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RCLOAD € AND KF&-DA 11 x 11 ROD BUKDLES WITH UNPOWERED RODS AND PLUT.K Ui

Discussion .

Consumers Pover Compa.wy {CPCo) hes requested approval (1) to begin the
sransition to Keload G fuel by iaserting o lead bundles into the Big
Rock Peoint core déuring the February = warch 1973 refueling outage and
approxinmately 21 additional Reload G assesblies in February 1974 (cvcle
i1) and each succeeding refueling thereafter(?) and (2) to insert four
suclear Tuel Service - Demonstration Assamtly (NFS-DA) fuel bundles
into the Big Rock Peint reactor during the Tebruv~vy - March 1973
vefucling outagc\3). Lach Reload G bundle contains one vrpowered solid
zircaloy center rod and 24 piutenium-uranivm oxnide fuel rods arranged
‘na 5% 5 array in the center of an 11 x 11 fuel bundle rod array
(about 1.4 Lp of recycled plutcaium per buncdle). Each KFS fuel bundle
contains cppreximately 1.85 kilozrams of fissile plutonium or about
three times the normel en: of 1lile sclf gencration level. The IFS

fuel bundles are describec bY creoll) 3s a new type of fuel bundle

using an 11 = 11 fuel rod array with eight hollow unpovered reds, four

st the corners snd four in diagonal positions next to the center rod

that will enable Big Rock Point to meet the AEC Interim Acceptance

Criteria 7or Luergency Core Cocling Systems vwith future reloads of this
type. For the UFS fuel bundles, the caleculated mawimun fuel clad temper-
ature resulting from a loss-of~-coclant accident 18 reported to be 2129°F
in contrast to 2740°F for Type F fucl with 9 x 9 fuel rod avrrays that

is currently used as reload fuel (threugh February - Harch 1673 refueling).
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is th2 current prastice., As noted . NES=DA was riginally described!
wiite ~ unpowered hollow rods in the corners &8 well as the diagonals aext
eo the certer rod. Fowever, since the hzat generation in the cohalt
tacpetrs is negliglbly small compared with fuel rods and since the
importance ol corncr rods s a beat sink following a LOCA is reliatively
low, we hove attacihed no safety signific.oce to the gubstitucion of

s fuel bundies(3) in

cchalt target rods in the coimer positious of NI
he tarpet cobalt rods

place of liollow xods. The cafety sepects ¢l €

wverp evaluated jously by us aud deter=ined to have no safety signifi=
arce. Target siuiler to ihose in the KFS and lelcad G bundles

hove bean in use at Big Rock Podnt for several years without incident.

s forther evaluation of cotall target role is comwenplated st this Tame.
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We met with representatives of CPCo and Jersey Nuclear Company on
November 2, 1972, to discuss calculational methods and other design
features of the proposals. The followiag table, Table 1, prepared
£yom information readily available in the Eig Rock Point files shows

that:

1. The total weight of fuel and clad for 11 x 11 and 9 x 9 rod
arrays are approximately the same.

2. The average linear power gener:tion in the B Tuel, NFS-DA,
and Reload G fuel rods is €1 or (67%) of the power generated

-

in Reload F, J-1, J=-2, and EEL fuel rods.

3. The total fuel rod heat transfer surface per bundle is increased
by 121 (.449) -3 or 1SZ.
81 (.5623)
ess peak energy Stored

tions and consequently
ant accident.

Reduc:) power reneration per rod results in 1
withi. the fuel rods during rated pover condi
gore heat storage cepacity foliowing a loss~of-cool

Table 1

Type Fucl B Fuel HFS-DA | Reload G} J-1 J-2 EEI Reload F
Rod diamecter
inches 0.449 0.449 0.449 1.5625]0.5625(0.5625{0.5625
®*(lad thickness 0.050
inches 0.034 0.034 0.034 D.040 10,040 |G,040 }0.040
Rod array 11 s 110211 = 11031 x 11 pF = 9 |9 x 9 19x9|9x9
Metal /rater
ratio 0.915 0.915 0,915 p.99 0.99 0.99 0.99
Wt P\XC'Z and
U0, kg #1285 07 I 1kd B - P KA R& w-asu
We U0y kg 149 e -t i 148,55 | ===~ - NA
Wt Pu (fissile/
bundle kg) 0 1.85 1.4 0 PR 5.33 0
.t bundle 1L A ek 445 453 } RA NA

#Pu and U metal
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Type fuel B Fuol»;NFS—DL Reloac GjJ-1 J=2 EEI | Reload F
Gadolinium
rods/bundle 0 0 - 4 NA 4
Diametral gap
in L/D 0.008 | .0085 | 0.0095
Pellet L/D 1.61 | 0.75

NA - not available.
#*Clad weight per bundle samc for 11 x 11 and 9 x 9.

