODEL VERIFICATION 

During the discussion of each module comprising the 

entire simulation model, cl paragraph is devotE:d to 

verification of that module. After all modules are link(~d 

tog€th(~r, 

fashion. 

model verification proceeds in 

The printed output is scanned for 

a similar 

any FOR'l'B.AN 

execution errors. Once all such errors are corrected, 

detailed hand calculations ar~ performed. Printouts of 

all the input are amassed and manual walk-throughs 

undertaken to simulate the simulation model. 'I'he errors 

in coding and logic are discoven~d using this methodology. 

Corrections are made and the final model certified. 

Appendix E details this procedure by providing a sample 

input and the corresponding output along with a written 

explanation. 



CHAPTER FOUR - INPUT VERIFICATION 

Employing a snapshot of data for use as input has 

always been shunned upon; for this inpnt would quickly 

become obsolete. The activities a.nd their interrelations 

within the AE'R LIS can change month.ly; estimates on 

foreign discharge requirements are subject to political 

decisions; and the repository data can become more 

detailea and complete. To insure that the user of this 

simulation model is e:"mploying the most current data, 

specific mechanisms are developed and implemented. The 

mechar,.isms fall into two general ca te9ories: 1) those 

methods which pinpoint 

interrela~ionsh~ps and 2) 

9a.ps 

those 

and./or overlaps in 

methods which yield an 

easily updato.ble base of inf or mat.ion. 'l'hese mechanisms 

are described, where applicable, in relation to the AFR 

MIS, the reactor discharge data~ and the repository eta.ta. 

Some general comments deserve mentioning. First, the 

follow~ng discussions, centering upon the various sources 

of input, are concerned only with those aspects relevant 

to the simulation model. The purpose of this paper is to 

describe the mod el and not a qenoral explanation of the 

AFR MIS or the DISFUL program. 'I'he reader is encoun1qE'd 

117 
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to obtain the referenced works whenever more information 

on these subjects is desired. Second, the author bas 

served as technical wanager for the development of the 

octopodous AFR MIS and all associated tentacles. Since 

numerous comp_uter programs which 'scrutinize th.e 1•ns h.ave. 

mu~tiple applications,, the actual PORTliliN coding of some 

of the programs has he en completed by other indivi.duals. 

However, all the program designs have been developed an.d 

supervised by the author. 

AFB l1HS INPUT 

I.n October 1977, the Department of Enerqy (DO£) 

announced that under certain conditions the federal 

government would take title to and. store spent nuclear 

fuel from private commercial react.ors .1 All costs 

associated with the storage,, including AF'R decommissioning· 

costs, are borne by the utilities concerned. This effort 

requires a computerized MIS in order to track and. report 

on the large number of work packages (e.g., contracts) 

required.to successfully meet the AFR Program objective. 

Each work package allocates to a specific contractor a 

portion of the total effort. Areas of effort include 1) 
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legislative requirements; 2) 

transportation evaluations; 

site-selection studies; 3) 

and 4) facility design, 

construction, and operation reguirements. Presently, the 

AFR MIS contains information on approximately ninety such 

work packages. The effort allocated to each work package 

is further broken down into specific elements called 

.a.ctivities. A work package contains, on the average, 

twenty activities. Through predecessor and successor 

relationships, the activities are related not only to the 

activities within their own work p.:1.ckagE~, but to any work 

package or packages within the APR Proqram. f'or example, 

a specific licensing activity in a work package within the 

general area of legislation has as a successor an activity 

contained within a work package under facility design. 

These rela.t.ionships form the links which permit the 

tracking of the activ~ties contained within the AFR ~IS, 

culminating in the AFB facility operation activities. 

Hence, a delay of six months in site selection can he 

translated into the delay for the on-line time of a new 

AFR facility. Or, a slipprtge in rer:acking design anCi/or 

licensing can have a. domino effect through the rn S 

affecting tl1e anticipated capacity of the GE-Morris 

facility. 'l'JH::: correct identification of all rE,la:lE:C! 

activities is of prime importance to insure the accuracy 
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of the output from the simulation model. 

The orginial framework for the AFR KIS is based upon 

a functional work breakdown structure (WBS) • This 

structure places work packa9 es and their associated 

activities into functional categories. A sample of this 

functional structure is shown in :Figure 17. 'i'his 

functional WBS is employed in the allocation of funds 

through contractual processes. Note that the overhead, 

Planning and fianagement (task 11), and the Internal 

Research and Development (IR&D) , Technical Support (task 

14) , are of such importance to long-term R&D programs that 

there is both political and managerial value in 

highlighting them in this structure. However, these tasks 

are merely auxiliary functions in support of the overall 

AFR Program objective. Typically, decision points and 

integration milestones are placed under Planning and 

Manaqemen t; scoping and evaluation milestones, under 

Studies and Analysis; and concept development milestones, 

under Technical Support. In addition, milestones related 

to the objectives and products of the program are 

intermixed throughout the functional WBS. Al though this 

functional WBS satisfies the financial allocation 

requirements of the AFR Program, program control problems 

can arise from , 1 • 
t.i:JlS functional dissemination of 
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11 Planning and Management 

111 Planning 

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

112 Planning Support 

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

• • • 
113 Fee 

1131. Fee Methodology 
1132. Fee Update 

• • 
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 Dlssassembly & Fuel 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 Multinational Storage Facility 
163 International Cooperation 
164 Activities Integration & Planning 

Figure 17. Yunctional WBS ot the AFR Program 
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milestones .. In fact, technological, operational, and 

manageriai ga.ps aria overlaps can exist whenever a 

functional WBS is solely employed in program manaqement. 

During the aesign phase of the tracking and milestone 

extraction module:, the elimination of thE-;se ga.ps and 

overlaps becomes necessary for proper module operation. 

To assist in this elimination, a modified objective WES 

and a logic flow C!iagra.m a.re pro9ram customized.. 

A classical objective WBS is not set against a time 

base. However, to aid in the tracking and aggregation of 

milestones a time base i.s desired. A modified objective 

WES is developed auring the design stages of tne 

simulation model in order to visualize the timing of the 

individual activities within the AFR clIS. F'iqur:e 18 

illustrates an abbreviated section of the APE Program 

modified objective l~BS. TlHo' top portion (above the dottc:.,a 

line} is a typical objective orientatt"~d structure. '.l'his 

porr.ion is linke,d to the individual activities which are 

placed against the vertical time grid. The upper portion 

provides the objective structure, 

of checking gaps and overlaps. 

crucial in the process 

The lower portion is 

invaluable in providing the mechanism with which to track 

program progress via the simulation model .• In aftdition, 

slack times can be observed and considered in the 



12 3 

I 
STORE SPOT FUEL 

1J rz 
PROVIDE PllOVIOE ADEQUATE 

TRANSFDRTATION STORAGE SPACE 

.J..,_~~,~Z11~~---,.:---~-~~~~~~-l=====,t~====:,~~~~~~~~~~ 

122227 
lfEW AFR •I 

REGULA TORY I PHYSICAi. STORAGE I 
mRoVAL i ieou1REMENTS 1 

J. 

rtmr I 
fll·MORRIS AOD·O~ 

rm 
FACIUTl Ol'ERATIOllllS 

12%%1 
!itfJlt TERM 

!2 3 ln?12 
~PE"ATE Ol'ERATE 

~ST'JAll.EY 3.AJINW 

FACILITY 
OROANllATION 

ANO OPERATION 

: .L : l 
--------------- !---------~---------------------------------·~----------------------------------· .;AM 1989 

I OPERA ft AGMll I 
JANl988----------~f----------------~-----------------

AOO.Ofll 
COllSTHUCTIOll 

JAN 1987------.:.0-----+----------------f-----------------

UCUllSE ADD-ON -JANl9881-------+'-----+----------------tt-----------------

I AQD-O• DfSJC• I + l ;A•1985,------=~-----l;,._ ___________ _::==~--~.;====--------------
•l't'tY 

FOR LICENSE J CIJ)l!~~~~OM 

i1PERATE Wlf'H 
.~ERACX 

-,AN1984----;::=:=::l:::=::;---__;:;:------------r--~----t--------------

I dCENS< c~o a.tTE 
- ~OR "ERACX c::J J.CTHllTY ltAME 

J..\N Jg&J-~=::;::=::::'...:::=_=i.=='._-:_::j:------------!T~----===:====----- - ~;~l~l~~~~NKTIOJf 
,\QQ.QN f I liCEMSE SLACK i 1ME 

f~1ia1i1n I ~ERACK OESUiM APl'\.!CATIOll .J... INF~:=~~:,~MITTEQ 

i -

Figure 18. Modified Objective ~B~ o± the AFR Program 



~12!.f. 

managerial processes. 

One feature lacking in any objective diagram is an 

ability to handle decision branches. Decision branches 

highlight gaps which may not be apparent in the objective 

WBS. A logic diagram provides a branching mechanis~, ~s 

shown in Pigure 19. Whereas the WBS's are based on 

success-oriented management, the loqic flow diagram allows 

for alternative directions and result decisions. 

'I'he com.bina.torial use of these three WES •s and the 

logic flow diagram ensure that the financial aspects (and 

hence, resource allocations) and all the decision points, 

the milestones, and the interrelationships of the AFR 

Progra:u are rea.lized, maintained current, an.a. trackable. 

The importance of maintaining current data and ensuring no 

gaps or overlaps exist can not be understated since these 

milestones become the decision variables of the GASP IV 

simulation model. 

The AFR MIS is a continuously evolving system. work 

packa.ges a.re completed; new work packages are awarded; and 

activities can be redirected, reduced, expanded, or. 

eliminated. the managers 

available resource to alter the status 

ca.n employ any 

of' any activity 

under their jurisdiction. Hence, the objective structure 

is constantly employed to guarantee a. unitized MIS. .As 
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explainea in Chapter Three, the tracking module of the 

simulation model works within the MIS. So 2.s the system 

grows, the simulation modE?·l alwa.ys uses the best available 

information. 

Due to the scope of the AFB Program, the work 

packages are awarded to numerous contractors. Each 

contractor is responsible for 

activities under his control. 

the exactness of the 

To ensure that the MIS 

possesses current data, all contractors must report their 

work progress on a. monthly basis. For even when all 

present acti vi tiE:S are structured correctly, if the 

information on a work package is outdated, the output of 

the model becomes unreliable. Several techniques are 

designed and implemented to relay the inf or:mation 

contained within the MIS to the contractors. In turn, the 

contractor can verify said data. At the onset, th.e 

concise presentation of a contractor's information is of 

paramonnt importance. Interviews with different 

contractors reveal that they do not always have enough 

time to review lenqthy monthly reports. 'l'WO 

visualizatioas of a.ctivity data are developed to meet. the 

reguirE~ment of conciseness. 

The first visualization is a totally computerized 

version ct the DOJ.1 form :>35, as shown in Figure 20. This 
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form lists the activities contained within a specific work 

package. Milestones are shown as triangles or diamonds 

located upon the activity time bar. Different symbols 

represent different levels of milestones. 'I'his torm is 

forwarded to the appropriate contractor once a month for 

his review. Uf;on this form, 

indicates: 1) percent of completion for each activity; 2) 

whether an activity is behind, on, or ahead of schedule; 

3) change in activity start and/br end date; and 4) any 

remarks .. Rea.lize th a.t only outdated inf orrna tiori. needs t.o 

be corrected, freeing the individual of the monthly ~ask 

of completely filling out from scratch such a form. 

'lhe DOE form S3S depicts milestones; however, this 

form does not illustrate the interrelationships which are 

vital to the simulatioL model. A totally original form, 

termed nE•t work diagram, is developed to display such 

interrelationships against a time line. Figure 21 is a 

picture of the ne;twork: diagram corresponding to the work 

package shown in Fisrure 20 (DOE form 535) • This is a 

unigue form in that the related activities forming the 

network are shown against a time line. 'I'he oentaaonal ,;,.. _/ 

symbols contain the structure numbers of predecessor or 

successor activities. The elliptical symbols contain the 

structure numbers of the coordinated a.ctivities. Once a 
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month this form is sent to the appropriate contractor for 

his peru!:',al .. Changes are performed upon the network 

diagram and then the form is returned to Virginia Tech for 

inclusion into the MIS. 

In summary, an updated APR MIS is crucial to the 

success of the simulation model. Programs are designed 

which tra.ck thron~fb the c:.ctivities within ti:ie I".iIS and 

ex.tract pertinent in formation requir~d for System Two of 

the model. Several mechanisms are employed to guarantee 

the accuracy of the iHS. A collection. of WES• s an,C. l.ogic 

diagrams present the information contained within the MIS 

from various vantages. 'l'his ensures that gaps or 

duplications are identified and corrected. The DOE ±orru 

535 and the· network Jiaqram provide the contractors with a 

mechanism to easily and routinely update the milestones· 

within the t::IS. These milestones become the decision 

varia hles of System Two. :1en ce, if the simulation is 

required six ruonths from now, the user can be assured tha~ 

the inforfuation about the APR Program has been reviewed by 

the contrctctors and approve~ by the DOE offic~als within 

the last thirty days. 
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REACTOR DISCHARGE INPUT 

The domestic reactor spent fuel discharge data 

originate from t.he DISFUL program. developed by the s. M .• 

Stoller Corpo~ation. The DISFUL program extracts the raw 

data from the Stoller Database, manipulates the data, and 

produces the reguired output. As pr<w iously explained~ 

additional inforrr;ation about each reactor c1ischar<:;;e is 

• "l regu.irea. Some of this information {i.e., reactor 

loca.tion and full core reserve capacty) is retrieved 

directly from the Stoller Database and combined with the 

Dl.SFUL output. As is evident, the Stoller Database is the 

keystone for the domestic discharge data through th.e yea.I:' 

1999. 

Periodically, a questionnaire is sent, by the DOE, to 

each utility through.cut the United. States which opera t.es 

or intends to operate a nuclear facility. Information on 

all aspects related to spent fuel discharge is accumulated 

and the flat abase updc. ted. Concern is r:aised by the DOE as 

to the compl~:.teness with which the questionnaires are 

being returned. This form is multiple pages, a.nd the 

possibility exists thc..t not every ut.ilit:y· has the time to 

comprehe:nsi vely review thf.) form .. In order to reduce the 

burden upon the utilities, a questionnaire on eact 
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individual n---actor is produced and filled-in with l':lata 

from the Stoller Database. The result is that the 

appropriate individual has to only correct outdated data, 

rather than totally complete the form. 

Figure 22 is a reproduction of. the first pa.g€; of the 

questionnaire developed at Virginia Tech. 

questionnaire can be found in Appendix D. If all the 

information is accurate, the responsible person initials 

the form and returns said form to the s. M. Stoller 

Corporation.. 

The latest ruailing occurre6 during the suRmer of 

1980. 'rhe s .. "' l! • Stoller corporation employed this 

reporting te·chnigue as a prototype. The form which is 

actually mailed to the utilities is slightly different 

than that given in Appendix D; however, the philosophy 

pioneered at Virginia Tech is incorporated into the 

Stoller questionnaire. 

By utilizing this questionnaire, the Stoller Database 

is periodically updated. Whenever this Database is 

changed, a copy is immediately forwarded to Virginia Tech. 

Th.e, databc;,se at Vi.rginia Tech is then formatted into a 

HARK IV structure. MARK IV is a generalized report 

•riterT used to extract any datum or combination of data 

from the Stoller Database.zs Whereas the DISFLL program 
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·DOMESTIC S?ENT FUEL STORAG:: SURVEY 

'.:lATf: 

Utility Name: ALABAMA P0~f~ CO 
Reactor Name: FAR! ::Y-i 

L o cat i. o r. ( L "'"a..,..t"'"1..,_t ... u""'d'"""e-,--.L-l'--r.-. 5--,-t i...,...t-u a...-e""")-: - ) 1 '.) e g r e es 
----'---'-'--~'----------~ Sc:: '.) e g ~ ~ 0 ; , 5 '1 ; ,.. 'J ~.2-

P er son ( s) Supplyi::g Data: 
Mailing Address: 

Teleph0r.e Number: 

RE.!l.CTOR 

Type: Pressurized Water XX Boiling ~ater 
Ver.1or: W 
Net Capac~i~t-y-:-~M~w~e----~3~2~9-.------- MWt 
Com:nercial Cpe?"atior.s Da<>~ ( !1c-r.th and Year) ____ 1_9'-'7-'3'---------
If ::ot oper:;tior:al, state: 

licer.sir.g Status: 
Ccnstructior: Status (Mer.th ar:d Year): 

Limited Work Authoriz3tLor. (Constructior: rermit1: 
Completior. (or Forecast): 

Full Core Size: Number of Assemblies 157 
Ass em bl :.r '~eight IH:.J ---'---=-0-."'"'4""5..,..1 

