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Validating ENDF/B-VIIL.0 with respect
to LLNL Pulsed Sphere Measurements
spanning Materials from Light Water to

Plutonium

D. Neudecker, CSEWG Nov/5/2018

Thanks to: M.C. White, S. Frankle, O. Cabellos, A. Trkov,
W. Haeck, J. Dominguez, R.C. Haight

it
o LE% Alamos

AAAAAAAAAAAAAAAAAA UNCLASSIFIED Slide

d
05T, 1543
Operated by Los Alamos National Security, LLC for NNSA i .I'.“'l."ﬁ.‘-‘!].
P



LLNL pulsed spheres help validate: fission (n,f;
PFNS; v), elastic and (nh,xn) observables.

« A series of pulsed sphere measurements for materials of H,O

to °*Pu designed for testing of transport codes and nuclear
data, e.g., C. Wong et al., UCRL-51144 (1972).
* 14-MeV neutron beam brought to the center of sphere.

Fig. from LA-
UR-96-2143
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* Fission and elastic obs. of 14 I\/IeV contrlbute most, while
(n Xxn) down-scatters to 2 MeV (O. Cabellos, WONDER 2018.)
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75 pulsed spheres are simulated for 20 materials
using ENDF/B-VIII.0 and ENDFI/B-VII.1.

Core # of exp. Validates
Light Water 6 'H, O
Heavy Water 2 °H,'*0
°Li 5 °Li

Li 5 Li

Be 6 Be
Polyethylene 3 'H, *C
Carbon 4 “C

14N 3 (2 ok) 14N

160 2 (1 ok) 160
Concrete 4 'H, *°0, **Si

Core
Teflon

Magnesium

27A|
Titanium
Iron

Lead
Tungsten

# of exp.

(0 ok)

W 01 N DD NN OO DNNNDD W W

S. Frankle provided MCNP input decks for these

ﬁ
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benchmarks, LA-UR-05-5879 (2005).
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19F 12C
24-26|\/|g
2TA|

46—50Ti

12C 54.56|:e
206-208Pb

182—184,186W
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These nuclear data files did not perform
perfectly in simulating LLNL pulsed spheres.

e °Li: only small changes from VII.1 to VIII.O

* Carbon: split into its isotopes and small changes from VII.1 to
VIII.O

®0O: most cross-sections > 9 MeV unchanged except for
capture cross-section

Magnesium: carried over from VII.1 to VIII.O
*°Al: carried over from VII.1 to VIII.O
Titanium: carried over from VII.1 to VIII.O

* Lead

4%
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°Li: minimal change from VII.1 to VIII.0
Magnesium: no change from VII.1 to VIII.0, exp ok?
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’’Al: no change from VII.1 to VIII.0

Titanium: no change from VIl.1 to VIII.O
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Carbon: small change from VII.1 to VIII.0, structures
can be observed in many spheres containing C

Flux/ Source Neutr./ ns
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Teflon, 2.9 mfp, Pilot-B, 39
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*0: small improvements from VII.1 to VIII.O,
structures observed in spheres containing *°O
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Lead: negligible changes from VIil.1 to VIII.0

Pb, 1.4 mfp, NE213-A, 39
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No conclusions could be drawn on these nuclear
data files from simulating LLNL pulsed spheres.

 28Gj: carried over from VII.1 to VIII.O
« F: carried over from VII.1 to VIII.O
* Iron: significant work from VII.1 to VIII.O
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Flux/ Source Neutr./ ns

C/E

*8Si: no change from VII.1 to VIII.O
F: no change from VII.1 to VIII.0

Concrete, 2.0 mfp, NE213-A, 117
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Differences between simulation and
experiment could be attributed to
0 only, but not fully conclusive
given the small *°Si content.
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Differences between simulation and
experiment could be attributed to C
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Iron: improvements from VII.1 to VIII.O, structures
can be observed in many spheres containing C
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These nuclear data files performed well in
simulating LLNL pulsed spheres.