Shortly after the Big Rock Point reactor vas started up in 19635, cperation
with Tvpe B (11 x 11 fuel rod) fuel was authorized. 7Ihircty Type B fuel
bundles were irradiated for the design lifetime (3 refueling cycles) £
withcut failure. The trend following ceupletion of Type B fuel bundle
irradiation was towards fuel bundles with [ewer rods per bundie. This
trend is now being reversed with the o Reload ¢ and four KF5-DA
bundles to be inserted during the February - Harch 1973 refuecling outage.
The mechanical differences between the fusl bundles with 11 x il fuel

rod arrays originally irradiated in the E23 Reck Point core and the
Relcad G and NFS-DA fuel bundles involve;

an inert Zr center rod that retains the 3 axnial rod spacers

a’
in Reload G bundles,

b. an upper tie plate design that facilitates underwater disassembly
and replacement of Reload G bundle rods,

c. the usu of the tubes in corner positiors of INTC-DA as structural
menmvers teo tie the assembly togetner, as captu:e rods for the

five spacer grids and as cobalt target roas, aad

3 four non-fueled tubes positiomad diagenally next to the center
rod of the KFS=-DA fuel bundles.

The Reload G and NFS-DA assemblies also differ from previous 11 x 11
fuel bundles in that these recent designe use recrcle plutoniue fuel.
There are 24 Pu0, ~U0, fuel rods with 4.3, fissile plutenium in natural

U0, ia each Reload & fuel bundle and 73 Tul»-U07 fucl rods containing
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1.03 w/o and 2.45 w/o fissile plutoanium with enriched UO; in the NFS-DA
fuel bundle. With the erception of the urpowered center rod in Reload G
fuel, the four unpowered diagonzl rods next to the center rod in the
KPS-DA fuel bundle, and ~he use of plutonium recycle fucl as fissile
fuel enrichment in pla:e of U-235 in both the Reload G fuel bundles

and the four KFS-DA bundles, the noted differences are velatively minox
and require no furcher evaluation. The unpowered yods provide additioral
heat sinks that are calculated to reduce peak clad temperatures for

fuel rods within the buncle following loss-of-coolant accidents from
2700°F to <2300°F assuming automatic depressurizaticn and automatic
activation of thc emergency core Spray systen.

The increased quantity of plutonium in the Big Rock Point core introduces
the possibility that core neutronics are affected vafavorably or that

the increaced toxicity of plutonium results in an usacceptable increase
in radiation doses to the putlic during normal or post-accident conditions.
We have considered reaciorx kinetics and the radiclozical consequences

of reactor cperation using nolozd G fuel countaining plutoniun to veplace
recident fuel over the four-year period for both normal and accident
conditions. We also have jgentified in our evaluation the unique
dependence on unpowered fuel rods for Reload G and RFS-DA fuel bundles

to satisfy the 2300°F temperature 1imit specified in the AEC Interim
Acceptance Criteria for buergency Core Cooling Systems.

Evaluation

About 32 Pu03-U0, rods containing a total of 1 kg of plutonium(e) were
inserted in the Big Rock Point core, two rods per bundle, in 1969, Ten
of these rods have been removed and destructively examined. CPCo
representatives have stated that no deviation from predicted behavior
has been detected. Three ECL Pu02~U02 fuel bundles(7) containing about
6 kg of plitonium per bundle were inserted in 1970. Two J=2 Pu0,-U0)
fue!l buncles(8) contzining abeat 1.5 kg of plutonium per bundle vere
jaserted in 1971. These bundles will be inspected during the February
1973 refueling outage and ome of the EEI bundles will be removed for
more detailed eranination. To date none cf the Pud,-U0; rods irradiated
in the Dig Rock Point core heve falled.

