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ABSTRACT

The creation of five reactor-specific spent fuel datsa bases that contain
information on the projecied amounts of spent fuel to be discharged from 4,5,
commarcial nuclear reactors through the year 2020 i35 described, The data bases
contain detailed spent fuel inTormation from existing, planned, and projected
oressurized water reactors (PWR) and boiling water reactors {BWR}, and one
existing high temperature gas reactor {HTGR), The projactions are based on
individual raactor informalion supplied by the U.5. reactor owngrs, The Bbasic
information is adjusted £o conform to Enargy Information Adminisiration (EIA}
forecasts for nuclear instalied capacity, generation, and spent fuyel dis-
charged, The niA cases considered ars: 1) No Hew Orders (assumes increasing
surnup), 23 No MNew Orders with No Increased Burnup, 3) Upper Reference [assumes
increasing hurnup), 4} Upper Reference with Ho Increased Burnup, and 5} Lower
Reference [assumes increasing burnup}. Detailed, by-reactor tables are pro-
vided Ffor annual discharged amounty of spent fusl, for storage requirements
assuming maximum at-reactsr storage, and for storage requirsments sssuming
maximum at-reactor storage plus intra-utility transshipment of spent fuel.
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1.0 INTRODUCTION

Under the provisions of the Nuclear Waste Policy Act of 1982 {(N&PA}, the
Dapartment of Lnergy {DOE} is responsible for the management and ultimate per-
manent disposal of the civilian gpent fuel and high level radicactive waste
generated as a result of commercial nuclear power plant operations in the
4.5, The Office of Civilian Radicactive Waste Management [OCRWM} has been
gstablished within DOE to carry ocut this respensibility.

The greatest portion of the radicactive waste covered under Lhis govern-
mant responsibility will be spent asuclear fuel discharged from commarcial
nuclear power plants, Because most of the spent fuel that will ultimately
require disposal has not yet been generated, planning for the management and
disposal of this spent fuel must he largely bhassd on projections of future
spent fuel discharges from commercial suciear power plants.

The DOE Enerqy Information Administration {EIA) anmually publishes projec-
tions af nuclear energy gensration on an overall, industry composite basis isa
its Commercial Nyclear Power report {DOE/EIA 18872}, In addition, the EIA also

pubiishes projections of aggregate spent fuel discharges from commergial
nuclear plants in its World Ruclear Fuel fycle report {DOE/EIA 1337b), Dis-

charge projections found in the Yorld Nuclear Fuyel Cycle report are keyed to

the nuclear anergy generation projsttions found Tn the Commercial Nuclear Power

report, These EIA energy and discharqe projections provide several scenarios
representing different assumplions about the future growth of nuclear snrergy
capacity in the U,3., Multiple scenarios allow analysis of the seasitivity of
resuyits and decisions Lo varying assumpiions,

The UCRWM plans for mangaement and disposal of speat fuel ars based on the
EIA nuclesr energy projections, However, the EIA projections do not contain
the specific reactor-by-reactor information that {4 needed to perform detailed
analiyses of relevant issues such as wasts system transportation Jogistics,
spacific requirements for interim storage of spent fuel, or anticipated varia-
Lions in Lhe physical characteristics of the spent fuel fo be received for
disposal., Therefore, Lo provide a more detailed bhasis for such analysis, the
BOE sponsored wark to ¢reate adjusted data base {ADB) sets. These ADB sets are
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based an utility-supplied data, and adjusted to meet EIA projections of annual
spant fuel discharges, nuclear capacity, and snergy qeneration., The Pacific
Northwest Laboratory {PNL}, operated for the DOE by Battelle Memorial Insti-
tute, has produced sets of ADBS annually siace 1984 {four sets total) corre-
sponding te annually-updated projections by EIA and annyally-updated utility
information, This work has been performed by the Reactor Data Analysis (RDA)
Program at PHL.

The first AD8 set was based on historical data complete through 1983 and
projected data from 1524 to 2020 (Heebh, Libby, and Holter 1985). The second
and third sets of ADBs used historical data through 1988 and 1985, respec~
tively, and projected information from 1985 to 2020 and 1986 1o 2020 {Heab et
al. 1986; Heeb, Walling, and Purcell 1987}, This document describes the faurth
ADB set that includes historical data through 1986 and projected data for the
1987 to 2020 time period. The succession of ADBs 15 explained below and
illustrated in Table 1.1,

In the first study, the primary source of data used to develop the
reactor-specific information was the utility~suppiied Spent Fuel Data Base
{SFOR} collected by PNL for the DOC Commercial Spent Fuel Management (CSFM)
Program. The ADE sets from subseguent studiss consist primarily of utility
data {SFOB} collected by EIA via the Huciear Fuel Data Form RW-859 and used hy
PNL., The rnew ADR sets ware produced by adjusting the EIA data from the RW-889
form to meet EIA projections of nuclear capacity, energy generation, and Spent
fuel discharges.

