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Introduction

» Data testing at LANL has concentrated on MCNP5 eigenvalue calcu-
lations for a variety of critical benchmarks defined in the 2005 Edition
of the International Criticality Safety Benchmark Evaluation Project
(ICSBEP) Handbook.

— xxx-MET-FAST (HEU, PU, MIX; bare, water and/or polyethylene
reflected, metallic reflectors);

— xxx-SOL-THERM (HEU, LEU, 233U or Pu; bare and water, polyethylene or
beryllium reflected);

— LEU-COMP-THERM (water moderated, with and without lead reflectors).

* Eigenvalues are determined based upon tracking 25 million to 50
million neutron histories.

— The uncertainty in the MCNPS eigenvalue is typically less than 25 pcm.
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“LANL”-MET-FAST Benchmarks

UNCLASSIFIED

* “Traditional” LANL Fast Benchmarks are significantly improved with
ENDF/B-VII(33 cross sections.

— HEU-MET-FAST-001
- HEU-MET-FAST-028
- |IEU-MET-FAST-007
- PU-MET-FAST-001
- PU-MET-FAST-002
- PU-MET-FAST-006
- PU-MET-FAST-008c
- U233-MET-FAST-001
— U233-MET-FAST-006
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(Godiva)
(Flattop-28)
(Big-10)
(Jezebel)
(Jezebel-240)
(Flattop-Pu)
(Thor)
(Jezebel-23)
(Flattop-23)

UNCLASSIFIED




UNCLASSIFIED

“LANL”-MET-FAST Benchmarks

LANL HEU, Pu and #**U Unmoderated Benchmark Eigenvalues

with ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections

1.0150 : : :
| | | . |Open squares are ENDF/B-VI.8. P 1 _ .
| | | |Closed squares are ENDF/B-VIIB3. Wlth EN DF/B VI 8
| ! tj |Error bars indicate the ICSBEP estimated 10 experimental uncertainty.
10100 | 3 3 3 3 3 3 3 3 3 - Rgflector bias is
I | | | | | | | | | evident.
1.0050 | 3 3 3 3 3 3 7 3 3 — Average k ; C/E is
I l : l l l : l l l 1.0008.
w [ i i | | i ‘ ¢ — Not bad, but
O 1.0000 T % I ]- I T I T
3 I 1 l I 1 | l I I I lucky.
i o : 3 ? 3 : 3 3 3 — Population standard
0.9950 ==~~~ S S A o T T I . T deviation is
l l l l l l l =) l +0.0056.
0.9900 | 1 1 1 1 1 1 1 1 1 — Large deviations
i OHMF1  OHMF28 OIMF7s COPMF1  (IPMF2 CIPMF6 CIPMF8cCUMF1  [JUMF6 from unity in
(Godiva) (Flattop (Big-10) (Jezebel) (Jezebel (Flattop (Thor) (Jezebel (Flattop calculated
I -25) -240) /Pu) -23) -23) eigenvalues
0.9850 ‘ ‘ ‘ ‘ ‘ .
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“LANL”-MET-FAST Benchmarks

LANL HEU, Pu and #**U Unmoderated Benchmark Eigenvalues
with ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections

1.0150 ‘ ‘ ‘
i | | i |Open squares are ENDF/B-VI.8. P i _ .
| | | |Closed squares are ENDF/B-VIIB3. Wlth EN DF/B VI I B3
| ! tj |Error bars indicate the ICSBEP estimated 10 experimental uncertainty.
10100 | | | | 3 3 3 3 3 3 — Reflector bias is
i | | | | | | | | | virtually eliminated.
1,000 | | | | | | | B | | — Average k. C/E is
, 3 % 3 3 3 ‘ 3 3 3 1.0001.
w ﬁ | | | i | ‘ T
Q 1.0000 1 * T { | I ; +
‘\éD ! : ‘ | '\L
i | l | [; T l ' | | .
I O | | | | ‘ | | | — Population standard
09950 p====-- A A A R T T . H . deviation is
| | | | | | | o | +0.0014.
0.9900 | l l l l l l l l l
I OHMF1  OHMF28 OIMF7s COPMF1 PMF2 [COPMF6 COPMF8cOUMF1 UMF6
(Godiva) (Flattop (Big-10) (Jezebel) (Jezebel (Flattop (Thor) (Jezebel (Flattop
| -25) -240) /Pu) -23) -23)
0.9850 . ! ! ! !
A
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Other HEU & PU-MET-FAST Benchmarks

e Other xxx-MET-FAST Benchmarks
— HEU-MET-FAST bare systems:

HEU-MET-FAST-008

— HEU-MET-FAST-015 & -065

HEU-MET-FAST-018
HEU-MET-FAST-051

— HEU-MET-FAST reflected systems

/'\

HEU-MET-FAST-004

HEU-MET-FAST-007, -011
HEU-MET-FAST-012, -022
HEU-MET-FAST-013, -021
HEU-MET-FAST-027, -057, -064

HEU-MET-FAST-014

» Los Alamos
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Other HEU & PU-MET-FAST Benchmarks

HEU-MET-FAST Eigenvalues with

ENDF/B-VI1.8 and ENDF/B-VIIB3 Cross Sections

* With ENDF/B-V1.8:

1.0150 1 | | : : Open squares are ENDF/B-VI.8. — Most calculated
| | | | Closed squares are ENDF/B-VIIB3. eigenva|ues are
! ! ! ! Error bars indicate the ICSBEP estimated 10 experimental uncertainty. .
! | | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ : : biased low.
10100
e e T S S - B
S A e e e e — Small reflector bias
" A T A I I | for low-Z materials.
S0 T e T 1 1 1 I
K; N N e S | J: 1 1 | l l | — Lead reflector bias
S A R A PR is large.
S e S L - 9
0.9950 - l l l O 1 l l l l l 1 ‘ l l
- - R - B
| | | | | | | | | D | | | |
e — Average k; C/E
e R e e e and the population
7 D:—t';'\élr’:; D(}:)IZIFF;)S D(}:)IZIF?)S D(I:)IZIFZS)‘I.X z—lgl\allzi5 D:—\ilvl\gf;) D;—S\OIIIF;;H D:—;)l\o/lll;fo D:—X\SFQ D&l\ll;FZZ E—isl:/ell;l)i’: D:—isl:/elzl2)1 D:—ipl\g;:27 D:—iUI\;IFM Standard deVIatlon
0.9850 S T S R R R R A S S | are 0.9955 +
0.0030.
/",—7
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Other HEU & PU-MET-FAST Benchmarks

