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— Validation of radiation transport
codes
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ISSA Fuel Elements
93.16% 235U

U,04 powder + aluminum powder

Sandwiched between aluminum
plates

19 curved plates per assembly

232 g 23°U per assembly
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Experimental Configurations

= 5 Experiments
—1,2,4,6,and 9
assemblies

= Multiplication between
1.8 and 10.9
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Experimental Results

350 -

300 - )

e 9 Assemblies J
Fission Chains J

250 -
n [ {4 o®
€
>
o
O 200 -
S ()
=] o o
>
2 L

150 -

100 -

' @
goo *°® g
50 - .;
g
0 ‘ T T T T T T 1
0 0.5 1 1.5 2 2.5 3 3.5 4
Time, s (9 Assemblies)

Lawrence Livermore National Laboratory N A‘S(Z_% 8

LLNL-PRES-######



Experimental Resu

Time, s (1 Assembly)
0 20 40 60 80 100 120 140 160 180

350 1 1 1 1 1 1 1 1 1

300 - )

e 9 Assemblies J"

250 o 1 Assembly Fission Chains

200 -

Neutron Counts

150 -

100 -

0 0.5 1 15 2 2.5 3 3.5 4

Time, s (9 Assemblies)

Lawrence Livermore National Laboratory N A‘S.V__‘é 9

LLNL-PRES-###### National Nuclear Security A




Experimental Resu

Time, s (1 Assembly)
0 20 40 60 80 100 120 140 160 180

350 1 1 1 1 1 1 1 1 1

300 -

e 9 Assemblies ,"
250 o 1 Assembly Fission Chains

200 -

Neutron Counts

150 - . e .
Fission Chain

100 -

0 0.5 1 15 2 2.5 3 3.5 4

Time, s (9 Assemblies)

Lawrence Livermore National Laboratory N A‘S.V__‘é 10

LLNL-PRES-###### National Nuclear Security A




Experimental Results
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Experimental Results
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Experimental Results —

e 9 Assemblies ¢ 1 Assembly
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Analysis
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Analysis —
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Analysis
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Simulation - Model

= Modeled in 2 transport codes:

= COG Models (LLNL)
— ENDF/B-VII.1 with Terrell’s distribution
— ENDF/B-VIII.O (multiplicity included)
— ENDF/B-VIII.0 with FREYA
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= MORET Models (IRSN)
— ENDF/B-VII.1 with Zucker and Holden
— JEFF3.2 with Zucker and Holden
— JEFF3.2 with FREYA

Brown, D. A,, et al. “ENDF/B-VIII.0: The 8th Major
Release of the Nuclear Reaction Data Library with
CIELO-project Cross Sections, New Standards and
Thermal Scattering Data,” Nuclear Data Sheets 148

(2018) 1-142.
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Simulation Result_

0.251

— Experimental
0.20

0.151

Yor

0.10'(

0.05-

0.005 100 200 300 400 500

Time Gate Size, ms

Lawrence Livermore National Laboratory N A‘S@é 25

LLNL-PRES-######




Simulation Results
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Simulation Results-
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Simulation Results

2.5 . . . .

U') 2 ° ° R ° ° ° oo o ° o e o ° ) °
C\ .. ¢ ’ 'Y ’ ® o ° ° ° . ®e ° . .. o0 . ° e o o ° . o %o
.9 ®e .o ° ° . o o ° . ° o® o . ° o® ° ° . o o °
+ ° o
8 R . ° o oome . ° ° . ° o o o . o o ® oo ® e o o o
e o0 o ° e o o oo o ° ° L ) ° ®@e o . coem o o.o. ° om o0 00 ®e o
40-; 1°5 ° oo o o o ¢ e @ _®ee oo oo % o % . ‘ .o ° oo o (1) e o o e ° o ° oo
D ®e e® o o LY ) e oo o ©00 o e o oo ® oo @ o o e o o o @ ° ° e © e c00 0 o
i) ° ° ° R .
x - .... LA N J L) Y o0 © o ® o0 o0 o o o @00 ® L) ... --. L] e o o .“ LN ] .-.. » oo L] LN X ) o o .. L] L)
m " [ ] .. [ ] ..- oo L] :. ¢ ° ® .. L X1 ] .“.. - .. o0 o0 O .- ”oe o o Qe ...* L] ... ° e o L_J L] LN ] ] ..
Z ... L) (XX ®e ® ®© 00 © 00 0000 LN ... eoe ..“. L ] o ® g®o ¢ o ®e ... e o000 o e o X ) .. o O ... e @ o L] (X X1 J
E 1 -e [ ..-..w..-.. oo ®eo® © o0 omfoo o ..: ..... O :. ......- oo o .-‘..... e oo o0 o O e o o ... .... ‘ o ® L]
C ® o000 ® @ o oeoe o an ' (X oo omoeo 0’ ..oo.'oo Qo eoo L] @ o% e wegee L ®o occem @ coe e o omeo ® g © oW osme
D ¢ ®oese :o ® ® %o emoem .oo% oum e 'oo comeee oo %@ o. % o ® @eceoe .‘oo:o L) ®® oh oo oo.oo (1] o‘ooo ® e %e o
() o, n . o‘p. ®e0 00 © mm %omeocs o socee -ooﬁ-n.ao [ roo. o...'b‘oo.. ° :..00. eee® o oc@edm o ° o.o.oo.uo. oo
.g come @ o o0 o. oo o® o0 ®oomean oc.o\:.‘. ®® oo oo smwe -: o":o on.oo oo @0 5‘..... © eme 000 @ 0 o wome owo .&o.'.oooo oo
l— p. oo‘u. b-on.'o .o.o o des 0?.no-onwc.op..-‘n.—-mb.-..--.oo o» e .:..0-.‘..“

