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Al eVverall estimator?

ect adequate new very high density
acceleration on RERTR program is facing

standard MTR technology (U-Mo solid solution

d in Al powder, hot rolling process) decompose at

ary giving place to reaction phases which degrade the
egime.

se degradation (in high fission rate — high temperature scenario) led
0 the appearance of huge porosity which determined the suspension
or failure of several irradiation experiments
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ded an overall estimator?

at in parallel to try to find a fix

2d problems, other very high density
Jled out from the very beginning, due
eutronic properties or to other early
ocess, should be reconsidered.

candidate might have good neutronic properties
IS needed that all critical properties of the
andidate are acceptable. No matter when, if failures
appear, it would lead to discard the candidate at an
advanced, time and resources consuming stage.

 To help to have an integral sight on these properties for
an adequate alternative fuel selection an overall
estimator is proposed
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PERTY: NEUTRONICS

0 depict the overall neutronic

2| should reflect the U density and the
ess reactivity (% Ak/k) due to parasite

re cross section

g Bretscher et al, the most suitable one is the
ve cycle length CL (on a standard conceptual
Xperiment in a 10 MW reactor power, 3 x 3 fuel array,
D20 moderation, central beryllium reflector). The
normalization of such estimator is conventionally
referred as a fraction of the greatest CL value (U5%Mo)

— So the relative cycle length as neutronic estimator will be
chosen.
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NEUTRONIC ESTIMATOR

LE LENGTH (VF = 50%)

PD's Relative CL
44.60 1.00
43.10 0.97
42.50 0.95
40.35 0.90
36.1 0.81
34.0 0.76
0Zr9%Nb 33.0 0.74
N (100% TD) 6.75 26.5 0.59
U2Mo 6.9 25.6 0.57
UN (90% TD) 6.08 20.1 0.45
U3Si2 5.65 20.1 0.45

M. M. Brestcher, J. E. Matos, "Neutronic performance of high-density LEU fuels in water-moderated and water-reflected
research reactors”, ANL, July 1996
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CAL FROPE TY‘ PL’\TF DIMENSIONAL
STABILITY UNDER IRRADIATION

fuel structure in a twofold way:
ase to restrain the swelling due to the

of this phase along irradiation.

or to be selected for this second aspect must keep track
omposition process.

ank different fuels candidates, we propose as estimator the
ansition temperature at which the fuel candidates starts to
decompose at grain boundary, using as time reference the cycle
length that each fuel candidate is supposed to provide for a given
nuclear service.
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IRANSEORMATION TEMPERATURE OF U-Mo AT CL

— Cycle of 36 F|:u:|
Temp ~ 40C

Cycle of 44 fpd
Temp. ~ 300°C

TRANSFORMATION TIME, hr
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S R UETURE STABILITY ESTIMATOR
@O/ scenario

Relative Tt
300 0.50
NOT INCLUDED -
: 310 0.52
40.35 320 0.53
36.1 340 0.57
34.0 360 0.60
33.0 NOT INCLUDED -
(100% TD) 26.5 580 0.97
U2Mo 25.6 NOT INCLUDED -
UN (90% TD) 20.1 580 0.97
U3Si2 20.1 600 1.00

J. P. Durand, P. Laudamy, K. Richter, "Preliminary developments of MTR plates with uranium nitride", XVIl RERTR

Meeting, Williamsburg, VA, USA, September 18-23, 1994
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IRAINFOE S G CAPABILITY

el to have a higher transition
andidates, because it is decisive
It makes with the Al matrix (U3Si2 vs

this property? As it is not easy to evaluate,
nsider the behavior of the fuel particle, reacted or

estimator of the fuel candidate’s structural capability for
estrain fission product swelling should reflect the evolution

of swelling along the irradiation, specially when gas bubble

formation is the leading mechanism for swelling.

 The estimator proposed is the swelling gradient of the fuel
candidate, after the knee point.
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UESIFANDBIUG=10% SWELLING

COMPARED
U3Si2 AND U-Mo SWELLING
90.0
U6-10%Mo
800 1 FR 2E20m-3s-1 _ _
CL TARGET AREA  U3SIZ HEU:
70.0 | FR 7E20m-3s-1
60.0
§ 50.0
g
S L0 U10%Mo
FR 4-6E20m-3s-1 /
300 1 U3SiZLEU
FR 2820m-3s-1
20.0
10.0
YU6%Mo
) FR 6-7E20m-3s-1 | | | |
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0
ASSION DENSITY (E27*fiss/m3)
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MENT

U3Si2 relative

swelling
slope

NO DATA -
NO DATA -

6.30 12.84 0.75
FEW DATA - -
NO DATA NO DATA -

6.18 11.95 0.80
%Zr9%Nb NO DATA NO DATA -
UN (100% TD) NO DATA NO DATA -
U2Mo NO DATA NO DATA -
UN (90% TD) NO DATA NO DATA -

U3Si2 7.00 9.6 1.00
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U3Si2 relative
swelling
slope

NO DATA -
DATA NO DATA -
6.30 F -
FEW DATA F -
NO DATA NO DATA -
6.18 F -
%Zr9%Nb NO DATA NO DATA -
UN (100% TD) NO DATA NO DATA -
U2Mo NO DATA NO DATA -
UN (90% TD) NO DATA NO DATA -

U3Si2 7.00 9.6 1.00
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INIVIANIOIR

GEOME!
=D SCENARIO

RIC MEAN) FOR SMALL

Relative

; Overall
swelling :
estimator
slope
0.748 0.717
0.803 0.716
UN (100% ) )
TD)
U2Mo 0.57 . - i
UN (90% TD) 0.45 0.97 - B
U3Si2 0.45 1 1.00 0.767
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OR HIGH FR AND LARGE
E NARIO

Relative
: Overall
swelling :
estimator
slope
(100% ) ]
TD)
U2Mo 0.57 L - i}
UN (90% TD) 0.45 0.97 - B}
U3Si2 0.45 1 1.00 0.767
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g and quantifying
as proposed.

ta reflects the lack of alternatives
, specially for high FR large FD

oll bonding technology applied to U-Mo fuel
ndard matrix seems to fail to provide VHD
tions for most important scenarios.

The RERTR program should consider the development
of alternative fallback options.
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