?:JJl CHARACTERISTICS 

Number of Rectangular Spe~: Fuel Pools: 

~~~~~h(~~;) -::~~;-:~~;.-------
Depth C:t) --.,j~9~.'vr-------

Center-to-Cencer Sp3ci::g (in.) 1 :J. 37500 

Figure 22. Domestic Spent Fuel Storage surve1 



produces hordes of output desirable for certain 

applica.tions, the need arises for only ~;pecific 

informa. ti on. For example, one item of information which 

may be required is the at-reactor pool dimensions for the 

Farley-1 reactor. IV systerl! yields this 

knowledge quickly and inexpensively. Although MARK IV is 

primarily employed as described, this system provides an 

indirect verification of data. The DOE managers possess a 

detailed understanding of the 1\.FR Program . If an 

unreasonable value is found on a report producc~d tq l"l.ILRK 

IV, then an investigation into the Stoller Database is 

for th coming. 

By the direct use of periodic questionnaires and the 

indirect application of the MARK IV produced repor~s, the 

Stoller Database is maintain8d in an accurate state. In 

turn, the domestic re actor d isch.arge data continuously 

enjoy a high reliability factor. 

The discharge data tor the period 2000 to 20~0 and 

the forE:ign spent fuel data both originate from the DOE 

documE:<rits referenced in Chapter Two. Since the author ~s 

the technical mcrnager for the developmemt and mc»intenance 

of the I\E'E MIS, a. direct channel of communication exiE;ts 

with the Dor;. As the DOE updates either the forei<"Il :;I 

estimates or outyear discharge figures, these updates are 



135 

f'' -· -, .... orwara.ea to Vi rg-inia Tech and implemented into the 

simulation model. 

REPOSI'fOHY INPU'.I' 

'l'he program to provide comprehensive repository 

information is in its infa.ncy. 'I'he preliminary data which 

are given in Chapter Two are utilized in the simulation 

model. As these data are adjusted, the changes will be 

quickly inputted into the model. This technigue continues 

until a database, similar: in concept with the A.FR ru.s, is 

developed. 

'.l'hE.• author has exchanged information concerning t·HS's 

with the ONWI managers who are responsible tor the 

repository program. A similarity between the existing AFB 

rtIS and the proposed repository WIS is apparent. 

as the reposi tor:y MTS forms,, the tracking and the 

milestone extraction programs employed against the AFR 

11.IS, will be applied against the repository !HS. 

ObviouEly, changes to the actual FOH'l'hAlif programs will be 

required; however,, the logic will be the same for both 

!1IS's. 
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REFLEC'I'IONS 

'l'he primary aim of thL::: work is the production of a 

simulation model for the ha.ck -end of the nuclear fuel 

cycle. The model provides the device which can be used to 

forecast and to play what-if games with the nuclear fuel 

cycle. Whether or not the input data are accurate or not 

is of little importance to the actual working of the 

model. If the model performs correctly for the p~antasy 

date O.·F 
"-· 1979 for the operation of the GE-f1orris facility, 

then the model will perform correctly for the realistic 

date of 1984·. However, the DOI; requested such a model a.nd. 

fully intends to excH:cise same; therefore, from tr1eir 

vantage point, a.ccurate input data is imperative. An 

analogy would he the design and use of a fuel depletion 

code utilizing make-believe neutron cross-section data. 

The code would still perform, but the output would be of 

litt1e pratical value. 

'I'he methods to verify the various sources of i.nput 

were designed over the past few years; some resul ti11g 

from work directl.y related to the simulation model; some, 

indirectly related. All such methods ensure the existence 

of a most comprehensive and accurate source of input on 

the back-end of the nuclear fuel cycle. 



CHAPTER FIVE - RESULTS 

'.f'his chapter is divided 
} 

into thr<"~e sections. The 

first section examines the seEsitivity of the moat:::l to 

various pE·rmuta.tions. Exemplary output is rev-iewed in the 

second section. The third section studies the simulation 

output. obtained when using the best ava.ilable input as of 

August, 1980. This section highlights the current status 

of spent fuel disposition in the United States. 

This simulation model is designed as a descriptive 

model to be used by DOE and/or utility managers as a tool 

to aid in their managerial responsibilities. Since this 

descriptive model employs a larqe number of parameters, 

there is no intention to exhaust every avenue of variance. 

Instead,. a sampling of parameters which can rea1istica.ll y 

be varied are selected. The resulting effects upon the 

model output are then analyzed. 

An important delineation is required. This pr:esen t 

chapter utilizes two sets of input data. The first set is 

called samplE· d.a.ta and forms the foundation for the 

simulations which produce the sensitivity analyses and the 

exemplary output. This output is used to explain tiow a.n 

individual reads and interprets the simulation reports, 

137 
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and not necessarily used to show the current status of the 

AFR Program. 

Although the utilization of the most current data 

during these analyses is desirable; the effort to produce 

such analyses requires several months. During this 

period, some of the input data can be updated. Therefore, 

the second set of data is arrnssed just pr.ior to completion 

of this work. 'l'his best-case informa.tion yield.s the 

status of the AFR Program as of August 1980. The 

differences between the sample data and the best-case data 

include shipment pri.or.ity -r.o the AF'R facilities and the 

number of new AFli fa c.Li..ities. The spent fuel discharge 

a.mounts are iCientica.1. 

Results, as presented in this chapter, are factual 

accounts 0 ... : 
.J.. modf~l beha.vior. 

interpretations, by the author, 

Conclusions are 

based upon th.e results. 

sometimes there exists a gray area. betweHn results and 

interpretations. To reduce any- conflicts between factual 

results and opinionated conclusions, the conclusions are 

separately presented in the next chapter. 
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SENSITIVI'l'.Y 

The basic purpose of a sensitivity analysis is to 

determine those parameters which influence the output and 

to what extent.32 Usually, some parameters can vary 

widely with minimal effect upon the output, while other 

'I'he acciclen t parameters possess greater sensitiveness. 

analysis module is looked upon first, with a determination 

of th.e relation between the yearly accident rate and the 

failure point of the AFR Program (i.e., the first time a 

reactor cannot successfully store spent fuel) • Then, 

model sensitivity to fa.cility handling rat..e, on-line time, 

and capacity is analyzed. 

Accident Analysis Sensitivity 

'l'o analyze the accident analysis module, th.:~ yearly 

accident rate is varied from five percent to ninety 

percent. At. each selected rate, the earliest time at 

which any reactor cannot store spent fuel is recorded. 

For each specific accident rate, ten simulation runs are 

executed in which the seed for the random number generator 

is changed in order to arrive at an average failure time. 
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The value of ten runs per accident rate is chosen in 

regar~s to computer cost and confidence. kn cm.al ysis 

provides an acceptable contidence interval.33 The ten 

values of the failure point resulting from the seventy-

five percent accident rate yield a ninety-five percent 

confiaence interval of plus or minus 1.7 years. When this 

confidence interval is balanced. against the cost of 

additional simulation runs, 

acceptable. 

the interval is deemed 

Figure 23 is a graphical representation of ·che 

sensitive relation between yearly accident rate and 

f ailun:: point. 

equation 

Included on the figure is a curve of the 

y=79.32+0.158x-0.00044x2 • 

This curve is derived by the method of least sguares.3• 

By applying st.andard statistical analysis to the values 

determined by the simulation and the values calculated by 

the curve, 21. ninety-five percent confidence interva.l is 

determined. 33 The interval 'HUies from minus 1.7 years to 

plus 1.68 years. 

This analysis is performed using the sample input 

do.ta. The values of the parameters within the accident 
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module are given in Table B. The coefficients of the 

various curves are arbitrarily selected to yield a range 

of values as the independent v·ariable.s traverse their 

domains. The accident module adjusts discharges on an 

individuc;.l reactor ha.sis; therefore, a termination time of 

99. 0 is chosen which corresponds to the last year of 

individual reactor discharge data. 

Facility Parameter Sensitivity 

Three parameters which classify an APR facility are 

varied. and the effectE~ upon the simulation. output are 

measured. The three parameters are facility capacity, on-

line time, and yearly handling rate. The measured effects 

includ.e failure point; percent utilization of the 

associated facility; and total amount of fuel whico cannot 

be stored in a repository, an AFR facility, 

section of the on-site storage pools. Probably the most 

important measurement is the amount of non-storable spent 

fuel. Small amounts can possibly he. trans.shipped to other 

utilities; vhereas, large amounts of spent fuel can 

potentially result in the shutdown of certain rE·actors. 

These eff Pets ai:e chosen to ?:"epresent. better the overall 
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Ta..bl.e 8. Paraaeter V al.ues o:t the Accident Analysis .PJodul.e 

PARAMETER VALUE 

CUT OFF a.a 

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 
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model sensitivity. 'I'h at is, using- the .sample di:::charge 

data, the failure point occurs prior to 1984. If the 

handling rate of the GE-Horris facility {on-line time of 

1984) is varied, this failure point would be unaffected. 

Hence, combinative measurements are employed in this 

portion of the analysis to elucidate better parameter 

sensitiveness. 

Ta.ble 9 gives the A.FR facility information 

culminating from the tracking of the act;i vi ties within thE' 

Th~ activities of the MIS comprise the 

sample AFR MIS fata. The repository, foreign discharge, 

and outyear discharge data are given in Chapter Two. 

During this portion of the sensitivity analysis, the 

accident analysis module is not invoked. 

To analyze the effect of a change in storage pool 

capacity, the capacity of the main storage pool at the GE-

f.'lorris fa.cility is varied. 'l'able 10 condenses the results 

from a variance in storage pool capacity. The left column 

lists the different capacity values. The singular point 

of AFR Program objective failure is recored in the next 

column. The different values of percent utilization and 

non-stora.ble fuel within each ccqiacity category arE: 

recorded at the times listed in the right column (time 

statistics recorded) • The capacities of 1500 mtu~ 2000 
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Table 9. Sallp.le ll"R Pacili.t.Y Dat.a 

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

(mtu/year) 

-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. vaiues from a Yaricillce 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 SSS 94.S 

3000 80.3 54 834 9S.S 
S9 1249 96.S 
6S 2105 97.5 

29 404 89.S 
42 404 91.5 
62 SSS 94. s 

2000 80.3 68 834 9S.5 
76 1249 96.S 
82 2105 97.5 

33 404 89.5 
48 404 91. 5 
72 S5S 94.5 

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 94.5 

900 80.3 96 834 95.5 
100 1249 96.5 
100 2238 97.5 

34 404 89.S 
56 404 91. 5 
88 601 94.5 

600 80.3 99 880 95.5 
100 1316 96.S 
100 2349 97 .5 



mtu, and 3000 mtu yield egual amounts of non-storable ±uel 

since the yearly handling rate is a rather iow 250 

mt u/y ea.r. As expected, with the capacity set at 900 mtu, 

instead of 1500 mtu, a more rapid increase in both the 

percent utilization and amount of non-storable spent fuel 

occurs. ,. ~· '< - •• ~ ~ •• 
.... l..KeWlSC·, a capacity of 600 mtu causes an even 

quicker increase ~n the percent utilization and a larger 

accumulation of non-storable fuel. 

Maintaining a constant capacity but varying the 

yearly handling rate of the GE-Morris facility produces 

the information contained in Table 11. This table 

presents the uata in the same format as Table 10. l.n all 

cases, the reduction in percent utilization from time 88.5 

to time 91.5 is due to the operation of the add-on pool at 

the GE-Morris facility. The top two rates (1000 mtu/year 

and 750 mtu/year) produce identical effects. However, 

further aecreasinq the .hand.ling rate does not flE".cessarily 

produce an increase in the amount of non-storable fuel. 

Specifically, a ha.ndling rate of 500 mtu/year results in 

less non-storable fuel than a handling rate of 750 

mtu/ye:ar:. An in-depth review of the simulation output 

reveals that the higher handling rate permits the facility 

to achievf~ it~' maximum capacity a.t an earlier time; thus, 

terminating facility availability at an earlier time. 
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Tabie 11. Values from a Variance in the Facility 
Handling .Kate 

HANDLING RATE TIME OF PERCENT AMOUNT OF TIME STATISTICS 
(mtu/Year) AFR OBJECTIVE UTILIZATION NON-STORABLE RECORDED 
FACILITY TWO FAILURE OF FACILITY FUEL (mtu) 

99 404 86.5 
100 404 88.5 

71 404 91.5 
1000 80.3 100 9i1 95.5 

100 1410 96.5 
100 2291 97.5 

99 404 86.5 
100 404 88.5 

71 404 91.5 
750 80.3 100 971 95.5 

100 1410 96.5 
100 2291 97.5 

88 404 36.5 
100 404 88.5 

66 404 91.5 
500 80.3 100 673 95.5 

100 l 037 96.5 
l 00 1975 97.5 

65 404 86.5 
87 404 88.5 
55 404 91. 5 

250 80.3 91 834 95.5 
100 1249 96.5 
100 2105 97.5 

49 404 86.5 
66 404 88.5 
37 404 91.5 

l 00 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 Df!i.ng 

stored against FCE capacity and in the temporary ~ile. As 

soon as this facility becomes operational, the higher 

handling rate allows for a greater amount of fuel to be 

transferred from the FCR and the temporary tracking file 

into the facility. Since the non-storable amount of fuel 

is the qross accuillulation and net a net figure, this 

earlier demise of Facility Two causes a slight ~ncrease in 

non-storable fuel. 

Continual reductions in the handling ra.te increase 

the amount of non-storable fuel. A yearly handling rate 

of 100 mtu/yea.r results in t.he largest va.lue of fuel {2985 

mtu) held in the temporary file cf any of the sensitivity 

analyses. Withal, the facility never utilizes more than 

fifty-eight pE·rcent ca.paci ty. 

The concluding parameter to be varied is the on-line 

time for Facility One. Table 12 lists the data rrolli the 

different simulations in a corresponding maLner. The most 

noticeable effects occur when t.b.e facility becomes 

operational prior to time 84.5. As expected, time 82.5 

yields the lowest values of non-storable fuel. however, 

as soon as the facility rec.Ches one hundr.e<l percent 

utilization, the amount of non-storablf: fuel increases 

sharply. 
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Tabie 12. vaiues fro• a Variance or tne Faciiity 
on-l.ine Ti.ae 

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 l 00 404 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 
71 264 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 37.5 

82.5 80.3 100 124 91.5 
100 554 95.5 
100 1879 97.5 



