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I. INTRODUCTION

Iy the past, eriticality safety nnnlyses reloted to the handling sud storage of fissile
materialy were obtained from eritienl experiments, nuelear safety guides, nnd handbooks.
As o result of rising costs and time delnys nssocinted with ervitieal experinents, most
experimental facilities have heen elosed, triggering an inereased velinnee on computationnl
methaods, With this relinnee comes the need and requivernient. for vedundant validotion by
independent eritieality codes, Currently, the KENO! Monte Carlo (ransport code iz e
most widely used tool for eritieality safety caleulations, For other transport cades, soely
as NTONTL 1o he aceepted by the eritieality sofety commuunity ns avedundant validation

tool, ithey et he nble to repradaee expernimental resalts ot lenst as well s KENO,



The Monte Carlo neutron, photon, and electron transport code MCNDP, developed by
Los Alamos National Laboratory (LANL)., X-6 Group, has an extensive list of attrae-
tive features, including continuous energy cross sections, generalized 3-D geometry, time
dependent transport, criticality k.py caleulations, and comprehensive source and tally ca-
pabilities. It is widely used for nuclear criticality analysis, nuclear reactor shiclding, oil
well logging, und medical dosimetry calculations (to mention a few) in many research lal-
oratories within the United States, Canada, Europe, and Japau, in addition to over 100
universities and private compani s throughout the world.

This benchmark study is third in a series of LANL MCNDP benchmark reports. The two
prior reports?! demonstrate that MCNP can necurately model several analytic problems
as well as a diverse set of neutron and photon experiments.  This report specifically ad-
dresses eriticality and benchmarks the KENO 25 problem test set. These sawple problems
constitute the KENO standard benchmank set and represent a velatively wide variety of
eriticality svoblems.! The KENO Monte Carlo code wis chosen beennse of its extensive
benehmarking against analytical and experimental criticality results. Whereas the uncer-
tainty in experimental parnmeters generally prohibits code validation to better than about
PAin K, rpo the value of k. gy for eritieality is considered unneeeptable if it deviates more

.
thim a few pereent from measurements.®

1. BENCIHMARK OVERVIEW

Tabie T presents an overview of the computer systems aud code input associnted with thie
Lenchiark effort, Upon converting the KENO 24 problem test set tooam egquivalent NOCND
tesi ety every ellort was made to dupliente features enaployed in the KENO inpat files (the
MONE ieouts ave given in Appendix A of Ref. 6). Whenever possible, n deseription of the

actunl experiment wan ned to venify the peona tey speeifieations and resalte, o addition,



all volumes and material densities calculated by KENO and MCNDP were compared to
cnsure consistency.

With one exception (natural boron), the MCNP calculations were performed using the
LANL “recommended” cross-sections (i.e., atomic identifiers ending with .50¢ at 300 I,
based on ENDF/B-V as processed by the NJOY code - sce Ref. 2). Where applicable,
the S(a,8) treatment for hydrogen (in water and paraffin) was included to account for
molecular scattering of thermal neutrons (the hydrogen S(a,g) data for polyethylene was
substituted for paraftin). KENQO was run in stand-alone mode, separate from the SCALE
package which provides cross-section processing, thus the Hansen-Roach 16 group library
wus employed.

Key features of the KENO 25 problem test set are sununarized in Table 1, and additional
details can be found in Ref. 6. Note that over Lalf of the configurations include the uranium
metal 2C unit shown in Fig. 1(n). The remaining figures (b-d) are indicative of the
eeonetrie diversity incladed ju the test set. Although severnl of these problems model the
<ine geometry, they were inchuded to test various features of the KENO/ANCNP transport

l'lllll‘.‘-i.

1. BENCHMARK RESULTS

The NCND vilues for K, gy mee those of the covnrianee weighted combined estunator (a
combination of the collision, ahsorption. and teack length estimators), NTCONP provide:,
seven estintors of Ky and althouph the optimal estimntor is problem dependent ol
Donld hedetermined from ealealated correlation coellicients, o sinple estimaton ovepaontedd
Lere ta eliminate mmbipnity,  The KENO outpat, on the other hoaned, ineludes o sinele
c-tiator for k,pp Cwhivelr anppenes to be o collision baad estimaton ),

Fhe NTONT/IENO estunates of &, gy for each of the 220 womple problene i presented o

Lable THT, with peteent ditlerenees between the Lot codes anowell ies from expetinent



Note that experimental results are not provided for several of the inputs (6,8,9,16,17,18).
Of these, 6 and 8 are clearly subcritical, whercas experimental results for 9 and 16, heing
geometrically infinite, most likely do not exist. Problem 17 is likely a eritical experiment,
and the KENO input for problemn 18 appears to deviate significantly from its related
experiment.

