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NUCLEAR CRITICALITY SAFETY PROGRAM

COG V&V Benchmarks

Regression test suite (11 cases)

ICSBEP (criticality) benchmarks (501 cases)
SINBAD (shielding) benchmarks (9 cases)
SILENE (CAAS/activation) benchmarks (11 cases)
Photonuclear benchmarks (62 cases)

NRF test suite (3 cases)

Analytic benchmarks (new and the subject of this presentation)

V&V is a required element of SQA for 10CFR830 safety software
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The Fy mmethoud it usnd o compute the critical radiug and th flox distribution for @
bare cylinder of infinite length. With modest computanionsl effor, the developed soltion
techuigue, though approximele, yields results accurate fo af lemst six signiflcast flpures

L INTRODUCTION

The integral equation for the neutron flux dis-
wribution $(rh in & bare homogeneous right circular
eylinder of infinite length and radius & was written
by Mitsis® for the case of no inhomogeneous source
term and no incident meutrons as

#ri=c Jﬂ‘l [}Cn;f.'pl] wa_m,mu)dr

et [* eou]x..ta.-‘um" 4. m

where Lix) and Kgix) denote modified Bessl func-
tions® and ¢ ks the mean number of secondary
neutrons per colligon. Equation (1) is, of course,
based on & onespeed modd, and we lave asumed
that the redistribution of secondary newtrons is

'G. 1. MITSE
energetie Critieal
Laboratory (1963).

Wandbook of Markenarical Fume
ABRAMOWITZ and L A, STEGUN,
Bureas of Stisdards (1964).

Transport Solutioss to the Mono-
blems,” ANL6TET, Argonme National

AMS55, M
U5, National

isotrapic. In this wark we seck, for a given vale of

e > I, the critical radius R and the resulting nen-
negative neutron Mux $ir), r € [O.R] that satisfies
Eq. (1}

Following Mitsts." we let
D)= ¢ [A'o[:.'p} fa TRy fudele
+ Lefrfu) J’ ',g{m\',(r;mm] (5]
w0 that
:
w]'L d‘(r.v]ri‘;'- (e

Differentiating Eq. (2), we find that ®(ru) for
pE[D.1] and r € [0,R] satisfies

. ’
(Bt 2-Bwenr Lo o
sibject 1o the conditions' that &0, ) is bounded apd

KAR AR, 1)+ pKf R 1D % Biralfg=0 .
wE10,1] (53

]

Jr\Back-and-forth approximation\ Kefl_Alpha-201 2-eng doc
Back-and-forth approximation, k. and A
V.M. Shmakey
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(RENC-¥NUTF)
The bock.and.frth Gmaticn is n very simph madel that belps get a numbar
of analyiical sclutions which qs s ] s of planar, cylindrical and

spherical systems with fisside material. The model allows its lhsdlle‘) uelme Fnplemestation i
Mo Carla cedes aad an be used to test the algarithms which da not treat grometry or intersction detn.

I Fundamentsl assumptioss asd definitions.

™ ‘ ons i the Back-andsforth 1§ nuchee
intersction with matter i treated group imation; (2) neutron: tracked im 1D g
and (¥) meutrons are aliowed ty in beck and for 404 this & exactly from what the
Approximation Is aamed
In 1D geometrics (plase, and only allowed
-Jm(m@: limes. specifically normal’s ;holhenhmlhceﬂmds'w the sphere. Thenme Emitation
the neutron frem foisi
describes the Tor pholos iransport. It s akso refermed 1o

8 heh-amd-fork, However, it differs from that one for nevtrons because it nsswmes the issrepic
scattering of photons i the fordh and back besmiaplieres bet with different weights. Rﬂumw[l'l]uﬂ'm
8 M:‘wf wmum for t descending and reflected flow of radiation in plase amospheres. This

Iyticel solutions lanbe fluses. Th ! “
approximated by & sum of the delts rrmis of the L i the back-
e forth approximation the scattering and flssioe. |5dw_um i apgeoximated by a supe of two
delta-fanctons.

