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Natural Zr Elastic w/ Varying Interstitial Thickness

F0.175
= —f— | Zeus Zr | =2.59%4
20.150 [ | Zeus Zr 1-8 | = 2.6768
& —— | Zeus Zr 1-4 | =2.8227
50125 —— | Zeus Zr 1-2| =2.9683
o B | L
EO.IOO T | Zeus Zr 3-4 | =3.0132 ¥
3 —— | Zeus Zr 1-0 | =3.0195
£0.075
=
s
£.0.050
£
£ 0.025 -
‘E ]
4 0.000 |

g 1

]

=]

Z o0

@

=

"3

W

10 10 10" 10 10
Energy [MeV]

= i
9 NCERC

ENDF/B-VIIL.0 Zr Elastic Law Sensitivity Profile
Simulated in Zeus Zr 3-4

g

E 0.15 —— |99Zr |=1.4508
‘.g N — |91Zr|=0.2997
5 10 H 1927¢ | = 0.4119
e g

E 005 LL —— |9%Zr| = 0.4799
Y AR

- ‘L'H 4, 1967r | = 0.0795
t" 0.00 in R SIS s s o= S uas SRS

=

£

Z 005

g

@2 100 -075 050 -025 000 025 050 075 100

M [Scattering Cosine]

NUCLEAR CRITICALITY SAFETY PROGRAM

7
S



"HYHORSPHQW RI 8QPRGHUDWHG &RQIL

Natural Zr Elastic - Old Benchmarks vs. Zr Zeus 3-4

Comparing JEFF33 to ENDF80

go175) | Zeus Zr 3-4 | = 3.0132
%0.150 | HMF061 001 | = 0.1617
= —b— | PMF033 001 | = 0.2096
50-125' — | MMF011 001 | = 0.1868
g sigol 3 | MMFO11 002 | = 0.1663
g —}— | MMFO011 003 | = 0.1684 .
= 0075 | MMFO11 004 | =0.1717 L
2.0.050
E.
£ 0.025
Elastic Scattering Angular Distribution Potential ZTA Cases E 6 == w
1o ! 10° 10

=3 = = .
10 10
Zr Reflector Thickness [in] Energy [MeV)]
7.25 4.0 24 1.47 0.83 0.4 2.93

4000 mmm nominal_eval_keff diff  mmm full_esad_swap_keff diff s Natural Zr Inelastic - Old Benchmarks vs. Zr Zeus 3-4

£ 3000 o —— | Zeus Zr 3-4 | = 0.4628

= 2000 0.030 J | HMFO061 001 | = 0.028
K] s — | PMF033 001 | = 0.0207
<1000 0.023 1 —— | MMFOL1 001 | = 0.0196
0.020 il — | MMFOL1 002 | = 0.0208

Isotopic Contriutions to Total ESAD Differences

——— | MMFO011 003 |=0.0197
| MMFO11 004 | = 0.0243

—— 90-Zr —— 91-Zr —— 92-Zr —— 94-Zr —— 96-Zr Total ESAD 0.015

Contribtion [%]
w
o

Sensitivity per unit Lethargy [Bin Norm.]

R 0.010
0
Total Backscattering Sensisitivty 0.005
. == ENDF_B-VIIL.O JEFF3.3 0000 - L =t ~H ‘| :
° 0.
s
“JII.III o 1o
E MeV
0.0—"¢5; rf 34 rf 36 rf 38 rf 40 rf42  thor core nergy [MeV]

Ve = » Vey
NCERC NESP

| NUCLEAR CRITICALITY SAFETY PROGRAM

Y



K\ (PSKDVL]H 8QPRGHUDWHG &RQILJIXL

%XW =LUFRQLXP LV RQO\ XVHG LQ WKHUPDO UHDFWRUYV «

C/E of Zirconium Sensitive Critical Benchmarks with ESAD Perturbation
Energy [eV]
&
&

ENDEF/B-VIIL.0 Natural Zr Sensitivity Profile

]
v}
o5 3

Simulated in LCT074 005

$ &
P @ @ S S R P @ @ P 0 G P &S
o o ¥ ¥ 27 87 07 o7 oF o? of oV o 497 A% a8 o

oy 1.015

E Experimental Error —=— JENDL-5.0 |

L —e— ENDF/B-VIII.O + ENDF,‘B-VIIIID w/ JENDL-5.0 ESAD

< 0 010 1.010

s I

E: % 1005 I

.-

& 0.005 .