Since the fuel rod configuraticn
for all of tne mixed oxide fuel rods irradizted in Big Rock Point

to the present time has been a 9 % 9 rod array, the linear rod pover
greater than will be encountered in the

genecation is approximately 50% §
keload € cr NFS-DA fuel rods. The reduces fuel and clad teurcratures of

the new fuel bundles will veduce the possibility of fuel rod failure,
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The plutenium inventory produced from U-238 in the Big Rock Point

core vith the equilibrium U-235 core prior to the insertion of mixed
oxide fuel rods in 1969 was approximately 40 kilograms according to

CPCo calculations showa in Table 2. When the equilibrium Reload G

core is attained after 4 refueling outspges (about 21 Reload G bundles

to be substituted for depleted bundles at each outage), the plutoniun
inventory will increase to about 133 kilograms. CPCo has reported

that with the mixed oxide fue! rods positioned in the bundle interioer

as in Relosd G and NFS-DA bundles, core behavior characteristics will
pot change significantly and the effect on reactor control ie negligible.
We have concluded that the kinetics parameters for the core fully loaded
with Reloaéd G fuel bundles scem reasongble compared with core parameters
for a U-235 earirhed core. Substitution of the 11 x 11 fuel rod array
with wixed oxide fuel vods in the bundle intefiocr reduces the severity
of a coatrol rod drop accident. The awount of fuel above 265 cals/gn
following an assuaed 0.021 2% rod drop eccident 1is 139 kilograms,
according to CPCo, in contrast to 232 kilograms for the U-235 enriched
core with 9 x 9 fuel vod beadles. We have concludad that the change

to the mixea onide coreé des~ribed will provide a [reater nargin=to=
fuel-roa failure c¢nd reacter cafety is chereby ¢nhanced.

Tae possibility of misplacing a highly eariched plutonium rod within

a fuel bundle during fuel bundle febrication has been investigated

and, as with other evaluations of misplacaed highly enriched uranium
rods, fuel rod clad failure could occor during normal reactor operation
if a highly enriched rod is wisplaced within the bundle. Such a failure
is undlesirezble, but we have concluded it is taolerable and will not
result in continuous radicactive releases in e€xcess of permissible
operating levels. An error in placement of fuel rods in che bundle

we consider to be very aunlikely in viev of rod identitication and
quality assurance procedures.

0f{site radiological effects resulting frem the use of mixed c.iide fuel
as described Ly CPCo arc not significantly differvent from those previously
eveluated for the Dig Rock Point facility using U-235 enriched fuel.
Analysis roveals that the offsite dos¢ rates contributed by plutenius,
ag ¢ otermined by utilizing measurec wiutonium vapor pressure for 5 wio
mixed oxide fucl, are nesligible coopared with the dose rates froo
figslon producte alone. e have concluded that the increase in pluteaiun
inventory for the equilibrium Reload ¢ core (Table 2), 3.3 tinmes grecter
than the Lig Reck Point cere without recvele plutonium, i8 insignifi-
cant when the relative biological importance of pluteniun irCLOpEs

(10 CFR 20 limits) is ronsidered.
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FIUTONIUM TH.. . 0ORY PROJECTYON
B1G KOCK FOLIL.I NUCLEAR PLANT

CYCLE i POT, h,[ PR ¢ ”,J
l_ GOl | h'tr L{4c) | “"(}") | Bugop(ka)

Typical all U0, Co-e 21 24 33 Lo
Preceent Core, May 1972 - Fed 1973 - Includes
22 ERI-Pu rods, 3 ERi-Pu and 2 J-2 bundles 36 L3 L5 55
Mar 1973 - Feb 1974 - Ineludes 2 EEI-M,
2 J-2, & nws, ? G bundles ond
T4 U0, dundieos 35.3 L2 4 is.2 $6.5
Mar I97L - Fedb 1975 - Includes 2 J-2,
h 1P5, 21 G and 5T UO, bundles k6,2 56.8 53.9 £9.0
¥ 1275 - Feb 1976 - Inclundes 2 J-2,
h 173, L2 ¢ and 38 U0, bundles 62.9 79.9 €2.0 69.6
Mar ]f".’ - ¥eb 1977 - Include:s 63 G and
21 U0, bundles TT 4 100.6 £0.8 108,1

* 1977 - Feb 1978 - Includes 81 G bundles 96.6 128.2 96.2 133.1
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The yield of the various fiscion products is dependent on the fissile
isotope. Fission of the plutonium isotopes Pu-239 or Pu-24l results
in a significant reduction of accident whole bhody and bone doses vhea
compayved with the doses from U-235 fission products but results in an
increase in thyroid doses. Jersey Kuclear has calculated that the
thyroid dose for the equilibrium Relcad G fuel core is increased less
than 4% and remains within 10 CFR 100 limits. We have concluded that
the improvexent in fuel integrity due to reduced linear rod power
density and tae reduction of calculated peak clad temporatures
folloving LOCAs adequately compensates for the relatively small risk
associated with the calculated 4% inerease in the thyroid dose resulting
from an assumed release of #ll jodines from the mixed oxide fuel.

