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Molybdenum in Nuclear

* In Fuels: U-Mo metallic fuels are used in new space reactor designs and
new research reactor fuels. MITR, MURR, and NBSR reactors plan on
converting from different HEU fuels to a U-Mo HALEU fuel [1].

* In Spent Nuclear Fuel: ®*Mo is one of the 15 main absorbing fission
products in irradiated LWR fuel [2]. This makes it important for criticality
safety studies in transportation and reprocessing.

 In Structural Materials: Molybdenum is found commonly in alloys that
make up the structural materials of nuclear reactors such as type 316 SS.
Molybdenum helps to improve high temperature performance and corrosion
resistance [2].
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Molybdenum Nuclear Data

e Differential measurements of Molybdenum cross sections in the unresolved resonance
region (URR) performed in 2015 at Rensselaer Polytechnic Institute

* Institut de Radioprotection et de Slreté Nucléaire (IRSN) and the Japan Atomic Energy
Agency (JAEA) are currently performing differential Molybdenum cross section
measurements and the J-PARC facility in Japan
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HEU/Molybdenum Experimental
Design

« Comet vertical lift assembly

» Core will consist of stacking Jemima
plates (HEU metal, 21" diameter),
molybdenum plates, and moderator
plates.

« Varying the thicknesses of the
molybdenum and moderating plates will

be used to shape the energy spectrum of
the system

» Unit geometries repeated until criticality
is reached

MOLYBDENUM
MOLYBDENUM MODERATOR

|

MOLYBDENUM MODERATOR fé_% Lower core
——
MOLYBDENUM — P
== —r——— Platen + platen adapter plate
W | JOPR—

Unmoderated unit geometry Moderated unit geometry
HMF-072
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HEU Configurations

Fast (x1) Intermediate (x2) Thermal (x1)

MOE EDENUM
MOLYBDENUM
Case 1 Case 2 Case 3 Case 4

“Fast Case” * “URR Case” «  “Epithermal Case” * “Thermal Case”
Unmoderated, * Moderated, * Moderated, * Moderated, copper
copper reflected copper reflected copper reflected reflected
Maximize *  Maximize ¢ Maximize Mo(n,y) *  Maximize *>Mo(n,y)
%SMo(n,y) 9SMo(n,y) sensitivity in sensitivity in
sensitivity in fast sensitivity in URR epithermal range thermal range
range (>100 keV) (2 keV — 200 keV) (0.625 eV — 2 keV) (<0.625 eV)
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Case 1 — Fast Case (>100 keV)
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k.ss of various configurations (2 keV — 200 keV)

Alumina

e —

Alumina Thickness (cm)
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Polyethylene Thickness (cm)
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Alumina

Beryllium

of various configurations (2 keV — 200 keV

Alumina Thickness (cm)
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Investigated URR Moderators (2 keV — 200 keV)

Alumina Beryllium Polyethylene

Formula Al203 Be CzH4 C2F4_
Density [C%] 3.97 1.848 0.93 2.25
Skeff.aURR -0.045 -0.056 -0.046 -0.035
tmoly[cm] 0.8 1.0 1.4 0.7
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Proposed Case 2 — URR Case (2 keV — 200 keV)

., 0.000 Formula Be
2 g
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Energy (MeV)

—— HEU-COMP-INTER-005
—— Molybdenum-Beryllium
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ks of various configurations (0.625 eV — 2 keV)

Alumina Thickness (cm)

Alumina
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keff,0Epithermal

Alumina
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0.0  -0.001 [FBIGGH] -0.001

00 00 00 [§BH8 -0.001
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of various configurations (0.625 eV - 2 keV)

12/1/21

14



Investigated Epithermal Moderators (0.625 eV — 2 keV)

Formula Al203 Be C2F4_
ity [-2— 3.97 1.848 2.25

Density [cm3]

Skeff,aEpithermal -0.005 -0.027 -0.002
tmotylcm] 0.3 1.05 0.2
tmoalcm] 2.5 1.75 2.0

5. 0.000 ———f—= |

o —— Alumina

:.55 —0.005 71 —— Beryllium

= —0.010 - —— Polyethylene

> —0.

‘E —— Teflon

2 —0.015 -

w)

[

¢ —0.020 -
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Proposed Case 3 — Epithermal Case (0.625 eV — 2 keV)

Formula Co,H,
ity =9 0.93
Density [cm3]
0.000 -
5 Skeffro'Epithermal 0.057
© —0.005 -
= —0.010 A
&
a —0.020 A
G
x —0.025
>
£ —0.030 7
N
Q —0.035
O
=
—0.040

10 107 10 10 10 10> 107 10’
Energy (MeV)
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Thermal polyethylene configurations (<0.625 eV)

Sk

eff'OThermal

2.00

1.90

1.80

1.70

1.60

1.50

Polyethylene Thickness (cm)

1.40

1.30

1.20

1.10

e | 1.02741 1.0174 1.0084 0.99990.9914

e 1

1.0335 1.0215 1.0122 1.00320.9944 C

1.0251 1.0155 1.006 0.9969 C

| 1.0278 1.0175 1.00820.9985 0.9843

.0295 1.0188 1.009 0.9989 0.989

1.90 200 210 220 230 240 25 2.60 2.70

Molybdenum Thickness (cm)

