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APR 8 1974

C,nééﬁez Yo. 50-263 -

‘Northern States Power. Camﬁany

ATTH: Hr. L. 9. Hayer, Director of
. MWuclear bupport Services

414 Ficollet Mall ‘

Minneapolis, Minnesota 55401

Gentlemen: C

A copy of the staff Safety Evaluation relating to your request dated
November 19, 1973, as supplemented, to use reload 2. fuel assemblies
containing 8 x 8 fuel rod arrays is enclosed for your information..
-The cvaluation reflects the- at&ff s review of the expected performance
of the Geperal Flectric: 8 x 8 fuel bundles in Lhe'ﬁnnticcl;o Huclear
Power Station. Technical specification changes related to the reload
2 fuel assemblies will be made before electric pover pdebCLiOB is
rasumed‘wneu other changes resulting from NSSH modificaticun are to
de. :

Sincerely5
Donald J. Skovholt
" Assistant Director for
Uperating Reactors

Directorate of chenging

Enclosure:
Safety sfaluaulon

ce w/enclosure: See next page
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Horthern Statas Power Company - 2 - .-

-

ce - w/erclosure »
Arthur. Renquist, Esquir@

Vice" fresiaeﬁt ~ Law

- Horthern States Power Company
414 Wicollet Mall o
Finneapoliu, Hlnneobta_ 55401
'Gerala Charnoff

Shaw,. Pitt.nans Potts,'Tro*Lr*dg
810 - l?tﬂ_ytTCQL, M. W. .
Washington, D. C. 20606‘

Howard. J Vogbl anu1ra

Kaittle & Vogel JEI ’

- 1154 East Grain Exchange Euilding
- 412 South 4th. Street
inﬁeapolls Linnesota 53414

'foteve Gadler T E.
2129 Carter Avenue
5t. Paulq Minngsotd )5108

Mr. Danilel L. bicker )
 Assistant City Attorney

647 City Hall . :
8%, Paul Mlnnesota 55101

,'Warren R. Lawaon, h. s A co
‘Becrétary & Executive Officer
State Department of Health

717 Delaware Street, S. E.
_Minneapclis,.ﬁinnesota 55440

‘;Sandra S. Gatéunrlng,'quuire f
. Minnesota Pollution Control Agency
1935 W. County Road B2

& Madden

.“" 

APR .8 1974

éﬁtqonv AR Ro;kman, Esquire

',ﬁnzlin, Rolsmdn and Kessler -

1712 ¥ Street, N. W.
Washington, D. C. 20036

" Mr. Gary Williams
- Federal Activities Branch
“Environmental Protection Aqeacy

1 ¥. Wacker Drive, Room 822
Chicago, Illinois~ 60666 -

Environmental Library of Minnesota

Distribution -
Docket File
- AEC: PDR
~ Local PDR 3
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~ ACRS (16)
RO (3)
0GC
‘VStello, L:RS
JGallo, 0GC
_JSaltzman, L:0SI
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' HIMueller, GMR/H
‘WOMiller, DRA
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" DLZiemann, L:ORB #2

'Roseville,zhinnesota 55113 116hen L GRS #2
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Minnesota Pollutlon Control Agency Miinch. DRA
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UNIIED STATES ATDHIC EN"TJ‘Y cm«mssmrq
: aAI*F"I'Y FVALUATIO\Z BY THE DIREcmRATE OF Licmsms
Lmnm}u SEATES PuWET\ COMPAW
e MONT lcFLLU kUCLﬁAR (JEI\SERATIEEG PIAN"‘
8 X 8 FULL A,: mmzr.s
‘ mmonuc'rm

. Northern States Power Company (NSE) has submittea(l 2) a description
. and safety analysis of 8 x 8 (64 xods) reload fuel assemblies and a
segmented test rod (STR) assembiy(3.4) which will replace 116 7'x 7
(49 rods) fuel assemblies (full core’ contains 484 asserblies) during
‘the spring 1974 refueling outage. All of the remaining 44 temporary .
control curtains are to be removed during the refueling outage. - Duel
. assemblies containing gadolinia have been authorized(8) by the
Directorate of Licensing for use in 20 relcad 1 fuel assemblies that
were inserted(6) into the Monticello core during the spring 1973 refueling
outage. - Therefore, the use of gsdolinia in the 8 x § fuel assemblies & <
is not a new feature. The outside diménsions of the fuel assembly
- remain unchanged. I : S
The principal differences between the 7 x 7 and. 8 8 fuel assemblies,
in addition to.the grpater number of fuel rods in the 8 X 3 fuel assembllea,

are: .
1. »The averuge uranium enrichmant which is 2 6&& lS aigher for ;
. the 8 x 8 fuel assemblies.
2. The 8 x8 fuel rods are smaller in diameter than the 7 x 7, but’
" the clad thickness is greater; i.e., §.034 inch vs 0.032 inch
-clad thickness. I S
3 he'8 x 8 asisembly contains an internal asymmatric water~“i11ed
' spacer capture rod. o
B IO T N RPN ISR [
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4, The 8 8 fual rod array hao lo% more heat transfer surface
.. thanp fuel assembliaa prev10ualy used in HOnLice1lae