The calculational models and assunpticns used in the analysis of the
KES-DA fuel bundles are described in N5D0-10329 (es amended to comply
with the AEC Interin Acceptance Criteria for ECCS) with moc¢ifications
for (1) nen-jet pump plant, (2) a 0.96 gamma smecving factor, and

(3) unpowerad rods(1), Based on our evaluation of the DBA with NFS-DA
fuel bundles in the core, Ve have concluded that the dependency on
unpovered rods to limit pesi fuel clad temperatures foliowir . the DBA

¢ -eates uncertainties that cannot be eliminated until demoustration
tests of unpovered rod wettings and heat sink effectiveness are com-
pleted early in 1973. We cennot agrec that pealt clad temperatures
folloving the DBA and low pressure . .Te spray cooling will be lower than
the 2300°F limit specified in the ALC interim LCCS Acceptance Criteria.
Based on our review, however, itis evident that the nev bundles will
operate at lower heat gencration rates and it is th:refore reasonable

to expect that fuel integrity has been enhanced. Because of the reduced
power per rod, fuel temperatures and stored enercy are reduced and there
is a greater margin to clad failure or excessive clad temperatures
foliowing DBA. It is also reasonable to expect that the unpowered

rods properly positioned in the bundle will provice an additional

sink to which the hottest rods can racdiate heat for sterage (unwetted)
or transport to .ooclant (wetted). We have concluced that vnpowered

rode vill reduce peak fuel rod cled tosperatures Buk canuat ASFES

that the model and assumptions used by General Electric are conservative
in this respect, i.e., peak clad teuperatures may e reduced from

2700 - 2800°T, but the reduction may not be sufficient to meet the

AEC Interim ECUS Policy limit of 2300°T.

fiith » caleulational model similar to tiie CL model and the same DBA
assumntions, Jercey Rucleadr has showm thet & single unpovered solid
zirculoy rod in the centor of the 11 % 11 Reload G fuel bundles will

limit pesk fuei red clad temperatuies te 2290%F. Tie uncertainty
associated with unpovered rod wetting repains and our conclusions recarding
the Neload G ECCS ealculaiicns by Jevsey buclesr are the sane as our
conclusions for the hibd-id bundles.
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Additional information(a)(s) provided by CPCo deseribed the consequences
of intermediate and small size brezks in the primary coclant system
after plant modifications are completed in the year 1974 to provide
automatic primary systenm depressurization and assuning feedwater pumps
are restarted manually within 10 minutes of the break. Until the
reliability of the proposed automatic depressurization systea can be
established and the dependence on offsite power to run & 1.3 IW
electr.cally driven fecdwater pump following a loss of primary coolant
can be justified, and for the scue reasc. associated with the DBA
celculational uncertainties, we cannot CCit.. that the AEC Interim

ECCS Acceptance Criteris, i.e., the 2300°F temperature limit, will

be satisfied cver tac range of smail and intermediate size breaks.
Based on the information provided to us, however, we have concluded
that the integriry of the 11 x 11 fuel bundles should be superior to
the 9 ¥ 9 bundles presently in the core during nermal and accident
conditions and that CPCo should be autnorized to insert the 2 Reload G
bundles ané & NF5-DA bundles during the February - uarch 1973 refueling
outazc. We note that the propescd change to permit autonatic depres=-
surization following locs-of-coolent accidents is only pavtially effcctive
for resident fuel zccording to the GL calculations and assumptions 4

over the postulated range of coolant system breaks. Our evaluation

of the ECCS will continue as new information is presented by CPCo

in thie areas we have identified.

The necessity to provide additional information related to fuel shielding
with CPCo representatives. Tne

and transportatioca has been discussed

incrcased spontaneous neution population that accorpanies irradiation
of recycle pluteuium—bearing fuel may necessitate new restrictions on
the nunber of asse blies that can be shipped in zpproved casks,
additional neutron shielding may be required, or new casks may be
proposed. CPCo plars to submit additional information before irradiated
recycled plutonium fuel bundles (Reload G or NES-DA) are shipped from

the site.

-

ve nt

Poth sclid and hollow unpovered oGS nave en ntilized in the proposed
mived oxide fuel asscmblies. Relozd C fuel bundles contain orne solid

tie i{FS-DA bundles each contain four unpowered
hollow rods diagonally next to the centey rod. Jersey Kur lear selected
the sclid red because the 3 axial spacers in ecach bundle are attached

tc the center rod and uncertainties related to collapse or rupture during
accident coolant blovdown are eliminated. There is no similar

unpovrered center rod and t

rapid
bunrdie structural depeadence on the 4 unpowered rods vithin the NFS-DA
desirable to preserve the hollow

fuel bundle, but it jg peverthelcess
tubular shape assumed 1in the LOGA
the hollow center rods
1te the helloyw rods can witistand tae

cvaleations. Ine nmechanical effact

of bicuwdown on seve been analyzed by LFS and

accorging to the calculated resu
bloezdown forces during LOCAs without failere.