EXEMPLARY RESULTS 

The simulation model provides for two c<1tegories of 

results; intermediate output crnd final summary output. 

Both give the user an added dimens~on into the model. The 

two outputs should be employed in any analysis of a 

particular scenario. The sample input data Fmplo:yed in 

the parameter sensitivity analysis are, also utilized in 

the: production of tbe e:xemplary results. 

The output repH'0 sents the :fa.cilities, repositories, 

and reactors by numerical code rather than common name 

(e .. 9., reactor: 25 versus Dresc1en-1). Numerical V<.i.lues are 

easier to handle by thE' computer, resulting in quicker 

execution times. Llso ,. the repositories and new AFB 

facilities have not been assigned any literal name. 

Appendix: I: conta.ins a conversion between numerical code 

and literal name for the reactors and AFR facilities. 

Time is represented by year and fraction rather than year 

and month.. 1'his is required by the GASP IV modules.. The 

output has April, 1979 shown as 79.3; and June, 2002 

represented as 102.5. 
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Intermediate Output 

T'he intermediate output is accumulated throughout t.ne 

s:i.m ulation, providing a comprehensive portrait of the 

selected scenario. Figure 24 contains portions of the 

intermediate output from a particular simulation. The 

output is reviewed by reference to the different sections, 

as indicated by the numbers on the left-side of the 

figure. Ea.ell section illu:::~tra tes a pdrticular feature or 

features of the model.. The total intermediate output can 

be several thousand lines in length depending upon the 

options chos<rn. by the user. 

Section 1: At time 79.3 Reactors 25 and 51 store 

fuel aaainst their respective FCR capacity. These results 

indicate that neither repository ~1or AFfr facility storage 

space is available. A cumulative total against FCR and 

the FCR capacity is given for each reactor. 

Section 2: The failure point of the AFR Program 

objective, for this scenario, occurs at time 80.3. At 

this ti~e Reactor 51 canuot store fuel either in a 

repository, a.n AF'R facility, or its f'Cfl section (PCE 

already contains 77 mtu from a discharge at time 79.3). 

'I'his is the first occurrence of such an event. 

Program ;~iana9ers can va.ry the allocation of resources to 
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-c REACTOR 25. STORED 4. 0 MTU AGAINSi FOR AT TIME 79.3: TOTAL AGAINSi FOR 

REACTOR 51. STORED 77.0 MTU AGAINST FOR AT TIME 79.3: T'JTAL AGAINST FOR 

{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 . CANNOT STORE 24. MTU AT 80.3 

REACTOR NUMBER 300. CANNOT STORE 18. MTU ;.T 81.3 

REACTOR NUMBER 301. CANNOT STORE 16. MTU AT 81.3 

REACTOR NUMBER 302. CANNOT STORE 16. MTU AT 81.3 

REACTOR 14. STORED 20. 0 MTU AGAINST FOR .~T TIME 81.3: TOTAL AGAINST FOR 

REACTOR 16. STORED 26. 0 MTU AGAINST FOR AT TIME 81.3: TOTAL AGAINST "OR 

FACILITY NUMBER 2 HAS INCREASED CAPACITY BY 1100. MTU AT TIME = 84.5 
l'AX CAPACITY rs 1100.0; HANDLING RATE IS 250.0 MTU PER YEAR 

REACTOR 16. STORED 107.0 MTU AT TIME 84.5 IN FACILITY 2 TO REGAiN FOR 

REACTOR 51. STORED 77.0 MTU AT TIME 84.5 IN FACILITY 2 TO REGAIN FOR 

REACTOR 25. STORED 44.0 r-rru Ai TIME 84.5 IN FACILITY 2 TO REGAIN FOR 

REACTOR 14. REMOVED 22.0 MTU FROM ITS AR POCL AT TIME 85. 
THIS AMOUNT WAS DICTATED BY THE HANDUNG RATE OF FACILITY 2 
THIS REACTOR STILL IS UTILIZING 45.4 PERCENT OF ITS FOR CAPACITY 

FACILITY NUMBER 1 HAS INCREASED CAPACITY SY i 750. MTU AT TIME = 84. 5 
AAX CAPACliY 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.S IN FACILITY 1 TO REGAIN FOR 

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

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

~.O MTU; FOR IS 

77 .0 MTU; FOR IS 

14. 0 MTU; FOR rs 
12.0 MTU; FOR IS 

34 .O MTU; FOR IS 

26.C MTU; FOR IS 

Figure .i4. Interaeaiate Output tro• Si&ula~ion ~odel 

48. 7 MTU 

82 .8 MTU 

70.5 MTU 

48. 7 MTU 

70.5 MTU 

109.2 MTU 
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FACILiiY NUMBER 2 HAS EXCEEDED ITS HANDLING RATE AT TIME 85.3 

*****REACTOR 300. STORED 31. 0 MTU IN FACILITY l AT TIME 85.3 
*****REACTOR 301. STORED 33.0 MTU IN F.ACIL!TY 3 AT TIME 85.3 
*****REACTOR 302. STORED 31.0 ~ITU IN FACILITY l AT TIME 85.3 

FACILITY NUMBER 2 HAS EXCEEDED ITS HANDLING RATE AT TIME 85.3 

*****REACTOR 8. STORED 18.0 MTU IN FACILITY l AT TIME 85.3 
***"*REACTOR 14. STORED 20. 0 MTU lN rnCILITY l AT TIME 85.3 
*n*"REACTOR 15. SiORED 27. 0 MTU IN FACILITY l AT TIME 85.3 

FACILITY NUMBER l HAS EXCEEDED ITS HANDLING RATE AT TIME 85.3 

*****REACTOR 16. STORED 27.0 MTU IN FACILITY 3 AT TIME 85.3 

*"****REACTOR 300. STORED 48. 0 MTU IN FACILITY 2 AT TIME 86.3 
****"REACTOR 301. STORED 46.0 MTU IN FACILITY 3 AT TIME 86.3 
*****REACTOR 302. STORED 46.0 MTU IN FACILITY l AT TIME 86.3 
**""'""'*REACTOR 8. STORED 21.0 MTU IN FACILITY 2 AT TIME 86.3 
*****REACTOR i4. STORED 20.0 MTU IN FACILITY 1 AT TIME 86.3 
****"REACTOR 15. STORED 27 .0 MTU IN FACILITY l AT TIME 86.3 

6 ***"*REACTOR 16. STORED 27.0 MTU IN FACILITY 1 AT TIME 86.3 
**.~**REACTOR 25. STORED 8.0 MTU IN FACI L!TY 2 AT TIME 36.3 
*"****REACTOR 42. STORED 27.0 MTU IN FACILITY 2 AT TIME 86.3 
"** .... REACTOR 51. STORED 17.0 MTU IN FACILITY 1 AT iIME 86.3 
*"***REACTOR 67. SiORED 19.0 MTU IN FACILITY l AT TIME 86.3 
*****REACTOR 85. STORED 21.0 MTU IN FACILITY 3 AT TIME 86.3 
*****REACTOR l 06. STORED 11. 0 MTU W FACI!..!TY 3 AT TiME 86.3 

FOLLOWING STATISTICS AT TIME 87.5 

.... STATISTICS FOR TIME-PERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXI MUM TIME INTERVAL CUR. VALUE 

FACILl 0.4513E+OO 0. 8022E-Ol 0.0 0.6323E+OO 0. 3000E+Ol 0.6383+00 
**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 
FACIL2 0.4573E+OO 0. 1718E+OO 0.0 0.7455E+OO 0. 3000E+Ol G. 7455E+OO 

* .. STATISTICS FOR TIME- 0 ERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 

FACIL3 0.2264E+OO 0.9873E-Ol 0.0 0.4432E+OO 0.3000E+Ol 0.4432E+OO 

Figure 24. (contin.utd} 
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llEPOSITORY NUMBER l HAS INCRE.11.SEO CAPACITY BY 41000.0 MTU AT i!ME~ 97 .6 
:"\11.X CAPACITY rs 41000.0; HANDLING RATE rs 1800. 0 MTU Pm YEAR 

REACTOR 43 STORED 80.0 MTU AT TIME 97.6 IN RE?OSITORY TO REGAL'! FOR 

RE.~CTOR 128 STORED 84. 0 :m AT TIME 97 .6 UI REPOSITORY TO REGAIN FOR 

REACTOR 173 STORED 102.0 MTU AT TIME 97.6 IN REPOS !TORY TO REGAIN FOR 

8 REACTOR 175 STORED 102.0 MTU AT TIME 97.6 IN REPOS !TORY TO REGAIN FOR 

REACTOR 137 RE'.•101/ED 39. 0 MTU FROM ITS AR POOL AT TIME 97. 6 
THIS AMOUt:T WAS OICTATED BY THE HANDLING RATE CF RE?OSITORY 1 
THIS RE.~CTOR STILL IS UTILIZING 25.0 PERCENT OF ITS FOR CAPACITY 

REPOSITORY NUMBER 1 HAS EXCEEDED ITS HANDLING RATE AT TIME '98.3 

REACTOR NUMBE~ 5. CANNOT STORE 9. MTU at 98.3 rn ANY REPOSITORY 

REACTOR 5. STORED 9.0 t·ITU AGAHIS! FOR AT TIME 98:3: TOTAL AGAINST FOR 9.0 MTU; FOR IS 102.9 MTU 

-*hREACTOR 290. STORED 389. 0 ,'1TIJ ni REPOS !TORY AT TIME l 00.3 
***'**REACTOR 291. STORED 389. 0 MTU rN REPOSITORY AT TIME 100.3 
*~***REACTOR 292. STORED 389.o :-rru IN REPOS !TORY .~T TIME 100.3 
""'***REACTOR 293. STORED 389. 0 MTU IN REPOSITORY AT TIME 1 tltl.3 

REPOS !TORY NUMBER 1 HAS E:<CEEDED ITS HANDLING RATE AT TIME 100.3 

9 REACTOR NUMBER 294. CAmlOT STORE 389. 1-rru AT 100.3 IN ANY KE?OSITORY 

•****RrnCTJR 294. STORED 389.0 ~-ITU IN "'AGILITY 4 AT TIME 100.3 

REPOSITORY ,':UMBER 1 HAS EACEEuED ITS HANDLING RATE AT TIME 100. 3 

REACiOR ~IUMBER 295. CANNOT STORE 389. MTU AT 100.3 IN ANY REPOSITORY 

"**"*REACTOR 295. STORED 389.0 MTU !N FACILITY 4 AT TIME 100.3 

Pigure 2ij. lCOD t.l.Il Ue<l) 
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FACILITY 2 REMOVED 108. 0 1'-ITU AND PLACED FUEL INTO REPOS iTORY 1 AT TIME 101. 7 
AMOUNT WAS LIMITED aY REPOSITORY HANDLING RATE OR AVAILABLE CAPACITY 

FACILITY 3 REMOVED 750.0 ~ITU AND PLA.CED FUEL INTO REPOSITORY 2 AT TIME 101. 7 
AMOUNT 111AS LIMITED 3Y C"ACILlTY HANDLING KAT£. 

FACILITY 2 REMOVED 142. 0 MTU AND PLACED FUEL rnTO REPOSITORY 2 AT TIME 101. 7 
AMOUNT 'llAS LIMITED SY FACILITY HANDLING RATE 

FACILITY 4 REMOVED 908. 0 MTU AND ?LACED FUEL iNTO REPOSITORY 2 AT TIME l 01. 7 
AMOUNT ',.JAS LIMITED BY REPOSITORY HANDLI~lG RATE OR .AVA!LABL£ CAP.A.CITY 

*-**REACTOR 290. STORED 441.0 MTU rN RE?OS!TORY 
*****REACTOR 291. STORED 441.0 MTU IN REPOSITORY 
**""*REACTOR 292. STORED 441.0 MTU IN REPOSITORY 
*"***REACTOR 293. STORED 441. 0 ~ITU IN REPOS!IORY 

AT TIME 102.3 
AT i!ME 102.3 
~.T i!ME 102.3 
AT TiME 102.3 

REPOSITORY NUMBER 3 HAS INCREASED CAPACITY BY 0.0 MTU AT TIME= 108.6 
MAX CAPACITY rs 69000.0; HANDLING RATE IS 6000.0 ;'!TU PER YEAR 

REACTOR 298 HAS REMOVED 93.0 MTU FROM TEMPORARY STORAGE 
FUEL STORED IN REPOSITORY ~llJMSER 3 Ai Tir1E 0. 0 

REACTOR 299 HAS REMOVED 1253. 0 MTU FROM TEMPORARY STORAGE 
FUEL STORED IN RE?OSiiORY NUMBER 3 AT i!ME 0.0 

h""**REACiOR 290. STORED 502.0 MiU IN REPOSITORY ii AT TIME 109.3 
h***REACTOR 291. STORED 502.0 :'1TU IN REPOSITORY 4 AT T!~1E 109.3 
*ndREACiOR 292. STORED 502.0 ;.ITU IN REPOSITORY d AT TIME 109.3 

REPOS !TORY NUMBER 4 HAS EXCEEDED !TS HANDLING ?A;"C: Ai TIME 109.3 

h***RE.~CTOR 293. STORED 302.J MTU Ill REPOSITORY 3 AT TIME 109.3 

Figure 24. (conti.nuea) 
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effect a different scenario in antic~pation of eliminating 

this failure. At this ti.me, Reactor 25 stores an 

additional B mtu agdinst FCR, bring the total amount of 

fuel against FCB to 12 mtu. 

Section 3: Reactors 300, 301, and 302 represent the 

foreign discharges. There is no FCH capacity associated 

with these pseudo-Teactors. lf neither: re:pository nor J.\fi'R 

space is available, then the discharges cannot be stored. 

However, the fuel is tracked. in the temporary file. 

Section 4: The first AFR facility to come on-line is 

Facility 2 (GE-~orris) • This event occurs at ti1u:~ 84.5. 

The facility capacity is 1100 mtu a.nd the handling rate is 

250 m tu/year. Afterwards, spent fuel is removed from the 

FCR sections of any reactor storing fuel against FCR. T~e 

priority is that the FCH with the grE,atest percentage of 

utilized capacity transfers fuel first. Notice that 

Reactor 14 can remove only 22 mtu from its FCR due to the 

handling rate of Facility Two. For the next year, 

Facility Two cannot receive fuel from any source. 

F'acility One comes on-li:ae: <it 84 .5 and receives fuel from 

FCR space. l~ftE~r a.11 reactors have regained. their: :l!'Ch 

capabilities, an examination is performed on the temporary 

file. Any fuel tracked in this is removed a.nc:i sto:red 

in Facility one. This process of storing fuel in the 
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temporaiy file i~ optional and can simulate any desired 

stora9e method or methods (e.g., transshipment) • 

Section 5: Shipment priority to the AFR facility is 

ship to the nearest facility if space is availc.blt:;.. If 

space is not available, ship the discharge to the next 

nearest and so on. F'or Heactor 300 the nearest facility 

is Facility 2; however, Facility Two has exceeded its 

yearly handling rate. The next nearest facility is 

Facility 1 and the fael is stored. ln an analogous 

fashion, fuel is stored in the indicated facilities. At 

time 85.3, F'acilities 1 and 2 hav·e exceeded. their hand.ling 

rates. 

Section 6: All three APR facilities have available 

storage space at time 86.3. 

Section 7: Each year statistics on the percent 

utilization of the opera.tin.9 storage facilities are 

outputted. At time 87.5 Facility one is utilizing 64 

percent of its capacity; F'acili.ty Two, 75 perct?.nt; and 

Facility Three, 44 percent. The time interval for these 

statistics l• c· 
~' three years, as said i.nterval should be. 

Normally, GASP IV would have employed a time interval 

starting at time 78.0; hut, a program modification adjusts 

th.is calculation. 'I'he ease of perfor:minq thi.s 

.modification emphasizes the correctness of selecting GASP 
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IV for this simulation model. 

Section ti: Repository One comes on-line at time 

97.6. In a manner kindred to the operation of an AFR 

facil:i.t}', tbfO simulation proceeds. At time 98.3, spent 

fuel from Reactor 5 attempts to be stored in a repository; 

however, none are available. The next choice is an AFB 

facility; again, none are available. The spent fuel is 

fina.lly .stored against FCR capacity. Here, a specifi.c 

message indicating the unavailability of AFR space is not 

printed. Whenever fuel is stored in the FCE or te~porary 

file, repository and AFR space have been examined and 

discovered lacking. since a specific l~ne indicates no 

repository space. a.nd another line of output indicates that 

FCR storage is employed, AFR examination is iwplied. This 

reduces the output to a manageable length. 

Section 9: This section depicts the shipment order. 

Dischc:;.rges are stored in F:epository One until the handling 

rate ~s exceeded. Then, since no other repositories are 

operational, the discharges are stored in Facility 4. 

section 10: At time 101.7 (corresponding to August, 

2001) spent fuel from AFR facilities is shipped and stored 

in the repositories. 'I'his exchange continues until either 

the handling rate 

capacity of the 

of the repository or facility, 

repository is exceeded. By the 

or the 

tiu:e 
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102 .3, the ye.:Lrly repository h.a.ndling rate has been reset 

and discharges from individual reactors are shipped 

directly to Repository Two. 

Section 11: Repository Three increases its handling 

rate from 1800 mtu/year to 6000 mtu/year. Next, fuel is 

removed from the tempo~ary file. At this point there is 

no fuel being held against FCR nor any fuel being tracked 

in the temporary file. Reactor aischarges continue to be 

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

The preceeding output is produced during the 

simulation, as eacn action occurs. Summary output is 

accumulated eit the end of the simulation run. The summary 

output is reviewed in the next section. 

Final Summary output 

This output summarizes the entire simulation. The 

mean, standard deviation, minimum and maximum value, and 

current value of the utilization for each AFR facility and 

repository is given in Figure 25. Notice that each AFR 

facility has a current utilization value of zero, 

indicating all spent fuel has been removed from the 

facilities and transferrE:d into the repositories. Figure 
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End-of-Simulation Statistics-

**STATISTICS FOR TIME-P!:'.RS I STENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTEP.VAL CUR. VALUE 

FACIL 1 0.4341E+OO 0.4367E+OO 0.0 0. 1 OOOE+Ol 0.3950E+02 0.0 

**STATISTICS FOR TIME-PER.SIS7ENT VARIABLES"* 
MEAN STD DEV MINit'iUM MAXIMUM TIME INTERVAL CUR. VALUE 

FACIL2 0.5791E+OO 0.3012E+OO 0.0 0.9996E+OO 0.3950E+02 0.0 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. v,;LuE 

FACIL3 0.3844E+OO 0.4368E+OO 0.0 0.9997E+OO 0.3950E+02 0.0 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
ME.~N STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. v.n.LuE 

FACIL4 0.3486E+OO 0.3799E+OO 0.0 0. 1 OOOE+Ol 0.3320E+02 0.0 

**STJl.TISn::s FOR TIME-PEP.SISTErlT VARL%LES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 

REFOSl 0.7486E+OO O. 3601 E+OO 0.0 0. l OOOE+Ol 0.2640E+02 0.1781E+OO 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 

REPOS2 0.1173E+OO O. 561 ?E+Ol 0.0 0.1781E+OO 0.2340E+02 0.1781E+OO 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
MEAN STD DEV tt,INIMl.Jt: VAXIr•:ur: TH:E H!TEF:'/P..L Cl.JR. VALUE 