o
Ul
£
b

v .3--.0‘# ®° ‘o-‘u.o.o‘o.-

oqn. ° S-ﬂlo- l.uo!‘ <D ..“..-.o...c:-ol on @ . g Soeons

—-.u-f -M'.. \ﬁ-. .o.-:.-:ﬁ ° .—-..;—.&::..‘-’-:’..&.é.‘. ..3.-.‘ ey ° 2 °.. > ?—.. gr.‘ -ooo.o 0-0.
'qo-o?*-’:.-:a‘“..u—.-o- H—.o* -..% WREg ._T._** ..° g ... == o.—.?
-ese @' h-q --*r:k.-:.o?.u-. p'*-o--'“ro‘o-‘ : ° ° :. - h, = I_—%. .*--.oo*h.-.'ﬂ -

sk oy =5 : - H*o-*o:*.&*" oﬁ..".*ﬁ.d‘.p.h.:: -.-..-.* onpen o ® o wah “:._ N -

O ‘o-* e clan § o...;.o :.oo—oo —l-d.l..‘?- oo o*’*ooo‘ = e @ abadine wih on 0-003.: ‘.—.-.Jouo oess smsec smed o o;.-

0 500 1000 1500 2000 2500
Time, s

Lawrence Livermore National Laboratory NVYSE s

LLNL-PRES-###### National Nuclear Security Administration



Simulation Results
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Simulation Results
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Simulation Results
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Simulation Results “
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Simulation Results “

0.5

S A = Source neutron start time given
gumme - N ~ s P ® - . . . .
0.45 SRR A by multiplying simulation
» 0.4 ~3 o duration by a random number
c rm ==
o e e, . “e . .
b 0-35 . : * . .- = Random number precision:
£ 03 : : ' — 5.96E-08
()] . - ':.:. Y X -
g 02> ut s 2T v T e Simulation duration:
= 02 R R I — 1.52E+06 seconds
) o 3 « e
< . —gweanct —— pende
3015 L S I S S
g U S -
£ . Do . . 1.52(10)° x 5.96(10)7°% = 0.09
- o e o R L ° . 00 %o . ... °
O 1 : - A= - . i‘.-.—u l. fnnge
0.05 |., ...t it o P L ~0095(90 ms)
*e e 0go e o .:..' .. . .o
O ® g i..’: o

-500 500 1500 2500
Time, s

Lawrence Livermore National Laboratory N A‘S@g 33

LLNL-PRES-###### National Nuclear Security Administration



Simulation Results-
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Simulation Results —
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Simulation Results
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Simulation Results

-~ COG with ENDF/B-VII.1
-~ COG with ENDF/B-VIII.O
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Simulation Results -

-~ COG with ENDF/B-VII.1
-~ COG with ENDF/B-VIII.O
-~ COG with ENDF/B-VIII.0 and FREYA
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Simulation Results

-~ COG with ENDF/B-VII.1 -~ MORET with ENDF/B-VII.1
-~ COG with ENDF/B-VIII.O
-~ COG with ENDF/B-VIII.0 and FREYA

o
—
a
\
\

0.10- ~ -

SO o o

o (@] o

a o o
7

-0.101

Uncertainty —
-0.15;

(Simulated Ryg) / (Experimental Ryg) - 1

1 2 3 4 5 6 7 8 9
Number of Assemblies

Lawrence Livermore National Laboratory INVYSE 3

LLNL-PRES-###### National Nuclear Security Administration



Simulation Results

~ COG with ENDF/B-VII.1 -~  MORET with ENDF/B-VII.1
~ COG with ENDF/B-VIII.0 -~ MORET with JEFF3.2
~ COG with ENDF/B-VIII.0 and FREYA
0.15 -
~ - _ - - .
0.10- TS e SR

SO o o

o (@] o

a o o
7

-0.101

Uncertainty —
-0.15;

(Simulated Ryg) / (Experimental Ryg) - 1

1 2 3 4 5 6 7 8 9
Number of Assemblies

Lawrence Livermore National Laboratory INVYSE

LLNL-PRES-###### National Nuclear Security Administration



Simulation Results

O
—
a

0.10;

-0.101

-0.151

COG with ENDF/B-VII.1 -~ MORET with ENDF/B-VII.1
COG with ENDF/B-VIII.0 -~ MORET with JEFF3.2
COG with ENDF/B-VIII.0 and FREYA~ MORET with JEFF3.2 and FREYA

bttt

Uncertainty —

(Simulated Ryg) / (Experimental Ryg) - 1
o) o o
& 38 &

1 2 3 4 5 6 7 8 9
Number of Assemblies

Lawrence

Livermore National Laboratory N L‘ ?;_é’é 41

LLNL-PRES-###### National Nuclear Security Administration



Conclusions

= |dentified and corrected a non-physical
artifact in radiation transport code

= Demonstrated substantial improvement when
using FREYA

= Provided a dataset for multiplicity community
to validate new theories and techniques
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