Wil
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Conclusien

We have concluded that the Reload G fuel bundlesc woth an uapovered

rod in the center of each bundle and the four NI'S-DA bundles with

4 unpowered rods next to the ceater rod i each bundle, both employing

11 x 11 rod arrays and recycle plutonium, will result in reduced fuel rod
znd clad temperatures during norzal and accident conditions and for

this roason the reguest to imsert 2 Reload G and 4 NFS-DA fuel bundles
chould be granted sincc reactor gsafety will be enhanced. We cannot
conclude, uatil new test date become available, that the unpowered

rod wetting end resultan® pe ', clad temperatures &s calculated by Jersey
Nuclear and Geaneral ™ - ° icC are conservative and vwithin the limits

of the AEC Interim Po =, 3Statement.

plutoniun inventory increase and the plutonium
relation to normal and accideat releases

and radiation dose conscquences and we have concluded that the proposed
chunge to a plutonium recycle core Jdoes not precent signi{icant hazaras
counsiderations not described or implicit in the Big Rock Point Safety
Analysis Report, as ancnded, and that there is reasonable assurance
that the health and safety of the public vill not be endangered by
cperstion ~f tihe reactor in the manner proposcd. Ou this basis,
Arnendment 4, which increases the amount of plutonium that CPCo is
authorized to receive and possess, is justified.

We have concidered ti=
fission product yields im

I+ should be emphasized that according to calculrtions by Jersey Nuclear
and General Electric the AEC Interim Acceptance Jriteria for the DDA
large pipe-break LOCA vill be satisfied by raaucing the power gencraticn
per rou (11 » 11 rod arrays instead of 9 x § srrays) and utilizing
unpovered rods at or near the center. To ticfy the ALC Interim
Criteria for the entire range of primary system breals will require
<dditional wmodifications to t ¢ ECCS (an sutomatic depressurization
has been prepeszd) which must be appreved

-
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d by ALC before instal-
it appears that completion of ECCS
tance Criierie will not be

system
jatien at the Big Rock Point plant.
modifications to meet tie ALC Interim Accep
accomplished before July 1974, N
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Desisn Basis Accident Loss of Coclant Anclvsis for NFS Demonstraticn
Fugl 4Assemblies - CPCo letter dated May 18, 197<.

Proposed Change No. 31 = Reload G contzining 24 plutonium~-uranium
oxide fuel rods and onc unpovered rod at the center . . + two lead
buncles for insertion into Biz hock core during the February - karch
1973 refucling outage. CPCo letter dated June 16, 1972.

Proposed Change No. 34 - Four }TS-DA fuel bundles with eight unpowered
rods (4 hollow diagenal rods mext to center rod) ani 73 plutonium
enriched mixed oxide rods per bundle to be inserted into Big Rock
Point core during February = March 1973 refueling outage. CPCo

letter dated July 24, 1972,

"pig Reck Point Loss~-of-Coolant Analysis with Automatic Depressurization
and NFS Demonstration Fuel". CPCo letter dated September 22, 1972,

Mgnall and Intermediate Break Loss of Coclant iccidont Analysis for
the Big Rock Reactor with an Automatic Depressurization System and
Jersay Kuclear Company Reload G Fuel". CPCo letter dated November 1,
1972.

Armendment No. 3. April 18, 19489.

Authority to receive, possess and use 50 kilogrems of plutonium
contained in Pu0y-U0; fuel rode in comnection with operation of
the Big leck Point Ruclear Plant and operate the reacter with

cne or twe removable fuel rods co:r taining PuC,-U0; inserted in
Reload "L or "E-G" 9 x 9 vod arr.y fuel bundles. Tbe 32 Pu0,-U02
(1.3 = 1.5 w/o Pu) rods combined contain less than 1 k3 of Pu
whes inserted with the Big Rock Polnt reactor at the beginning

of evele Wo. 7. Tae plutonium in..atory ip the core at the
beginning of the fucl cycle is inevessed by about (% and less
near the end of the fuel cycle.

Change uo. 19, Februavy 20, 1970.

Change No. 27, December 29, 1971.