‘7_'5; ‘T“e water to fuel volume ratio is higher for the 8 x8 reloac
o fuel a&samblieu than the 7 x 7 tuel assemblies. :

l'156;_‘1ne 8 x 8§ fuel asaemb;y contains only 044 of fhe total uranlum
' In the orlglnal 7% l fuel aqsemblies but 10. SN more U~235.

nSP also oubmﬁtted(3 4) preprle“ary information relaLed to the db31gn ‘
features of an 8 x 8 segmeénted test rod (STR) assembly for the Monticello
core. The. fuel as ssembly , according to the HSE aubmittal;' atisfies the
same. design and damage criterla as the fuel assemblies that have been
ugsed in Monticello.and thé reload 2 fuel assemblies that are to be :
ln“erted in. the Honticello core. durinw April 1974, -

. L‘JALUATIOI\

Since ther@ are 63 U0y rods in the 8 x 8 fuel assembly compared with 49
in the 7 x 7 fuel assenrbly, the average fuel rod linear heat generation
rate in an average 8 x & fuel assenbly at rated core power level

(1670 MWt) will be reduéed from 5.8 kW/ft to 4.57 kW/ft. The combination .

- of reduced power per rod and increased heat transfer surface will
‘rasult in lower fuel rod tenperatures ‘which may result in some mercve-'
ment in fuel rod integrity.  Peak fuel clad temperatures following the .
design basis loss—of-coolant aceident (1OCA) for the entire spectrum
of breaks calculated in accordance with AEC Interim Acceptancé Criteria -
(IAC) with allowance for densificatiodzare acceptably below the 2300°F
limlt. Metal-water reactions following a LOCA are similarly ealculated

. to be less than 0. 2%, well within the AEC<TAC limits. ‘Although the
‘average fuel- temperatures will be lower because of more. surface and
more fuel rods, the capacity to store heat is reduced ahout 6% due to
the 6% reduction in the amount of fuel. This effect, however, is.

. partially offset by the 17% increase in the amount of zircaloy clad. -
The comb*neé affect ot fuel heatup during adiabatic conditions has been
congidered in the calculations. As noted, peak clad tamperatures and
netal-watex reaction following the pnatulated design basis LOCA remain

~within the IAC limits with larger margins than calculated using the
same methods for the 7 x 7 fuel assemblies.

VWith ragard to the gostulated design basir refucling accieent the -
fission product inventory of interest is about the same for the-8 x 8
fuel .as the 7 x 7 fuel. ‘The lower & x 8 fuel temperatures could reduce
the amount of noble gas and halogen -activity that collects in the fuel
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rod plenums and is available for relesse if the cladding is damaged,

- but the amount would be newLLQibly small. If the noble gas and- haioguns
activity in the fuel plenums is consexvatively assumed to be the same
for thé 8 x. 8 and 7°x 7 fuel assemblies, the fission products released .

_.to the water during the.design basis refueling accldent are unchanged
and the fission product release to the environs, therefore, remains
unchanged. - Since the & x 8 fuel rod cladding is thicker and because
there are more rods to absorb the fall shock, & lower percentage of the

. 8§ x & fuel assembly rods may be damaged and the release would be
corresnondinalv lower than that assumed. We have concluded that the
consequences of the postulated design basis refueling accident will
not change significantly because of the change to 8 T 8 fuel assemblies.. .

. The release of radicactive materials to the enviromment as a result of
" . a postulated main steam.line break outside of containment is governed
“by the mass flow rate of steam from both open ends of the break. -The ‘
gteam flow rates are limited by ecritical flow conditions at steam line~-
£low restrictoxs, Since the source of radloactivity, stean flow rates
followxng the assumed pipe rupture, and valve closure times are unaffccted
by the change to 8. 8 fuel assemblies, we have concluded that the
- consegquences of the pestulated deslgn basis steam line bresk aceident
Jare unchanged. from those previou@ly evaluated E o

The postulated deslgn basis control rod drop acciaent 1s based upon,
- a weximum rod worth of 1.37% delta k/k causing fuel damage to.the
"“e5tent that (1) peak fusl enthalpy during the accident is no more than
280 ‘cals/am; the conservatively assumed value for prompt ‘enérgy deposition
into water, and- (2) all fuel abova 170 cals/ga causes clad failure. For
'tnese assuned acclident conditions, the release of fiss sion products into
the primary coolant would be about the same. We have concluded that’
the release of radiocactive material to the primary ccolant due to a
. postulated rod drop accident is about the same for 8 x 8 fuel as for.
7 % 7 fuel assemblies although comparison shows that the maximum rod
* worth is further below 1.3% delta k/k limiting condition and the con- -
© sequences of an assumed rod drop accldent with 8 x 8 fuel -asseablies
instead of 7 ¢ 7 fULl assemblies thexcfore wnuld be reauced.