HEU-MET-FAST Eigenvalues with

ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections * With ENDF/B-VIIB3:
1.0150 | | : : Open squares are ENDF/B-VI.8. — Calculated eigen-
| | | | Closed squares are ENDF/B-VIIB3. values are closer to
! ! ! ! Error bars indicate the ICSBEP estimated 10 experimental uncertainty. .
N | | | | | | | | | | | | | | unlty and many are
10100 L L -
S | | | | | | | | | | | | | within the experi-
l l l l l l l l l l l l l l mental uncertainty.
i | | | | | | | | | | | | O |
1.0050 | | | | | | | | | | | | | | | .
R T T T S R — Small reflector bias
" R T R l rT I l | for low-Z materials.
6 1.0000 I T T f TT‘F!T T ! { ]- T T T
e I TIT | : | * .
N i I 1 iy | J: * l l l — Lead reflector bias
| | | . | | | | . | | . . .
I N = e N = | I | is significantly
0 | | | ﬂ ! d] | | | | | | | ﬁ
09950 |- W DU reduced.
B | | | | | | | D | v h | |
[:] | | | | | | | | D\ | | | |
- — Average k; C/E
R e e R Tt S S A S S S S R S S and the population
OHMF8 OHMF15 O HMF18 COHMF51.x [T HMF65 CIHMF4 CIHMF11 OHMF20 CIHMF12 COHMF22 £ HMF13 OHMF21 OHMF27 CIHMF14 Standard deViation
(bare) (bare) (bare) (bare) (bare)  (water) (poly) (poly) (Al) (A1) (steel) (steel) (Pb) )
- are 0.9984 +
09850 | | | | | | | | | | | | | |
0.0016.
/)—7
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Other HEU & PU-MET-FAST Benchmarks

e Other xxx-MET-FAST Benchmarks (con’t)

— PU-MET-FAST bare systems

- PU-MET-FAST-022, -029

— PU-MET-FAST Reflected Systems

/'\

PU-MET-FAST-011
PU-MET-FAST-024

(water)
(polyethylene)

PU-MET-FAST-018, -019 (beryllium)

PU-MET-FAST-023
PU-MET-FAST-009

(graphite)
(aluminum)

PU-MET-FAST-025, -026 (steel)

PU-MET-FAST-035

(lead)

PU-MET-FAST-010, -020 (uranium)
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Other HEU & PU-MET-FAST Benchmarks

PU-MET-FAST Eigenvalues with
ENDF/B-VI1.8 and ENDF/B-VIIB3 Cross Sections

* With ENDF/B-VI.8:

— Calculated eigen-
values are generally

1.0150 L 1 1 1 /[Open squares are ENDF/B-VI.8. biased low
| | | /|Closed squares are ENDF/B-VIIB3. )
! ! ! | Error bars indicate the ICSBEP estimated 10 experimental uncertainty.
L S ~ Reflector bias for
| | | | | | | | | = | low-Z materials is
i l l l l l l l l l l l observed.
1S : o o o : :
" — T I | T ﬁf T % I I ‘ | — Lead reflector bias
o ’ I I | i
2 1.0000 T is large.
E e R R S A B N R
AR S S R S R
e - Average kg, G/
i | 4 | | | | | | | | | and the population
7 3 3 3 | | | | | | | | standard deviation
0.9900 | i i i i i i i i | | | are 0.9989 +
OPMF22 OPMF29 COPMF11 0OPMF24 [1PMF19 CIPMF23 COPMF9 [1PMF25 [1PMF26 OPMF35 0 PMF20 0.0039.
(bare) (bare) (water)  (poly) (Be) (C) (Al) (steel) (steel) (Pb) V)
09850 | | | | | | | | | | |
/",—7
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Other HEU & PU-MET-FAST Benchmarks

* With ENDF/B-VIIB3:

PU-MET-FAST Eigenvalues with — Calculated eigen-
ENDF/B-VI1.8 and ENDF/B-VIIB3 Cross Sections values are closer to
1.0150 T T T T
L | | | |Open squares are ENDF/B-VI.8. H
| | | ||Closed squares are ENDF/B-VIIB3. ur_“tY and most a_re
! ! ! !|Error bars indicate the ICSBEP estimated 10 experimental uncertainty. Wlthln the eXpel’I-
1.0100 | | | | | | | | | | | | mental uncertainty.
L T .
i | | | | | | ‘ | | | | — Reflector bias for
1.0050 |----- [ - = ===~ |- ——— = 4-=-=== +-—-——= o= j ————— -—-——== - === = |- ——— = 4--—-- - . .
i | | | | | | | | | | | low-Z materials is
" ; ‘ | T :f ‘ I]I] ‘ I | | reduced.

2 ¢ | [ 1o 4 i
= ‘ ‘ . ‘ : | ‘ 1 ] : — Lead reflector bias
: u " | | | | | i | | | is eliminated.

0.9950 |- l ‘ l l l l l l l l l
e
S R R R A B — Average k., C/E
0.9900 | | | | | | | | | | | | and the population
OPMF22 OPMF29 OPMF11 OPMF24 COPMF19 COPMF23 OPMF9 [0 PMF25 [1PMF26 OPMF35 OPMF20 Standard deV|at|0n
I (bare) (bare) (water)  (poly) (Be) (C) (Al) (steel)  (steel) (Pb) V) are O 9995 +
09850 | | | | | | | | | | | 0 002.5 -
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HEU-, Pu- and U233-MET-FAST Benchmarks

* k.4 C/E values are significantly more accurate when using ENDF/B-
VIIB3 cross sections, compared to the corresponding values obtained
with ENDF/B-VI.8 cross sections.

— The historical uranium reflector bias has been eliminated.

* Subsequent slides expand on this conclusion, examining ki C/E for
FAST systems with polyethylene, beryllium and lead reflectors.
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HEU-MET-FAST Benchmarks
Polyethylene Reflected & Moderated

* HEU-MET-FAST-007

HEU-MET-FAST-007 k., C/E with — 10" x 10" HEU slabs
ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections interleaved with
10150 1 | 010" x 10" HEU/poly polyethylene (cases
I | 05" x 10" HEU/poly 1-18).
10100 7 777777777777777777777 - |:|5 x 10" HEU/poly w/6" poly refl — 5" x 10” HEU slabs

interleaved with
polyethylene (cases

1.0050 | | | | |
: | : | : 19 - 26).
y i g | | | - 5" x10” HEU slabs
S 1.0000 1 —1 % | | | | interleaved with
j } B To - polyethylene and
0.9950 | | | | o surrounded by 6” of
- ENDF/B-VI.8 |
[ 10" x 10" HEU/poly: 0.9983(16) | polyethylene (cases
| 5" x 10" HEU/poly: 0.9990( 7) ! 35 _ 43)
0.9900 H 5" x 10" HEU/poly w/6" poly refl:  0.9994( 8) | '
| All 35 cases: 0.9987(13) l
| Note: "open" squares are ENDF/B-VI.8, "closed" squares are ENDF/B-VIIB3. i * Average ENDF/B-VI.8
09850 el ; .
1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 kef‘f C/E S are:
Energy of Average Neutron Lethargy Causing Fission, eV — 0.9983 + 0.0016
— 0.9990 £ 0.0007
/'\ - 0.9994 £ 0.0008
> Los Alamos
NATIONAL LABORATORY UNCLASSIFIED
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HEU-MET-FAST Benchmarks
Polyethylene Reflected & Moderated