REPOS3 0. 1855E+GO 0. 8386E+Ol 0.0 0.2408E+u C. 2040E+02 0.2408E+OO 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 

REPOS4 0.4029E+OO 0.3063E+OO 0.0 0.8228E+OO 0. l 740E+02 0.8228E+OO 

**STATISTICS FOR TIME-PERSISTENT VARIABLES*~ 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 

REPOS5 0. 4533E-01 e. 1464E-Ol 0.0 0. 6193E-Ol 0.1440E+02 0.6193E-01 

FACILITY NUMBER 1 HAD 78 SHIPMENTS 

FACILITY NUMBER 2 HAD 94 SHIPMENTS 

FACILITY NUMBER 3 HAD 64 SHIPMENTS 

~ACILITY NUMBER 4 HAD 188 SHIPMENTS 

REPOSITORY NUMBER 1 HAD 148 SHIPMENTS 

REPOSITORY NUMBER 2 HAD 38 SHIPMENTS 

REPOSITORY NUMBER 3 HAD 79 SHIPMENTS 

REPOSITORY NUMBER 4 HAD 102 SHIPMENTS 

REPOSITORY NUMBER 5 HAD 8 SHIPMENTS 

Figure 2!:>. Final Su11u1ary Output from Silllul.atio.n aodel 
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25 also includes the numoer of spent fuel shipments for 

each facili t:y and repository. 

Perhaps the best method to summarize a particular 

scenario is througfr the use of graphs. The output 

provides for a series of 9raphs of supply versus demand 

f'or 1) each liFR facility,. 2) 

facilities, .3) each repository, 

all repositories. Figure 26 is 

a combination of all AFR 

and 4) a combination of 

the graph for the new AFR 

facility number one; Figure 27, the summation of all AFR 

facilities; and. :Figure 28, t.lle su:rJJ.mation of all 

repositories. Besides the supply and demand curves, a 

heavy vertical line indicates the AFR Pr.ogr;:un objective 

failure point. For this simulation run, the failure point 

is llpril, 1980. The shape of the AFR curves shows the 

initial receipt of spent fuel from the reactors followed 

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

in the demand. curves for tf1e Al''R facilities is caust~d by 

the shipment of fuel from tbe facility to the repository. 

Initially, this amount of fuel adds to the handling rate 

of both AFR site and repository. Next, spent fuel is 

shipped directly to the n:<posi.tory, further consurv ing the 

repository handlinq rate. When the repository rate is 

exceeded, discharged fuel is then directed to the AFR 

facilities, increasing their demand. Finally, additional 
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repositories become operational and the AF'R de11:and. 

decreases to zero. 

Now that the sxeroplary output has been discuss6d, the 

resu.l ts of a. simu la ti.on based upon the 11ws·t accur0.te d.<:i.t&. 

available of Ji ugnst, 1980 are summarized. in the 

following section. 

RESULTS DERIVED FBOM AUGUST 1980 INPUT DATA 

A review of the simulation results based upon the 

best-case input data accumulated in August of 1980 is 

given in this section. Appendix F contains a detailed 

accounting of tt~s input data, excluding the AFE MIS 

activity listing. An activity listing is over two hundred 

pages and, therefore, not included in the appendix. 

Instead., the output from the interrelati.onship tracking 

program and the milestone extraction program is given. 

This output contains the APE facilities on-line times, 

yearly handling ra:t.es, Cc-'.pa.cities, and amounts of spent 

fuel being stored on-site. The &ccident analysis module 

is not used during this simulation. Both the FCR and the 

temporary file storage options are permitb?<d. 1'he 

selective mode of shipment, based upon NERC region, is 
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chosen for discharge shipment from the reactor to the AFR 

site. If -the specifiPd. fa.cility is unavailanl10:, the 

disch.a1·9e is transferred. to the nearest AFR ::ta.cilit:y. 

Discharges are shipped to the nearest repository. 

Employing the above selected options, the simulation 

model is exercised. The simulation requi::-es twen-ty-thr:ee. 

seconds of computer CPU time and less than 384 kilobytes 

of CPD memory. A to~al cost of approximately ten dollars 

is incurred. Sixty-five percent of this value covers the 

cost of over nine thousand lines of printed. output. 

'The results indi.ca te tlla t the AFB Program ca.nn ot meet 

its objective at time 80.3 (i.e., April 1980) due to t;hE-: 

discharge from lieactor 51 {Oconee-3) • An anaylsis 6f tbis 

failure point, including an explanation as to why Oconee-3 

is still operating~ is given in Chapter Six. 

storage site becomes operational at time 84.S. 

'l'he first 

'fTior to 

this time, f.J.04 m tu of spent fuel cannot be stored. and is 

tr:acl~ed within the temporary file. .N inety-±:our percent of 

the 1~.04 rnt.u oi non-sto:ca.ble fUE:'l is attributed to :torei9n 

spent-fuel requirements. A total of ten different 

reactors are reguired to store fuel against their FCR 

capacity before time 84.5. 

Between time 84.5 and time 97.5 all discharges are 

stored either in an AF'H facility or in the FCH: sections of 
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on-site pools; hence, no additional non-storable fuel is 

accumulated during this interval. A total of 2711 mtu cf 

fuel is stored aqainst FCB between times 84.5 and 97.5. 

All A.FE facilities, except. new 1.FB number 2, reach maximum 

capacity at time 96.5. The first repository begins 

accepting fuel at time 97.6. Due to a selected option, 

fuel stored against FCR space is shipped to this 

repository until its handling rate is exceeded. At time 

98.7, the repository handling rate is reset and fuel from 

the AFR f a.cilities is relocated into the repository. 'l'his 

relocation continues until the yearly handling rate of the 

repository is maximized. AFB storage space is once again 

available. This availability permits the storage of spent 

fuel in the AFR sites until the associated handling rates 

are exceeded. 

Due to the large amount of projected spent fuel 

discharges after time 98.5, the handling rates of 

Repository One and the AFR facilities are guickly 

maximized. After the FCR sections of the at-reactor 

storage pools become full, non-storable fuel accumulates 

in the temporary file. At time 100.5 & total of 2779 mtu 

of non-storable fuel is obtained; at time 101.5, 5317 mtu; 

and at time 102 .5, 7963 rntu. By time 102.5, hepository 

Two starts operating and the handling rate for Repository 



One increases from 1800 mtu/year to 6000 mtu/year. '.l:his 

additional storage capacity, in conjunction with the 

future capacity provided by Heposi torie.s 'fhree, Pour, and 

Five, avoids any additional accumulation of non-storable 

fuel throughout the simulation. 

Fiqures 29 and 30 are the graphical representation~> 

of total AF'h fa.cili ty and total repository suppl.y a:nct 

demand.. Figure 31 shows the final statistics on the 

percent utilization of each storage site. '.I'he complete 

series of output graphs is supplied in Appendix F. 

lln 

Chapter 

interpretation of these 

Six. This next chapter 

model performc..nce conclusions. 

results is given in 

also contains overall 
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**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM iIME INTERVAL CUR. VALUE 

FACIL J 0.4270E+OO 0.4312E+OO a.a 0.9994£+00 0.3950E+02 a.a 
**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

MEAN STD DEV MINIMUM MAXIMUM iIME INTERVAL CUR. VALUE 
FACIL2 0.5886E+OO 0.2912E+OO :J.O 0.9996E+OO 0.3950E+02 0.0 

**STATISTICS FOR TiME-PERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 

FACIL3 0.3840E+OO 0.4311E+OO a.a 0.9985E+OO 0.3950£+02 0.0 
**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 
FACIL4 0.3911E+OO 0.3898£+00 a.a 0.9996E+OO 0.3320E+02 0.0 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. 1/ALUE 

FACIL5 0.2978E+OO 0.3552E+OO a.a 0.9996E+OO 0.3a20E+02 a.a 
**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

MEAN STD DEV MINIMUM MAXIMUM TI ME INTERVAL CUR. VALUE 
REPOS1 0.7547E+OO 0.3543E+OO a.a O. lOOOE+Ol 0.2640E+02 0. 1 OOOE+Ol 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 

REPOS2 0.1541E+OO 0.542SE-Ol a.a 0.202aE+OO 0.2340E+02 0.2020E+OO 
**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 
REPOS3 0. 1708E+OO a. 7608E-Ol a.a 0.2213E+OO 0.2040E+02 0.2213E+OO 

**STATISTICS FOR TIME-PERSISTENT VARIABLES** 
MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 

REPOS4 0.4002E+OO 0.3042E+OO a.a 0.8184E+OO 0.1740E+02 0.8184£+00 
**STATISTICS FOR TIME-PERSISTENT VARIABLES** 

MEAN STD DEV MINIMUM MAXIMUM TIME INTERVAL CUR. VALUE 
REPOS5 0.4533E-Ol 0.1464E-Ol 0.0 o. 6193E-Ol O. l 440E+02 0.6193-01 

FACILITY NUMBER 1 HAD 62 SHIPMENTS 

FACILITY NUMBER 2 HAD 119 SHIPMENTS 

FACILITY NUMBER 3 HAD 64 SHIPMENTS 

FACILITY NUMBER 4 HAD 171 SHIPMENTS 

FACILITY NUMBER 5 HAD 151 SHIPMENTS 

REPOSITORY NUMBER 16 HAD 158 SHIPMENTS 

REPOSITORY NUMBER 17 HAD 28 SHIPMENTS 

REPOSITORY NUMBER 18 HAD 30 SHIPMENTS 

REPOSITORY NUMBER 19 HAD 103 SHIPMENTS 

REPOSITORY NUMBER za HAD 8 SHIPMENTS 

F . ur ~1 vina.-1 Sta-tistics based on Best-case Input Latd ig e ~ • __ 



CHAPTER SIX - CONCLUSIONS 

Conclusions based upon model operation and the 

exemplary results are qiven in the first section of this 

chapter. 'The remaining section ratiocinates upon the 

results based on the best available data as of August, 

1980. 

GENERIC CONCLUSIONS 

'l'he simulation model J.s verified through 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 a.ssociated with 

descriptive simulation. Pi 

either- stored in a. repository, 

discharge of spent fuel 

an AFR facility, or the 

thi.E 

is 

FCH 

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

Whenever hand calcula.tion.s confirm this series ot events, 

the coi:n~ctness of the model is ensured. 

The sensi tivit~' ana.lysi.s performed upon th<'.: accident 
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analysis module shows a definite relationship between the 

yearly accident rate and. the failure point of the JHH 

Program objective. A ninety-five percent confidence 

interval varies from minus 1.7 years to plus 1.68 years. 

This interval results from statistical variations and not 

from a lack. of correlation betWE'1en the two parameters. 

An analy::::is c·i variations in the yearly h.?.<.ndling ra-c.e 

and the capacity of Facility Two indicates a practical 

relation between these two parameters. A large facility 

capacity and a low handling rate results in a low overall 

utilization, yielding a waste of storage resource. A 

large handling rate and a low capacity causes rapid fuel 

storage into the facility. The facility quickly maximizes 

capacity ana qoes off-line. As the amount of non-storaule 

fuel indicates, 

desirable. 

a low facility capacity is definitely not 

Bringing Facility One on-line at successively ea.rliPr 

times reduces the overall amount of non-storable fuel. 

Due to governmental restrictions this action is highly 

urilikely. In any case, the failure point remains fixed at 

tiirlt' 80.3. From the perspective of a program manager, 

this insensitivity of the failure point indicates tha~ the 

only method with which to achieve the AFR Program 

objective is some form of transsnipment. 
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If extremely optimistic estimates of the on-line time 

and capacity of the AFR facilities are utilized, then the 

total elimination 0 -•' ..... the failure point is possible. In 

such a case, the accident module can be employed to judge 

the effects that different yearly accident rates hctve on 

the percent utilization. 

In summe:u·y, the simulation model is found :::.:ensitive, 

to some de:•gree, tc each of the varied parameters. 'fbe 

only measurement not effected by the variances is the 

failure point. Sorne par:arneters have a cutoff value, at,ove 

or below which changes have minor effects upon the total 

simulated scenario. No one parameter is found to have an 

overriding influence upon the simulation results. 

A variance in repository characteristics is expected 

to yield comparable analyses. Changes in the discharge 

data a.re viewed through the accident <'.tna.lysis S(!Ction 

since the. module ctCt~:;. upon the individual discharges. 

REALISTIC CASE CONCLUSIONS 

The first reactor which cannot successfully store 

spent fuel is Oconee-3. The simulation model predicts 

that this event occurs in April 1980. At the time of this 
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writing (Summer, 1980), Oconee-3 is still operating. Tbe 

on-site storage pool is ninety-three percent utilized, 

including fuel stored aga~nst FCR. Oconee-3 is scheduled 

for refuelinq in November of 1980. In order to ensure 

storage space fer thB discharge from the refueling, 

transshipment requests ~o the Mcquire-1 reactor are 

presently being processed. lf approval for transshipment 

is not realized by mid-Nove~ber 19BO, tnen oconee-3 will 

remain inoperable until some interim storage agreement can 

be approved. 

':foe discharge data obtained from the Stoller Databa.sE:' 

is listed by year. In the model a specific time is 

regu.ired for this simulated event. The value of April ..-: . .r..: 
V.L 

each year is selected since electrical requirements ebb 

during this period. When the simulation :reports a failure 

point oi time 80.3, this does not necessarily mean that 

the particular reactor is shutting down on the twelfth day 

in April. f;ather, the result flags a. critical arE·a which 

requires further investigation by the program marwgers. 

In the case of Oconee-3, ~ts actual discharge occurs in 

the F'all of 1980 ~ ~~e simulation does indicate trouble 

for the Oconee-3 reactor in 1980, ana further 

investiqa~ion reveals that some form of transshipment must 

be approved to avoid an extended refueling shutdown. 
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Until the first A F'R facilities come on-line in JtmEc 

of 19t\4, the non-storable fuel is accumulc,ted from foreign 

dischars;es, excf!pt for twenty-four mtu f:rom oconee-3.. The 

political nature of the decision to accept foreign spent 

fuel makes definitive stat em en ts on this .subject 

difficult. Obviously, if this fuel reaches the borders of 

the United States in 1981, somP form of temporary stor:cige 

is reguirea. 

Between 1984 and 1996, all discharges are stored 

either in an AFR facility or the FCR section of at-reactor 

pools. '.L'he large amount of fuel {2711 ritu) accumulated 

within the FCR sections of the pools is an ominous sign. 

When Repository One comes on-line in 1997, the repository 

accepts the fuel held against FCR. This large amount of 

fuel ties up the handling section of the repository for 

some time. While fuel is being transferred from the FCR 

sections to the repo.s.it ory, numerous reactors continue t.o 

discharge fuel. Most of this fuel has to be tracked 

within the temporary file. Approximately five years, 

starting in 1997, are reg_uired 

fuel held against FCR and in 

to relieve the backlog of 

the temporary file. Not 

until 2003 is the need to track: fuel in the temporary f iie 

relaxed.. 

The ana.lysis of this particular scenario .l.S 
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dishearteninq. The large accumulation of non-storable 

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

avoid reactor shutdowns. Shipping cask capacity~ as ot 

1980, is twE·nty-eight mtu of pressur.ized water reactor 

(PWR) + 1 6 ...... ue ..... Approximately thrc~e yea.rs a.re required for 

the constr:uction of a casK of approvE:'d design. Up to 

eight years is required for the construction of casks of 

neoteric design. The transshipment of 7963 mtu of fuel is 

going to be interesting, especially vhen yearly discharges 

to available APE f.acili ties arf::, competing for casK usage. 

Ana if the Nuclear Regulatory Commission (NEC'.) 