— . ‘2 A 2 |

1; W 1.000] e NS AR e e T TN AN Y a—

P 8] -

g 0.000 oweatsl v

= 0.995 | \

3 ([ KHUPDO ) DV

= —0.005 0.990 - 1

E 800 I

E BN Total AKeff of ENDF/B-VIII.O and JENDL-5.0 @88 JENDL-5.0 ESAD Fontn‘bution to AKeff

s —0.010 . 'E 600

2 —}— | Elastic | = 0.4668 g |

B 015 | Tnelastic | = 0.0809 £ :

E c _ ¥ 200

= —— apture | = 0.2074 3 I

wn

£ !

5 —0.020 - : - 0

w VU0 =9 =7 = =3 = 1

1o 10 10 10 10 10 10 LRI UCICSC O ICIC OISR 0 0
Energy [MeV] &S S S S S CQD & P éoc’ S S SE
FEEEEEEPPeFePeFeeeeds eii
Benchmark

“nesP :

NUCLEAR CRITICALITY SAFETY PROGRAM

<



8VLQJ 6HQVLWLYLW\ SURILOHYVY DQG )O?

Zeus Zr 3-4: ENDF/B-VIIL.0 — JEFF-3.3

SHODWLRQVKLS EHWZHHQ VHQVLWLYLW\ FRHIILFLHQWY -
IURP 0&13 .6(1 DQG FURVV VHE s mwe e o ss e

GLIIHUHQFHV IURP FHOO IOXEMDOOLHYV Frg)m R
XVHG WR SURSDJDWH GLITHUHOQOFHY LQ RURN
VHEFWLRQV EHWZHHQ QXFOHDU ¢ WLROV WR

GLIIHUHOFHV LO WKH HLJHQYDOXH V""lelm\“/ LPXODWH G”pmgtlzl"“cm o
Q X F O H D U V \ V W H P V +667.7 +392 +363.4 +1070.4 +631.8 +78.7 +263.2 49738

200- Energy: Energy:
—_ 0.001 —= 20 MeV —_— 0.001 =20 MeV
g E
ST 2 100 2100
3 qa q ' F yU Uq . E:' ‘E
L ) . - 1 A 0 &
o <EH@&E(Q) L G(qua(q)) - 3 i
. % q) -100
CE @ Elastic Capture Inelastic Total Elastic Capture Inelastic Total
‘¢ ¥y ;
Y ; 967y Natural Zr
+123.5 +9.1 -6.2 +126.4 +4675.3 +60.4 +221.5 +4957.2
nergy:
6HH PRUH E\ OLNH 5LVLQJ DQG Hl/m\éo‘i?c@v +XWEFK QVREannHmMcv
U
- +XWFKLQV@®G/,HW DBZ $SSURDFK WR &RQVWUDLQ 1XFOHDU 'DWD YLD zsﬂvl_ JHG 9DOLGDWLRQ ([SHULPHQWV | =500
XVLQJ ODFKLQH(BHDHBIRIJ&RQIHUHQFHYV 3! R
< <
1 7KRPSVRQ@KHW &80,' ([SHULPHQW DQG 1XFOHDU 'DRBQLEUBRQFHRRPSDULVRQ — 0
,QWHUQDWLRQDO &RQIHUHQFH RQ 1XFOHDU &ULWLFDOLW)\ 6DIHW\ 6HQGDL -D§ - - -
Elastic Capturc Inelastic Total Elastic Capture Inclastic Total