* HEU-MET-FAST-007

HEU-MET-FAST-007 k., C/E with — 10" x 10" HEU slabs
ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections interleaved with
10150 1 | 010" x 10" HEU/poly polyethylene (cases
i | 05" x 10" HEU/poly 1-18).
10100 booom o . D?"x10" HE‘U/polyw/6"‘p0Iy refl — 5" x10” HEU slabs
| | | | interleaved with
0050 | 3 3 3 3 polyethylene (cases
’ | | | | 19 - 26).
w I y | | | - 5" x 10" HEU slabs
S 1.0000 1 —1 | | | interleaved with
| | | | polyethylene and
0.9950 | | | | } surrounded by 6” of
— ENDF/B-V1.8 ENDF/B-VIIB3 ‘
| 10" x 10" HEU/poly: 0.9983(16) 1.0018(17) | polyethylene (cases
| 5" x 10" HEU/poly: 0.9990( 7) 1.0028( 8) | 35 — 43)
0.9900 [ 5" x 10" HEU/poly w/6" poly refl: 0.9994( 8) 1.0025(13) ‘ .
| Al 35 cases: 0.9987(13) 1.0025(13) :
| Note: "open" squares are ENDF/B-VI.8, "closed" squares are ENDF/B-VIIB3. i * Average ENDF/B-V||B3
0.9850 | - ) .
1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 kefr C/E’s are:
Energy of Average Neutron Lethargy Causing Fission, eV - 1.0018 £ 0.0017
- 1.0028 £ 0.0008
/'\ - 1.0025 £ 0.0013
» Los Alamos
NATIONAL LABORATORY UNCLASSIFIED

E5T.1943




A

UNCLASSIFIED

HEU-MET-FAST Benchmarks
Polyethylene Reflected & Moderated

Average calculated eigenvalue increase is ~0.3%.
— Consistent with the general increase seen for other HEU benchmarks.

ENDF/B-VI.8 results are 0.1% to 0.2% too low.

ENDF/B-VIIB3 results are 0.2% to 0.3% too high.

— For Crit Safety its better to calculate high, but decease in absolute
accuracy is disappointing.

-,
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xxx-MET-FAST Benchmarks — Be Reflected

* Fast, beryllium reflected benchmarks

/‘\

HEU-MET-FAST-009
HEU-MET-FAST-010
HEU-MET-FAST-016
HEU-MET-FAST-017
HEU-MET-FAST-041
HEU-MET-FAST-058
HEU-MET-FAST-066

HEU-MET-FAST-077 (preliminary model)

— Approved for publication in the 2006 edition of the ICSBEP Handbook.

MIX-MET-FAST-007

=3
» Los Alamos

NATIONAL LABORATORY
5T.1943
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HEU-MET-FAST Benchmarks — Be Reflected

* ENDF/B-VI.8.

HEU-MET-FAST keff for Spheres or Cylinders & Be

with ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections e HEU-MET-FAST-008
1.0150 ‘ ‘ Open squares are ENDF/B-VI.8. H
Closed squares are ENDF/B-VIIB3. IS the base case for
Error bars indicate the ICSBEP estimated 10 experimental uncertainty. H E U_M ET'FAST'OOQ
1.0100 1 & -010.
: : : : : : : 1 — Be reflector sur-
1.0050 3 3 3 3 3 3 3 3 rounding an HEU
" | | sphere.
S 10000 | I | ‘ | I 2| il
3 — T T T 1
| o o | | | | | e HEU-MET-FAST-015
09950 - 1 1 i i i o i i & -065 are the base
i | | | N | | | case for HEU-MET-
0.9900 | 1 1 1 1 1 3 | | FAST-016 & -017.
OHMF8  COHMF9.1 OHMF10.1 OHMF15 OHMF65 OHMF16.1 OHMF17.1 y - Be reﬂeCtOFS and
| | | | | | | | interleaved plates in
0.9850 . .
a cylindrical stack.
./",—7
» Los Alamos
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HEU-MET-FAST Benchmarks — Be Reflected

1.0150

1.0100 -

1.0050 -

1.0000

0.9950 -

0.9900 +

0.9850

HEU-MET-FAST keff for Spheres or Cylinders & Be

with ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections

Open squares are ENDF/B-VI.8.
Closed squares are ENDF/B-VIIB3.
Error bars indicate the ICSBEP estimated 10 experimental uncertainty.

[ |
| | | |
1= il | |
| | | |
| | 1] O,
| | | |
| | |

o, | |
| |
| m]]
|
|
OHMF15 OHMF65 OHMF16.1 OHMF17.1 y

OHMF8
T

OHMF9.1
T

OHMF10.1
T

UNCLASSIFIED

* ENDF/B-VIIB3.

* HEU-MET-FAST-008
is the base case for
HEU-MET-FAST-009
& -010.

— Be reflector sur-
rounding an HEU
sphere.

e HEU-MET-FAST-015
& -065 are the base
case for HEU-MET-
FAST-016 & -017.

— Be reflectors and
interleaved plates in
a cylindrical stack.




UNCLASSIFIED

HEU-MET-FAST Benchmarks — Be Reflected

HEU-MET-FAST-041 Eigenvalues with

ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections

* HMF41 (2 cases)

— LANL experiment.

1.0150 | Open squares are ENDF/B-VI.8.
Closed squares are ENDF/B-VIIB3.
I Error bars indicate the ICSBEP estimated 10 experimental uncertainty. — HEU Spherica| core.
1.0100 }
— HEU radii are
! 6.73 cm and 5.64
1.0050 |
| O cm.
s : f
O 1.0000
K; [ 1 T — Be reflector.
00050 b oo — Be reflector
i thicknesses are
4.70 cm and
0.9900 | 11.79 cm.
0.9850 L
0.0 5.0 10.0 15.0 20.0 25.0
Be Reflector Thickness, cm
» Los Alamos
NATIONAL LABORATORY UNCLASSIFIED
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HEU-MET-FAST Benchmarks — Be Reflected

* HMF58 (5 cases)

HEU-MET-FAST-058 Eigenvalues with

ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections — LLNL experiment
1.0150 | Open squares are ENDF/B-VI.8. (Nlmbus)
Closed squares are ENDF/B-VIIB3.
[ Error bars indicate the ICSBEP estimated 10 experimental uncertainty.
10100 ¥ — HEU spherical core.
10050 boooo e o - HE_U Core radii
i varied from 5.2
w : I I ? cm to 7.48 cm.
© 1.0000 ; *
x |
f * — Be reflector.

0.9950 |
I — Be reflector
7 thickness varied
0.9900 f from 20.26 cm to
2.22 cm.
0.9850 L — —
0.0 5.0 10.0 15.0 20.0 25.0

Be Reflector Thickness, cm

P i
> fc_)gAlamos
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HEU-MET-FAST Benchmarks — Be Reflected

1.0150

HEU-MET-FAST-066 Eigenvalues with

ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections

1.0100

1.0050 |~ - = o

1.0000 |

Open squares are ENDF/B-VI.8.
Closed squares are ENDF/B-VIIB3.

Error bars indicate the ICSBEP estimated 10 experimental uncertainty.

ke C/E

0.9950 |

0.9900 |

0.9850 L
0.0

/‘\
° L/ogAlamos

NATIONAL LABORATORY
EST.1943

5.0

10.0 15.0 20.0
Be Reflector Thickness, cm

UNCLASSIFIED

25.0

* HMFG66 (9 cases)

— LLNL experiment
(Nimbus).
— HEU spherical core.
— HEU Core inner
cavity radii varied
from 3.15 cm to
6.54 cm.

— HEU Core outer
radii varied from
6.54 cmt0 9.13
cm.

— Be moderator and
reflector.

— Be moderator
placed within
inner HEU cavity.