2.80

Polyethylene Thickness (cm)

2.00

1.90

1.80

1.70

1.60

1.50

1.40

1.30

1.20

1.10

-0.211

-0.205 -0.207

-0.207

-0.212

190 200 210 220 230 240 250

Molybdenum Thickness (cm)

-0.206 -0.203 -0.203 70.199_-0.188 -0.189 | -0.
-0.203 -0.199_-0.195 -0.189
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Proposed Case 4 — Thermal Case (<0.625 eV)

Formula C,H,
ity [-2— 0.93
Density [cm3] -
_. 0.000
4 Skeffro'Thermal -0.2
& —0.005
5] t cm 2.5
S -0.010 moty[cm]
é —0.015 tmod[cm] 14
0
@ —0.020
5
x —0.025 b
% — —
£ -0.030 —
N Em——--
3 —0.035 E——
o] —
= EEm—————
—0.040 |

l0-¢ 107 10 10 104 102 10 10-1
Energy (MeV)

LIHIIII
PII[IIII
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HEU Review

Case 1l Case 2 Case 3 Case 4
“Fast” “URR” “Epithermal’ “Thermal”

Moderator N/A Beryllium or Polyethylene Polyethylene Polyethylene
tmotylcm] 0.95 1.0 2.2 2.5
tmoalcm] N/A 0.6 0.7 1.4

Optimized Energy Range >100 keV 2 keV — 200 keV 0.626 eV —2 keV <0.625 eV

Differential Data RPI RPI J-PARC J-PARC

- 0.000

g —— Case 1 - Fast
< —0.005 A —— Case 2-URR
% —— Case 3 - Epithermal
E —0.010 - —— Case 4 - Thermal
)
I

c

a —0.015 A

S

Q
= —0.020-
;_: .
=
g. —0.025 1

e)
=
. —0.030 = — — = —
‘:9 !_A(T;)IE;N 10 10 10 10 10

Energy (MeV)



Present Work - Plutonium

« Same goals as HEU configurations,
maximize ®Mo(n,y) sensitivity in :

- Fast, >100 keV

- URR, 2 keV - 200 keV

— Epithermal, 0.625 eV — 2 keV
— Thermal, <0.625 eV

Jupiter Pu/Pb experiment on
COMET

« Using the 23°Pu ZPPR plates as fuel

Fuel unit

Q@ Los Alamos 12/1/21 20
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Present Work - Plutonium Configurations

Fast (x1)

Intermediate (x2)

Case 1l

“Fast Case”
Similar to Jupiter
Maximize
*>Mo(n,y)
sensitivity in fast
range (>100 keV)

1% Los Alamos

Case 2

“URR Case”
Similar to Jupiter
Maximize
*>Mo(n,y)
sensitivity in URR
(2 keV — 200 keV)

Case 3

“Epithermal Case”
Moderated and
reflected

Maximize ®>Mo(n,y)
sensitivity in
epithermal range
(0.625 eV — 2 keV)

Thermal (x1)

“Thermal Case”
Polyethylene
moderated and
reflected

Maximize ®>Mo(n,y)
sensitivity in
thermal range
(<0.625 eV)




Particle Swarm Optimization (PSO)

« PSO algorithms are used to locate global maxima or minima of functions
without using its gradient

 APSO-MCNP coupled algorithm was developed to aid in the design of
critical experiments

» This new method is being used to design the Plutonium cases of this IER

1% Los Alamos
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Analytical PSO Examples

For each dimension d of particle i

Vig € WVjq + QOpT'p(Pi,d 3 xi,d) + QDng(gd - xi,d)

/ \ \

Previous velocity Particle best Swarm best

3 Generation 1 w=0.7 ¢$=0.3 p=0.9 ; Generation 1 w=0.3 ¢=0.3 p=0.7

s

~ N
1% Los Alamo e —
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Thermal Plutonium Case (<0.625 eV)

4.0

N W W
(9] o o))
1 ] 1

Molybdenum (cm)
— N
o

1.2943
1.2289
1.1635
1.0981
-1.0327
-0.9673

Los Alamos
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Polyethylene (cm)

0.9019
0.8365
0.7711
0.7057
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Thermal Plutonium Case (<0.625 eV)

Skeff, X

4.0

N
u
1

Molybdenum (cm)
= N
o

1 2 3 4
Polyethylene (cm)

AAAAAAAAAAAAAAAA

—0.0100
—0.0220
—0.0339
—0.0459
—0.0578
—0.0698
—0.0817
—0.0937
—0.1056
—-0.1176



Thermal Plutonium Case (<0.625 eV)

Formula Co,H,
0.00 e
> 3
o Density [—] 0.93
_fCU cm
% ~0.02 Skeffro'Thermal -0.0907
:g t cm 1.7
__5; —0.04 moly[ ]
§ tmoalcm] 2.6
8 -0.06
>
£
iy —0.08
(@)
o
=
-0.10 . ; .
1.0~0 10— 16-° 1074 1072 10°

Energy (MeV)
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Future Work

« Complete Plutonium for epithermal, URR, and fast configurations using PSO
algorithm

* |Investigate different moderators for epithermal and URR configurations

» Finalize CED-1 report

1% Los Alamos
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