reguires each reactor to maintain FCR, the stora9e 

problems become overwhel~ing. 

R :t.:FLE C'l' IO NS 

'l'he glum results of the aforementioned ;:;:;cenario 

indicate the desperate need for some type of model of 

spent fuel disposition. The developed simulation model 

satisfies this need. For now the DOE managers possess a 

tool with which to analyze any disposition scenario. 

Licensing activities can be hastened; the time required 

for environmental impact statements can be reduced; AFR 
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facility handling rates can be increased; and so on. The 

impact upon spent fuel dis.position of each o:t theEe 

variations can be inexpensively analyzed in the nope of 

determining an accept able 1 realistic waste scena.rio. 

A SCENARIO THAT WORKS 

The value of the model is demonstrated by determining 

a workable solution to the tasK of providing adeguate 

storage space. The model is employed on an iterative 

basis. A scenario posed, simulated, and analyzed. The 

author decides on any improvements and/or modifications, 

adjusts the :::~cena.rio, and performs another simulation. 

After several iterations, the result is a finely honea 

storage supply scenario which provides adequate storage 

capacity for all the reactor discharges given in <ippendix 

F (best-case data) • 1'be basic approach is to reduce the 

time required tor licensing and other re9ula.tory 

functions. Except where specifically noted, the 

capacities a.nd. handlinsr rateE: remain the same as those 

given in the best-case data. The following paragraphs 

delineate the reguireci scenario. 

One_: Permit, in November 1980, the transshipment of 



fuel from Oconee-3 to another at-reactor stora9e pool. 

Two: The GE-Horris plant beqins storage operations 

as an AFR facility in early 1981. The add-on storage pool 

is started in ec>.rly 1987 with a handlinq rate of. 500 

mtu/ye-ar .. 

Three: In January 19B2r begin storage operation of 

the West Valley facility. 

Pour: The AGNS storage facility starts accepting 

fuel in mid-1984. 

Five: Construct three new AFR facilities. The first 

starts operation in mid-'1988; the second., mid-·19~0; a.nd 

the third, mid-1992. 

Six: Complete construct ion and bE~gin operation of 

thE-: first repository in June 19 94. 

rate is 3000 mtu/year. 

The required handling 

Seven: 'I'he seconct repository regt:.ires a hand.ling 

rate of 6000 mtu/year and comes on-line in early 1997. 

Eight: Driny into operation, at three year in~ervals -

starting in 2003, three additional repositories. 

Although reducing the time to accomplish a licensing 

or design activity via the sim ulat.ion is straightforward; 

an actual, real-world reduction in time may not be 

feasible. How ever, given th<:~ proper motivation, t.her:e 

does not appear to be any reason why this scenario cannot 
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be realized. 



CHAPTER SEVEN - RECOMNENDATIONS 

This work lays the foundation for a simulation model 

which encompasses the supplies and demands associated w~th 

all sources of nuclear wastes. The present model only 

tracks spent fuel from commercial reactors. Other sources 

of supply include defense wastes, high level wastes, low 

level wastes, and transuranic wastes. Each category comes 

under the supervision of a separate program office. S~nce 

the. ultimate disposition of all these waste products is 

currently projected as the geologic repositories, the 

simulation model can be enhanced to track all such wastes. 

ON\H is developing NIS containing detailed 

repository data. This MIS should contain all activities 

associate;d with repository desiqr.., licensinq, 

construction, ana operation. Iri turnr these activities 

should be linked via predecessor/successor relationships 

in order to track program progress in a manner analogous 

with the AFR MIS module. This will provide a more 

comprehensive and flexible source of repository dat~. 

Currently, the policy 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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plants not only from the individual reactors but from the 

A.FR facilities. The model should be expanded to simulate 

the reprocessing shipments. 

Transshipment of spent fuel is a critical need if 

individual reactor shutdowns are to be avoided. 

Presently,. approval for transsn ipment of: fuel is a one on a 

case-by-case basis. As illOre and more shipments are 

required, some specific guidelines should emerge. when 

such guidelinE;s are formulated, the simulation model will 

incorpor1:.ite said guidelines and accurately model this 

important stopgap storage technigue. 

F'ina.lly, the model is expected to find extensive 

utilization by the AFR Program managers. lis the model i.s 

exercised under real world conditions, various additions 

~ill inevitably be needed. During all phases of model 

design, careful attention is paid to proviae the required 

mechanisms with which to incorporate additional and 

modificatory cn.an~res in disnosit.io:n of nuclear wa.ste 

material. 
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APPENDIX A - WORK PACKAGE REPORT 

Funda~ental to the AFB MIS is the AFR Status Report. 

Once each month this document reports on each work pacKage 

( e.g., contra.ct) which exists between the DOE and the 

contractor. The report is paramount to the successful 

updating of the AFE . MIS~ for this report I.ela y s 

information between sponsor an.a con.tractor. Any 

discrepancies are guickly identified and resolved. 

The P ... FH Status Report consi:=ts of three pa'rts. 'I'he 

first contains general work package information and is 

shown in Figure 32. The work el em ell t n UIBber (WEN) 1.S 

determined by the functional WES, since one of the main 

uses of this report is in the tracking of funds. DOE 

allocates dollar resources via the functional WBS. A 

description of the scope of work is given along with 

summary cost data. 

Part Two, Figure 33, gives detailed planned and 

actual cost breakdowns for the associated work package. 

Projected costs 

expenditures .. 

are given 

The interrelat~onship 

in addition to current 

tracking program and the 

milestone extraction program act upon the activity data of 
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Part Three of the AFR status Beport, as shown in Figure 

34. .F'or each activity a. start date, an end date, <:t nawe, 

and the relationships are listed~ Many of the 

predecessors are from work packages other than tnis one. 

This chain of interrelationships permits a computerized 

tracking of all related activities within the AFR MIS--the 

ba.sis for the AF'H MIS wodulf:! of system One. 



STATUS REPORT SPENT rUEL STORAGE 

WEN NO 
1213. 

PREVIOUS ID PROGRAM 
D F 

TITLE: FACILITY IMPLEME~ffATlON-MORRIS 

CONTRACTOR: UNKNOWN 

PRINCIPAL INVESTIGATOR: 

DESCRIPTIOi'I: 
THIS TASK WILL PROVIDE FOR: 

STATUS 
NEEDED 

06/28/80 3- 1 
7 

1) LICENSE FOR OPERATION OF MORRIS OPERATION AS A DOE OWNED 
AFR SPENT FUEL STORAGE FACILITY WITH A RERACK OF EXISTING 
POOLS FOR INCREASED STORAGE CAPACITY, 

2) CONSTRUCTION OF ADDITIONAL STORAGE POOLS, AND 
3) STA.RTUP AND OPERATION OF i'10RRIS OPERATIOiL 

START DATE: 01 OCT 80 

DOMESTIC 
FU1lD ING ( 1 000$) : 
FY79 COST FYBO COST 

0 0 

FOREIGN 
FUNDING (1000$): 
~Y79 COST FY80 COST 

0 0 

LIME ITEM 79-1-P 
FUND !llG ( 1 000$) : 
FY79 COST FYBO COST 

0 0 

END DATE: INDEFINITE 

FY80 i:ST 
0 

FY80 EST 
0 

FYSO EST 
0 

3 & R: AS050510 
COST ACCT: 01213. 

S & R: AS051000 
COST ACCT: Fl213. 

B & R: 39-,;sososi 
COST ACCT: 

.Figw:e 32. General. l.nfor:ltlatiou Section or ~or"' Pa.ex.age 
for GJ::-Morr is 
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STATUS REPORT SPENT FUEL STORAGE 08/14/80 31- 2 
133 

1213. FlilANCIAL DATA 

B&R #: ASOSOSlO FUND TYP'O: DOMESTIC 
COST ACCOUNT #: Dl 213. 

CURRENT 8/0 FY EST 
FY79 FY80 FY Bl FY82 rY83 rY84 FY35 F'l86 FY87 

0 0 0 0 6000 '1200 5000 4000 0 

( 1980) CURRENT MONTHLY PLAN 
OCT NOV DEC JAN FEi3 MAR A.PR MAY JUNE JULY AUG SEPT 

0 0 0 0 0 0 0 0 0 0 0 0 

B&R .¥: ASOSlOOO FUND TYPE: FORE !Gil 
COST ACCOUNT .~: Fl 213. 

CURRENT B/0 FY EST 
FY79 FYBO FY Bl FY82 FY83 FY84 c·.;0-' , u:> FY8G FY87 

0 0 0 0 0 0 0 0 0 

B&R #: 39-ASOSOSl FUND TYPE: UNE nm 79-1-P 

CURRENT B/0 FY EST 
FY79 FY80 FY8l FY82 F'183 FY84 F'185 FY86 FY87 

0 0 25000 1000 6200 4500 900 12000 0 

Figure 3~. Financia~ Section of WorK Pac~age 
:for GE-aorris 

FY83 
0 

FY88 
0 

FY38 
0 
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STATUS REPORT SPENT FUEL S TOR,GE 

ACTIVITY LIST: 

'./EN 'JO: 1213. 
START: 01 QCT 80 END: IrWEFiNJTE 
TITLE: FACILITY IMPLEMENT~.T:ON-MORRIS 

;1CTIV[TY: 1213.1 
START: 01 OCT 81 END: 11 JAN 87 % COMPLETE 
NAME: LICENSING 

SUB-ACTY: 1213. 1. 1 
START: 01 OCT 81 END: 02 OCT 81 ; COMPLETE 
NAME: CONSIDER LICENSE APPLICATION ACTlVI;JES 

ANO MAKE APPLICATION FOR TRANSFER AND 
RERACK 

•• PROGRAM CONTROLLED •• 

~REDECESSORS 
1212. 1. 1 
1211. 3 
1121. 4 

SUil-ACTY: 1213.1.2 

SUCCESSORS 
1213.1.2 

START: 02 OCT 81 E:W: 30 SEPT 82 ~ COMPLETE 
NAME: PREPARE TO RECEIVE LICENSE FOR TRANSFER 

AND RERACK 
•• OELI VERABLE 

PREDECESSORS 
1213. 1. l 

SUB-ACTY: 1213.1.J 

SUCCESSORS 
1213.3. 1 

06/28/80 3- 2 
8 

START: 01 JULY 84 mo: 01 JULY 84 ;; COMPLETE 0 
NAME: SUBMIT APPLICATION FOR ADD-ON POOL 

LICENSE 
•• PROGRAM CONTROLLED 

PREDECESSORS 
1213.1.2 
1212. 1. 2 
1142. 3. 6 

SIJB-ACTY: 1213.1.4 

SUCCESSORS 
1213.1.4 

START: 02 JULY 84 END: 31 JAN 87 '::COMPLETE: 
NAME: PREPARE TO RECEIVE LICENSE FOR ADD-ON 

POOL 
•• CONTRACTOR MILESTONE 

PREDECESSORS 
1213. 1. 3 

ACT!'IITY: 1213.2 
START: 01 OCT 81 END: 31 JAN 87 
NAME: CONSTRUCTlON DESIGN 

SUB-ACTY: 1213.2.1 

SUCCESSORS 
1213.J.2 

'i COMPLETE: 

START: 01 OCT 81 mo: 30 JUNE 82 COMPLETE: 
NAME: (QrlS I tlER DES IG~I PAC~GE AND COMPLETE 

RERACK DESIGN 
•• CONTRACTOR MILESTONE '* 

PREDECESSORS 
1212. 2. 9 
1414. 3 
1423. 2. 1 

SUG-ACTY: 1213.Z.2 

SUCCESSORS 
1213. 3. 1 
1213.2. 2 

START: 01 ACT 84 END: 31 JAN 87 ~ CQ,VPLETE: 
NAME: CONDUCT ADD-ON POOL CONSTRUCTiON DES iGN 

PREDECESSORS 
1213. 2. 1 
1211. 3 
1413. 2 
1415. J .2 

ACTIVITY: 1213.J 
START: 01 OCT 82 
NAME: CONSTRUCTIOI~ 

SUCCESSORS 
1213. 3. 2 

EMO: 26 FEB 89 ~ COMPLETE: 

Figure 34. .activitJ Secuou l:J: liorK Package 
for GZ-l1o:r:r i.s 



Sll8-ACTY: 1213.3.1 
START: 01 OCT 82 EMO: JD jUNE 84 
NAME: PERFORM RERACK CONSTRUCT :ON 

•• CONTRACTOR Ml LES TONE 

PREDECESSORS 
1213.2. I 
1213.l.2 

SU8-ACTY: 1213.3.2 

SUCCESSORS 
12; 3 .4. 3 

START: 01 FEB 87 ENO: 26 FEB 89 
NAME: PERFORM ADO-ON POOL CONSTRUCTION 

•• CONTRACTOR Ml LESTONE •• 

·; CCMPLETE: 

~ COMPLETE: 

PREDECESSORS 
1213.1.4 
1213. 2.2 

SUCCESSORS 
1213.4. 5 

ACTIVITY: 1213.4 
START: 01 JUL 84 ENO: INDEFINITE % COMPLETE: 
NA:-1!:: OPERATION 

SU8-ACTY: 1213.4.1 
START: 01 JULY 84 E~O: 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 84 ENO: INOEFHl!TE 
tlAME: OPERATE USING RERACK 

PREDECESSORS 
1213.4. 3 

COORDINATED 
1213 .4. 2 
l 213 .4 .6 

SUB-ACTY: 1213.4.3 
START: 27 FEB 89 END': 28 FEB 89 
NAME: RECEl VE FUEL IN ADD-ON POOL 

~ COMPLETE: 

r, COMPLETE: 

PREDECESSORS 
1213. 3 .2 

SUCCESSORS 
1213. 4 .6 

SUB-ACTY: 1213.4.4 
START: 01 MAR 89 END: INDEFINITE 
NAME: OPERATE FACILITY WITH ADD-ON POOL 

PREDECESSORS 
l 213. 4. 5 

% COMP LE TE: 

Figure 34. (coutinuea.) 



APPENDIX B - VERIFICATION ANALYSIS 

Numerous models are verified by results of d~fterent 

techniques applied to the problem in question. For 

example, the mathematical model discussed in reference 17 

is verified by a GASP IV simulation model. However, there 

does not exist any available model, mathematical or 

otherwise, with which to check the accuracy of the 

simulation model of the back-end of the nuclear fuel 

l cyc .... e. This fact leads to the exclusive use of hand 

calculations and temporary output sta.tements in 

verif ica.tion of this mod.el. Hand calculations utilizing 

the rE;al-case data becomE?-o prohibitively d.ifficul t, since 

these data contain information on over two hundred 

individual reactors and numerous storaqe facilities. 

Therefore, abbreviated data from the various input sources 

are employed in the verification analysis. 

Table 13 lists the information on the two AFR 

facilities and the one repository that are used in the 

ver if ica.t.ion. The foreign spent fuel discharge amounts 

are given in Table 14. The final table in the section, 

Table 15, depicts the quantities of spent fuel discharged 

from domestic react: ors. Notice that only eighteen 



Table 13. Storage SJ..tt! Input Dat.a :tor Vei:i..tication Anal.)'s.i.s 

HANDLING AMOUNT 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 

.... 
l.C 
J:;: 



Table lq. Foreign Ini>Ut Dat.c.1. tor Verification Analysis 

SPENT FUEL OISCllARGE AMOUNT (mtu) 

PSEUDO-REACTOR LATITlJDE LONGITUDE 

1979 1980 1901 1982 

300 33.0 118.2 0 0 18 16 

301 40.7 73.5 0 0 16 16 

302 32.0 79.9 0 0 16 18 

1903+ 

0 

0 

0 

_. 
\.!::• 
ui 



'!'able 1!>. lJowe.5t.ic Reactor lnput. Data for Verificdt.ion Anaylsis 

REACTOR FULL- SPENT FUEL DISCUARGE AMOUNT (mtu) 
NUMBER LATITUDE LONGITUDE CORE 

RESERVE 
CAPACITY 79 80 81 82 83 84 85 86 87 08 

1 31.2 85. I 70.8 10 20 45 45 45 0 0 0 0 0 -
2 31.2 85. 1 70.8 32 55 10 61 75 32 30 0 0 0 
5 33.4 112. 9 102.9 14 32 32 24 24 24 24 45 45 45 
6 33.4 112. 9 102.9 0 0 0 0 0 0 0 0 0 0 - -- -
7 33.4 112. 9 102.9 45 46 67 89 89 89 23 23 23 23 

0 35.3 93.2 82.1 20 30 23 12 12 45 20 21 21 21 
9 35.3 93.2 73.5 67 67 45 55 55 55 60 60 60 60 

10 38.4 76.4 82.9 0 0 0 0 0 0 0 0 0 0 
11 38.4 76.4 84.4 23 23 23 34 34 34 34 34 20 20 

'---
12 42.0 70.6 112. 5 40 40 30 30 70 70 70 70 70 70 
13 42.0 70.6 89.4 20 10 10 10 10 10 lO 10 10 10 

14 34 .4 80.2 70.5 0 14 20 20 20 20 20 20 20 20 
15 33.0 78. 0 109. 2 0 30 30 9 2? 27 27 27 27 27 
16 33.0 78.0 109.2 0 0 26 27 27 27 27 27 27 27 
17 35.6 78.9 72.5 60 60 9 9 9 5 5 10 20 20 

18 35.6 78.9 72.5 44 44 38 38 38 49 49 49 49 21 
19 35.6 78. 9 72.5 0 30 30 30 0 0 0 0 0 0 
20 35.6 78.9 72.5 10 0 20 0 20 20 20 50 55 55 

..... 
'° ()', 
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reactors are employed. Since the end of the simulation is 

selected as time 87.9, the discharge data for the year 

2000 to the year 2020 are not required. The accident 

analysis module is not utilized in this process. All 

other options are c-,llowed, including storage against FCR 

and in the temporar} file. The shipment priority is 

nearness for discharges to both the AFR facilities and the 

repository. 

After the aforementioned input data are accumulated, 

the simulation is performed. 

multiple pagE's of F'igure 35. 

The output is shown in the 

The complete verification 

process involves examining the output and input from many 

difterent directions. For illustrative purposes in this 

appendix, the d.i~charges from Ee actor 'Two are high lightec 

a.nd followed. 

At time 79.3, this reactor ctischarqes 32 metric tons 

o:e ur<..rnimum (mtu) and stores the fuel against its .f'Ch 

capacity of 70.B mtu. Both these figures agree with tne 

input data given in Table 1S; hence, the GASP IV input 

subroutine, which gathers the data from System One and 

places said data in the event file, is working properly. 

The following year, time 80.3, tinJs that 55 mtu is 

discharged from Reactor Two. Since there is not enough 

at-reactor storage space (only 38.8 mtu remain) to hold an 
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REAC"'!'OR 1. STORED 10.0 MTU .~GAINST FCR AT iIME 79.3 iOTAL AGAINST FCR 10.0 MTU FCR IS 
~E.~CiOR ® STORED 32.0 MTU AGAINST ~CR AT TIME 79.3 iOTAL AGAINST FCR 32. 0 MTIJ FCR IS 