— Be reflector thick-
ness varied from
13.20 cm to 3.86
cm.

— Different biases and
impurities.

YA [ =35
1A -4
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HEU-MET-FAST Benchmarks — Be Reflected

* HMF77 (8 cases)

, _ — Preliminary model.
HEU-MET-FAST-077 Eigenvalues with

ENDF/B-VI.8 and ENDF/B-VIIB2 Cross Sections — LLNL experiment
1.0150 I Open squares are ENDF/B-VI.8. (NImbUS).
H Closed squares are ENDF/B-VIIB2. _ HEU Spherical core

| Error bars indicate the ICSBEP estimated 10 experimental uncertainty.
1.0100 | — HEU Core inner

cavity radii varied
from 3.15 cm to

L 6.54 cm.
" [ I — HEU Core outer
Q 1.0000 k radii varied from
N I i 6.54 cm 10 9.13
[ cm.
0.9950 | B
’ m o m — Be reflector.
- — Inner HEU cavity
09900 | is void.
— Be reflector thick-
oegsg i i i . ness varied from
0.0 5.0 10.0 15.0 20.0 25.0 14.73 cm to 4.47
Be Reflector Thickness, cm cm.
P  ENDF/B-VII2
7
- Los Alamos results
NATIONAL LABORATORY UNCLASSIFIED
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HEU-MET-FAST Benchmarks — Be Reflected

* MMF7 (23 cases)

, , — LLNL experiment.
MIX-MET-FAST-007 Eigenvalues with
ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections
1.0150 | Open squares are ENDF/B-VI.8. - PU core (One Of ﬁve
H Closed squares are ENDF/B-VIIB3. o
| Error bars indicate the ICSBEP estimated 10 experimental uncertainty. rad" from 3 1 3 cm
1.0100 | to 4.07 cm).
I O O
I o i
1.0050 = D,,IjD, ,,,,, .,D,,,,.,,D,,,,,,D, ,,,,,, wm-------- 4------------ - HEU inner refleCtor
[ (various thickness,
u , T + n' H * I T from ~0.6 cm to
2 1.0000
3 f 1 “ H “ 1 1 1 ~3.4 cm).
0.9950 T — Be outer reflector
(various thickness,
09900 [ from ~20.0 cm to
~0.7 cm).
0.9850 L

0.0 5.0 10.0 15.0 20.0 25.0
Be Reflector Thickness, cm

P i
> L/ogAIamos
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HEU-MET-FAST Benchmarks — Be Reflected

* ENDF/B-VI.8

Fast, Beryllium Reflected Benchmark Eigenvalues with
ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections

1.0150 | Open squares are ENDF/B-VI.8.
OHMF41 Closed squares are ENDF/B-VIIB3.
| OHMF58 Error bars indicate the ICSBEP estimated 10 experimental uncertainty.
1.0100 |-~ OHMFB6 [~~~ -~ -~~~ oo
I o O
HMF77 O O
OMMF7
- O pgo O
,,,,,,,,,,,,,,,,,,,, o - - ~_--- - —-——_ _______.__Og--_-_._0o_____
1.0050 i o = 0
O &
[m}
w , - =
S 1.0000 —1—0
& |
~ o Ug
0.9950 |
0.9900 |
0.9850 L — — S—
0.50 0.60 0.70 0.80 0.90
Above-Thermal Fission Fraction, ATFF
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NATIONAL LABORATORY UNCLASSIFIED

E5T.1943

* Previous figures
showed k« C/E
versus Be reflector

thickness.

* What about another
parameter, such as

spectrum (Above-

Thermal Fission

Fraction).
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HEU-MET-FAST Benchmarks — Be Reflected

* ENDF/B-VIIB3

Fast, Beryllium Reflected Benchmark Eigenvalues with
ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Sections

1.0150 I Open squares are ENDF/B-VI.8.
B HMF41 Closed squares are ENDF/B-VIIB3.
| mHMF58 Error bars indicate the ICSBEP estimated 10 experimental uncertainty.
1.0100 | --| MHMF66 {--------------—--——-—————————————————————————-—-- -
I HMF77
[ | mMMF7 [
10080 |- m o - R s w
u u | " |
u\J | H B * ’ u
O 1.0000 — m x -
& |
¢ - u g
0.9950 |
0.9900 |
0.9850 — —_— —
0.50 0.60 0.70 0.80 0.90 1.00

A

)
» Los Alamos
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* Previous figures
showed k« C/E
versus Be reflector

thickness.

* What about another
parameter, such as

spectrum (Above-

Thermal Fission

Fraction).
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Thermal 233U Benchmarks with Beryllium

U-233/BE AND CH2 CRITICALS

£
» Los Alamos

NATIONAL LABORATORY

E5T.1943

C/E vs ATFF
10’]03
18 = UST15/Be
1005 o UST15/poly T —
C uslii/Be -
> . USI1/Poly 118 L
1000 = rundarey | P i
* V1.8 cas@s 1] | - ]
995 V1.8 tendency : _-T- _. l w B
L i L _
) 990 [~ ?\\;H iu_?n:“__ =
[l 3 \
985 4oy | N ’HIII B
980 it ‘U Tl j B
§ )
975 [E | @' I
970 T T
0 250 500 7503
ATFF i
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e Thermal 233U solu-

tion benchmarks with
beryllium or poly-
ethylene reflectors.

Decreasing kq« C/E
trend with increasing
spectrum hardness.

This is opposite the
k. C/E trend ob-
served with 233U
water only assemb-
lies.
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Thermal 233U Benchmarks -

U-233/WATER CRITICALS

Bare or Water Reflected

e Thermal 233U solu-

tion benchmarks,

C/E vs ATFF
| bare or water
1025
103 reflected.
= UST1 bare
il o USTS refl |
1020 o usTs lr::eare .
o UST12ref Increasing k¢ C/E
1015 o (sT16 bare B trend with increasing
o USTA17 refl
VIl tendency spectrum hardness.
10101 e UCT1W233 pins_ —
L x VI8 casses
) | === V1.8 te}dgncy % L. .
1005 . - This is opposite the
Kot C/E trend ob-
1000 - - served with 233U
g KT polyethylene or
995 — - :
beryllium reflected
990 | | | | assemblies.
0 100 200 300 400 500,
ATFF e
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Benchmarks with Beryllium

* Overall accuracy of ki C/E calculations with the revised beryllium
cross sections is inconsistent, as the
— revised beryllium cross sections have lead to more accurate calculated

eigenvalues for the HEU-MET-FAST-009, -010, -016, -041, -058 and
MIX-MET-FAST-007 benchmarks.

— but the revised beryllium cross sections have lead to less accurate
calculated eigenvalues for the HEU-MET-FAST-066 and HEU-MET-
FAST-077 benchmarks.

e Results for 233U critical systems are also contradictory.

— Positive k4 C/E trend in water reflected assemblies; negative k4 C/E
trend in polyethylene or beryllium reflected assembilies.

* We look forward to including new RPI data in future analyses.
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FAST & Thermal Benchmarks — Pb Reflected

* HEU, lead reflected benchmarks
- HEU-MET-FAST-027
— HEU-MET-FAST-018 is the “base case”.
- HEU-MET-FAST-064
— HEU-MET-FAST-015 is the “base case”.
— HEU-MET-FAST-057

* Pu, lead reflected benchmarks

— HEU-MET-FAST-035
— Pu-MET-FAST-022 is the “base case”.

e LEU, lead reflected benchmarks

- LEU-COMP-THERM-010

A — LEU-COMP-THERM-002 is the “base case”.

» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED
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FAST & Thermal Benchmarks — Pb Reflected

* ENDF/B-VI.8

Bare & Lead Reflected Benchmark Eigenvalues
with ENDF/B-V1.8 and ENDF/B-VIIB3 Cross Sections

1.0400 Open squares are ENDF/B-VI.8 | | i ® There iS an ObViOUS
Closed squares are ENDF/B-VIIB3. | | o . .
Error bars indicate the ICSBEP estimated 10 experimental ! ! ! Iead reﬂeCtOF bIaS N
1.0300 f------ i ——————— i ——————— i —————— 4: —————— i: —————— :L ffffff :L ffffff :_”,,,E! fffffff keff C/E values.
1.0200 ’ i i i i i i i i i
’ | | | | | | | | | * HMF18 is a base
L L | | | O | | | | |
S oo | N N _— So - é 777777 —— S case for HMF27.
= | = 3 3 3 3 o T e HMF15 is a base
’ 1 T T | T y SN £ AN | 1 A 11 case for HMF64.
B T T T S N S R
7 3 3 ] 3 ; 3 ] T * PMF22 is a base
0.9900 |~~~ o e case for PMF35.
0.9800 I D‘HMF18 D‘HMF27 E‘|HMF15 E‘]HMF64 I‘:|PMF22 IElPMF35 ﬁLCTZ I:;LCT1O D‘HMF57 ¢ LCT2 IS a base case
' for LCT10.
_/",—7
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FAST & Thermal Benchmarks — Pb Reflected

1.0400

1.0300

1.0200

1.0100

kesf C/E

1.0000
0.9900

0.9800

A

Bare & Lead Reflected Benchmark Eigenvalues
with ENDF/B-V1.8 and ENDF/B-VIIB3 Cross Sections

Open squares are ENDF/B-VI1.8 ‘ ‘ }
Closed squares are ENDF/B-VIIB3. | | s
Error bars indicate the ICSBEP estimated 10 experimental ! ! !
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* ENDF/B-VIIB3

* The lead reflector

bias is virtually elim-
inated for fast sys-
tems; there is little
improvement for
thermal systems.

HMF18 is a base
case for HMF27.

HMF15 is a base
case for HMF64.

PMF22 is a base
case for PMF35.

e LCT2 is a base case

for LCT10.
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FAST & Thermal Benchmarks — Pb Reflected

* Fast, lead reflected critical assembly k.4 C/E values are significantly
more accurate when ENDF/B-VIIb3 cross sections are used.

* These same k4 C/E improvements are not seen for thermal, low-
enriched uranium critical systems.
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LEU-COMP-THERM Benchmarks

* We have calculated k for a suite of seven LEU-COMP-THERM
evaluations representing experimental programs from five countries:

/ﬂ

LEU-COMP-THERM-001 (2.35 w/o 235U, United States — PNL)
LEU-COMP-THERM-002 (4.31 w/o 235U, United States — PNL)
LEU-COMP-THERM-006 (2.6 w/o 235U, Japan)
LEU-COMP-THERM-007 (4.74 w/o 235U, France, Valduc)
LEU-COMP-THERM-022 (9.8 w/o 235U, Russia - Kurchatov)
LEU-COMP-THERM-024 (9.8 w/o 235U, Russia - Kurchatov)
LEU-COMP-THERM-039 (4.74 w/o 235U, France, Valduc)

» Los Alamos
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LEU-COMP-THERM Benchmarks

* LEU-COMP-THERM-

LEU-COMP-THERM-001 Eigenvalues 001 (8 cases)

for Vari C Section Data Set
o150 or Various Cross Section Data Sets e 235 w/0 235UO2
W ENDF/B-VI.8
B ENDF/B-VIIB1
m ENDF/B-VIIB1 w/ CE S(a,) * 1.27 cm rod OD
10100} wenprBvig2 |
m ENDF/B-VIIB3 * 1.118 cm fuel OD
10050 ¢ i * Rectangular, 2.03
w ; I [ [ [ [ [ [ [ cm rod pitch.
Ot 1.0000 - . i 5 . i
8 i ﬁ iy I | i) ! l * Nearly square array
oooso | L R of rods, or three
| u I ]
- . _ - - _ nearly square
05900 | 3 clusters.
0.9850 | i |Err0r bars indicate the ICSBEP 10 experimental uncertainty.
0 1 2 3 4 5 6 7 8 9

LEU-COMP-THERM-001 Case #

/‘\
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1.0150

1.0100

1.0050 |

ke C/E

0.9950 |
0.9900 |

0.9850 L

/'\
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LEU-COMP-THERM Benchmarks

LEU-COMP-THERM-002 Eigenvalues
for Various Cross Section Data Sets

B ENDF/B-VI.8
B ENDF/B-VIIB1
m ENDF/B-VIIB1 w/ CE S(a,B) |
ENDF/B-VIIB2 e
m ENDF/B-VIIB3
|

1.0000 |

|Err0r bars indicate the ICSBEP 10 experimental uncertainty.

1 2 3 4 5
LEU-COMP-THERM-002 Case #

» Los Alamos

NATIONAL LABORATORY UNCLASSIFIED
EST.1943

* LEU-COMP-THERM-
002 (5 cases)

4.31 w/o 235U0,
1.415 cm rod OD
1.265 cm fuel OD

Rectangular, 2.54
cm rod pitch.

Nearly square
arrays, or three
groups of either 15 x
8 (case4)or13x8
(case 5) clusters.

e Cases 4 & 5 are
“base case” for LEU-
COMP-THERM-010.
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VA J V.= o2



UNCLASSIFIED

LEU-COMP-THERM Benchmarks

* LEU-COMP-THERM-

LEU-COMP-THERM-006 Eigenvalues 006 (18 cases)

o150 for Various F)ross Section Data ?ets | e 26 wW/o 235UO

mENDF/B-VI.8 | T

B ENDF/B-VIIB1 | o

= ENDF/B-VIIB1 w/ CE S(a,B) | o * 1.417 cmrod OD
1.0100 ENDF/B-VII82 A e

m ENDF/B-VIIR3 ; L e 1.25 cm fuel OD
10050 B | | | | | | |

e Square array, set on

(u\; L_ one of 1.849 cm,
5 oo l’ﬁa—g—g—{—r& l'_n"_:g_é' l'— l'—L—L— 1.956 cm, 2.150 cm
or 2.293 cm pitch
o -i _: _: q .: - - n "= " " " == * Array size is one of
00000 | 15 x 15 up to 21 x
0.9850 I | | | | | | i |Error bars indicate the IC‘SBEP‘10 experimental uncertainty. 21 .