- +XWFKLQVEQ&/ HW[BBULPHQWY 8QGHUSLQQHG E\ &RPSXWDWLRQDO /HDUQLQJ IRU PSURYHPHQWV LQ 1XFOHDU
'DWD&63 $QQXDO 7THFKQLFDO 3URJUDP 5HYLHZY 2DN 5LGJH 71 > =

~

2 NCERT “NESP™

AR CRITICALITY SAFETY PROGRAM



} SDUWLFOH VZDUP RSWLPL]DWLRQ ,Generation1w=07¢=0.3p=09 <
ZLWK 0&13 WKURXJK 3\WKRQ E\ &

t 8VHG IRU &(' DQG &(' FULWLED( *
GHVLJQV (5 DQG ,(5 + DQG

51
€06 €o-
k+1 _ k o (nk k ok k o A 0.99 <k, < 1.0l
Vi = wv; +ori(p; —X;) + pra(gh —X;) f(xb) = " N
~lkegr— 1| otherwise
7 ) |t
Previous velocity Particle best Swarm best - Z f(p;) > 0.95f(g) k| . ; =
(inertia) (cognitive) (social) S | -2 -1 ;) 1 2
1

6HH PRUH . 362 PDWHULDOV

' RVWHOBFUWLFOH 6ZDUP 2SWLPL]DWLRQ IR U)RWMURIDO7 KSWLUA R BIOWY REKWILI @QLYHUVLW\ Rl 6FLHQFH DQG 7ABRORBA T x 3 L& ZAx 1 IR L v DS wD MR Q V107K HV

.RVWHODF ,8 HW DRO\EGHQXP 2SWLPL]HG %HQFKPDUN 6\WWHP '"HPRQVWUDWS®5 ,QWHJUDO &RUUHODWLRQV 02%< ' &.
%UDLQ 3 (5HW DOSHULPHQW IRU 8QUHVROYHG 5HVRQDQFH RI 30XWRQLXP $FWLQLGHV (/85585$ &( IRU 7UXH ,QWHUPHGLDWH 3X %HQFKPDUN

=

) NCERC .“.SP\



. 362 IRU ,(5 SUHOLPLQDU\ "HVLJQ &

)DVW &DVHYV , QWHUPHGLDWH &BNVHEXE 7TKHUPDO &BMH\RQLXP +\GULGH ¢

(o!  NHO9 HO (o NHO9 H  HO(q HO H H9(g HO
XQLW FHOOV ORGHUDWRU ([SORLWJ FDSWXUH :U['|LQWHUVWLWLDO
=U LQWHUVWLWLDO WwWPWNQHVY WKLFNQH¥VYRVY VHFWLRQ GLITHUHMHAMHNO LOQOWHUVYV
5HIOHFWRU WKLFNQH BN RUEHU EHWZHHQ (1') % 9,,, WKLFNQHVYV
PDWHULDO WKLFNQHWW'G -(1'/ 3KDVH R[|P=RL(B+HUDWR
([SORLWJ FDSWXUH OD[LPXP SRVVLEOH
UHVRQDQFHY DQG 855 VHOVLWLYLW\
927 Multi-Group Cross Secitons For JENDL-5.0
HEU URR ConfigUfationS and ENDF/B-VIIL0 Sampled From LCT074_005 1000
Optimized Sk,,.o (2 -200 keV) 10 e -"; . 9001
. 006 | miaa = 10 L 8001
é | D:M Dm': E:\Jbréz:}‘;{:n,o JE\E)E:E:\ | 1 ;2;600
s " %"l Elastic _Cd_p:ln. I‘;:Ialstlc . m‘ri z-
| — e Mrf;;:;;o:mmm T ee. T W G ® B e €6

NUCLEAR CRITICALITY SAFETY PROGRAM



,PSOHPHQWDWLRQ RI 1HZ )HDWXUHV L(

+ $GGLWLRQ RI PD[LPL]DW e e i e
0., YDOXH IURP SUHYLRX i

i 3UHYLRXVO\ PD[LPL]HG PL ="
VHQVLWLYLW\ ILVVLRQV 3 | ‘ B | ™
WDOO\ UHVXOW i ) '

t OXOWL QRGH LPSOHPHOQ\ S S N U S N
V \ V W H P V l l Nuclcraar Data: Capturre ' l