REACTOR 5. STORED 14.0 MTU AGAINST FCR AT TIME 79. 3 TOTAL AGAINST FCR 14.0 MTU FCR IS 
REACTOR 7. STORED 45. 0 MTU AGAINST FCR AT TIME 79.3 TOTAL AGAINST FCR 45.0 MTU 'CR IS 
REACTOR 8. STORED 20.0 r-ITU AGAINST FCR AT TIME 79.3 TOTAL AGAINST FCR 20.0 t-ITU FCR IS 
REACTOR 9. STORED 67.0 MTU AGAINST FCR AT TIME 79.3 TOTAL AGAINST FCR 57.0 MTU FCR IS 
REACTOR 11. STORED 23.0 MTU AGAINST FCR AT TIME 79.3 TOTAL AGAINST FCR 23.0 MTU FCR IS 
REACTOR 12 .. STORED 40. 0 MTU AGAINST FCR AT TIME 79.3 TOTAL AGAINST .=CR 40.0 MTU FCR IS 
REACTOR 13. STORED 20. 0 MTU AGAINST FCR :'.\T TIME 79.3 TOTAL AGAIMST FCR 20.0 MTU :'CR IS 
REACTOR 17. STORED 60. 0 MTU AGAINST FCR AT TI ME 79.3 TOTAL AGAINST FCR 60. 0 :<ITU i'CR IS 
REACTOR 18. STORED <l4. 0 MTU AGAINST FCR AT TIME 79.3 TOTAL AGAINST FCR 44. 0 .'1TU FCR rs 
REACTOR 20. STORED 10.0 MTU AGAINST FCR AT TI~E 79.3 TOTAL AGAINST FCR 10.0 ITTU FCR IS 
REACTOR 1. STORED 20. 0 :~TU AGAINST FCR AT TIME 30.3 TOTAL AGAINST FCR 30.0 MTU FCR IS 
REACTOR NUMBEK © CANNOT STORE 55. MTU AT ao.J 
REACTOR 5. STORED 32. 0 MTU AGAINST FCR AT TIME 30.3; TOTAL AGAINST FCR 46.0 MTU; FCR IS 
REACTOR 7. STORED 46.0 MTU AGAINST FCR AT TIME 30.3: TOTAL AGAINST FCR 91. 0 MTU; FCR IS 
REACTOR a. STORED 30.0 i-ITU AGAINST FCR AT TIME 80.3: TOTAL AGAINST FCR 50. 0 MTU; FCR IS 
REACTOR NUMBER 9. CANNOT STORE 6i. MTU Ai 80.3 
REACTOR 11. STORED 23.0 MTU .~GAINST FCR AT TIME 30.3: TOTAL AGAINST FCR 46.0 MTU; FCR IS 
REACTOR 12. STORED 40. 0 MTU AGAINST FCR AT TI ME 80.3: TOTAL AGAINST FCR 80.0 MTU; FCR rs 
REACTOR 13. STORED 10. 0 ,'1TU AGAINST FCR AT iIME 30.3: TOTAL AGAINST FCR 30.0 MTU; FCR IS 
REACTOR 14. STORED 14.0 MTIJ AGAINST FCR AT TIME 80.3: TOTAL AGAINST FCR 14.0 MTU; i'CR IS 
REACTOR 15. STORED 30. 0 ,'1TU AGAINST FCR .~T TiME 80.3: TOT AL AGAINST FCR 30.0 e!TU; FCR IS 
REACTOR NUMBER 17. CANNOT STORE 60. ,-.,ru AT 80.3 
REACTOR NUMBER 18. CANNOT STORE 44. MTU AT 80.3 
REACTOR 19. STORED 30. 0 MTU AGAINST FCR AT TIME 80.3: TOT AL AGAINST FCR 30.0 MTU; FCR IS 

FACILITY riUMBER .1 HAS INCREASED CAPACITY BY 1750. :'\Tu .~T TIME= 80.5 
,'1AX CAPACITY rs 1750. O; HANDLING AATE rs 750. 0 MTU PER YE.~R 

REACTOR 9 STORED 67. 0 MTU AT TIME 30.5 IN FACILITY 1 iO REGAIN FCR 
REACTOR 7 STORED 91. 0 MTU AT TIME 80.5 [N FACILITY 1 TO REGAIN FCR 
REACTOR 17 STORED 60. 0 MTU AT TIME 80.5 IN FllCILIT'f 1 TO REGAIN FCR 
REACTOR 12 STORED 80. 0 'ITU U TIME 80.5 IN FACILITY 1 iO REGAIN FCR 
REACTOR 8 STORED 50. 0 1'1TU AT TIME 80.5 IN FACILITY 1 TO REGAIN FCR 
REACTOR 18 STORED 44. 9 'ITU AT ir:1E 80.5 rn FACILITY 1 iO REGAIN "CR 
REACTOR 11 STORED 46. 0 .'-!TU Ai TIME 30.5 LN FACILITY 1 iO REGAIN "CR 
REACTOR © STORED 32.0 MTU AT TIME ao.s IN F~CIUTY 1 iO REGAIN FCR 
REACTOR ~ STORED t16. 0 MTU AT HME 80. 5 [N FACILITY 1 iO ~EGA!N i'CR 
REACTOR i STORED 30. 0 MTU AT TIME 30.5 IN FACILITY ! TO REGAIN "CR 
i<EACTOR 19 STOREiJ 30. 0 MTU AT TlME 80.5 IN FACILITY TO REGAIN i'CR 
REACTOR 13 STORED 30. Q MTU AT TIME 80.5 [N FACILITY iO REGAIN =cR 
REACTOR 15 STORED 30.0 ,'1TU .AT Tr:1E 80.5 IN ~ACIL!iY TO REGAIN ?CR 
REACTOR 14 STORED 14.0 ,-.,ru .~T TIME 80.5 [N FA.C!L!TY TO REGAIN FCR 
REACTOR 20 STORED 10.0 MTU i\T TIME 30.5 [N FACILITY TO i<ESAill FCR 
REACTOR 18 HAS RE1"0VED 44.0 MTU FROM TE1'1PORARY STORAGE 

FUEL STORED iN F~CIL!TY .'!UMBER 1 .J,T iIME 30.5 
RE.~CTOR @HAS REMOVED tl6. 0 :·1TIJ FROM TEMPORARY STORAGE AT TIME 31. 

THIS AMOUNT \iAS DICTATED 8Y iHE HANDLING RATE OF FACILIT'I 

Figuz:e 35. OUT.f-Ut Listing :t:r: ota \f eI.i±icati.on Analysis 
lnput Dat.a 

70.8 ,'fTU 
70.8 MTU 

102.9 MTU 
102.3 MTU 
82.1 MTU 
73.5 MTU 
84.4 MTU 

112. 5 MTU 
89. 4 •'ITU 
72. 5 MTU 
72.S MTU 
72.5 MTU 
70.3 MTU 

102. 3 MTU 
102.9 :~u 
82.1 MTU 

34.4 ViTU 
112. s ,-.,ru 
89.4 MTU 
70.5 .'1TU 

109.2 .'1TU 

72.5 MTU 
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FACILITY NUMBER 1 '11\S EXCEEDED ITS KANDLING RATE AT TIME 31.3 
REACTOR ltUMBER 300. CANNOT STORE 18. "1TU AT 81.3 

FACILiiY NUMBER 1 HAS EXCEEDED ITS HANDLING RATE ;H TIME 81.3 
REACTOR NUMBER 301. CANNOT STORE 16. ,·~TU AT 81.3 

FACILITY NUMBER 1 HAS EXCEEDED ITS HANDLiNG RATE AT TIME 81. 3 
REACTOR NUMBER 302. CANNOT STORE i 6. 1'!TU AT 31.3 

FACILITY NUMBER 1 !-iAS EXCEEDED rTS HANDLING RATE AT TIME 81.3 
REACTOR 1. STORED 45.0 MTU AGAINST FCR AT TIME 81.3: TQU,L AGAINST FCR 

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 

FACILITY NUMBER 1 HAS EXCEEDED ITS HANDLING RATE AT TIME 81.3 
REACTOR 5. SiDRED 32. 0 MTU AGAINST FCR AT TIME 81 .J: TOTAL AGAINSi FCR 

FACILITY :'I UMBER 1 HAS EXCEEDED [TS HANDLING RATE AT TIME Sl.3 
REACTOR 7. STORED 57. 0 MTU AGAINST FOR .~ T i!ME 31.3: TOTAL .~GAINST FCR 
,.,.,... .. REACTOR 300. STORED 16.0 ,'fTU rN FACIUTY AT iIME 32.3 
'"***""REACTOR 301. STORED 16.0 MTU LN FACILITY AT TIME 82.3 
***"""REACTOR 302. STORED 18.0 MTU IN FACILITY AT iIME 82.3 
**.._REACTOR 1. STORED 45.o ,·~Tu IN FACILITY AT TIME 32.3 
,... .... *REACTOR © STORED 61.0 MTU IN FACILITY AT TIME 32.3 
*'* .... *RE.~CTOR ~- STORED 24. 0 .'ITU rN FACIUiY AT TIME 32.3 
""'*....,.RE.4CTOR 7. SiORED 89.0 MTU IN FAClliiY AT TIME 82.3 
,._,...REACTOR 3. SiORED 12.0 ,'fTU IN FACILITY AT TIME 32.3 
,.,..,..,...REACTOR 9. STORED ss. o ,'fTu IN FACILITY AT TIME 32.3 
"*'""*REACTOR 11. STORED 34. 0 1'!TU IN FACILITY AT W-1E 82.3 
~**":'C'REACiOR 12. STORED 30.0 MTU IN FACILITY AT iIME 82.3 
•*"nREACTOR 13. STORED 10.0 MTU lN FACILITY .U TIME 82.3 
*""***REACTOR 14. STORED 20.0 :-1Tu IN FACILITY AT TIME 82.3 
***,...REACTOR 15. SiORED 9.0 MTU IN FACILITY AT TIME 32.J 
"""**""REACTOR 16. STORED 27.0 MTU IN FACILITY AT TIME 32.3 
""***RE.~CTOR i 7. STORED 9.0 MTU IN FACILITY AT TIME 82.3 
*'"* .. *REACTOR 18. SiORED 38. 0 MTU rn i=AC IL!TY AT TIME 82.3 
***""*REACiOR 19. STORED 30. 0 .'~TU [N FACILITY AT TIME 32.3 

FACILITY NUMBER 2 HAS rNCREASED CAPACITY 3Y 1100. MTU AT T!ME= 32.5 
MAX CAPACITY rs 1100.0; HANDLING R.ATE rs 250.0 MTU DER IEAR 

REACTOR 
REACTOR 
RE.4CiOR 
REACTOR 
REA Ci OR 
REACTOR 

7 STORED 67. 0 MTU AT TIME 82. 5 IN FACILITY 2 TO REGAIN FCR 
1 SiORED 45.0 MTU AT TIME 82.5 IN FACILITY 2 TO REGAIN FCR 
9 STORED 45.0 MTU AT.TIME 32.5 IN FAC!LITY 2 TO J,EGAIN. FCR 

18 SiORED 38.0 MTU AT Tli~E 32.5 lN FACILITY 2 TO REGAIN FCR 
19 STORED 30.0 ,'fTU AT TIME 32.5 IN FAC!LITY 2 TO '<EGAIN i=CR 
5 «.EMOVED 25. 0 ,'!TU rROM :rs AR POOL AT TIME .32. 5 

iHIS AMOUNT 'llAS DICTATC:D BY THE ~ANDUNG RATE OF FAC!L!TY 2 
THIS REACTOR STILL rs UTILIZING 6.3 PERCENT OF :rs FCR CAPACITY 

FOLLOWING STATISTICS AT T:ME 82.5 

**STATISilCS .~OR TIME-~ERSISTC:Ni 'IARIABLES** 

45.0 MTU; 

10.0 MTU; 

32.0 MTU; 

67. 0 :·1TU; 

MEAN STD DEV MINIMUM MAXIMUM iI:-IE INTER'IAL CUR. 'IALUE 

FACILI 0.4133E+OO 0.108SE-OO 0.0 0. 7389E+OO 0.2000E+Ol 

*""STATISTICS FOR T!ME-PERS!STENT 'IARIABLESn 
MEAN SID DEV ,'1INIMUM MAXIMUM IIME INTERVAL CUR. VALUE 

FACIL2 NO VALUES RECORDED 

Fig~e 35. (conti.nueu) 

FCR rs 70.a mu 

FCR IS 70.8 MTU 

FCR rs 102. 3 MTIJ 

FCR IS i 02. 9 MTU 
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*****REACTOR 
.......... REACTOR 

1. STORED 45.0 MTU IN FACILITY 1 AT TIME 33.3 © STORED i5.0 )ITU rN FACILITY 1 AT TIME 83.3 

FACILITY NUMBER 2 ~AS EXCEEDED !TS HANDLING RATE ,U TIME 83. 3 
*"***REACTOR 5. STORED 24.0 :·ITU rN FACILITY 1 AT T:1'1E 83.3 

FACILITY NUMBER 2 HAS EXCEEDED ITS HANDLING RATE AT TIME 83.3 
.......... REACTOR 7. STORED 89.0 MTU iN FACILITY 1 AT TlME 83.3 

FACILITY NUMBER 2 HAS EXCEEDED ITS HANDLING RA TE AT TIME 83. 3 
**'***REACTOR 8. STORED 12.0 MTU IN FACILITY 1 AT TiME 83.3 

FACILITY NUMBER 2 HAS EXCEEDED ITS HANDLING P.ATE AT TIME 83.3 
*-,...REACTOR 9. STORED 55.0 MTU IN F.ACILITY 1 AT TIME 33.3 
..,.,. .... REACTOR 11. STORED 34. 0 MTU IN FACILITY 1 AT TIME 83. 3 
~'**'**REACTOR 12. SiORED 70.0 MTU IN FAC!LiTY 1 AT TIME 83.3 
..,.,,...,.REACTOR 13. STORED 10.0 MTU IN F,l,CILITY 1 Ai TIME 83.3 
REPOSITORY NUMBER 1 HAS INCREASED C.~PACITY BY 41000.0 MTU AT TIME= 83.5 

,•!AX CAPACITY rs 41000.0; HANDLING RATE rs 1800.0 MTU PER YEAR 

REACTOR 20 STORED 40. 0 MTU AT TIME 83.6 if! REPOSITORY TO REGAIN 
REACTOR 18 STORED 38.0 1'!TU Ai TIME 33.6 Iii REPOS !TORY TO REGAIN 
RE.4CTDR 15 STORED 57.0 '1iU Ai iIME 33.6 IN REPOSITORY TO REGA!N 
REACTOR 16 SiORED 53.0 MTU AT TIME 83.6 rN RE?OS ITO RY iO REGAIN 
REACTOR 14 STORED 20. 0 MTU Ai TIME 83.6 lN RE?OS ITO RY TO REGAIN 
REACTOR 8 STORED 23.0 MTU AT iIME 83.5 !N REPOSITORY TO .:ZEGA!N 

FCR 
FCR 
:'CR 
Fcrt 
FLR 
FCR 

REACTOR 11 STORED 23. 0 MTU ,;r TIME 83.6 lN REPOSITORY TO REGAIN FCR 
REACTOR 12 STORED 30.0 ~TU AT TrnE 83.6 HI REPOSITORY TO REGAIN FCR 
REACTOR R> STORED 10. 0 1'!TU Ai TIME 33.6 IN REPOSITORY TO ~EGA!N FCR 
REACTOR l STORED 9.0 MTU AT TIME 83.6 !N REPOSITORY iO REGA IN FCR 
REACTOR 13 STORED 10.0 MTU Ai TIME 33.5 IN REPOSITORY TO REGA IN FCR 
REACTOR 3 STORED. i.O MTU AT TIME 33. 6 rN RE?OS !TORY iO REGAIN FCR 
REACTOR ®HAS REMOVED 9. 0 ITTU FROM TEi'1PORARY STORAGE 

FUEL STORED IN REPOSiiORY 'IUMBEK 1 AT TIME 83.6 

REACTOR 301 HAS REMOVED 16. 0 ,'fiU FROM TEMPORARY STORAGE 
FUEL STORED LN REPOSITORY NUMBER l AT TIME 83.S 

REACTOR 302 HAS REi1JVED 15.0 ITTU FROM TEMPORARY STORAGE 
i'UEL STORED IN REPOSITORY NUMBER 1 AT TIME 83.6 

REACTOR 300 HAS REMOVED 18.0 MTU FROM TEMPORARY STORAGE 
FUEL STORED IN REFOSiTORY NUMBER 1 AT TIME 83.6 

REACTOR 17 HAS REMOVED 50. 0 ,'fTIJ FROM TEMPORARY STORAGE 
FUEL STORED IN REPOSITORY NUMBER l AT TIME 83.6 

REACTOR 9 HAS REMOVED 67. 0 ITTU FROM TEMPORARY STORAGE 
=uEL STORED [N REPOSITORY NUMBER 1 AT iil1E 33.o 

F~CIUTY 1 :'<EMOVED 307. 8 11TU AND PUCED cUEL INTO .<E?OSITORY AT TIME 83.7 
AMOUNT JIAS LIMITED BY =AGILITY HANDLING RATE 

F.ACIUTY 2 RE1.<QVED 250.0 ITTU ANO PLACED FUEL rNTO REPOSITORY AT m1E 33.7 
AMOUNT '~AS LIMITED BY FACILITY HANDLiNG RATE 

*'**""*REACTOR ® STORED J2. O ,'fiU !N REPOSiTORY AT TIME 84.3 
**"nREACTOR '· STORED 24.0 MTU IN REPOSITORY AT TIME 84.3 
........... REACTOR 7. STORED 89. 0 1'1TU IN RE?OS !TORY 1 AT TIME 84.3 
*"'* ..... REACTOR 8. STORED 45.0 MTU IN REPOSITORY 1 AT TIME 34.3 
........... REACTOR 9. STORED 55.0 MTU IN REPOSITORY 1 Ai TIME 34.3 
***"'*REACTOR 11. STORED 34.0 MTU IN REPOSITORY l ~i TIME 84.3 
*""**REACTOR 12. STORED 70.J MTU IN REPOSITORY 1 Ai TIME 84,3 
*"',,..*REACTOR i 3. STORED 10.0 MTU IN REPOSITORY 1 .~i TIME 34.3 
*****REACTOR 14. STORED 20.0 ,'fTU IN REPOSITORY Ai TIME 84.3 
*"***REACTOR 15. STORED 27.0 1'1TU [N REPOSITORY ,U TIME 84.3 

Figure 35. (continue a.} 
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FACILITY l REMOVED 750.0 MTU AND PLACED FUEL lNTO REPOSITORY l AT iIME 34.7 
AMOUNT 'llAS LIMITED SY FACILITY HANDLING RATE 

"*"**REACTOR ® STORED 30.0 MTIJ rN REPOS iTORY .~T TIME 85.3 
*"***REACTOR ~- STORED 24.o ,'1fu !N REPOS !TORY AT iIME 85.3 
* .... ""REACTOR 7. STORED 23.0 MTU rN REPOSITORY AT ilME 85.3 
* .... "*REACTOR 8. STORED 28.0 MT1J rN REPOS !TORY AT TIME 85.3 
*"***REACTOR 9. STORED so. a ,'1fu rN REPOSITORY AT TIME 85.3 
** ...... REACTOR 11. STORED 34.0 MTU IN REPOSITORY AT TIME 85.3 
.... ""*REACTOR 12. STORED 70.0 MTU rN REPOSITORY AT TIME 85.3 
*-*"REACTOR 13. STORED 10.0 MTU IN REPOS !TORY AT TIME 35.3 
***"*REACTOR 14. STORED 20.0 MTU rN qEPOS !TORY AT TIME 85.3 
*,...*"REACTOR 15. STORE!J 27.0 MTU [N REPOSiiORY AT TIME 85.3 
""""*REACTOR 16. STORED 27. 0 .'1TU IN qEPOSITORY AT TIME a5.3 
**"*"REACTOR 17. STORED 3. 0 MTU rN REPOS !TORY l AT iIME 35.3 
FACILITY 2 REMOVED 250. 0 ,'1fU AND PLACED FUEL rNTO qE?OSITORY l .~T T!:1E 35.7 

AMOUNT AAS LIMITED BY FACiLITY HANDLING i<ATE 

""*-~EACTOR 5. STORED 45.0 MTU rN REPOS !TORY AT TIME 86.3 
* .... ""REACTOR 7. STORED 23.0 MTU rN REPOSITORY AT TIME 86.3 
*"***REACTOR 8. STORED 21 . 0 1'1TU [N REPOS iTORY AT TIME 36.3 
,..,....,..,.REACTOR 9. STORED 60.0 MTU IN REPOSITORY AT T:ME 86.3 
***hREACTOR 11. STORED 34. 0 MTU IN REPOSITORY Ai TH1E 86.3 
• ...,.**REACTOR 12. STORED 70.0 MTU IN REPOS iTORY Ai TIME 86.3 
***"*REACTOR 13. STORED 10.0 1'1TU IN RE?OSITORY AT iIME 86.3 
*""""REACTOR 14. STORED 20. o ~rru IN REPOSITORY AT irnE 86.3 
*"**"RE.i\CTOR 15. STORED 27.0 MTU IN REPOS !TORY .U TIME 36.3 
***""REAC":'OR 16. STORED 27.0 MTU IN REPOSITORY Ai TIME 86.3 
*""**REACTOR 17. STORED 10.0 !<ITU rN ~EPOSITORY AT TIME 86.3 
*****REACTOR 18. STORED 49.0 MTU IN REPOSITORY AT i!ME 86.3 
*"**"REACTOR 20. STORED 50.0 MTU IN REPOSITORY Ai TIME 86.3 

**STATISTICS FOR TIME-PERS I STENT '/AR IABLES*" 
MEAN STD DEi/ l~INIMUM MAXIMUM iIME [lliEKVAL CUR. i/ALUE 

FACILl 0.4543E+OO 0.2865E.;.QO 0.0 0. 9920E+OO 0.0 

*'*STATISTICS FOR TIME-PERS !STENT VARIABLES** 
,'1E.i\N STD DEi/ MINIMUM MAXIMUM TIME :NTERVAL CUR. VALUE 

FACIL2 0.2678E+OO 0. 1818E+OO J.O 0. 5455E.,.QO O. S500E+Ol 0.0 

**STATISTICS =oR iIME-P£RS !STENT '/AR !ABLES*" 
,'lEMl STD DEV i'!INIM'.JM ~AXH1UM TIME [NTERVAL C:.JR. VALUE 

~~POS1 J.7031E-Ol 0.2984E-Ol a.o 0. l139E+QO J.1l39E.;.OO 

FACILITY ~UMBER l HAD 46 SHIPMENTS 

FACILiTY NUMBER 2 HAD 5 SHIPMENTS 

REPOSITORY NUMBER 1 HAD 72 SHIPMENTS 

Figure 35 .. (cont.i.nued) 
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additional 55 mtu, Reactor Two cannot store the fuel. 

'l'his a.mount is tra.cked within the b:!mpora.ry file. 

l~FR Pacility One begins operation at: time 80.5 .. 

Immediately thereafter, fuel is transferred from the FCR 

sections of the various reactors. After all reactors 

regain their FCR capacities, fuel tracked within the 

temporary file is r:E~moved and stored in Facility One. 

Rea ct or Two can only transfer 46 mtu out of the~ i:.:c .JJ rntu 

held ~n the temporary file. This amount is limited by the 

handling rate of the AFR facility. An addition of the 

amount of fuE~l shipped to Facility One confirms that the 

handling rate is max~mized. 

For the next year, Facility One cannot accept any 

fuel. Reactor 'I'wo stores fuel against PCH at time 81 •. 3. 

The total against FCR is 10 mtu, verifying that the file 

contai1lin1; th.e amounts of fuel storE"~d in the f'CH section 

is reset to zero when the fuel is transferred to Facility 

One at time 80.5. The next discharqe from Reactor Two is 

shipped to Facility One, since the handling rate for this 

facility is reset at time 81.5. 

Reactor Two cont~nues to store fuel in the AFR 

f acilitie.s. The next check point occurs at time 83.6. 

Repository One comes on-line, reactors regain tneir FCR 

capacities, and then fuel is transferred from the 
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temporary f ilE~. At this time, 9 mtu from Reactor Two is 

removed from the file. This amount, when added to the 46 

mtu removed at time 80.S, eguals the total amount of fuel 

(55 mtu) placed into the temporary file at time 80.3. 

Discharges from Reactor Two are directed to the repository 

until time 86.3, the end-of-simulation. 

Comprehensive verification requires the examination 

of nun:erous reactors cUHl facilities by the method. ju.st 

described. For example, another check happens at time 

85.7. Facil~~y Two removes 250 mtu of fuel and places the 

fuel into Repository One. This figure agrees with the 

handling rate of Facility Two as given in the input data. 

':r'he fin al stat2stic:E, given at the end O+ .L the outpu-c., 

confirm that both bFE facilities accept fuel and then 

transfer the fuel to tbs repository. 

'l'he comparison betWE.!en input and out.put continues 

until all f aC(-3tS of model oper:cttion are verified . In 

addition, many of the subroutines, as they ar:e coc.ed, are 

independently operated and checked. These steps confirm 

the exactness of this descriptive simulation model. 



APPENDIX C - EVENT CODE DESCRIPTION 

GASP IV controls the logic of sys~em Two of the 

simulation model by keyinq on the event code associated 

with each entry. .P,n exampl~~ of an entry is reactor number 