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
LEU-COMP-THERM-006 Case #
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LEU-COMP-THERM Benchmarks

LEU-COMP-THERM-006 Eigenvalues for the
ENDF/B-VI1.8 and ENDF/B-VIIB2 Cross Section Data Sets

1.0150 ‘
[ B ENDF/B-VI.8 l
|
[ ENDF/B-VII32 |
1.0100 | ; |
B | |
| |
l l
| | |
1.0050 | ! l
[ l l
| |
W [ | T i T T |
© 1.0000 : 1 ;
N ’ | I | | |
l l
B | |
0.9950 | ! - !
| ‘h |
: " e S |
| |
0.9900 | | i
l l
| |
i | |Error bars indicate the ICSBEP 10 experimental uncertainty.
0.9850 ; ;
0.100 0.125 0.150 0.175 0.200 0.225 0.250
28y Absorption (Capture + Fission) Fraction

s IAmOs
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* LEU-COMP-THERM-
006 (18 cases)

2.6 w/o 23°U0,
1.417 cm rod OD
1.25 cm fuel OD

Square array, set on
one of 1.849 cm,
1.956 cm, 2.150 cm
or 2.293 cm pitch

Array size is one of
15 x 15 up to 21 x
21.

N N .

>0
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1.0150

1.0100

1.0050 |

ke C/E

0.9950 |

/'\

1.0000 |

UNCLASSIFIED

LEU-COMP-THERM Benchmarks

* LEU-COMP-THERM-
007 (10 cases)

LEU-COMP-THERM-007 Eigenvalues
for Various Cross Section Data Sets

» Los Alamos

NATIONAL LABORATORY

EST.1943

W ENDF/B-VI.8 i
|
B ENDF/B-VIIB1 :
m ENDF/B-VIIB1 w/ CE S(a,B) !
ENDF/B-vVIIB2 | : 777777777777777777777777777
B ENDF/B-VIIB3 :
[ | | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
[ T. [ [ | | | | |
" - "
| W I‘:_| T n 1
ffffff oI S B
I 1 [ ‘ 1
| | | | |
| | | |
B | | | |
| | | | . |
| .\ | | |
| | | |
|- | | | |
i 1 1 1 1
B | | | |
[ | | | |Error bars indicate the ICSBEP 10 experimental uncertainty.
0 1 2 3 4 5 6 7 8 9 10

LEU-COMP-THERM-007 Case #

UNCLASSIFIED

4.738 w/o 23°U0,
0.94 cm rod OD
0.79 cm fuel OD

Rectangular or

hexagonal rod pitch,
from ~1.26 cm to
~2.52 cm pitch.

* Square, Hexagonal
and Cylindrical array

patterns.
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LEU-COMP-THERM Benchmarks

* LEU-COMP-THERM-

LEU-COMP-THERM-007 Eigenvalues for the 007 (10 cases)

ENDF/B-VI1.8 and ENDF/B-VIIB2 Cross Section Data Sets

1.0150 ‘ ‘ * 4738 w/o 235U02
[ | mENDF/B-VI.8 i
| [ MENDPBAVTIR2 1 * 0.94 cmrod OD
1.0100 | } ; |
3 3 3 * 0.79 cm fuel OD
R 1 * Rectangular or
I B | T T T hexagonal rod pitch,
3| 1 i ] 1 from ~1.26 cm to
7 3 3 3 n ~2.52 cm pitch.
0.9950 [ | | - o=
i | 1 e Square, Hexagonal
: 1 1 Error bars indicate the ICSBEP 1 imental ; :
0.9900 | | =} ur:?errtaai;stylr;olrctflsfojr square pitghez:(zﬁ;;;?ﬁgt;ns. and Cyllndrlcal array
i i ENDF/B-VIIB2 results include both rectangular and patterns'
I 1 l triangular pitch configurations.
09850 L i e i v . 4 .
0.00 1.00 200 300 400 500 6.00 700 800 900 10.00 11.00 12.00

/'\

Volume (moderator) / Volume (UO,) for a Unit Fuel Cell

s IAmOs
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LEU-COMP-THERM Benchmarks

LEU-COMP-THERM-022 Eigenvalues
for Various Cross Section Data Sets

EENDF/B-VI.8
B ENDF/B-VIIB1
= ENDF/B-VIIB1 w/ CE S(a,B)
1.0100 ENDF/B-VIIB2 [~ " T T
B ENDF/B-VIIB3 n
T . .
I | - L
1.0050 | ‘ | B |
I i -
S I [ | n
O 1.0000
=
= I
3 l l l
| ll
0.9950 | |
| |
|
|
[ l
0.9900 | l
- |
l
|
i ‘ |Error bars indicate the ICSBEP 10 experimental uncertainty.
0.9850 ‘
0 1 2 3 4 5 6 7 8

/'\
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LEU-COMP-THERM-022 Case #

UNCLASSIFIED

LEU-COMP-THERM-
022 (7 cases)

10 w/o 22°U0O,
0.51 cmrod OD
0.416 cm fuel OD

Hexagonal pitch, to
produce a cylindrical
shape.

Rod pitch is 0.7cm,
0.8cm, 1.0cm,
1.22cm, 1.4cm,
1.83cm and 1.85 cm.
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LEU-COMP-THERM Benchmarks

LEU-COMP-THERM-024 Eigenvalues
for Various Cross Section Data Sets

mENDF/B-VI.8 :
B ENDF/B-VIIB1 !
= ENDF/B-VIIB1 w/ CE S(a,B) ;
1.0100 e e
ENDF/B-VIIB2 !
W ENDF/B-VIIB3 | u
I oy
1.0050 | !
! ]
w ! u [
O
d 1.0000 m
X
[ |
0.9950 | - |
| |
|
|
I 1
0.9900 | l
| |
1
|
i |Error bars indicate the ICSBEP 10 experimental uncertainty.
0.9850
0 1 2 3
LEU-COMP-THERM-024 Case #

» Los Alamos

NATIONAL LABORATORY
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LEU-COMP-THERM-
024 (2 cases)

10 w/o 22°U0O,
0.51 cmrod OD
0.416 cm fuel OD

Case 1 is nearly
square rectangular
array of 2625 rods
seton a 0.62 cm
pitch.

Case 2 is long,
narrow hexagonal
array of 1297 rods
set on a 0.62/~2 cm
pitch.
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LEU-COMP-THERM Benchmarks

* LEU-COMP-THERM-

LEU-COMP-THERM-039 Eigenvalues 039 (10 cases)

for Various Cross Section Data Sets

1.0150 e 4738 w/o 235U02
mENDF/B-VI.8 | |
B ENDF/B-VIIB1 | |
= ENDF/B-VIIB1 w/ CE S(a,B) | | * 0.94 cmrod OD
10100 | & ENDF/B-VIIB2 | |
 WENDF/B-VIIB3 } } * 0.79 cm fuel OD
10050 f i i i i i * Rectangular, 1.26
| | | | | cm pitch.
S 1.0000 | I T I I I I I T I I- P
S [ h P %. ! = v e Square arrays (22 x
0goso |1 .% 77777 - l; ,,,,, .: ,,,,, e -ﬁ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 22 rods or 21 x 21
' | | | A  m rods) with “water
l | l 1 u ”
0.9900 | ] - g = | holes”.
0.9850 [ i i i i |Error bars indiclate the ICSBEP 10 experimental uncertainty.
0 1 2 3 4 5 6 7 8 9 10 11
LEU-COMP-THERM-039 Case #
/'\
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LEU-COMP-THERM Benchmarks

Calculated Eigenvalues for LEU-COMP-THERM Benchmarks
with ENDF/B-VI.8 and ENDF/B-VIIB3 Cross Section Data Sets