L the oa is writies 15 [2.3]
(5,400 = & - !
aw; DD 0N ey t) = - pooN e )+ B po ot > 1 VN (oot s Sa(1.1)

Here x denotes, in a uniqee manrer, coordinates for all geometries, So is the cource, 1" and p ace cosine
angles direcsi appeopriat normal collision, and i is
reaction type (ssion, absorpticn, scattering etc).

I the back-and-forth medel, the differensial operatar £V [divergent form) reads as [2, p. 46-48)

5-“"-#% for plenar geometry,

!
a—%ﬂ—" for sylindrically symmatric geometry, and

r

ﬁ.eJi.ulfﬁ_ﬁf‘}
ro

for spherically symmetric geometry.

I|z|uu|unm~ the direcsion of the and the normal in different
Whlmmllbmlmumhllwiommnhn =l We will aze later that this
gives zem foe the d wiﬂaah indri and spherically syn e prometries, Le,,

they can he cenitied in the operatar (10 .
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Kobayashi benchmarks — 3 problems

Problem 1

Figure 2. Sketch of Problem 1, shield with square void

L
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For all problems:

L (n cm_as_l] (cm_l}
1 1 0.1
2 0 107
3 0 0.1

Problem 3
Problem 2

Figure 8. Sketch of Problem 3, shield with dog leg void duct

Figure 4. Sketch of Problem 2, shield with void duct
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For pure absorbers (2=%,), “exact” flux in the shield and duct are obtained by numerical

integration:
1
o(7)
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Kobayashi problem 1 results — ¢

1.003
lA (X:Z:5) Problem 1A (x=2 = 5) gas
1.002 =
X,¥,Z Analytic oG COG/Analytic
5,5,5 5.95659E+0 5.9537E+0 + 1.48E-2 0.99952 + 0.00250
5,15,5  1.37185E+0 1.3718E+0 + 6.74E-5 0.99996 + 0.00005 oo =
5,25,5 5.00871E-1 5.0086E-1 + 1.55E-5 0.99998 + 0.00003
5,35,5  2.52429E-1 2.5242E-1 # 6.66E-6 0.99996 + 0.00003 il . - i} = = . s - ,

5,45,5 1.50260E-1  1.5026E-1 + 3.64E-6 1.00000 + 0.00002
5,55,5 5.95286E-2 5.9530E-2 + 1.36E-6 1.00002 + 0.00002
5,65,5 1.53283E-2 1.5328E-2 + 3.34E-7 0.99998 + 0.00002
5,75,5 4,17689E-3  4.1769E-3 + 8.B5E-8 1.00000 + 0.00002