The ROA Program uses ths adiusted data bases for a number of planning
purposes dnd furnishes data for use by other DUE programs. Roy F. Weston Inc.
uses ADB information to calculate tofal system life cycle costs {TSLCC) for
OCRWM, The RDA Program provides basic information on spent fuel for inclusion
in the DOE Integrated Data Base {IDB) maintained by Uak Ridge National Labora-
tary, Information from the ADB is used in the DOE Systems Integration Program
and the Monitored Retrievable Storage (MRS} Program,

Thrae 1587 LIA nuclear growth scenarios were c¢hosen as bases far develop-
ing the 1987 reactor-gpecific spent fyel discharqe projections: The Upper
Reference Case, the Lower Reference Case, and the No New Orders Case, The
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TABLE 1.1. Succession of Adjusted Data Bases

ADBs
EIA Generated (see
Histerical Projectios Primary Data Table 1.2 for AlBs
Year [ata As Of Period Collected By abhreviations) Repgrted In:
1984  12-31.83  1984-2020 PNL Hiddle (KIB), Heeb, Libby
KND (NIB} Holter 1985

(PNL-5396}

1985  12-31-84 19852020 £1A {RW-859) Hiddle, NNO, Heeb, Libby
Hiddle-N1B Walling, Purcell
HNG-RI8 1986 (PNL-5333)

1986  12-31-85  1986-202¢ EIA {RW-859) UR, NNO, L&, Heeb, Waliing,
UR<NIB, XNNO.NIS Purcell 1987
{PHL-51D04)

1987 12-31-86  1987.2020 £IA {RW-~859) UR, HHO, LR, Walling, Heeb,
UR-NIB, NNO-KIB Purcel]l 1988
{PNL-6430)

Notes: 1. In 1885, the EIA changed its primary fuel Surnup assumption for
discharge projections to one of increasing burnup {aise called
extended burnupl. Prior to that time, the primary assumption
had been that of constant burnup {or no increased burnup as it
is now called).

Z. In 1986, the EIA case names changed: the Low (ase became the
Lower Reference Case; the Middle Case bacame the Upper Refer.
ence Case; and the High {ase became the Optimistic Case. The
Ho New Orders (ase remained the same.

background assumptions for these cases are described in documents published by
DOE {DOE/EIA 19873, 1987b). The Upper Reference Case has peen previously
selected by the OCRWM as the base case for waste mansgement planning pur-
poses. ine Lower Reference and the No New (rders Cases were inciuded Lo pro-
vide additional data sets for studying the sensitivity of analytical resylts
and management decisions to less optimistic apredictions of nuclear growth in
the 4.5, The projected installed nuclear generating capacity projections for
the three growth scenarios are shawn in Figure 3.2, The projecied nuclear
electric energy generabion projections are shown in Figure 3.3,

in order o meet the installed capagity and enerqy-generation requirements
beyond the year 2005 for the Upper and Lower Reference Cases, it was necessary
to add generic power plants to the population of operating and pipeline {under
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construction or on order) reactors. Reactor types consistent with currently
existing powser plants were chogsen to represent these generic power plaats,
This approach permitted the detailed information for the generic power plants
to be abtained from the resylting ADBs in &the same manner as for the currently
existing or planned reactors., Each of the geseric reactors was assigned to a
specific Federal Region. A mixture consisting of two thirds pressurized water
reactors (PWRs] and one third boiling water reactors (BWRs} conforms to CIA
assumptions,

The No New Orders Case includes only nuclear power plants that are cur-
rantly operating and a subset of the plants currently under construction. EIA
assumes tha? some of the plants currently under construction will not be com-
pleted, and that the startup of others will be delayed beyond official utility
startup estimates, The Lower Reference Lase contains the same set of nlants
gperating or under construction as the No New Orders Case; however, a modest
addition of generic plants is assumed starting in 2006 to meet LIA projec-
tions., The Upper Reference {ase assumes fewer cancellations and some earlier
startup dates relative to the No New Orders and Lower Reference Casas. A
greater number of generic plants are added ia the Upper Reference (ase, also
starting in 2008, fo meet EIA projections.