1.0150 ‘
OLCT1 (2.35 w/o, USA - PNL) |
OLCT2 (4.31 w/o, USA - PNL) !
OLCT6 (2.6 w/o, Japan) |
1.0100 | OLCT7 (4.74 wio, France - Valduc) I il i
OLCT22 (9.8 w/o, Russia - Kurchatov) - = l
|
CLCT24 (9.8 w/o, Russia - Kurchatov) [ ) :
10050 I ELCT39 (4.7‘4 w/o, France ‘ Valdue) | In T S :+ 777777777
i | | |
I 1 1 1
u ! | | |
O 1.0000 ; ! T i | T i
% L | | ! #
X | | | ‘
| | |
1 1 O L 1 u
B | | |
0.9950 . . .
o : d :
Elj | D | |
| | |
0.9900 |- l l o l %
| | |
| Open squares are results with ENDF/B-VI.8 cross sections.
! Closed squares are results with ENDF/B-VIIB3 cross sections.
- [ Error bars indicate the ICSBEP estimated 10 experimental uncertainty.
0.9850 !
» Los Alamos
NATIONAL LABORATORY UNCLASSIFIED
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Summary of all
LEU-COMP-
THERM results
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LEU-COMP-THERM Benchmarks

e LEU-COMP-THERM eigenvalues are generally low, by 500 pcm to
1000 pcm, with ENDF/B-VI.8 cross sections.

— Average eigenvalue for 45 critical configurations from seven LEU-COMP-
THERM evaluations is 0.9945 + 0.0005 (mean) £ 0.0036 (population).

e LEU-COMP-THERM eigenvalues have increased to near unity with
ENDF/B-VIIB3 cross sections.

— Average eigenvalue for 53 critical configurations from seven LEU-COMP-
THERM evaluations is 1.0001 + 0.0003 (mean) = 0.0025 (population).
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HEU-SOL-THERM Benchmarks

* Homogenous solution benchmark k + C/Es have been correlated
against Above-Thermal Leakage Fraction (ATLF).

* The benchmark suite consists of 42 critical configurations defined in
ten HEU-SOL-THERM evaluations.

— All Rocky Flats and ORNL benchmarks used on past data testing efforts
are now incorporated in the ICSBEP Handbook.

e HEU-SOL-THERM results are supplemented with calculations of
Japanese LEU-SOL-THERM benchmarks.

— LEU-SOL-THERM-004, -007, -020 & -021.
— Bare and water reflected (cylindrical) assemblies are represented.
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Calculated Eigenvalues for HEU (or LEU)-SOL-THERM
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HEU-SOL-THERM Benchmarks

Benchmarks with ENDF/B-VI.8 Cross Sections

O HST9 A HST10

& HST12 ® HST13 |
¢ HST42 @ HST43

—FE68 Fit % Various LST

Values in parenthesis represent 95% confidence intervals on the
preceding regression coefficient.

Error bars indicate the ICSBEP estimated 10 experimental uncertainty.

koac(ATLF) = 1.0009(31) - 0.0020(83) * ATLF;

1.0250
B HST1
10200 | © HSTM
m HST32
1.0150 | ¢ HST50
1.0100 |
1.0050 |
w i
O 10000 HF
- "
N i
0.9950 |
0-9900 r=NpFBVIS:
0.9850
0.9800
0.9750
0.00 0.05

A

)
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010 015 020 025 030 035 040 045

Above-Thermal Leakage Fraction (ATLF)
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* HEU(&LEU)-SOL-
THERM-xxx

* Experiments from
ORNL, Rocky Flats
and Japan.

* With ENDF/B-VI.8
Cross Sections:

— ATLF Correlation
shows no bias nor
trend in k4 C/E.

— No bias nor trend
versus other para-
meters:

~ ATFF,

— Hydrogen abs,

— Bare versus
Reflected,

— N versus F.
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HEU-SOL-THERM Benchmarks

e HEU(&LEU)-SOL-

Calculated Eigenvalues for HEU (or LEU)-SOL-THERM THERM-xxx
Benchmarks with ENDF/B-VIIB3 Cross Sections E ) ts f
[ J
10250 g st O HSTY A HST10 1 1 Xperiments from
10200 | © HSTT1 o HST12 ® HsT13 | [ I ORNL, Rocky Flats
' B HST32 & HST42 ® HST43 | |
1.0150 & HST50 ——=E7B3 Fit x Various LST [ L and Japan
o100 | S « With ENDF/B-VIIB3
: | | Cross Sections:
1.0050 [ ' Q l :
w : | T T% — ATLF Correlation
< 10000 ¢ ; I o shows no bias nor
X~ C ‘ .
0.9950 ,:,, | N R : ,,,,,,,,,, trend N keff C/E
; | | — No bias nor trend
0.9900 ‘
| versus other para-
ENDF/B-VIIB3: ki o(ATLF) = 1.0008(32) - 0.0013(84) * ATLF. ;
0.9850 Values in parenthesis represent 95% confidence intervals on the ® | meterS
preceding regression coefficient. [ _
0.9800 l ATFF,
Error bars indicate the ICSBEP estimated 10 experimental uncertainty. l — Hydrogen abs,
0.9750 — Bare versus
000 005 010 015 020 025 030 035 040 045 050 055 0.60 Reflected,

Above-Thermal Leakage Fraction (ATLF) — N versus F
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HEU-SOL-THERM Benchmarks

* ENDF/B-VI.8 HST & LST k. C/E values are very accurate.

— There is no trend with ATLF or other parameters (such as Above-
Thermal Fission Fraction, ATFF; Hydrogen absorption fraction, ...).

— The average eigenvalue for 42 HST critical configurations from ten HST
evaluations is 1.0002 + 0.0007 (mean) £ 0.0046 (population); and from
62 HST & LST critical configurations is 1.0001 £ 0.0005 (mean) £ 0.0039
(population).

 ENDF/B-VIIB3 HST & LST k.4 C/E values are also very accurate.
— There is no trend with ATLF or other parameters.

— The Above-Thermal Leakage Fraction (ATLF) correlation is insensitive to
weighting of the individual HST eigenvalues.

— The average eigenvalue for 42 HST critical configurations from ten HST
evaluations is 1.0003 £ 0.0007 (mean) + 0.0047 (population); and from
62 HST & LST critical configurations is 1.0003 = 0.0005 (mean) £ 0.0039

= opulation).
° L:)?: Alagqog )
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HEU Benchmarks — Fast to Thermal

e The combination of

Calculated Eigenvalues for HEU (or LEU)-SOL-THERM-xxx and the HEU-MET-FAST-007
HEU-MET-FAST-007 Benchmarks with ENDF/B-VIIB3 Cross Sections & the HEU-SOL-
1.0250 T
B HST1 O HST9 A HST10 O HST111 | THERM-XXX
1.0200 & HST12 ® HST13 W HST32 ¢ HST42 | ]
' © HST43 o HST50 x Various LST @ HMF7 | benchmarks span
T L — oo the complete fission
1.0100 | 3 energy space.
1.0050 | |
Ll L | .
S 10000 + ; * Ker trgnd is close to
N : | but slightly greater
P 1 1 than unity.
0.9900 | i i _ keﬁ(EAL) =
0.9850 i i 1.0008(7) '|; o
1 | Error bars indicate the ICSBEP 166(498) 10-
0.9800 | | | |estimated 10 experimental uncertainty. EAL
0.9750 [ ol o wandl o o nnned

1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06
Energy of Average Neutron Lethargy Causing Fission, eV
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PU-SOL-THERM Benchmarks

* We have calculated k_ for a suite of nine PU-SOL-THERM
evaluations (109 cases) with ENDF/B-VII(32 cross sections.