Flux/Exact-Flux
o i
|

Figure 2. Sketch of Problem 1, shield with square void

5,855  1.18533E-3 1.1B54E-3 + 2.44E-8 1.00006 + 0.00002 i L
5,955  3.46B46E-4 3.4686E-4  7.01E-9 1.00004 % 0.00002
z N
0997 i~ E .
= :
; 1B (x=y=2) s . L ! : g .
XY, Z Analytic coG COG/Analytic o 20 40 60 &0 o :
5,5,5 5.95659E+0 5.9537E:0 + 1.49E-2 0.99952 + 0.00250 y {em) :
15,15,15 4.70754E-1 4.7083E-1 + 5.84E-5 1.00016 + 0.00012 :
25,25,25 1.69968E-1 1.6998E-1 + 1.36E-5 1.00007 + 0.00008 2 /37
35,35,35 8.68334E-2 8.683BE-2 + 6.05E-6 1.00005 + 0.00007 / """"""""""" 100
45,4545 5.25132E-2 5.2515E-2 + 3.41E-6 1.00003 + 0.00007 L T ¥ T e
55,55,55 1.33378E-2 1.3338E-2 + 8.27E-7 1.00001 + 0.00006 3
65,65,65 1.45867E-3 1.4587E-3 + 8.83E-8 1.00002 + 0.00006 Problem 1C {y = 55, z = 5} —— coG - -l 10
75,75,75 1.75364E-4 1.7537E-4 + 1.05E-8 1.00003 + 0.00006 - - : - - 010 b0 100 ¢end
85,85,85 2.24607E-5 2.2462E-5 + 1.34E- 1.00006 * 0.00006 :
95,9595 3.01032E-6 3.0105E-6 # 1.8E-10 1.00006 % 0.00006 100005 |-
5
[T
1C (y=55, z=5) £
. . ':E 1.00000 =
x,¥,2 Analytic COG COG/Analytic l_s
5,555  5.95290E-2 5.9530E-2 + 4.50E-6 1.00000 + 0.00008 2
15,55,5 5.50250E-2 5.5026E-2 + 4.09E-6 1.00000 + 0.00007 [
25,55,5 4.80750E-2 4.8077E-2 % 3.47E-6 1.00000 % 0.00007
35,55,5 3.96770E-2 3.9677E-2 + 2.80E-6 1.00000 % 0.00007 089835 =
45,555 3.16370E-2 3.1637E-2 + 2.19E-6 1.00000 + 0.00007 1 1
55,55,5 2.35300E-2 2.3530E-2 + 1.59E-6 0.99999 + 0.00007 - B B
65,55,5 5.83720E-3 5.8372E-3 + 3.98E-7 1.00000 * 0.00007
75,55,5 1.56730E-3 1.5673E-3 % 1.06E-7 0.99999 =+ 0.00007 0.99990 L . L 1 !
85,555 4.53110E-4 4.5311E-4 + 3.04E-8 0.99999 + 0.00007 g = i —— - By =

95,555 1.37080E-4 1.3708E-4 £ 9.10E-9 1.00000 + 0.00007

The results for Problem 1 are EXCELLENT; 24 (86%) < 10; 3 (11%) < 20; 1 (4%) < 30
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Kobayashi problem 2 results — ¢

1.002
2A (X_Z_S) Problem 2A (k=2 =5)
CoG
X,¥,2 Analytic COG COG/Analytic 1.001 |-
5,55 5.95659E+0 5.9510E+0 + 1.57E-2 0.995900 + 0.00263
5,15,5 1.37185E+0 1.3717E+0 % 2.24E-4 0.99989 % 0.00016
5,25,5 5.00871E-1 5.0088E-1 £ 5.11E-5 1.00002 £ 0.00010 e 14000 = I I L I I L T I I
5,35,5 2.52429E-1 2.5244E-1 + 2.21E-5 1.00004 =% 0.00009 I]Zj
5,45,5 1.50260E-1 1.5027E-1 + 1.21E-5 1.00007 £ 0.00008 -
5,55,5 9.91726E-2 9.9176E-2 + 7.51E-6 1.00003 =% 0.00008 0.989 |-
5,65,5 7.01791E-2 7.0182E-2 £+ 5.10E-6 1.00004 £ 0.00007
5,75,5 5.22062E-2 5.2208E-2 + 3.68E-6 1.00003 £+ 0.00007 hg_ Figure 4. Sketch of Problem 2, shield with void duct
5,855 4.03188E-2 4.0320E-2 £+ 2.77E-6 1.00003 £ 0.00007 0.998 |-
5,95,5 3.20574E-2 3.2059E-2 £+ 2.16E-6 1.00005 £ 0.00007 ]
0897 -
0.908 1 ! L 1 z
ZB (y:95 Z:5) 0 20 40 60 80 100 ~ LAY
! £
y (cm) = e 10D
X,¥,Z Analytic COG COG/Analytic 2 /
5,955 3.20574E-2 3.2058E-2 + 2.16E-6 1.00002 % 0.00007
15,95,5 1.70541E-3 1.7053E-3 + 2.27E-7 0.99994 % 0.00013 10002 |
25,95,5 1.40557E-4 1.4055E-4 + 2.05E-8 0.99995 % 0.00015 Problem 28 (y =85, z=5) — COG
35,95,5 3.2705BE-5 3.2704E-5 £ 4.68E-9 0.99995 £ 0.00014
45,95,5 1.08505E-5 1.0851E-5 % 1.44E-9 1.00000 £+ 0.00013 1.0001 B o
55,95,5 4.14132E-6 4.1412E-6 + 5.1E-10 0.99997 % 0.00012 B -
L ¢ 10 60 (cm)
= L
E 1.0000 ..........................
p 5 |
2
%o.gggg I
T |
10,9998 [
06007 k L L L L
0 10 20 30 50 1]
X {cm)