In making projections of the amount of spent fuel discharged, EIA assumes
the reactors will increase their current burnups oy 30 percent above current
levels by the year Z0D0. The discharge burnups then remain at those Jevels
beyond 2000, A nymber of sensitivity scenarios are also projected by £1A. Une
of these scenartos assumes no increased burnup above current levels, with the

burnup maintained at the historical average for 1984, This results in the
discharge of more spent Tuel for the same installed capacity and elegtrical
generagtion,

Adjusted Data Bases were generated for the lpper Reference, Lower Refer~
ence, and No New Orders cases forecast oy EIA {DOE/EIA 1987a, 1987b). Addi-
tionaily, AUBs corresponding to the no increased burnup sensitivity scenario
wore generated for the Upper Reference and Ho New Orders cases.
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The data~-base names are abbreviated as shown in Table 1.2, The adjusted
data base names are keyed to case names published in World Nuciear Fuel fycle
Requirements 1987 {DOE/EIA 1987h, Table £l}.

TRBLE 1,Z. List of Acronyms for Data Base Names

Acronva Data Base

SFDB The unmodified Spent Fuel Data Base containing only
utility~supplied data, This data is used for Spent Fuel
Storage Reguirements 1987 {DOE/RL 1987) and for many other
purposes, Predegcessor SFDBs were used for previous Spent
Fuel Storage Requirements reporis and the Annual Capagity
Report [LDUE/RW-0146],

AD8 Any Adjusted Bata HBase

NHO No New Orders Case, assumes incrsasing burmyp

NNO-NIS  No HNew (rders Case sensitivity scenario with No increased
Burmp

UR Upper Reference Case, assumes increasing burnup

UR-NIB Upper Reference Case sensifivity scenaric with No Incraased
Buriup

LR Lowar Reference Cage, assumes increasing burnup
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2.0 SUMMARY

The utility-supplied spent fuel discharge forecasts contained in the 1887
SFB were adjusted ta produce agreement with EIA discharge forecasts {ODE/EIA
1987b), Adjustments were made also to utility-supplied projected discharge
sarnups fn the 1887 SFDB to produce agreement with EIA burnup and energy gen-
eration assumptions (DOE/EIA 1887a), Five reactorespecific ADBs were nroduced
to match five E£1A cases. The ADBs are designated as follpws:

1. HNo New Orders {increasing buraup) - NNO

. Ko New QOrders, No Incrsased Burnup - HNND-N{B

Z

3, Upper Reference {increasing burnup) ~ UR

4. Upper Reference, No Increased Burnup -~ UR-NIB
5

. Lower Reference {increasing burnup} - LR,

The adjustment procedure changes the amount of fuel discharged annually so
that 12 agrees with the £IA forecast, The method allows the discharged fuel
batch identity of the utility data base to remain intact, while exact agreement
with ELA projected spent fuel discharges 15 obtained by adjusting baten stiza,
Burnup is then adjusted Lo produce agreement with LIA burnup and energy genera-
tion forecasts.

The method used in developing the reactor~specific spent fuel discharge
projections, as well as the resulting data hases themselves; are described in
detail in this report, DBiscussions of the method cover the following topics:

o desoription of the data hase

o daba base adiustment procedurss

o addition of generic oower reactors

» calculated data base annual elechric energy qeneration,
The accumulated spent fuel inventory for each of the five cases analyzed, and
the original wtility inventdry projechion dre presented in Chapter 3.0,

Reactor-specific discharge and storage requirements for four scenarios are
presanted in Appendix A, Table A,l gives startup and shutdown dates far
reactors in the four scenarios: the Utility case, the No New Orders Case, the
Upper Reference Lase, and the Lower Reference Case. Table A.Z gives the names
and startup dates For the Upper and Lower Raference (ase generic reactors.
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Tables A.3 and A.3 show the Upper Reference Case {UR) annual and cumulative
discharqges respectively. Tables A5 through A8 display the annual and cumula-
tive storage requirsments for the maximum at-reactor (AR} storage assumption,
and for the maximum Leansshipment assumption for the UR data bass. These com-
pare directly to the storage reguirements from the utility-supplied data, as
reported in Spent Fuyel Storage Requirements 1987 [DOE/RL 1487},