* 'H: some changes from VII.1 to VIII.O
* °H: some changes from VII.1 to VIII.0
* ‘Li: carried over from VII.1 to VIII.O

* °Be: carried over from VII.1 to VIII.0, except for elastic and
(n,2n) angular and energy distributions

« “N: carried over from VII.1 to VIII.O
e 2U: significant work

* 2%U: significant work

* 2pPu: significant work
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Flux/ Source Neutr./ ns

C/E

?H: small changes, ‘Li: no changes from, °Be:
visible changes from VII.1 to VIII.O,

Light-Water, 1.1 mfp, Pilot-B, 39
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Flux/ Source Neutr./ ns

C/E

“N: no changes from, *°Pu: small changes,

iImprovements from VIIL.1 to VIII.O,

N, 3.1 mfp, Pilot-B, 39
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Summary

* 75 LLNL pulsed spheres of 20 materials were simulated using
ENDF/B-VII.1 and ENDF/B-VIII.0 and compared to exp. data.

* Nuclear data files performing well: **H,’Li, °Be, **N, **>2°*°U,
239Pu

* Inconclusive: F, #Si, ***°Fe

* Nuclear data files performing imperfectly: °Li, **C, *°O, **
ZGMg, 27 AI, 46-50Ti’206-208Pb

* Improvements in simulating LLNL pulsed spheres from
VIl.1 to VIIIL.O: *°0, ***°Fe, #>%%U
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Backup.

TOF spectra of experiment and calculation were converted to
pseudo-energy using the same algorithm.
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°Li: minimal change from VII.1 to VIII.0

Magnesium: no change from VII.1 to VIII.0, exp ok?
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’’Al: no change from VII.1 to VIII.0

Titanium: no change from VIl.1 to VIII.O

Al, 0.9 mfp, NE213-A, 117

Flux/ Source Neutr./ ns

Flux/ Source Neutr./ ns

10°

107

1072

1073

UCRL-51144 —
ENDF/B-VIII.0 =
ENDF/B-VI.{ ——

1074

8 10

N
(o]

Al, 2.6 mfp, Pilot-B, 39

12
Pseudoenergy (MeV)

14

18

"UCRL-51144 +
ENDF/B-VIII.0 =——
ENDF/B-VI.{ ——

L L 1 1

2 4 6

Operated by Los Alamos National Security, LLC for NNSA

8 10 12 14 16 18
Pseudoenergy (MeV)

22

UNCLASSIFIED

Flux/ Source Neutr./ ns

—_ —_ —_

S S S
w N -t
T T T

—
<
IN

Flux/ Source Neutr./ ns

Ti, 1.2 mfp, Pilot-B, 39

10°

"UCRL-51144 +
ENDF/B-VII.0 =——
ENDF/B-VII.A ——

2 4 6

8 10 12 14 16 18 20

22
Pseudoenergy (MeV)
Ti, 3.5 mfp, Pilot-B, 39
"UCRL-51144
ENDF/B-VIII.Q =
ENDF/B-VII.1 ——
2 4 6 8 10 12 14 16 18 20 22

Pseudoenergy (MeV)

[ g
av .l';w&iﬂ!



Carbon: small change from VII.1 to VIII.0, structures
many spheres containing C

can be observed In

Flux/ Source Neutr./ ns
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*0: small improvements from VII.1 to VIII.O,
structures observed in spheres containing *°O

Flux/ Source Neutr./ ns

Flux/ Source Neutr./ ns
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Flux/ Source Neutr./ ns

2H: small changes, ‘Li: no changes from, °Be
visible changes from

Heavy-Water, 1.2 mfp, Pilot-B, 39

VIl.1 to VIIIL.O,

’Li, 0.5 mfp, Pilot-B, 39
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Flux/ Source Neutr./ ns

“N: no changes from, *°Pu: small changes,
iImprovements from VIIL.1 to VIII.O,

N, 3.1 mfp, Pilot-B, 39
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