The results for Problem 2 are EXCELLENT;

15 (100%) <

10; 0 (0%) < 20; 0 (0%) < 30
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Kobayashi problem 3 results — ¢

3A (x=z=5) i
Problem 3A (x =z = 5) — COG
X,Y,2Z Analytic coG COG/Analytic
5,55 5.95659E+0 5.9524E:0 % 8.93E-3 0.99930 % 0.00150 I I I I I I 1 I I
5155 137185E:0 L3720E.08 22464 100011 & 0.00016 o I USSR NSO SRR NS SSUSNONY O SN SN SR
5,255 5.00871E-1 5.0093E-1 + 5.11F-5 1.00012 + 0.00010 .
5,355 2.52429E-1 2.5246E-1 + 2.21E-5 1.00012 + 0.00009 Z
5,455 1.50260E-1 1.5028E-1 #+ 1.21E-5 1.00013 + 0.00008 =
5,555 9.91726E-2 9.9185E-2 + 7,51E-6 1.00013 + 0.00008 é"-s% i Figure 8. Sketch of Problem 3, shield with dog leg void duct
5,655 4.22623E-2 4.2267E-2 + 3.06E-6 1.00011 + 0.00007
5,755 1.14703E-2 1.1472E-2 #+ 8.05E-7 1.00015 + 0.00007 &
5,855 3.24662E-3 3.2470E-3 + 2,22E-7 1.00012 + 0.00007
5,955 9.4B324E-4 9.4844E-4 + 6.36E-8 1.00012 + 0.00007 0998 [~
— — z
3B (y_55, 2_5) 0007 1 | L 1 ‘E‘
1] 20 40 60 80 100 ~ . r

X, ¥Z Analytic CoG COG/Analytic y (cm) & fF——
5,555 9.91726E-2 9.9172E-2 + 7.51E-6 0.99999 % 0.00008 e
15,55,5 2.45041E-2 2.4503E-2 + 2,82E-6 0.99996 % 0.00012 gl Sk
25,55,5 4.54477E-3 4.5445E-3 £ 5.45E-7 0.99994  0.00012 o /
35,555 1.42960E-3 1.4295E-3 £ 1.60E-7 0.99993 % 0.00011 1.00010 /
45,55,5 2.64846E-4 2.6483E-4 + 2,70E-8 0.99994 = 0.00010 Problem 33 (y = 55, z=5) — coG c
55,55,5 9.14210E-5 9.1418E-5 + 8.40E-9 0.99997 + 0.00009 = o /10

R S0 10 30 40 60 (ew
3C (y=95, z=35) oomo |-
&

PRI Analytic CoG COG/Analytic I
5,9535 3.27058BE-5 3.2701E-5 + 4.68E-9 0.99985 + 0.00014 é
15,9535 2.68415E-5 2.6837E-5 % 4.00E-9 0.99983 + 0.00015 2
25,95,35 1.70019E-5 1.6999E-5 + 2.70E-9 0.99983 £ 0.00016 099990 -
35,95,35 3.37981E-5 3.3791E-5 # 4.97E-9 0(.99979 = 0.00015
45,95,35 6.04893E-6 6.0480E-6 % 8.2E-10 0.99985 = 0.00014
55,0535 3.36460E-6 3.3642E-6 % 3.0E-10 0.99988 + 0.00009 naRes