The reactor-specific spent fuel discharge projeciions contatned in thig
report represent the perfod from 1987 through 2828, The total cumuiative spent
fuel inventory during this time periad ranges from 111,000 MTIHM far the Upper
Reference-No Increased Burnup cass to 78,000 MTIHM for the No New Urders
{increasing burnup) case. A description of the methods and the results is
ingluded in the next sectien of this report., Detailed information that supe-
ports discussions in the main body of the repori, including descriptions of the
capacity and fuel discharge projeciions, are included in Appendix A,
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3.0 DISCUSSION

The 1987 SFDB is a compendium of information on U.3, commercial power
reactar spent fuel! and other reactor-specific information collected by EIA via
the Nuclear Fuel Data Form RW-8353, 1t is hased on data provided by the operate
ing utilities, and represents the utilities' estimate of the amounts and char-
acteristics of their spent fuel discharges. The most recent, annual data
collection by EIR cantainsg histerical data through December 1986 and projec-
tions far 1987 and beyond; this collection fs often referred to as "CY-1986
data,” named for the last calendar vear for which historical iaformation is

K rowr .

Electrical energy generation is snol contained explicitly in the data hase;
rawever, it may be derived from the spent fuel guantities and spent fuel burnup
contained in the data base.

3.1 DATA BASE DESCRIPTION

The SFOB contains information organized by individual reactor. The first
portion of the information consists of details such as the owning/oeperating
utility, Iocation, various power ratings, dates of startup and final shutdown
(end aof commercial operation}, and information on storage <apacity. The second
portian consists of the historical record of fuel discharges hy batch or sub-
batch with the date of discharge, pumber of assemblies, the uranium mass for
the hatch, and the average discharge burnup. The third portian of the SFUE
containg projected discharge information for 1987 and beyond,

The electrical energy generation implicit in the SFOB s entirely indepen-
dgnt 3f the auclear energy generation forecasts made by EIA. The SFDR was
modifiad to produce ADBS that ars consisteni with these forecasts of auclear
enerqy generation and spaat fuel discharges. The technical steps fnivolved in
modifying the SFDB to produce an ADB that conforms to the EIA projections are
described in this sestion. The principal reguirement of the modification was
to retain as much of the detaited ubility estimates of Fuel burnup, plant capa-
ctty factor, and discharge schedules as possible, while matching the BIA forew
cast for spent fuel discharges and enerqy gensration.

3.1



3.2 DATA BASE ADJUSTMENT PRGCEDURE

The steps in the adjusiment procedure are shown in Figure 3.1, The
adjustment process required the construction of four majoer pracessors. These
steps are described in the sections that foltow. The adjusiment process is
entirely concerned with the time beyond 1985, since historical information is
teft unchanged by the adjustment process. The adjustment steps are nusbered in
the Figure 3.1 flow chart.

3.2.1 Step l--Shifi Utility Data Base Startup and Shutdown [ates

The commercial operation date i3 used as the starting point for energy
generation by the ADB energy calculation algorithm. The utilities report the
date of commercial operation for operating and pipeline reactors an Lhe RW-859
farm., The utility date is used For cperating reactors, Commercial operation
dates for pipeline reactors starting up after 1387 are derived from EIA opers
able dates {DDE/EIA 1987a), Based on comparison of the EIA operable dates for
gperating reactors with the commercial operation dates given by the utilitiss,
the E{A operahle dates precedes the Commercial operaling dates Dy an average of
six months. Thus, six months was added to the EIA operable dates for pipaiine
reactors to represent the startup date for commercial operation., The startyp
date for each reactor is shown in Appendix A, Table A.l. Pipeline regctors
that are part of the SFDR, but are assumed by CIA to be canceled, are removed.

The utility-supplied pattern of discharges for pipeline reactars was
shifted by the difference between the uti]ity-supplied commercial operatian
date and the derived EIA cammercial operaticn date. For example, the ytility-
supplied commercial operation date for Paic Verde.J is Novewber 18B7. The LIA
pperable date for Pile Verde-3 is September 1987, adding six months yields a
derived commercial operation date of March 1988, Therefore, the pattern of
discharges for Palo Verde-3 was shifted by four months, the difference between
the derived date of March 1888 and the utility-supplied date of Hovember 1887,
The shutdown dates ware adjusted to an average of 40 years affer the adjusted
startup date. Generic rpacturs weré added to the Upper and Lowar Referance
{ases so that installed nuclear generation capacity could be matched.
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21.2.2 3Step 2--Adjustment of Utility Discharges to Maten EIA Projections

The projected discharge amounts in the SFDB are modifiad to agree with EIA
farecasts published by DOE/EIA (1987b), An adjustment ratio, which is equal to
“the ratio of the EIA farget ameount to the unadjusted amount from the SFDB, was
calculated for each year, In producing the No New Orders ADBs, all dischargss
ware adjusted by this ratio.

