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Rhode Island Atomic Energy Commission
NUCLEAR SCIENCE CENTER
South Ferry Road
Narragansett, R. I. 02832

September 5, 1979

U. S. Nuclear Regulatcry Comission
| | %] j $gl* h y' j| [),t|,}i[

[ T
Divicion of Operating Reactcrs ! : s

#Cperating Reactors Branch *

Washingtcn, D. C. 20555

Gentlemen: Attenticn: Mr. D. Dilanni

Docket No. 50-193
License R-95

-

The R. I. Atcnic Energy Ccmdssicn hemby requests that the R. I.
Nuclear Science Center reactor license, R-95, Docket 50-193, te
arended to penr.it the use of uranium aluminide (UA1x) or uranium
cxide (U,0 ) Riel elements in additicn to the currently licensed3uranium-fluminum alley elements. This arendment is necessary
because there is presently no dcmestic comercial vendcr capable
of producing allcy type fuel.

Specifically, two license changes are required as follows:

A. A: rend pap 7, Section E (1) of the cechnical specificaticns
to read:

1. Princical Core Materials

Fuel matrix Alley, UAlx, U Og3

U-235 enrichment Approximately $3%
Fuel clad 1100 and/cr 6C61 alurinum
Fuel ele.~:ent side plates 6061 aluminum
End Fittis~s 356 T6 altrinum 09Mcderator Water D
Reflector AGOT g"ade g"2chite and/

cr water
Ccntrol elements Mixture of EuC and aluminum,

clad with aluminum \Serve eler.ent .'lixtu"e of EuC and altrl .um, g-

clad wit.h alumint=
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E. On page 29 of the technical specificaticns, add a new section
(f) to K.3.e.(4) to read:

(f) Fissicn Density Limit

The fission density linit for alley, uraninum aluminide,
and uranium oxide fuel shall meet the follcwing speci-

fications:

211. The fission density limit shall te 1.5 X 10

fissicrs/ce.

2. The fission density of all fuel elements which
have bumup shall be calculated at least quarterij.

The first a endment will pemit the use of UAlx and U Og fuel in
additicn to alloy type fuel. It will also permit the"use of 6061
aluminum as clad in additicn to 1100 aluminum.

The seccnd amendment will add to the technical specifications a
fission density limit along with a mini um frequency for calculating
the fission density. -

The UA.1x and Uq Og fuels have been satisfactorily used in cperating
environments similar to those in the R. I. Nuclear Science Center
raactor., Table 1 prasents cperating characteristics for six reactors
which have used these fuels. "he cperating characteristics for the
R. I. reacter are included fcr ccrparison.

In June 1977, the Ford Nuclear Reactor at the University of Michigan
lsubmitted a safety analysis for use in its "eactor of UAlx and

U:08 in additicn to alloy fuel. Their submissicn was revised en
2 was issued a-d inld/26/77 and 4/20/78. A NRC safety evaluation

Octche" 1978, !RC approval for the use of UAlx and U 08 fuel in the3
Michigan reacter was granted.

UM's amendment mquest and tne R. I. amend ent raquest are essentially
the care. However, the two reacters differ in the folicwing "ospects.

Utilization of Intemetallic Cranium Aluminin (UAl , UAlu, UAlo)
"

and Uranium Cxide (U { 8) Ce met Fuel Ceres in the F5rd Nuclea"
eactcr, License R-23, Eccket 50-2, U. of Michigan, June 1977.

25a''ety Evaluation by the Cffice of ::uclea" Reactor Regulaticn
Supporting Arendment No. to Facility Operati".g License, Unive"sity
f Michigan, Fcrd Nucu" =cactcr, 'icer2e No. E-25.

9_ w n y ar.-ClW i.L
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MOR g''TABIE 1

TRAI111MG, IFlSEARCll, AllD TEST REAC1DR OPEllATIlJG PARAft lERS ),,
_

Miterials Engineering Ativance liigh Flux illdi Flux Ford R. I.
Testing Test Test Isotope Brookhaven Huelear thielear

Reactor Reactor Reactor Reactor Reactor Reactor Science
Paranct er (f fik) (IffR) (ATR) (HFIR) (HFBR) (FUR) Center