0.00080 ! L 1 L
1} 10 20 30 40 50 60
x (cm)

The results for Problem 3 are EXCELLENT; 8 (36%) <

10; 14 (64%)

< 20;0(0%) < 30
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Cylinder benchmarks

TABLE 1 TABLE 1i
The Critical Radius in Mean-Free-Paths The Normalized Flux Distribution ¢(r)/¢(0)
Westfall Sanchez r/R c=1.05 c=1.1 c=16 c=20
¢ Fy (Ref. 6) (Ref. 10)
0 1 1 1 1

1.01 13.12551647 13.12551647 0.25 0929851 0.936052 | 0.954996 | 0.959783
1.02 9.04325484 9.043255 0.50 0.733990 | 0.756084 | 0.824845 | 0.842634
1.05 541128828 5411288 0.75 0452168 | 0.492189 | 0.621823 | 0.656963
1.1 3.57739129 3577391 3.57739129 0.85 0.326662 | 0.371791 0.522344 | 0.564397
12 2.28720926 4 2287209 091 | 0249166 | 0296040 | 0.456627 | 0.502561
1.3 1.72500292 1.72500292 0.95 0.195805 | 0.243013 | 0.408837 | 0457217
14 1.39697859 1.396979 0.98 0.153085 | 0.199922 | 0.368807 | 0418991
1.5 1.17834084 1.17834085 1 0.117908 | 0.164122 | 0.335065 | 0.386649
1.6 1.02083901 1.020839

1.8 0.80742662 0.807427

20 066861286 0.668613 0.66861287

Critical radius and flux determined numerically using the Fy method to solve a singular
integral equation using basis functions.



Cylinder benchmark results — R- and ¢
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NUCLEAR CRITICALITY SAFETY PROGRAM

COG criticality calculations to search for the radius corresponding to k4 = 1

The results for the cylinder benchmarks are EXCELLENT

Critical Radius

Thomas et al
13.12551647
9.04325484
5.41128828
3.57739129
2.28720926
1.72500292
1.39697859
1.17834084
1.02083901
0.80742662
0.66861286

COG
13.129000
9.071907
5.406602
3.576979
2.287167
1.7245991
1.396939
1.178302
1.020835
0.807410
0.668612

Ratio
1.00027
1.00317
0.99913
0.99988
0.99998
0.99999
0.99997
0.99997
1.00000
0.99998
1.00000

rfR
0
0.25
0.5
0.75
0.85
0.91
0.95
0.98
1

rfR
0.25

0.75
0.85
0.91
0.95
0.98

Thomas et al

1.000000
0.929851
0.733990
0.452168
0.326662
0.249166
0.195805
0.153085
0.117908

Thomas et al
1.000000
0.959783
0.842634
0.656963
0.564397
0.502561
0.457217
0.418991
0.386649

Flux (c=1.05)

COG
1.00450 + 0.01552
0.93038 + 0.00049
0.73366 + 0.00031
0.45185 + 0.00018
0.32666 + 0.00015
0.24913 + 0.00012
0.19581 + 0.00010
0.15315 + 0.00009
0.11800 + 0.00005

Ratio

1.00450 +
1.00060 +
0.99955 *
0.99929 *
1.00000 +
0.99987 *
1.00000 +
1.00040 +
1.00070 +

Flux (c=2)

COoG
0.98526 + 0.03B87
0.96013 + 0.00046
0.84248 + 0.00025
0.65718 + 0.00015
0.56425 + 0.00015
0.50261 + 0.00013
0.45700 + 0.00011
0.41896 + 0.0000%
0.38672 + 0.00005

0.01552
0.00053
0.00042
0.00039
0.00045
0.00047
0.00050
0.00056
0.00042

Ratio

0.98526 =
1.00036 +
0.99981 +
1.00033 £
0.99974 =
1.00009 =+
0.99953 =+
0.99993 +
1.00017 £