The differesnice between the No New Orders Case and the Lower Reference Case
is the addition of generic reactors. To produce the Lower Reference ADR, the
No New Urders reactors were held constant and the adjustment was limited to the
discharges of the Lower Reference generic reactors. The Mo New Orders ADBR is
thergfore a subsel of the Lower Reference ADB.

There are more differences between the No New Orders and Upper Referance
Cases compared to the No New Urders and Lower Reference {ases. The Upper
Reference case hag more gptimistic startup dates for most pipeline reagtors,
includes several pipeline reactors assumed canceled in the No New Orders and
Lower Reference Lases, and includes the addition of more geneeic capagity.
Limiting the adjustment solely ito reactors which are new or have & different
startug relative £o the Yo New Orders Case requires unrsalistic adjustments to
meet targets. To produce the Upper Reference AlBBs, the adiustment is applied
to all pipeline reactors-~those with startups after 1986--and the generic
reactors.  In this manaer ¢redible resylts are achieved while a majority of the
No New Orders reactors--those starting prior to 1887--remain unaffected.

3.2.3 Step 3--Adjustmest of Rurnups to Match EIA Burmyp Projections

In Step 3, the average annual burnup was adjusted to meet TIA average
burnup forecasts, A limit of 50,000 MWD/MTIHM was selected as a reasosable
upper bound for individual PWR burnups based on patterns seen in the utility-
supplied data; a limit of 50,000 M&D/MTINM was used as the maximum BWR
burnup. {Metric tons of initial heavy metal, MTIHM, is a measure of the
quantity of fuel, Burnup is measured in megawatt-days per MTIHM, MWO/MTIHM.)
Utility~suppliad bursups were increased according to LIA's stated increasad
burnug assumptions {30 percent over the 1984 average by 2000} in the increasing
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burnup cases. Saome slight changes were made to the average annual burnups of
a1l adjusted data hases in order to match E[A annual enerqy generation
forecastis,

31.2.4 Step 4--Calculaticn of Llectrical Energy Generation from the Adjusted
Jata Base

The information available within the data base permits an estimation of
the electrical eneryy generated by the fuel during its residence ia the care,
Energy generation in 2 batch of discharged fuel is equal to the product of the
buraup (MEO/MTIHM) and the amount discharged {MTiHM], This is the thermal
gnergy generated in the fypl. The elecirical energy is the product of the
thermal enerygy and the thermal efficiency of the reactor., [n order $0 calcu-
late the annual slec¢trical generation by the reactor it is necessary to relate
the thermal enerqy generated by the fuel to the electrical energy generated Dy
the reactor, The algorithm employed to do this is based on the relative energy
generated by the fuel batches during equilibrium operation, The algorithm is
then modified t0 inClude nonequilibrium initial core batches.

During equilibrium operation, each position in the care s designated as
one that holds fresh fuel, once~burned fuel, twice burned fuel, etc. The batch
of fresh fuel will generate £ kWh during its first cycle of residence, 'Guréng
the next cycle, the bateh of fuel will be moved into the designated once~burned
fugl positions in-core and generate E, kWh, This progression continues until
the discharge cycle is reached. Duriny this cycle Jet EN be the final energy
qenerated by the batch during the Tast cycle of residence. The enerqy gensr-~
atad by the discharged batch, £, will be the sum of the energy generated in
gach cycle of residence, ELD = z:"I + EZ PR £N.

During any given cycie of oparation, thers will be a batch of fresh fyel
in-core that will generate Ey kWh and a once-burned batch fn-cere that will
generate £, kWh, This progression will continue until the highest-burnaed batch
1s regched, which will generate Ey kWh. The eénergy gererated by the reactor
during any cycle of equilibrium gperation, Ens will be the sum of the enerqy
generated by all fuel batches resident in-core during the cycle, Ep = By + B0+
« v« Eye Hence, £ equals £5. This key relationship is used to calculate the
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cycle engrgy from the amount of spent fuel discharged and its burnup, para-
meters that are readily available on the data base.

For reactors just starting up, the ratis of first-cycle energy generation
to first~discharge batch energy generation will net be unity, but will approxi-
mate the raciprocal of the core fraciion discharged if power sharing Dy in-core
batches is propertional to batch size. Thus for one~third ¢ore replacement,
the ratioc of first cycle energy Lo the energy generated by the fuel in the
fir¢t discharge would approximate 3.0, The second discharge ratio would
approximate nalf of this, or 1,5, The third discharge ratio would approximate
unity, and remais unity for all subseguent discharges.