Wihile the MCNP average deviation from experiment (.2%) is rotably smaller than that
of KENO (.4%), Loth codes provide excellent agreement with experimental results, The
impact of the MCNDP S(a,/) thermal seattering treatment is evident in Table IV, Any
reduction in the MCNP/KENO discrepancies as a result of including this treatment can
be debated; however, its inclusion clearly improves MCNDP’s agreement with experimental

data,

1V. CONCLUSIONS

The eriticality enpability of MCNDP and ity related continuous energy cross-section data
have been benchmarked to the KT 770 eriticality transport code as well as to experimentul
data, The KENO 25 problem test set was chosen for use in this analysis since it represents
n relatively wide variety of criticality proble.ns and is used to validate KENQ. Results
from this henchmrk study indiente that MCNP ean successfully predict experimental
measurements, in some enses better than KENQ, and thus ean aceurately model o variety

of eriticality problems within expected datn and statistien] aneevtainties.
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TABLE I
OVERVIEW OF COMPUTER SYSTEMS AND CODE INPUT

MCNP KENO
COMPUTER
Hardware Cray Y-MP Cray X-NP
Operating System UNICQOS CTSS
CODE
Version 4.2 V.a
Parameters
Initial Source Uniform Volune Uniform Volume
Particles/Cycle 3000 3000
Scttle Cycles 20 20
Total Cyeles 200 200
Data Continuous Energy Hansen Roach

ENDF/B V with S(«, 4) 16 Group



TABLE II
FEATURES OF THE KENO 25 PROBLEM TEST SET

Problem No. Enrichment Array Description

URANIUM METAL

1,2,10.11, 93.2 2x2x32 2C8 (uranium metal cylinders)
22.23,24,25
3.4 03.2 2x2x2 2C8 with 15.24c1n paraffisn: ref.
5 93.2 2x2x2 2C8 with 30.48cm paraftin ref.
6 93.2 - 2C single anit
T 93.2 2x2x2 2C with specular ref. on 3 sides
S 93.2 2C with specular ref. on ends
9 93.2 Iufinite  2C with specular vei. on all sides
13 93.2 2 cuboids in & eylindrical nunulus
14 93.2 1 eyvlinder in n eylindrieal annulus
15 92.6 Sphere 6.5¢m radius with water vel.

URANIUM METAL/URANYL NITRATE SOLUTION

12,19 93.2/92.6 2x2x2 4 metal 2C units - b ngueons units

URANYL NITRATE SOLUTION

IS 92.6 Ix3xd 1F27 with 15.24¢m paraflin vef.

URANYL FLUORIDE SOLUTION

16 04.2 Iufiuite O slabs specular el on all sides
i 93.0 Sphere 16.0¢m radins
) 03.2 7 Trinngular pitehed evhnders

2] 4.89 Sphere 3.6 radins., 98V illed
|



TABLE III

kefs Values for KENO and MCNP

MCNP KENO %WDIFFERENCE
relative relative  menp from  menp from  keno from
case kegy error(%) kess error(‘) keno erp exp
1 0.9999 09 0.9996 A1 0.0 -0.0 -0.0
2 0.9999 09 0.9996 A1 0.0 -0.0 -0.0
3 0.9990 A1 1.0009 A3 -0.2 -0.1 0.1
1 0.9915 28 1.0016 15 -0.7 -0.5 0.2
5 0.9995 27 1.0210 .09 -2.1 -0.0 2.1
G 0.7161 .10 0.7487 13 -0.3 * *
7 0.9993 .09 0.9984 11 0.1 -0.1 -0.2
8 0.9401 .09 0.9:130 A2 -0.3 * *
9 2.2905 05 22617 .01 1.3 * *
Lo 0.9979 A 0.9996 A1 -0.2 -0.2 -0.0
L 0.9979 Ad 0.9982 A2 -0.0 -0.2 -0.2
2 0.9997 A2 1.0055 A3 -0.6 -0.0 0.6
13 0.9942 09 1.0026 A2 -0.8 -0.6 0.3
I 0.9991 09 1.0011 10 -0.2 -0.1 0.1
[5 1.GO1G 1 1.0012 .20 0.0 0.2 0.1
16 0.9902 09 0.9936 07 -0.3 * +
n 1.0029 Al 0.9783 21 2.5 * *
(8 1.0392 A3 1.0088 b 2.1 * *
19 0.9997 A2 1.001:1 A3 -0.5 0.0 0.1
20) 0.9960 A2 0.979] 1 1.7 -0.1 -2.1
21 (.9962 .08 1.0012 .09 -0.5 0.1 0.1
22 .9992 09 0.9996 1 -0.0 -0.1 0.0
24 0.9999 09 0.9996 A1 0.0 0.0 0.0
21 00,9991 08 0.9999 A 0.1 0.1 -0.0
20 1.00014 .08 0.9987 A 0.2 0.0 -0

Y Experimental values of &, r7 conld not be located for these problems,



TABLE IV

k.;; Values for MCNP with and without
the S(a, ) Treatment

MCNP with S(a,3) MCNP no S(a,B) %DIFFERENCE

relative relative  with S(a,8) no S(a,B) with S(a,8) no S(a,B)
case kg error(%) k.y; error(%) fromkeno fromkeno fromezp [romerp
J  0.9990 11 1.0168 A1 -0.2 16 -0.1 1.7
1 0.9945 28 1.0181 .25 -0.7 1.6 -0.5 1.8
5 0.9995 27 1.0158 .28 -2.1 -0.5 -0.0 1.6
12 0.9997 12 1.0010 13 -0.6 -0.4 -0.0 0!
15 1.0016 A1 1.0189 12 0.0 1.8 0.2 1.9
16 0.9902 .09 0.9953 .09 -0.3 0.2 * *
17 1.0029 14 0.9830 .15 25 0.5 . "
18 1.0302 A4 1.0479 12 2.1 3.9 * *
19 0.9997 12 1.0010 13 -0.5 -0.3 -0.0 0.1
20 0.9960 12 0.9932 .16 1.7 14 -0.4 -0.7
21 0.9962 .08 0.9611 .10 -0.5 -2.0 -04 -1.9

* Experinental values of k,y; could not be located for these problems.
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Fig. 1. Sample geometries of the KENO test set (problems 6,13,16, & 18).