— Replicate calculations have been performed for 26 configurations with
ENDF/B-VIIB3 cross sections.

— The average difference in k4 is 2 pcm.
— PU-SOL-THERM-001 (11.5” diameter water reflected sphere)
— PU-SOL-THERM-002 (12" diameter water reflected sphere)
— PU-SOL-THERM-003 (13" diameter water reflected sphere)
— PU-SOL-THERM-004 (14” diameter water reflected sphere)
— PU-SOL-THERM-005 (more 14" diameter ...)
— PU-SOL-THERM-006 (15" diameter water reflected sphere)
— PU-SOL-THERM-009 (48" diameter sphere, bare)
— PU-SOL-THERM-011 (16", 18” diameter spheres, bare)

P — PU-SOL-THERM-018 (24" diameter water reflected cylinder)
. L&Alamos — Published in the 2006 edition of the ICSBEP Handbook)
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EST.1943
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PU-SOL-THERM Benchmarks — ENDF/B-VI.8

PU-SOL-THERM Benchmark Eigenvalues

with ENDF/B-VI.8 Cross Sections
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Above-Thermal Leakage Fraction (ATLF)
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* PU-SOL-THERM-xxx
— USA & French
experiments.
— 15 evaluations, 109
configurations.
— Benchmark uncer-
tainties range from

0.0012 to 0.0058.
* Highly thermal
— 82% to 99%
thermal fission.

ki C/E ranges from
0.9941 to 1.0194.

Average k4 C/E is
1.0039.

Population standard
deviation is 0.0043.
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PU-SOL-THERM Benchmarks — ENDF/B-VIIf32

PU

-SOL-THERM Benchmark Eigenvalues

with ENDF/B-VIIB2 Cross Sections
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Above-Thermal Leakage Fraction (ATLF)

UNCLASSIFIED

* PU-SOL-THERM-xxx

— USA & French
experiments.

— 15 evaluations, 109
configurations.

— Benchmark uncer-
tainties range from
0.0012 to 0.0058.

* Highly thermal

— 82% to 99%
thermal fission.

* k.4 C/E ranges from
0.9938 to 1.0189.

* Average k« C/E is
1.0048.

* Population standard
deviation is 0.0044.
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PU-SOL-THERM Benchmarks — ENDF/B-VIIf32

PU-SOL-THERM Benchmark Eigenvalues
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29 Atom Percent Enrichment
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* PU-SOL-THERM-xxx

e PST18 is new in
2006.

* k.4 C/E for PST18
are in line with those
obtained with higher
239Py enrichments.

* Therefore, no k4 C/E
trend with 239Pu
enrichment.
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PU-SOL-THERM Benchmarks — ENDF/B-VIIf32

1.0250 | ‘
|
L |
10200 - R T
- . !
L |
1.0150 [ m En l
: n :
1.0100 | T e e T ===F=====1
: L L] (=] [=] =]
rom " o g . . 1
L ‘ B O |
1.0050 | u = o |
w i g':'l = ] u !
5 i Hm = I
1.0000 1
% C 1] =] I
< - . - = 1
0.9950 :
- m OPST1  MPST2
0.9900 | OPST3  EPST4
' g mPST5  mPST6
: mPST7  [IPSTY
0.9850 A EPST10 ®PST11| |
; mPST12 CIPST18
L WPST22 EPST28 |
i mPST32
0.9750 L— ‘ — ‘
0.00 50.00 100.00 150.00 200.00 250.00 300.00

A

PU-SOL-THERM Benchmark Eigenvalues

with ENDF/B-VIIB2 Cross Sections

Pu Concentration in Solution (grams/liter)

—
s IAmOs

UNCLASSIFIED

* PU-SOL-THERM-xxx

* No kg« C/E trend with
Pu concentration.

* Not shown, but no
Koy C/E trend with
Above-Thermal Fis-
sion Fraction (ATFF).

* Not shown, but no
Kot C/E trend with
239Py absorption
fraction.

* Not shown, but no
Kot C/E trend with
Neutron Lethargy.
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PU-SOL-THERM Benchmarks — ENDF/B-VIIf32
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Above-Thermal Fission Fraction (ATFF)

UNCLASSIFIED

0.200

* PU-SOL-THERM-xxx

* No kg« C/E trend with
Above-Thermal Fis-
sion Fraction (ATFF).
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PU-SOL-THERM Benchmarks — ENDF/B-VIIf32

PU-SOL-THERM Benchmark Eigenvalues
with ENDF/B-VIIB2 Cross Sections

* PU-SOL-THERM-xxx

* No kg« C/E trend with
239Py absorption
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PU-SOL-THERM Benchmarks — ENDF/B-VIIf32

* PU-SOL-THERM-xxx

PU-SOL-THERM Benchmark Eigenvalues
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* No kg« C/E trend with
Neutron Lethargy.
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PU-SOL-THERM Benchmarks

e Little to no changes have been made to low energy 23°Pu cross
sections for ENDF/B-VII.

* Modest changes in hydrogen and oxygen cross sections result in a
small (~0.1%) increase in k4 C/E.

e Additional work seemed to be needed to improve calculations of
thermal Pu system eigenvalues.
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HEU/D,O Benchmarks

« HEU-SOL-THERM-004

— Heavy water reflected benchmarks

« HEU-SOL-THERM-020

— Heavy water unreflected benchmarks

e Significant biases are observed in calculated eigenvalues

for both ENDF/B-VI.8 and ENDF/B-VII2 cross section
data sets.

— Unreflected benchmark eigenvalues exhibit an increasing trend
A with increasing D/?3°U.
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HEU/D,O Benchmarks

HEU/D,0 Solutions with Various ENDF/B Cross Section Data Sets
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Comparison Between
MCNP5 (LANL) and Tripoli 4.4.1 (Sublet)

* Excellent agreement in calculated eigenvalues is observed for
MCNPS5 and Tripoli-4.4.1 for a variety of benchmarks.

— Previous differences in LEU-COMP-THERM-006 have been attributed to
slightly different fuel compositions.

— Previous differences in selected HEU-SOL-THERM-001 eigenvalues are
attributed to different normalizations.
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Comparison Between

MCNP5 (LANL) and Tripoli 4.4.1 (Sublet)

Selected k. C/E Values for MCNP5 (Kahler/MacFarlane) and

Tripoli-4.4.1 (Sublet) with ENDF/B-VIIB3 Cross Sections
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* Excellent agreement
observed in calcu-
lated eigenvalues for
all benchmark types.

* MCNP/Tripoli k4 for
unmoderated sys-
tems is 0.9999.

* MCNP/Tripoli k. for
LEU-COMP-THERM
systems is 1.0001.

* MCNP/Tripoli kg« for
LEU-COMP-THERM
systems is 1.0003.