9

Year placed in service 195'' 1956 1967 1965 1965 195E 1964

Plate geto:Lty curved f'lat curved involute flat curved f'18t

'1herttil power (MW) 40 375 40 100 40 2 2

Thettal pwer density (IM/1) 0.75 1.2 2.8 1.5 0.5 .025 .02

Fuet elcuent neat volune (ee) 365 550 798 3475 870 358 182.63

U-d35 : "r e 1enent (gn) 200 400 975 2600 315 140 124

li-235 t>uniup (%) - 25 25 30.6 34 35 15.3

Peak rission a nalty (risu/ce) - 1.8 X 1021 1.8 X 1021 1.9 X 1021 1.24 X 1021 211.5 X 10 1.5 X 1021

Fue ! elenent surrace area (ft2) 35 23 34 147 36 15 12.9

2 6 2.59 X 104 (1)Heat flux (ifiU/Ut -br) 3.5 X 105 5 x 105 4 X 105 2.5 X 10 3.8 X 105 4 x 104

Fuel surt' ace t caq erature ( F) 239 329 356, 300 304 159 150 (2)

Coolant flow rate (mun) 24,000 44,000 16,000 17,000 16,600 980 1,500
C
N Fuel elecent nateriala;

[['
Cla kling 1100 Al 1100 A1 6061 A1 6061 A1 6061 Al 1100 or 1100 or

6061 A1 6061 Al
?Q Core (wti Uranhun) 18% U-Al 22% U-Al 41% UA1 41% U c8 30% 11 038 14% U-Al 26'Ix 3

Alloy & UA1x Alloy & UA]x Alloy

_ _ _ _ _ _ . _ _ _

(1) M elenent core -

(2) exclub h. t upot factors
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1. The R. I. elemnt ccntains cnly 124 grra of U-235 as opposed
to 140 grams for Michigan. This results in a larger core,
lower pcwer density, smaller percent bumup and lower fuel
elemnt surface temperatures fer the R. I. reactor.

2. The R. I. fuel plate is flat as cppcsed to a curved Michigan
plate. As discussed in the Michigan sttnission (page 4, para-
g"aph 5.1) and the NRC safety evaluation for Michigan (pag 2,
Fuel ccre swelling) scme warping caused by swelling was cb-
served in flat plate sarples irradiated to the 7% AV/V swellirs;

21level. Hcwever, for a fission density limit of 1.5 X 10
fissicns/cc, a 7% change in volume dces not occur. Moreover,
for a given fission density limit, swelling in alloy fuels is
greater than in other types. Since flat plate alloy fiel has
been used for many years in the R. I. mactor withcut notice-
able warping due to swelling, flat plate aluminide and oxide
fuel will also prove satisfactory.

3 The fueled core of the R. I. fuel plate is .012 inches as

oppcsed to .02 inches for the Michigan element. This will
msult in a higher weight percent uranium in the ?. I.
element. Ecwever, as seen frca Table 1, the 26 weight per-
cent of the R. I. element is well telcw what has been utilised
in other m actors.

4. The clad of the R. I. elemnt is .024 inches thick as ccmpared
to .C'2 inches for the Michigan elemnt. This f nar differance
is of no physical significance in evaluating a chang from
alloy to aluminide or oxide fuel in the R. I. element. No
dinensional changes will te made in the R. I. fuel element.

5 The weicht percent of uranium in the fuel core of the R. I.
element is 265 as compared to 14"; for the Michigan element.
Ecwever, as shown in Table 1, the 26% is well within the
capability of the technolog- for bcth UAlx and U C33

Th amendmnt raquest to pennit the use of 11C0 and/or 6061 aluminum
instead of 1100 aluminum is insignificant because of the similarities
of the two materials. In ganeral 6C61 is strcnger and 1100 has a
higher thermal conductivity. However, the lower 6061 theral ccnduct-
ivity is not significant since in heat tmnsfer f"cm fuel meat to
ecclant the clad themal msistance is a negligible percentage of the
film resistance at the clad-cociant interface.

The aluminide r cxide fuel elements will dl;nensicnally be exactly
the sa:ne as the curNnt alley elements. Tne thenral and hydrclic
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characteristics of the reactor will therefore be unchanged.

'de will be pleased to provide acre infomation if necessary.

Very truly yours,

]--
// i // n ', | w . ~[ ,v;'w vmJ

A. Francis DiFeglio
Director

AFD:ke %. _ ,n
~ '

cc: RIAEC .g - -

_

Signed. and sworn before m this7th day of Septerter,1979.

! .,i, "_ ! ,s ,,

Alice C. Gillan, Notary Puolic
@. ccrnissicn expires 6/30/81
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