The increased enricnmﬂnt-of'the 8 x 8 fuel assemnly-is~not a result.of

. .changlng fuel. Such an increase would have been required if 7 x 7 fuel
~assemblies were used as replacement fuel. The increase in enrichment
ds fequired and had been planned to compengate for the change in core

characteristics to an equilibrium core rather than a startup core; )

- i.e., core constituted with partially depleted fuel rather than 484 new

" fuel assembiies and poison curtains. We have reviewed(3) the nuclear

~ design of the 8 x 8 fuel assemblies,. incluoing the increased enrich--

ment which 16 not unique for the 8 x § fuel assemblies, and have found

the design to be conaistent with prev1ously approved fuel and, there—

forTe d(.CLi?CHD.Lt : :
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The increased clad thickness with- omallcr rod dlamcter and reduced - ..
powver per rod will provide greater resistance to clad fallure. deveru »
. phul&as, NSP has agreed(7) to participate with General Electric ina
~ surveillance program to monitor the performance of a precharactora79d
8 x 8 fuel bundle in the Monticello reactor beginming with cycle 3.
We have concluded(5) that the cladding integrity of 8 x 8 fuel is
. acceptable and the effect of the unheated rod near -the center of the
' bundle will not be signiflcaht. R ~ e SN

.The beneflcxa] effects of additional heat transfer surface as well as
" the increased coolant flow resistance due to increased surface drag .
have been included in tne thermal-hydraulic evaluation. We have noted(s)
. that in general the 8 x 8 fuel has greater thermal marging to design
limits than the 7 x 7 fuel indicat¢ng ‘that improved heat transfer
0ffset° tae sl&ght ﬂocrease in § x & aasemoly flow

The increase in_water to'ruel volume poses‘nu partlcular problein.
Increases of this magnitude can be and have been accommodated. For ,
example, the water to fuel ratio for reload 1 fuel inserted during the
spring 1973 plant outage(l) is 2.53 in contrast to the initial core o
fuel ratio of 2.47 - apnrozimately the same magnitude of thevcnange
from 2.53 to 2.60 for. the 8 x 8 fuel water to fuel wolume. We have
) _concluded(5) that the nuclnar desivn of the 8 % 8 assembly is acceptable.'

Tha STR assembly(3 419 in addition to atisfying enietino dcsign criterla
- aad quaTity dssurance requirements and ‘operating at 4 nmore restrlutive
linear heat generation level, will be removed from the. ‘core during each
refuelipg outage to remove selected rods for destructive testing. Care-
ful dnspection before returning the bundle to the core will provide '
~added assurance that the fuel performance is in accordance with design
expectatioqs.

Tha prOpoaeé operatinﬂ cnaractpristics for the 8 x 8 fuel assembiies: i.e.,

e D Taas04 /e ‘maximum LHGR (Operating Limit), 45,000 Mid/Te ‘
- C maaimum local exuosuxe, and by 6 years incore residence time, -

are cﬂnsistent with the deszgn chanees that nave bcen 1dent1fiﬁd and arelm
indicative of continued improvement in quality assurance during fuel
‘fabrication. The changes in the 8 x 8 fuel assewbly design, including
fuel pellet preparation, are relatlvely swall and can be accommodated by
. existing calculational methods. ‘The changes result from extensive
parformanca analysis 1nsPection, and destructive examination of fuel
”_rods that have been irradlated in nuclear pover plants,  We note that

’MSIR maximum LLGR 30 5 KW/ft
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" the treud Loward smaller diamﬁter and ‘more rods per buadle to 1mprove
. fuel rod: 1ntegrity and rﬁiiablllty is supported by the reactor operating
. gnoriencc at Big Rock Point. It should be noted, ncwever; that if
- contrary to expectations the fuel int cgrity is reduced resulting in
- fission® product release into the coolant, the existing technical specifi-~
cation limits on radicactive releases into the primary coolant and
effluent releases, to the environs will continue to determine the extent .
of -allowable fuel degradation and provide’ thc Same 1evel of-protéctien to
. the nﬂaltn and safcty of the pub;ic. -;