In actual practice power sharing between in-core fuel batches is not
exactly equitable, and fuel management plans do not specify that the same frac-
vion of the core will be replaced for every refusling outage. However, when
Targe numbers of reactors are involved and interest is primarily in gver-all
gnerdy genaration over several years during which only 2 small fraction of the
total energy generation is from plants not at equilibrium, average nonequili-~
brium ratios of cycle gnergy to batch energy may be approximated with syuffi-
cient accuracy. Detailed fuel management plans for several reactors were
analyzed to obtain a more realistic ratio of cycle Lo batch enerqy. The ratiss
of cycle enerqy to batch energy (ngﬁﬁk were caiculated and the resulls are
summarized in Table 3,1,

The energy of a given cycle is approximated by adding the product of fotal
purniyp, weight of the batch, and the thermal efficiency of the reactor over 3ll
batches discharged at thne end of the cycie. This emergy s Ep, the energy
generated by the discharged fuel. I[f the reactor is at equilibrium, then Ej
equals Ep, as has been demonstrated; the enerdy generated in the discharged
fuel is the energy generated by the reactor during the operaling cycle. if the

TABLE 3.1, Cycle to Batch Emergy Ratis by Cycle

First Sacond Third Eourth cquilibrium
PWR 2.857 1.266 1.09% 1.073 1,400
BWk 3,663 1.404 1,111 1.088 1,000

KN



reactor is not at equilibrium, then the appropriate factor from Table 3.1 is
multiplied by £q to obtain Eg, the cycle energy. For example, if Lhe reactor
is a PR and on its second cycle of operation, then Ep equals 1.266 x Egy.

The annual energy generation is calculated from by by allocation to each
year according to the number of months din the year for that cycie, Thus if a
12 month cycle had one month in year X, 12 months in year (X + 1}, and the
remaining five months in year {X + 2}, then the reactor would confribute to
pach of the three year's enerqy generation as follows: year X would contribute
1718 x Ey; year {X + 1} would contribute 12/18 x Eg; and year (X + 2} would
contribute 5/18 x Ep.  The annual contributions from each reactor cycle calcu~
iated in this manner are added together to ¢ompyte the annual energy generatian
schedule for comparison to EIA enerqy generation forecasts,

3.3 GERERIC REACTOR ABDITIONS

The SFOB contains information only on those reactors that were operating,
gader construction, or in the plasning stage by some Y.5, utility in 1986, In
order to meet EIA annual Upper Reference Case and Lower Reference Case fore-
casts for installed nuclear capacity, spent fuel discharges, and energy genera-
tion after 2005, it is necessary £o include generic reactors. Trese are
inciugded 1n the shifted data base after Step 1 of the adiusiment process (sae
previgus discussion and Figure 3,1},

Two actual reactors were selected to represent the generic PWR and BWR.
Both were nominal 1100 MWe plants and both were on an average 24 montn refuel-
ing schedule, The PUR equilibrium burnup was 46,000 MWD/MTIHM, and 35,000
MWD /HTIHM for the 8WR., Relevant details for the two genseric plant types are
shown tn Table 3.2,

Incraases in capacity do not in general represent the addition of an inte-
grat number of plants, sach with a fixed plant capacity. Fractional additions
to capacity were represented by delayed startup of one of the plants of each
plant type that are otherwise started up in July {commercial operation} of each
year to maintain the correct cumulative capacity. Thuys if the accumulated new
capacity was eguivalent to 15,65 generic glants by a given year, one of the
plants would be delayed by four months: {1.0 - 0,88} x 12,0 = 4,2, The startup
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TABLE 3.2, Generic Reactor Properties

PUR BWR
Rated Power Layel 1,100 Mus 1,100 Mide
Thermal Power Level 3,400 HWth 3,300 Muth
Average Fuel Cycle Length 24 Months 24 Manths
Equitibrium Enpichment 4,2 wti 3.2 wtk
Equilibrivm Burnup 46,000 MWD/MTIHM 35,000 MWD/MATIHM

of integral additions to capacity were done in accordance with the EI4 conven-
tion of operable additions to capacity in January of each year, with a six-
month interval between the operable date and commarcial operation.

It is important for Togistics modeling to maintain reasonable gesgraphic
accuracy in the projected spent fyel digcharges. This requires that the
generic reactors be added with site diversity. The first step in providing
site diversity is to assign generic reactors to Federal Regions, state group-~
ings defined by EIA. The Jocation of each Federal Region is shown in Table
1.3, and & map of the regions 1s reproduced in Appemdix 8.