0.03887
0.00048
0.00034
0.00029
0.00027
0.00026
0.00024
0.00022
0.00014
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Shmakov benchmarks — K.+, Aand ¢

p

« Shmakov solves the one-speed neutron transport equation to obtain
simple closed-form analytical expressions for:

— K (criticality) or A (alpha)

— ¢ (and reaction rates)
« Solution is easy due to back-and-forth approximation (u=+1)
» For example — a solid sphere:

PR =

b
arctan ( ﬁ)
aZ

Vor—at

4nrvN(r,u) = %u(O){cos(pr\sz —a?)[8(1-p)+ (1 +w|+ J%sin(pr\/bz —a?) [8(1-p) — 8(L+ W]}

where b+a=o.-0,(1-290 and b-a=o(G-1)-o

« Back-and-forth scattering model added to COG to enable comparison
to exact analytic values

10
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Shmakov benchmarks — solid sphere k and A

- One group parameters

Ts 6.47 bn scattering cross section
q 0.1 probability of back scatter for o<
Ta 0.13 bn absorption cross section
Of 1.25bn fission cross section
0.5 probability of back scatter for of
VE 26 neutrons per fission
E 1 MeV neutron energy
v 138 c/107 5 neutron velocity

* k4 (criticality) and A (A = a/10, where a is in gen/usec)

2.5 14 r
f———— ——
P o 12 P
20 T Shmakov - eq. 2.1 [ o Shrngkov - eg. 7.8
/ o COG 10 = 5-“/ o COG
r B r
I s i !
B i . afF
- k-2
= i ."ll -§. 5
= [
L =
E @
! 2.k |
10 @ E
] ) |
- 5L !
[ ] [ |
05 H Shmakowv Fig. 5 i ] o __l, Shmakow Fig. 8
Uniform Sphere | Uniform Sphere
2f |
Y PR ] " P R ] " R [ | | i
o 1 2 3 4 5 & 7 B 9 -4 - : -

] 2 4 ] ]

Rho*R (1/cm2) Rho*A (1/em2)

The results for the Shmakov solid sphere benchmarks are EXCELLENT
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Shmakov benchmarks — hollow sphere k_+and ¢

* k¢ (criticality) and flux (U=outward, S=inward)

25

— L —_ m— — —0—]
Shmakov - 8q. 3.13
20|
//‘/ o COG
/
15 /
P
=
b {
1wopE
0.5 _,‘I' Hallow Sphare
d =2 cm
an ! ] 1 1 ] 1
] 1 2 3 S B T 8

&

Leakage
Scattered
Fissioned
Absorbed

Collided

WF
Kert

The results for the Shmakov hollow sphere benchmarks are EXCELLENT

Rho*(r0 - A) (1/cm2)

» Reaction rates (balance table) for r0=2 cm and R=12 cm

Analytic
1.3234298
5.9850792
1.1563136
0.1202566
7.2616495

2.6
1.1563136

COoG
1.32335 + 0.00009
5.98491 + 0.000159
1.15637 + 0.00007
0.12025 + 0.00003
7.26153 + 0.00022

2.60002
1.15637 + 0.00007

ES -]
T -

(5]
I

= e
@ @
I I

=
=
T

Shmakev Fig. 8
Hollow Sphena
M=2cm
R=12cm
Kef = 1.1563

1

U (Outward Flux) & S (Inward Flux)

=
Y]
T

=}
T
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Conclusion

COG performance is excellent

No coding errors were discovered providing additional confidence in
the algorithms in COG

The Shmakov benchmarks are an excellent contribution to the field of
analytical benchmarks

Additional benchmarks are in progress in support of LLNL operations
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Questions?