T 1IXPHURXYV TXDOLW\ RI OLIF @32;3 E X fzzzi_e
XSGDWHYV gm.ﬁz =)

Akefr [pem]

workload manager 'g! II
) NCERC NECSP |



)LQDO 5HPDUNYV

t 0&13 .&2'( .6(1 DQG WDOO\LQJ PHWKRGV DOO LQ
UDGLDWLRQ WUDQVSRUW VLPXODWLRQV ZKHQ GHYV
H[SHULPHQWYV

I 6XSSOHPHQWDO WRROV VXFK DV WKH . 362 SURJL
LOQWHUIDFH ZLWK 0&13 WR VXSSRUW WKH GHVLJQ

F SUHOLPLQDU\N GHVLJQ &(° RI FULWLFDO H[SHULF
$VVHPEO\ LV XQGHUZD\ XVLQJ 0&13
i 1HZ FRQILIXUDWLRQV \LHOG RYHU DQ RUGHU RI PDJQL)\

i (QRUPRXV GLIITHUHQFHV LQ HLIHQYDOXH FDOFXODWLRC
OLEUDULHYVY REVHUYHG

=
"9 NCGERC

12
9



1% Los Alamos

NATIONAL LABORATORY

4 XHVWLR




$SFNQRZOHGJHPHQW

/KLY ZRUN LV VSRQVRUHG E\ WKH 1XFOHDU &ULWL
PDQDJHG E\ WKH 1DWLRQDO 1XFOHDU 6HFXULW\
'"HSDUWPHQW RI (QHUJ\

~



$GGLWLRQDO 5HIHUHQFHYV

.RVWHOOB & 02%< ',&. &(' 2YHUXEBHDU &ULWLFDOLW\ 6DIHW\ 3URJUDP $QQXDO

2JUHQ, (5 086,& S5HDFWLYLW\ (VWLPDWHY XVLQJ 3XOXMHIEH DHXSULRVL BR® UWMN OB\
$QQXDO 7HFKQLFDO 3URJUDP 5HYLHZ

+DQVHQ * DQG FBRWR®@ KRULXP 5HIOHFWHG 30XWRQUXF@®H&DO (QULWLFDO $VVI
*RHWW®1/-)< 1&63 +LIJKQXKFIOMDU &ULWLFDOLW)\ 6DIHW\ 3URJUDP $QQXDO 7HFKQL
7X\D ' DQG 1DJ{DWLPDWLRQ RI &RQWLQXRXV 'LVWULEXWLRQ RI ,WHUDWHG )LVVLF
ZLWK ORQWH &DUOR %DVHGXFODLKQUQJ 'DWD

.LHGURZVNL % D®GMRURMQ%PVHG N (LJHQYDOXH 6HQVLWLYLW\ &RHIILFLHQWV W
ORQWH &XF@R 6FL (QJ

5LVLQJ 00&MB BA&GH 9HUVLRQ 7KHRUAS$ 85/ HU 0D QXM

.RVWHOBFUWLFOH 6ZDUP 2SWLPL]DWLRQ IRWBVYWW UKD O7 K[FS\HLL/L R BIIOWY REXWILI QL Y H L
7HFKQRORJ\x3UR4XHVW 'LVVHUWDWLRQV 7KHVHV x

+X ; HWHPRQRORJ\ (QDEOLQJ =HUR (3= OLFUR ORGXODU 5HDFWRUV OLOHVWRQH
ZLWK &RQWUROOHG +\THUIRFBG /RDGLQXKWWSYVY LQIR RUQO JRY VLWHV SXEOLFDWL
6LHPHUVYHZ =LUFRQLXP (YDOXDWLRRD®@LIRB((1'$QQXDO OHHWLQJ /RV $ODPRV 10 $

pra
)
0
9/

~
9 NCERC

NUCLEAR CRITICALITY SAFETY PROGRAM