Ccolant flow ‘chara cteristicu durd ng normal and accident conditions are
nearly the same since the flow :cross sectional area for the 8 x 8 and
7-% 7 fuel assewblies is identical. -The small decrease ia flow due
to the increased heat transfér surfaca in the 8 x & rodr 15 less than
8% and is accountéd for in the, calculat;oqs that show an. MCHFR of 2.3
_ “for the 8 x 8 fuel assemblj compared with 2.03 for the 7 = 7 fuel
,;asuembly, i. e., the d x 8 asaemblj hus a,larger thermal margin,

: CUNCLLSIO
Based on our evaluation of the differences between the 8 x 8 fuel
' assemblies. to be inserted during the April 1974 refueling outage and
- the 7% 7 fusl assamblies, we have concluded that design margins for
safety or fuel dﬂmage limits are largnr for the B x 8§ fuel assemblies
~than the 7 x 7 fuel assemblics used up to the present time: The fuel
" should be .wore resistant to failure during normal and accident conditions
according to the: design calculations. ~Inspection during each vefueling
outage of a precharacterized reload 2. fuel assembly and the STR .assembly
... plus’ destructive tests of selected STR rods will provide timely infor—
. mation to confirm design. performance expectations or identify deviations
. from predicted performance. Changes to the Technical Specifications to
;'permlu reactor operation above 1% power level with reload 2 fuel inserted
will be made to reflect ldmits on the 8 x 8 linear heat power generation
X . €13.4 ®W/ft), maximun average planar LHGR as a function of fuel bundle
: 4% - exposure, and other changes related to control rod scram time (3.5
) - seconds iastead of 5 seconds). Plant modifications that are in progress
- will be completed before the Monticello nuclear plant returns to power
" 4in Hay 19274. Bowever; based on our evaluation of the .§ x 8 fuel assembly -
performince characteristics and the “Technical Report on the. Ceneral
lElectric Company 8.x 8 Tuel Assembly” prepared by the Regulatorygstaff(D),
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- e have concluded that the health and qafety of the publig will mot -
' be endangered by reactor ogeration with 8 x 8 fuel assemblie replacing
7% 7 fuel assemblies in the manrer. described by NEP.. - :

The staff ib avaluatiag the dccopLabllitv of a new system concept for
Monticello, the Prompt Relief Trip (PRT) that has been proposed by
.+ HEP to provide. core prOtectioa. However; ‘this system is not requirnd
. to protect the reactor uvntil the end of cycl and ‘even then only if -
it is d;s;red to ext@nd th& fuel cycle .to the Yall rods out™ condltion
without programming ncwer dowmwar é‘durﬁng this period prior to shut~-

.down for rcfuel;vg. ; S ‘

. James 3. Shea ,
_ o Lo A”Opcrating Reactors wBranch #2
(Lol oo w oo e Directorate of Licenaing

Dennis L. Ziemaan, Chief
- Operating Reactors Branch #2-

‘.. . Dpirectoraté of Licensing

: ﬁ;ée}‘ﬁ APR 81974
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RE* ER C
- 1. ES? econd Hcload aubmi tal” dated Wovemner 19 1973.
2. 'fusv submittal ”Suppiemental Information to the Mbntlcullo Second
_ Leloau uuomittal" dated rearuary 85 1974, e
<3, " nsp aubmlttal of NLDF»29179 - bonticello Segucnted Lest Rod undle“
g ) uubmlttal (PrOprietary Inform?tion) ~<dated December 14, 1973.
4. NSP submitﬁal ‘Ch&noe to HEDEwZOl79 Mouticello Seomknted Test-
: Rod Bundle Submittal (Proprietary Informatlcn) datea @unuary IJ,
31974 B S '
:‘ASg;f AEC - Directorate of: Licensing ¢eLte1 (February 11, 197&) to ﬂap '
"“ﬁregarding 8 x & reloaé fuel with. the following enclosures :
' 1,‘VFedera1 Regisger Noticﬂ regazaing authorizOtiou to oPergte
© Monticello with & x 8 reload fuﬂl 1nc1uding a,segmented
test rod assembly. '
:;'?."Tecnniaal ﬁaport on the C&neral Electric 8 X 8 Fvel Aseembly
o by AEQ Directoraté of. Lic 2nsing aated ?e%ruary b 9?4 '
3,6._‘¢WSP aubmitial, ’buﬁnlementary Inzormation Regardin the Pirst
“xﬂbntice1lo Rpload” dated April 13 1973, ‘ .-
. 7. HSp suomittal “Speczal Surveillance Pro?ram for 8 x 8 Fuel" o
: ”datad February 14, 1974, : e S
B A Directorate of. uicenuing autnorlzation to opcrate Mbnhicello Nuclear
© . Pewer Plant’ witn reload L fuel ass mulies in core dated March J,-
’.t;19?3 . o
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