Site diversity 15 assured by mazking the assumption that the regional capa-
city distribution exhibited hy the No New Orders Case in 2000 will continue

TABLE 3,3, Federal Region Locations

Fedaral
Region Location
I New England
il New York/New Jersey
11 Middle Atlantic
) Sastn Atiantic
¥ Midwest
V] Southwest
Vil Central
yill North Central
iX Wes®
X Northwest
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until 2020. {A regional distribution for the No Kew Orders Case is not explic-
itly found in Commercial Nuclear Power 1987: Prospecis for the United States
and the World (DGE/EIA 1987a), however this distribution is identical to the
Lower Referegnce Case in the year 2000.) This projscts the regional installed
capacity distribution for the succeeding 20 year period without change. This

assumption was impiemented by apportioning the addition of geseric reactor
capatity, plus naw pipeline reactor capacity in the Upper Referenge Case, to
gach region according to the No New Orders distribution in the year 2000,
Table 3,4 shows the No Hew Orders Case installed capacitiss in the year 200U
amd the number of Upper and Lower Reference {ase generic reactors allocated to
each region, Since sich generi¢ reactor is rated at 1100 #de, the capagities

TABLE 3,4, Allocation of Generic Reactors Lo Federal Regions

No Rew Orders Capacity in 2000 Generic Reaclors
{From DOE/EIA 19873} Upper Lower

Federal Tahle 3 Anpendices C and U Refarence Referance

Region {Mie] (%) No, (Z) Na, )
I 5,400 5,400 5.2 & 4.7 4 5.6
it 3,600 2,600 4.3 14 7.8 6 8.3
111 13,7040 12,7040 i2.3 15 1i.6 g i2.5
[¥ 29,600 36,700 26.4 39 30,2 21 29,2
¥ 21,700 21,800 21,1 28 21,7 15 24.8
Vi 8,500 3,500 5.2 i1 3.5 & 8.3
VIi 4,000 4,000 3.9 § 4,7 3 3,z
Y111 ] 0 4,0 g (.0 0 0.0
X 9,400 9,400 2.1 12 8,3 S 8.3
X 2,204 2,200 2.1 2 1.5 2 2.5
Totals 103,000 143,100 100,40 128 150,68 72 190,30

1} Numbers may not add due to independent rounding.

2} Aggregated capacity values in Table 8 for regions [11 and [V were
found to disagree with the sumwation of individual capacities from
Appendices § and O for the No New Orders Case in 2000 {DOL/EIA
19874}, This discrepancy was not seen in the four other yearjcase
combinations tn Table 3. The data from Appendices C and O were
used in thig analysis.

Notes:
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are directly proportional to the aumber of generic reactors. Hence, the com-
parison of No New Urders Case percentage capacity and the percentage of the
numbee Of generic reactors in Table 3.4 is reasonable. Table A.2 in Apgpendix A
shows the actual Federal Region placement and date of commercial speration far
each generic reactor,

The gsiting of generic plants within a given Federgl Region was accomp-
Tished using a modified version of the method described in Holter et, al.
{31986}, The Holter method develops 3 numerical rating for each postulated
generic site in each of the tes regions. The numerical rating defines the
sequence in which each potential site 18 chosen within a specific region, The
generic reactors are then assigned chronologicaily in order of their startup
date using this priority. In the previous study {Heeb 1987}, the Holter method
was used indepeandently for the Upper Reference and Lower Referpnce Cases. The
rasulting generic assignments were dissimilar because of restrictions on the
minimum time a1lcowed between reactors startups at multireactor sites and alio-
cations to PHR and BWR reactor types. Although site preference was maintained
for each case, working with the ADBs was cumbersome for some users. The method
allowed the same generic reactor identifier in diffaerent cases Lo represent
different ipcations and the same Tocation could contain different reactor types
or rgactor identifiers, The Holter method was modified to restrict multire-
actor sites to 4 single reactor type, determined by the first reactor placed at
the site, and to Carry this sifte fype determinatton over £0 a subseguent
case, Through this modificaticn, the Lower Reference generic reactors became a
subset of the Upper Reference generic reactors, thus making the ADBs saster (o
use while retaining selection af the more preferable sites,