thirty discharging 43 mtu of spent fuel at time 87.3. 

Along with triis informa.tion, the user attaches an event 

code of one. GASP IV reads the event code and directs the 

sim ul at ion. 

Table 16 describes each of the six event codes 

employed in the model. A specific requirement of GASI' IV 

is that the event. code exists as attribute two. Also, the 

ranking attribute of the model {time in this simulation) 

is stored as attribute one. All other attributes are 

assigned at the discretion of the user. GliSP IV providE«S 

for a maximum of twenty-five attributes per entry .. 
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EVENT 
CODE 

1 (STORAGE 
DEMAND) 

1 

2(AFR 
STORAGE 
SUPPLY) 

2 

3(STATISTICS 
REPORTING) 

3 

4(COLLECT 
PLOT DATA) 

4 

5(REPOSITORY 
STORAGE 
SUPPLY) 

5 

6(AFR TO 
REPOSITORY 
TRANSFER) 

6 

Table lb. Description or Eveht Code aud Attributes 

ATTRIBUTE NUMBER AND DESCRIPTION 

1 2 3 4 5 6 7 

TIME OF EVENT AMOUNT OF REACTOR UTILITY STATE NERC 
SPENT FUEL CODE DISCHARGE NUMBER CODE CODE CODE 
DISCllARGE (mtu) 

TIME OF EVENT CAPAClTY AFR HANDLING AMOUNT 
OPERATION CODE (mtu) FACILITY RATE OF ANY N/A 

NUMBER (mtu/year) EXISTING 
FUEL (mtu) 

TIME OF EVENT N/A N/A N/A N/A N/A 
REPORTING CODE 

EVERY YEAR 

TIME OF 
COLLECTING EVENT N/A N/A N/A N/A N/A EVERY mo-
TENTllS OF CODE 
A YEAR 

TIME OF EVENT CAPACITY REPOSITORY HANDLING Ar-K>UNT 
OPERATION CODE (mtu) NUMBER RATE OF ANY N/A 

(mtu/year) EXISTING 
FUEL (mtu) 

TIME OF EVENT N/A N/A N/A N/A N/A 
TRANSFER- CODE 

EVERY VEAR 

8 

LATITUDE 

N/A 

N/A 

N/A 

N/A 

N/A 

9 

LONGITUDE 

N/A 

N/A 

N/A 

N/A 

ti/A 

!'-.) 
0 
(.11 



APPENDIX D - SPENT FUEL SURVEY FORM 

Precision of the individual reactor discharge data is 

mandatory for reliable model results. With approximately 

sixty utilities responsible for nearly two hundred 

operating and proposed reactors, the task of ensuring such 

precision is formidable. A prototype guestionna~re is 

designed to assist in transmitting data between the 

utilities and the Stoller Database. A separate survey 

form is completed for each reactor. As a questionnaire ~s 

produced, an auxiliary program reads the Stoller Database 

and inserts data where appropriate. Th.e resultant 

document is then sent to the required utility. An 

individual just corrects the form; relievir19 him of the 

time-consuming task ot gathering the information and 

filling out t.he stffV€Y ±ram scratch. 

Fisrure 36 presents a cmi p1ete survey form for the 

Farley-1 reactor. The form requests more information than 

presently contained within the Stoller Database; hence, 

some fields are blank. These additional facts are 

required for future endeavors. 

'l'he s. i'l. Stoller Corporation adapted tile format and 

productior1 methodology designed into the prototype survey 
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form for the actual guestionnaire. 

occurred during the summer of 1980. 

The first mailing 

The Stoller Database 

is expected to be periodic:-:illy updated. via. the surve<t 

form. 
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DOMESTIC SPENT FUEL STORAGE SURVEY 

DATE: 

Utility Name: AlABA~A POWER CO 
Reactor Name: _F_A~R~l~E~Y~--1__,.--,.......,--....--.,---

Locatior. (Latitude, Lor.gt1cuae): ~~3_1_D_e~g~r_e_e_s~'--------~ 
:15 '.:i@g~e"'S; 5 •.H ":'lCeS 

Persor.(sl Supplyir.g Data: 
Mailing Address: 

Telephor.e Number: 

REACTOR 

Type: Pressurized Water XX Boiling Water 
Vendor: ~w_,---,.,,,...,....-----...,~------~ Net Capacity: i·1We 329. ~~Wt 
Comm ere ial Ooera:ior.s Date (Mor.th and Year) ____ 19;:_~'-1 3;;.._ ______ _ 
If r.ct operatio~al, state: 

licer.sir.g Status: 
Construction Status (Montn and Year): 

Limited Work Authorizatior. (Cor.struccior. Permit): 
Completion (or Forecast): 

Full Core Size: ~lumber of Assemblies __ 1 __ 5_7.,,--.,,.,,,...,.. 
Assembly Weiiht MTU 0.~51 

POOL CHAR!l.CTERISTICS 

Number of Rectangular Spent Fuel Pools: 

Length (ft) __,3~7~·~9 ______ _ 
'ti id th ( ft) _,,2~1,..-'"...;'.) ______ _ 
Depth (ft) ~3~9_._~.,..._-.,--.,-,--~ 
Ce~ter-to-Cer.cer Spacir.g \in.; 10.37500 

Domestic Spent Fue.l Storage Survey 
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Number of tt(tt Shaped Fuel Pools: 

A (ft) 
8 (ft) 
c (ft) 
D (ft) 
Depth (ft) 
Center-to-Center ~pacing (in.) 

Note Any Variatior.s ir. Depth 

tlumber of Other Pools That Potentially Could be Used to Store Sper.t 
Fuel: 

Ler.gth (ft) 
Width (ft) 
Depth (ft) 
Potential Center-to-Center Spacir.g if Kr.own (in.) 

Existir.g Storage Capacity (Fuel Assemblies): 575 (MTU) 

Licensed Storage Capacity (Fuel Assemblies): (MTU) 

301.1.425 

Is Pool Now Shared or Forecasted to be Shared by Other Reactor( s): 
Yes No xx 

For Shared Pool (Se fore :-lay 1 ' 1979) 

F•Jel Stored ( 3y React 
Names of All Reactors Shar in2i Pool 

Cask Har.dlir.g Area (ft. sq.), if Handled in Storage Pool: 

.Figure 36. (contillueu) 



Cask Har.dlir.g Capability: 

Cask Handlin~ limitation 
(i.e., Crane Capacity, 
Pool Depth) 

210 

Sper.t fuel Shippir.g Cask Owr.ership: 
Type of Owr.ership 

Cask Type Number (Leased or Purchase 

Assemblies·): 

Ir.creased Spent Fuel Pool Storage Caoacity 

Purchase 

Has Actior. Been Taker. to Increase Spent Fuel Pool Storage Capacity? 
No Yes XX 

If Yes, Describe Actior: Taken ar:d Date: 

Future Plans for Ir.creased Storage Capacity: 

'1ethod of 
!ncreasing 

Storage 
Caoacitv* 'fear :nu 

Total Storage 
Capacity 

After Cer.ter to Cer.ter 
Increase 

*i.e., Rerack; Double Tier; Pool Modificat:.ior. 

Figure 36. (conti.nuec1) 
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Total Storage Capacity After Maximum Possible Expar.sion: 

F"•Jel Assemblies 675 MTU 304.425 

Ir.stitutior.al impediments (i.e., Statutory limits or. Expansions) 

SPENT FUEL STORAGE PROGRAM 
As of May 1 , 1979. 
Total Amour.t of Spent F"uel Discharged: Assemblies 0 MTU UUUUUUUUUU 
Amt. of Spent Fuel in Storage at Reactor Site: Assemblies 0 MTU 0.000 
If There is any difference between the above two responses, please explain: 

Age ar.d Origin of the Stored F"uel: 

No. of 
Ass em bl ies 

0 

Age of F"uel in Years 
MTU As of May 1, 1979 
0.000 

Number of l eakers 
or Defective 

Fuel Ass em bl ies 

0 

Projected Spent F"uel Discharges: 

Month Year 

1 979 

1980 

1981 

1982 

1983 

1 984 

1 985 

1 986 

1 987 

1988 

1 989 

1990 

Bases for Calculation 

Thermal Power 
MWt 

Figure 36. 

Average 8urr.uo 
Capacity of Discharged 
Factor 3 

(cont.in ued.) 

Orig in 

Number 
cf 
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SPENT FUEL SHIPPING PROGRA~ 

Capability: Rail 
Institutior.al Impediments: 

Shipments Before Aoril 1, 1979: 
Number of Assemblies: 
Locatior.: 

Truck 

MTU 

Plans for Future Shipments Off Site After April 1, 1979: 

Year nn 
1 980 
1981 
1982 
1 983 
1 984 
1 985 
1 936 
1987 
1938 
1 989 
1990 

Number 
of 

Assemblies 
Mode of 

MTU Tr ar. spo r tat io r. 

FULL CORE RESERVE 

Cask to 

Is full Core Reserve Inter.ded to be Mair.tair.ed for future Reactor Operatior.? 

Yes No 

State Reason 

Figure 36. (cont.in ued) 



Cycle 
_1>_ 

Refueling_ 
Shutdown 

Date 
Mo. Year 

Power 
MWt 
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OPERATING ~!STORY OF REACTOR 

Cap. 
Factor ,, .. Burn up 

* 
Assem. 
Di SC. * 

F"a iled 
Effective 
F'Jll Power 

*A batch or regior. is defined as a group charged to the reactor at the 
same time and discharged at the same ti~e. 

l'igure 36. (cont.in ue d.) 



APPENDIX E - HEACTOf( NUHBRR. V:E:ESUS NAM.E 

Pro9ranrn,ing chores ana e:xecution times a.re reduced by 

the use of numbers rather than character strings. 

However, on output reports the term "reactor 35" does not 

relay much information. The associated literal name, 

Byron -2, conveys a. sense of exactness. Any program can ~)e 

modified to convert be,tween the different terms; the more 

conversion, the more execution time. l'lany of the DOE 

managers who utilize the model are familiar with the 

reactor numbers and associated names; thus, at this time, 

the conversion is not computerized. 

Table 17 lists reactor number, reactor name, and 

affiliated utility. The list includes all operating and 

proposed reactors which are maintained within the Stoller 

Database. 
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Table 17. 

REACTOR I. D. 
I 
2 
5 
6 
7 
8 
9 

ID 
II 
12 
13 
14 
15 
16 
17 
lB 
19 
20 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Cross Reference between Reactor lluabe.i:- ana ~aae 

NAME UTILITY REACTOR I. D. NAME UTILITY 
FARLEY-I ALABAMA POWER CO. 60 CHEROKEE-2 DUKE POWER COMPANY 
FARLEY-2 ALABAMA POWER CO. 61 CllEROKEE-3 DUKE POWER COMPANY 
PALO-VERDE-I ARIZONA PUB SERV CO. 63 BEAVER VALLEY- I DUQUESNE LIGHT CO 
PALO-VERDE-2 ARIZONA PUB SERV CO 64 BEAVER VALLEV-2 DUQUESNE LIGHT CO 
PALO-VEROE-3 ARIZONA PUB SERV CO 65 CRYSTAL RIVER-3 FLORIDA POWER CORP 
ARKANSAS NUCL ONE-L ARKANSAS P AND L CO 66 TURKEY POINT-3 FLOR IDA P AND L CO 
ARKANSAS NUCL ONE-2 ARKANSAS P AND L CO 67 TURKEY POINT -4 FLORIDA P AND L CO 
CALVERT CU ffS-1 BALTIMORE G AND E CO 68 ST. LUCIE-I FLORIDA P AND L CO 
CALVERT CLlffS-2 BAL Tl f>KJRE G AND E CO 69 ST. LUCIE-2 FLORIDA P ANO L CO 
PILGRIM-I BOSTON EDISON CO 70 HATCH-I GEORGIA POWER CO 
PILBRIM-2 BOSTON EDISON CO 71 HATCH-2 GEORGIA POWER CO 
ROBINSON-2 CAROLI NA P AND L CO 72 VOGTLE-1 GEORGIA POWER CO 
BRUNSWICK-2 CAROLI NA P AND L CO 73 VOGTLE-2 GEORGIA POWER CO 
BRUNSWICK- I CAROLI NA P AND L CO 74 RIVER BEND-I GULF STATES UTLTS CO 
HARRIS-I CAROLINA P ANO L CO 75 ROVER BEN0-2 GULF STATES UTLTS CO 
HARRIS-4 CAROLINA P ANO L CO 78 ALLENS CREEK HOUSTON L AND P CO 
llARRIS-2 CAROLINA P AND L CO 79 CLINTON-I ILLINOIS POWER CO 
llARRIS-3 CAROLI NA P ANO L CO 80 CLINTON-2 ILLINOIS POWER CO 
ZIMMER-I CINCINNATI G AND E Bl 0 C COOK-I IND AND Ml ELEC CO 
PERRV-1 CLEVELAND ELECTRIC 82 D C COOK-2 IND AND Ml ELEC CO 
PERRV-2 CLEVELAND ELECTRIC 83 DUANE ARNOLD IOWA E L AND P CO 
DRESDEN-I COMMONWEAL TH ED I SON 85 OYSTER CREEK JERSEY CENTRAL PL CO 
DRESOEN-2 COl>r>IONWEALT H ED I SON 86 FORKED RI VER JERSEY CENTRAL PL CO 
ORESOEN-3 COMMONWEALTH EDISON 87 WOLF CREEK KANSAS G AND E CO 
QUAD CITIES-I COftlONWEALTti EDISON 88 SHOREHAM LONG ISLAND LIGHTING 
QUAD CITIES-2 COMMOHflEALTH EDISON 89 JAMESPORT - I LONG ISLAND LIGHTING 
ZION-I COMMONWEALTH EDISON 90 JAMESPORT-2 LONG ISLAND LIGHTING 
ZlON-2 COMMONWEALTH EDISON 93 WATERFOR0-3 LOUISIANA P AND l CO 
LA SALLE-1 COMMONWEALTH EDISON 94 MAINE YANKEE MAINE YANKEE AT PWR 
LA SALLE-2 COMMONWEAllH EDISON 95 THREE MILE ISLAND-1 METROPOLITAN EDISON 
BYRON-I COMMONWEALTH EDISON 96 THREE MILE ISLAN0-2 METROPOLITAN EDISON 
BVRON-2 COMMONWEALTH EDISON 97 GRAND GULF -1 MISSISSIPPI P AND l 
BRAIOWOOD-1 COM1'1JNWEALTH EDISON 98 GRANO GULF-2 MISSISSIPPI P AND L 
BRAIOW000-2 COMMONWEAL TH ED I SON 99 COOPER NEBRASKA PUB PWR DIS 
CONNECTICUT YANKEE CONN. YANKEE ATOMIC 100 NEP-1 NEW ENGLAND POWER CO 
lNDIAN POINT-2 CONSOLI DATED ED I SON IOI NEP-2 NEW ENGLAND POWER CO 
BIG ROCK POINT CONSUMERS POWER CO 102 NEW HAVEN-I N Y STATE E AND G 
PALISADES CONSUMERS POWER CO 103 NEW HAVEN-2 N Y STATE E ANO G 
MIDLAN0-2 CONSUMERS POWER CO 104 NINE MILE POINT -1 NI A GARA MOHAWK POWER 
MIDLAND- I CONSUMERS POWER CO 105 NINE MILE POINT-2 NIAGAM MOHAWK POWER 
LA CROSSE DA I RV LAND POWER CORP 106 MILLSTONE-I NORTHEAST UTILITIES 
FERMl-2 DETROIT EDI SON CO 107 MILLSTONE-2 NORTHEAST UT! l IT I ES 
GREENW000-2 OETROIT EDISON CO 108 MILLSTONE-3 NORTllEAST UTILITIES 
GREENW000-3 DETROIT EDISON CO 109 f>KJNTAGUE-1 NORTHEAST UT! LI Tl ES 
OCONEE- I OUKE POWER COMPANY 110 MONTAGUE-2 NORTHEAST UTILITIES 
OCONEE-2 DUKE POWER COMPANY Ill BAILLY NORTH INDIANA P S CO 
OCDNEE-3 DUKE POWER COMPANY 112 MONTICELLO NORTHERN STA TES PWR 
MCGUIRE-I OUKE POWER COMPANY 113 PRAIRIE ISLAND-I NORTHERN STATES PWR 
MCGUIRE-2 DUKE POWER COr-f>ANY 114 PRAIRIE ISLAN0-2 NORTHERN STATES PWR 
CATAWBA-I DUKE POWER COr-f>ANV 116 ERIE-I OHIO EDISON COMPANY 
CATAWBA-2 OUKE POWER COMPANY 117 ERIE-2 OHIO EDISON COMPANY 
PERKINS- I DUKE POWER COMPANY 118 FORT CALHOUN- I OMAHA PUBL PWR DIST 
PERKINS-2 DUKE POWER COMPANY 119 HUMBOLDT BAY PACIFIC G AND E CO 
PERKINS-3 DUKE POWER COMP AN V 120 OIABLO CANYON-2 PACIFIC G AND E CO 
CllEROKEE-1 DUKE POWER COMPANY 121 DIABLO CANYON-I PACIFIC G ANO E CO 

N .... 
U1 



Ti:lble 11. 

REACTOR I • D. NAME UTILITY 

122 SUSQUEllANNA-1 PENNSYLVANIA P AND L 
123 SUSQUEHANNA-2 PENNSYLVANIA P AND L 
124 PEACH BDTTOM-2 PHILADELPHIA ELEC CO 
125 PEACH BOTTOM-3 Pll!LAOELPHIA ELEC CO 
126 LIMERICK-I PHILADELPHIA HEC CD 
127 LIMER!CK-2 Pil!LADELPH!A ELEC CO 
128 TROJAN PORTLAND GEN ELEC CO 
129 PEBBLE SPR!NGS-1 PORTLAND GEN ELEC CO 
130 PEBBLE SPR!llGS-2 PORTLAND GEN ELEC CO 
133 FITZPATRICK POii, AUTll, STATE OF NY 
134 INDIAN POINr-3 POW, AIJHI, SrATE OF NY 
137 MARBLE ll!LL-1 PUB SERVICE INDIANA 
13B MARBLE HILL -2 PUB SERVICE INDIANA 
139 SEABROOK- I PSC OF NEW HAMP HS rnE 
140 SEABROOK-2 PSC OF NEW HAMPSHIRE 
141 BLACK FOX-I PUB SERV CO OKLAHOMA 
142 BLACK IOX-2 PUB SERV CO OKLAHOMA 
143 SALEM- I PUB SERV E AND G CO 
144 SALEM-2 PUB SERV E AND G CO 
145 llOPE CREEK-I PUB srnv E AND E co 
146 HOPE CREEK-2 PUB SERV £ AND E CO 
151 SKAGIT- I PUGET SOUND P AND L 
152 SKAG!l-2 PUGET SOUND p Arm L 
153 G!NNA ROCHESTER G AND E CO 
154 STERLING l!OCllESTER G AND E CO 
155 RANCHO SEC0-1 SACRE MENTO MUN UT DI 
158 SUMMER SO CAROLI NA E AND G 
159 SAN OtWrRE-1 SO CALIF EDISON CO 
160 SAN ONOFRE-2 SO CALIF EDISON CO 
161 SAN ONOFRE-3 SO CALIF EO!SON CO 
162 SOUTH TEXAS PLANT- I HOUSTON L ANO P CO 
163 SOUTH TEXAS PLANT -2 HOUSTON L ANO P CO 
164 BROf/NS FERRY-1 T v A 
165 BROWNS FERRY-2 T v A 
166 BROWNS FERRY-3 T v A 
167 SEQUOYAH-1 T v A 
168 SEQUOYAH-2 T v A 

(continued) 

REACTOR !. D. NAME UTILITY 

169 WAHS BAR-1 T v A 
170 WATTS BAR-2 T v A 
171 BEU.EFONTE-1 T v A 
172 BELLEFONTE-2 T v A 
173 HARTSVILLE-A 1 T v A 
174 HARTSVILL£-A2 T v A 
175 HARTSVILLE-Bl T v A 
176 HAl!TSV!LLE-B2 T v A 
177 PHIPPS BEND-1 T v A 
178 PHIPPS BEND-2 T v A 
179 YELLOW CREEK- I T v A 
180 YELLOW CREEK-2 T v A 
lBI COWINCHE PEAK- I TEXAS UTIL GEN CO 
IB2 COMANCHE PEAK-2 TEXAS UTIL GEN CO 
183 DAV!S-BESSE-1 TOLEDO EDISON CO 
IB4 DAVIS-BESSE-2 TOLEDO EDISON CO 
185 DAV!S-BESSE-3 TOLEDO ED I SON CO 
186 CALLAWAY-I UNION ELECTRIC CO 
187 CALLAWAY-2 UNION ELECTRIC CO 
188 VER~NT YANKEE VERf~lNT YANKEE NUCL 
189 SURHY-1 VlRGINIA E AND P CO 
190 SURRY-2 VIRGINIA E AND P CO 
191 NORTll ANNA-1 VIRGINIA E AND P CO 
192 NORTH ANNA:·2 VlRG!N!A E AND P CO 
193 NORTH ANNA-3 VlRG!N!A E AND P CO 
194 NOR HI ANNA-4 VIRGINIA E AND P CO 
195 WNP-2 WASH PUB PWR SUP SYS 
196 WIP-1 WASll PUB PWR SUP SYS 
197 WNP-3 WASH PUB PWR SUP SYS 
198 WNP-4 WASH PUB PIJR SUP SYS 
199 WNP-5 WASH PUB PWR SUP SYS 
200 POINT BEACll-1 WI EL PWR/WI Ml PllR 
201 POINT BEACll-2 WI EL PWR/Wl Ml PWR 
204 KEWAUNEE WISCONSIN P S CORP 
205 YANKEE -ROWE YANKEE ATOM ELEC CO 
207 BRUNSW!CK-2 PWR POOL CAROLINA P AND L CO 
208 BRUNSW!CK-1 PWR POOL CAROLINA P AND L CO 
209 M!LLSTONE-3 BWR POOL NORHIEAST UTILITIES 

r-.) 
..... 
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APPENDIX F - BEST-CASE DATh 

Shortly before the final printing of this work, all 

sources of input were reviewed and updated. The 

sirnula.tion model .; c: .... " exercised using 'I'he 

results of this simulation are given ~n Chapter Five. 

This appendix contains tlH? various input data. alonq with 

the complete series of graphical output. 

For: the best-case simnl at ion, a selective shipaH-::nt 

priority between reactor and AFR facility is employed. 

The priority is based on the National Electric Relianility 

Council {NEF:C) codes. APR Facility One (AGNS) receives 

fuel from a.ll l'Ec'actors within the southeastern. Electric 