. COG11.1 — New Features, Data, V&V

Rich Budk, Dave Heinrichs, Chuck Lee, Ed Lent
Lawrence Livermore Mational Laboratory, 7000 East Avenue, L-198, Livermore, CA, 94550, USA

. COG11.1 — Practical Applications

Rich Budk, Dave Heinrichs, Chuck Lee, Ed Lent
Lawrence Livermore Mational Laboratory, 7000 East Avenue, L-198, Livermore, CA, 94550, USA

iis wark parfarm=d undar the susgizes of the US. Dapsrtmant of Energy by Lawrenzs Livarm are Hatiensl Lsbarstary under Cantrce DE-ACS2 7HADT 342

i work pertorm e under the auspiers of the LS. De parement ofEnergy by Lawrence Uvermore Manons Laboratory undes Contract DE-ACS2-OTNAZ7344
{ 0.00E+00, B.382E-+01,—1.000E+00) [ 63976401, 9.392E401,—1.000E+00)
il ==r=]
CritDetVR — Enables hybrid criticality/shielding COGIL1BETA2 has been extensively tested using
calculations for variance reduction of detector the following test suites: mecpeoch ]
scores with no bias in the keff calculation. Regression tests (11 cases) — = = =
DFG - Simulates delayed gamma emission ICSBEP criticality benchmarks (501 cases) T T
from the fision paduct dcay. NRF tests (3 cases) e = i
NRF — Simulates nuclear resonance SINBADshie\ding benchmarks (Qcases) ] [ ]
fluorescence reactions for nuclear photon SILENE Activation benchmarks (11 cases) Z ] ]
absorption and emission. PHOTONUCLEAR benchmarks (16) . - ]
RadSrc — Automatic photon source calculation KOBAYASHI exact solutions (in progress) | [jj
for gamma emission from a-decay at a user- CRITCYL exact solutions (in progress) |1 1|
specified time (age).
COGLEX - Update includes dictionary entries - = = ]
for compounds with thermal scattering law. .
LLNL is automating V&V code/data testing as
described by M.-A. Descalle at ND2013. BNL is
recin

Detailed Model of ZPPR-21F
Reactor Physics

NRF Library (Dr. Jim Hall, LLNL):
COGNRF Website/Email

RadSrc Library (Dr. Ed Lent, LLNL): Please visit our website at http://cog.linl.gov — -
COGRS and contact us at COG@IInl.gov. . - T
4

DFG Libraries (Dr. Ed Lent, LLNL):

DFG.ENDFB7R1
DFG.JEFF3.1.1 LAWRENCE LIVERMORE NATIONAL LABORATORY

DFG.JENDL4 Science In e Nallons! Inteceet ,

Neutron Libraries: COG: A High Fidelity Multi-Particle Transport Code m———
ENDFB7R1, PT.ENDFB7R1, T.ENDFB7R1 e — AN
JEFF3.1.2,  PT.JEFF3.L.2, T.JEFF3.1.2 Prealipl - Storage Vault Model Neutron Radiography ®

Shielding & Criticality Safety

JENDL4 -
Dosimetry Library: —— e — o 1 =
IRDFF1.02 = ] 2 o ¥ i

i - = =13 ey oomom B a. 5 8o 18
Sélﬂgfr;eﬁ[;bfc”é Formats: — o L N 9975 Shippifig Container

f ! o p o rwora | Shielding & Criticali
GND (in progress) % ol Q‘n( ALLiN ] . L -
Many, many older data libraries continue to be § o S
supported (e.g., JEF2.2, ENDF/B-V). g“:* .
MC-to-5, waf (E——
o 1 1 L L L L AL Tl L L L L *gﬂlﬁm%}-;:!:; "é‘c"::;.ej

g
Te1 100 1al 1a2 143 1st 185 Lo 17 1s8 1e8 let0

Tim foc) Lewrance Lvtmore Natonel Lacralary B —_—
Fission Product Decay Gammas _ — 1 e
Dose Assessment Practical User Training Sfassme: "

ARDRA - COG geometry package is included in
LLNL's modern massively parallel 5, code with
automatic meshing features.
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