" To match the UIA projections of installed nuclear capacity for the Upper
Reference (ase, 86 generic PWRs and 43 generic BWRs were required, g total of
129 generic reactors representing i42 GWe generic reactor capacity. For the
.ower Reference Case, 48 genmeric PHRs and 24 generic BWRS were necessary. The
72 Lower Reference Case generic reactors represent 79 GHe generic redctor
capacity.
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3.4 ADJUSTED DATA BASE ANNUAL ELECTQ{C ENERBY GENERATION

The data base annual energy generaliion calculational grocedurs s ngl an
gxact process. Approximations are raquired because the data base coniains no
information on elactrical generation, The caiculation of annual energies from
gperating cycle energies as described in Section 3.2.9 reflects the altered
discharge amounts and the burnup assumptions imposed on the utility data, This
methad of calculation, the estimatfon of annual qeneration from the product of
amount discharged and burnup, will necessarily cause year-to-year fluctuations
in the apparent annual enerqy generation. The level of approximate agreement
is a measure of the consisiency of EIA projections of spent fuel discharges,
burnup, annual electric energy generation, and detailed utility data.

3.5 DATA BASE ADJUSTMENT RESULTS

The projected annual spent fuel discharged ameunts for ail five ADBs are
shown in Table 3.5, The EIA annual discharge tarygets were matched to the
nearest MUIHM, with the exception of the Upper Reference ADBs far the year 1387
which could only be adjusted to within 5 MTIHM. Nonetheless, sinCe the ElA
projections are given to the nearest hundred MTIHM, all annual discharge
amounts in the ADBs agree with the IIA projections as published in World
Nuclear Fuel {ycle Projections 1987 (1987b, Tahle £1},

The cumulative discharged amounts are shown in Table 3.8 for all five
adjusted data bases. These data should be compared with the datz published by
DDE/EIA (1987b, Table E2}. In Table E2 of the DOE/FIA Report, the inventory of
germaneatly discharged spent fuel in 1986 was based on a preliminary estimate
of 14,000 “TIHM, It should be noted that Table E2 s not in complete agreement
with Table £l due to independent rounding performed by SIA. The final invee-
tery for 31886 contained herein is 14,152 MTIHM, which is the amount found in
Spent Fuel Storage Requirements 1987 (DOE/RL 1887). The difference from Table
£2 15 due primarily to some spent fuel al several reactors that have bheen tom-

porarily shut down. This fuel was physically resident in the reactor core on
December 31, 1986, but there are no plans to further {rradiate the fual which
will be replaced upon refueling, When the starting difference of 192 MTiHM and
the disagreement between FIA Tables E1 and £2 are taken into account, the
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TABLE 3.5. Annual Discharges from the Five Adjusted Data Bases (MT1HM)

No New Orders Upper Reference

increasing NG increased tncreasing No Increased Lowar
Year gurnup Burnup Burnup Burnup Referenca
1487 1600 1806 15g95 1585 1608
1988 1500 1500 1500 1800 1500
188% 2000 2104 2144 2100 2000
19%( 1708 L9030 1760 1900 1704
1991 2000 1900 2640 2000 2008
1992 2200 2400 2300 2500 2200
1993 18646 190G 1840 2200 18409
1994 21404 220G 2100 2100 2100
1995 1840 20046 2000 2200 1840
1996 2000 2200 1900 2400 2000
1997 1900 2400 2100 2300 1950
1998 1700 2100 1800 2200 1730
1999 2100 2000 2200 2500 2100
z000 1800 2400 1800 2600 1600
2001 2100 2100 2000 2200 2140
2002 2000 2200 2200 2560 2000
2003 1700 2300 1800 2500 1700
2004 2100 2204 2100 ZA00 2100
2005 1800 2308 2100 2500 1900
2006 1700 2300 1700 2200 1740
2007 2200 2400 2400 2700 2230
2008 1900 2300 2200 290 2000
2009 2300 2600 2600 2800 2200
2010 2000 2300 2700 3100 2200
2011 2200 2600 3000 3600 2600
2012 2440 2600 3260 3600 2800
2013 2400 2800 3600 4000 2504
2014 2500 280G 3800 4500 3290
2015 1700 18G0 3300 34080 2500
2016 1800 2000 3900 4504 2900
2017 1300 1600 3300 4204 2500
2018 1300 130G 3600 4400 25040
2014 1009 1440 3788 4390 2508
2020 1300 1500 3860 4300 2504

Note: All EIA projections are made to the nearest hundred MTIBM, AD8 annual
discharges match the EIA projection within +/~ D.5 MTIKM, excepting the
Upper Reference ADBs in 1987 which could only be adjusted within
§ MTTHM,
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