Reliability Council ( SEHC) • ~ A FH facility 'l'WO (GB-Horris) 

accepts fuel from reactors within the East Central Area 

Reliability Coordination Asrceenent (:ECLF.:), 

Reliability Council o-F T·exas (EHCOT) , the 11.id-Lmerica 

Interp-ool Network (MADI) , t.h.e 1'1 id -Con tin•:0-n t I.re a 

Reliability Coord~nation Agreement (MARCA), the Southwest 

Power Pool (SWPP), and the Western Systems Coordinating 
/ 

Council {\lJSCC} • Eeactors within the Mid-Atlantic hrea 

Council (MAAC) and the Northeast Power Coordinating 

Council (NPCC) sb.ip fuel to A:F'E F'acility 'l'h ree, 
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Valle:}'. When any one of the above facilities becomes 

unavailable, the dischc:;rqe is transferred to the nea.re~-:t 

AE'R site. Nearness is the shipping priority to both new 

AFR facilities and all repositories. 

The accident analysis module is not utilized. The 

options to store fuel against FCH and track fuel within 

the temporary fil;;;, are permitted. The repository 

scheduling is given in Table 3; the earliest scenario 

(i.e., first repository on-line in 1997) is employe~. The 

domestic discharge data and the foreign data are listed in 

Tables 4 and 5, respectively. 

'I'he best-ca.se· data include t'lrn new AFR facilities. 

Table 18 describes the characteristics of each AFR 

facility and each repository. The AFR site data are 

accumulated through the tracking of the milestones within 

the .AFF; MIS. 

DISf'UL program. 

figures. 

The final input block originates from the 

Table 19 gives the domestic discharge 

Figures 37 through 48 are the utilization plots for 

the AFR facilities and repositories. An interpretation of 

these figures is given in Chapter Six. 



Tabl.e 18. Sto:i::age Si t.e Iuput Da"l.d for Best-case Siaulation 

STORAGE ON-LINE CAPACITY HANDLING AMOUfH OF 
SITE TIME (mtu) RATE EXISTING LATITUDE LONG ITUOE 

(mtu/year) SPEIH FUEL 

BMNWELL 84.5 1750 750 0 33.2 81.4 

GE-MORRIS 84.5 1100 250 350 41.4 88.4 

GE-MORRIS 89.2 1700 250 0 41.4 88.4 Add-On 

WEST VALLEY 84.5 1700 750 164 42.4 78.7 

NEW AFR 1 90.8 5000 1000 0 37.5 91.7 

NEW AFR 2 93.8 5000 1000 0 35.0 110.0 

HEPOSITORY l 97.6 41000 1800* 0 47 .0 118.0 

REPOSITORY 2 100.6 69000 180Qk 0 33.0 110.0 

HEPOSITORY 3 103.6 69000 1800* 0 32.0 87.0 

HEPOSITORY 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 

N .... 
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'!'able 1~. 

ANNUAL MTU SHIPPED 

REACTOR 1979 1980 1981 1982 

l 0 0 0 0 
2 0 0 0 0 
5 0 0 0 0 
6 0 0 c 0 
7 0 0 0 0 
8 0 0 0 u 
9 0 0 D 0 

10 0 0 0 0 
11 0 0 0 0 
12 0 0 0 0 
13 0 0 0 0 
14 0 14 20 20 
15 0 0 0 9 
16 0 0 25 27 
17 0 0 0 J 
18 0 0 0 0 
19 0 0 0 0 
20 0 0 0 0 
22 0 0 0 G 
23 0 0 " 0 
24 0 0 Ii 0 
25 4 8 8 8 
26 0 0 0 0 
27 0 0 0 0 
28 0 0 0 0 
29 0 0 0 0 
30 0 J 0 G 
31 0 0 0 0 
32 0 0 0 0 
33 0 0 0 0 
34 0 0 0 (J 
35 0 0 u 0 
36 0 0 0 0 
37 0 0 u 0 
38 0 0 0 0 
40 0 0 I) 0 
41 0 0 (I 0 
42 0 0 0 0 
43 0 G (I 0 
44 0 0 0 J 
45 0 0 0 0 
46 0 0 0 0 
47 0 0 G 0 
48 0 0 0 0 
49 0 0 0 0 
50 0 0 0 0 
51 77 24 0 0 
52 u 0 0 0 
53 0 0 0 0 
54 0 0 0 0 
55 0 0 0 0 
56 0 0 0 (j 
57 0 0 0 0 
58 0 0 0 0 
59 0 0 0 (J 

JJ0111e.stic lJJ.Scharge Dat:a t:or Best.-case S11iul.ation 

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 

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 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 0 0 
0 0 18 21 21 21 21 21 21 21 21 21 21 21 
0 (J 0 0 0 0 0 0 0 0 5 23 23 23 
0 0 0 0 0 0 23 44 44 44 44 44 44 44 
0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 18 22 22 22 22 22 22 
0 0 0 0 0 0 0 0 0 0 0 0 0 ·o 
20 20 20 20 20 20 20 20 20 20 20 20 20 20 
27 27 27 27 27 27 27 27 27 27 27 27 27 27 
27 27 27 27 27 27 27 27 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 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 0 
0 0 0 0 0 0 0 0 0 0 0 17 27 27 
c 0 0 0 0 0 0 0 0 0 76 79 79 79 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

8 8 8 8 8 8 8 8 8 8 8 8 8 8 
0 0 0 0 0 0 0 0 0 0 0 0 0 27 
0 0 0 0 0 0 0 0 0 0 0 0 0 7 
0 0 0 0 0 0 0 0 0 0 0 0 0 56 
0 0 0 0 o· 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 23 54 54 54 54 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 21 76 76 76 76 76 76 
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 36 57 57 
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 36 57 57 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 5 23 23 23 23 23 
0 0 0 0 0 0 1 23 23 23 23 23 23 23 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 27 27 27 27 27 27 27 27 27 27 ' 27 27 27 
G 0 0 0 0 0 0 0 0 0 0 34 40 40 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 2 3 3 3 3 3 3 3 
0 0 0 0 0 0 0 0 0 0 0 26 37 37 
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 39 48 48 48 48 48 48 48 48 48 48 
0 0 0 0 0 0 0 0 0 0 G 0 0 0 
0 0 0 17 24 24 24 24 24 24 24 24 24 24 
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 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 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 0 o· 0 0 0 0 0 0 0 0 

1997 1998 

0 0 
0 0 
0 9 
0 0 
0 0 
21 21 
23 23 
44 44 
0 0 
22 22 
0 0 
20 20 
27 27 
27 27 
0 0 
0 0 
0 0 
0 0 
27 27 
79 79 
0 0 
8 8 

28 ~8 
28 28 
56 56 
0 0 
54 54 
0 0 
76 76 
0 0 
57 57 
0 0 
57 57 
0 0 
23 23 
23 23 
0 0 
27 27 
40 40 
0 0 

3 3 
37 37 
0 0 
0 0 
48 48 
0 0 
24 24 
14 28 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1999 

0 
0 
32 
0 
0 
21 
23 
44 
0 
22 
0 
20 
27 
27 

7 
0 
0 
0 
27 
79 
0 
8 

28 
28 
56 
0 
54 
0 
76 
0 
57 
0 
57 
0 
23 
23 

3 
27 
40 
0 

3 
37 
0 
0 
48 
0 
24 
28 
0 
0 
0 
0 
0 
0 
11 

['-_) 
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Table 1~. (con tinue<l) 

ANNUAL MTU SHIPPED 
REACTOR 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
64 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
66 0 0 0 0 0 0 0 0 0 0 0 8 19 19 
67 0 0 2 19 1 19 19 19 19 19 19 19 19 19 
68 0 0 0 0 0 0 0 0 19 21 21 21 21 21 
69 0 (J 0 0 0 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 0 0 ·O 0 0 
71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
73 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
74 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
19 0 (i 0 0 0 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
81 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
85 0 0 0 0 0 8 21 21 21 21 21 21 21 21 
86 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
88 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
89 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
94 0 Ii 0 0 0 0 0 0 0 13 22 22 22 22 
95 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
96 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 

. 97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
99 0 0 0 0 0 0 0 0 0 0 0 26 26 26 

100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
101 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
102 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
103 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
104 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
105 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
106 0 0 0 0 0 0 0 11 22 22 22 22 22 22 
107 0 0 0 0 0 0 7 21 21 21 21 21 21 21 
108 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
109 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
111 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
112 0 0 0 0 0 0 0 0 0 0 0 14 18 18 
113 0 0 0 0 0 0 .•. 0 0 0 0 0 0 0 0 
114 0 0 0 0 0 o· 0 0 0 0 0 0 0 0 
116 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
117 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
118 0 0 0 0 0 0 0 0 0 0 5 13 13 13 
119 u 0 0 0 0 0 0 0 0 2 3 3 3 3 
120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
121 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1993 1994 1995 1996 

0 0 0 0 
0 0 0 0 
22 22 22 22 
0 0 0 0 
0 0 0 0 
19 19 19 19 
19 19 19 19 
21 21 21 21 
0 0 11 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 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 53 55 
0 0 0 0 
0 0 18 18 
21 21 21 21 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 5 28 
22 22 22 22 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
26 26 26 26 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 12 21 
0 0 0 0 
22 22 22 22 
21 21 21 21 
0 0 13 28 
0 0 0 0 
0 0 0 0 

.0 0 0 0 
18 18 18 18 
5 27 27 27 
0 0 0 0 
0 0 0 0 
0 0 0 0 
13 13 13 13 
3 3 3 3 
0 0 0 0 
0 0 0 0 

1997 1998 

0 0 
0 0 
22 22 
0 0 
24 25 
19 19 
19 19 
21 21 
21 21 
44 54 
0 0 
0 0 
0 0 
0 0 
0 0 
10 40 
4 32 
0 0 
55 55 
0 0 
18 18 
21 21 
0 0 
0 0 
0 0 
0 0 
0 0 
28 28 
22 22 
0 6 
0 0 
0 1 
0 0 
2ii 26 
6 28 
0 0 
0 10 
0 0 
21 21 
5 37 
22 22 
21 21 
28 28 
0 0 
0 0 
0 0 
18 18 
27 27 
0 0 
0 0 
0 0 
13 13 
3 3 
0 0 
0 0 

1999 

0 
0 
22 
20 
25 
19 
19 
21 
21 
54 
0 
0 
0 
0 
0 
40 
32 
0 
55 
0 
18 
21 
0 
0 
0 
0 
0 
28 
22 
21 
0 
43 
0 
26 
28 
6 
31 
0 
21 
37 
22 
21 
28 
0 
0 
0 
18 
27 
0 
0 
0 
13 
3 
0 
0 
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Table 19. (con. tiuueo) 

ANNUAL MTU SH I PPEO 
Rf ACTOR 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

122 0 0 0 0 0 0 0 0 0 0 0 0 
123 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 
125 0 0 0 0 0 0 0 20 38 38 38 38 
126 0 0 0 0 0 0 0 0 0 0 0 10 
127 u 0 0 0 0 0 0 0 0 0 0 0 
128 0 0 0 0 0 0 0 0 0 0 0 0 
129 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 
133 0 0 0 0 0 0 0 0 0 0 9 27 
134 0 0 0 0 0 0 0 0 0 0 1 23 
137 0 0 0 0 0 0 0 0 0 0 0 0 
138 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 
140 0 0 0 0 0 0 0 0 0 0 0 0 
141 0 0 0 0 0 0 0 0 0 0 0 0 
142 0 0 0 0 0 0 0 0 0 0 0 0 
143 0 0 0 0 0 0 0 0 0 0 0 0 
J.14 0 0 0 0 0 0 0 0 0 0 0 0 
145 0 0 0 0 0 0 0 0 0 0 0 0 
146 0 0 0 0 0 0 0 0 0 0 0 0 
1S1 0 0 0 0 0 0 0 0 0 0 0 0 
152 0 0 0 0 0 0 0 0 0 0 0 0 
153 0 0 0 0 0 0 0 0 0 0 0 0 
154 0 0 0 0 0 0 0 0 0 0 0 0 
lb5 0 0 0 0 0 0 0 0 0 0 0 0 
158 0 0 0 0 0 0 0 0 0 0 0 0 
159 0 0 3 11 11 11 11 11 11 11 11 11 
160 0 0 0 0 0 0 0 0 0 0 0 
161 0 0 0 0 0 0 0 0 0 0 0 0 
162 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 
164 0 0 0 0 0 0 0 0 0 0 0 0 
165 0 0 0 0 0 0 0 0 0 0 0 0 
166 0 0 0 0 0 0 0 0 0 0 0 6 
lo7 0 0 0 0 0 0 0 0 0 0 0 0 
168 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 
170 0 0 0 0 0 0 0 0 0 0 0 0 
171 0 0 0 0 0 0 0 0 0 0 0 0 
172 0 0 0 0 0 0 0 0 0 0 0 0 
173 0 0 0 0 0 0 0 0 0 0 0 0 
174 0 0 0 0 0 0 0 0 0 0 0 0 
175 0 0 0 0 0 0 0 0 0 0 0 0 
J 76 0 0 0 0 0 0 0 0 0 0 0 0 
177 0 0 0 0 0 0 0 0 0 0 0 0 
l 78 0 0 0 0 0 0 0 0 0 0 0 0 
179 0 0 0 0 0 0 0 0 0 0 0 0 
ISO 0 0 0 0 0 0 0 0 0 0 0 0 
161 0 0 0 0 0 0 0 0 0 0 0 0 
182 0 0 0 0 0 0 0 0 0 0 0 0 

1991 1992 l 993 1994 1995 

0 0 0 0 52 
0 0 0 0 0 
38 38 38 38 38 
38 38 38 38 38 
38 38 38 38 38 
0 10 38 38 38 
0 19 28 28 28 
0 0 0 0 0 
0 0 0 0 0 
27 27 27 27 27 
23 23 23 23 23 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 3 38 
0 0 0 0 3 
0 0 0 0 11 
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 8 13 
0 0 0 0 0 
0 0 0 11 23 
0 0 12 23 23 
11 11 11 11 11 
12 28 28 28 28 
0 12 28 28 28 
0 0 0 0 0 
0 0 ' 0 0 0 
78 81 81 81 81 
0 0 0 0 0 
40 40 40 40 40 
47 56 56 56 56 
0 0 0 0 0 
18 56 56 56 56 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 22 
0 0 0 0 0 
0 0 0 0 22 
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 0 

1996 l 997 

73 73 
0 0 
38 38 
38 38 
38 38 
38 38 
28 28 
0 0 
0 0 
27 27 
23 23 
6 56 
0 0 
0 22 
0 0 
38 38 
38 38 
28 28 
28 28 
0 0 
0 0 
35 42 
0 0 
13 13 
0 0 
23 23 
23 23 
11 11 
28 28 
28 28 
0 0 
0 0 
81 81 
0 0 
40 40 
56 56 
0 0 
56 56 
0 0 
30 30 
0 30 
40 40 
22 40 
40 40 
22 40 
22 40 
0 0 
0 0 
0 0 
0 33 
0 0 

1998 

73 
0 
38 
38 
38 
38 
28 
0 
0 
27 
23 
56 
0 
28 
0 
38 
38 
28 
28 
0 
0 
42 
35 
13 
0 
23 
23 
11 
28 
28 
0 
0 
81 
0 
40 
56 
0 
56 
0 
30 
30 
40 
40 
40 
40 
40 
22 
0 
0 
57 
0 

1999 

73 
0 
38 
38 
38 
38 
28 
0 
0 
27 
23 
56 
0 
28 
22 
38 
38 
28 
28 
0 
0 
42 
42 
13 
0 
23 
23 
11 
28 
28 
0 
0 
81 
0 
40 
56 
0 
56 
0 
30 
30 
40 
40 
40 
40 
40 
40 
0 
0 
57 
0 

"' lV 

l'J 
N 



l'able 19. (continued) 

ANNAUL MTU SHIPPED 

REACTOR 1979 1980 1981 1982 1983 1984 1985 1966 1987 1988 1989 1990 

183 0 0 0 0 0 0 0 0 0 0 0 0 
184 0 0 0 a 0 0 0 0 0 0 0 0 
Hi5 0 0 0 0 0 0 0 0 0 0 0 0 
186 0 0 0 0 0 0 a 0 0 0 0 0 
187 0 0 0 0 0 0 0 0 0 0 0 a 
188 0 a a 0 0 0 0 0 0 a 0 2 
189 a a a a 0 5 40 40 40 40 40 40 
190 0 0 0 0 0 0 0 0 0 0 0 0 
191 0 0 0 0 0 0 0 0 19 46 46 46 
192 0 0 0 0 0 0 0 0 0 0 0 0 
193 0 0 0 0 0 0 0 0 0 0 0 0 
194 0 0 0 0 0 0 0 0 0 0 0 0 
195 0 0 0 a 0 0 0 0 0 0 0 0 
196 0 0 0 0 0 0 0 0 0 a 0 0 
I 97 0 0 0 0 0 a 0 a 0 0 0 0 
198 () 0 0 a a 0 0 0 0 0 0 0 
199 0 0 0 0 0 0 0 0 0 0 0 0 
200 0 0 0 0 0 0 0 0 0 0 0 0 
2Jl 0 0 0 0 0 0 0 0 0 0 0 0 
204 0 0 0 0 0 0 0 0 0 0 0 0 
205 0 0 0 0 0 0 0 0 0 0 0 0 
207 0 0 0 0 0 0 0 0 0 0 0 0 
2U8 0 0 0 0 a 0 0 0 0 0 0 0 
209 0 0 a 0 0 0 0 0 0 0 0 0 

1991 1992 1993 1994 1995 

9 23 23 23 23 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 a 
0 0 0 0 0 
19 19 19 19 19 
40 40 40 40 40 
0 0 0 0 0 
46 46 46 46 46 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 25 37 31 37 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 u 0 0 
0 0 0 0 0 
0 0 0 0 0 
3 9 9 9 9 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

1996 1997 

23 23 
0 0 
0 0 
a 0 
a 0 
19 19 
40 40 
0 0 
46 46 
0 0 
0 0 
0 0 
37 37 
0 II 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
9 9 
0 0 
0 0 
0 0 

1998 

23 
0 
0 
0 
a 
19 
40 
0 
46 
0 
0 
0 
37 
31 
30 
II 
0 
JG 
0 
0 
9 
0 
0 
0 
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ANALYSIS BY SIMULATION 

OF THE DISPOSITION OF NUCLEAR FUEL WASTE 

by 

Jeffery I.ee Turek 

{ABS'I'Rll C'I') 

To achieve the non-proliferation objectives of the 

United States, the reprocessing of spent nuclear fuel was 

discontinued in 1977. Since current at-reactor storage 

capacity is based upon a nuclear fuel cycle which includes 

reprocessing, this halt in reprocessing is causing large 

quantities of non-storable spent fuel. Permanent nuclear 

waste stora.gE: repositories will not be ciVaila.ble until the 

end of the century. Present Department of Energy policy 

calls for sufficient interim Away-Prom-Reactor (AFh) 

Storage capaci -r.y to insure tilat no commercial reactor has 

to shutdown due to inadeguate storage space for discharged 

spent f ue1. 

A descriptive simulation model is developed which 

includes all aspects of nuclear waste disposition.. The 

model is comprised of two systems, the second system 

orchestrated by GASP IV. A spent fuel generation 

prediction module is interfaced with the AFh Program 



Management Information System and a repository scheduling 

information module. The user is permitted a wide range of 

options with which to ta.ilor the simulation to any desired 

storage scenario. The model projects storage reguirements 

through the year 2020. 

'I'he outputs cu:e eval uation.s of the impact that 

alternative decision policies and milestone date changes 

have on the demand for, the availability of, and the 

utilization of spent fuel stora~;re capacities. Both graphs 

and detailed listings are available. These outputs give a 

comprehensiVE! view of the particular scenario under 

observation, including the tracking, by year, 

discharge from every reactor. 

oi each 

Include<d within the work is a review of the status of 

spent fuel disposition based on input data accurate as of 

August 19BO. The results indicate that some temporary 

storage techniques (e.g., transshipment of fuel and/or 

additional at-reactor storage pools) must be utilized to 

prevent reactor shutdowns. These techniques will be 

required until the 1990's when several AFR facil~ties, and 

possibly one repository, can become operational. 
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