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I. INTRODUCTION

t the past, eriticnlity snfety nnnlyses relnted to the hnndling nnd storage of fissile
mitevinds were obtnined from eritien]l experiments, nuelenr snfety gaides, nnd handbooks.
As o oresult of vising costs nud time delnys nssocinted with evitieal experiments, st
experimental facilities limve been elosed, triggering nn inereased relinnee on compntationnl
methods, With this relinnee conmes the neal nud requircient. for vedundant volihition by
independem eritienlity codes, Currently, the KENO! Moute Curla temsgeat conle i the
most winlely wsed tool Tor eritieality safety calealntions, For other tennsport eonles, soely
an NONTEY o L aeeeptend Ly thee eritienlity safety comnmnity nzs o redumbant vihidation

taol, they et he wblbe tooreprodaee experimental vesinlts ot et ns o well s KENO.



The Monte Carlo neutron, photon, and clectron transport code MCNP, developed by
Los Alamos Nationnl Laboratory (LANL), X-6 Group, has an extensive list of attrac-
tive features, including continuous energy cross sections, gencralized 3-D geometry, time
dependent transport, criticality kegs calculations, and comprehensive source nud tally ca-
pabilities. It is widcly used for nuclear criticality analysis, nuclear reactor shiclding, oil
well logging, and medical dosimetry calenlations (to mention a few) in imany research lab-
oratorics within the United States, Canada, Europe, ad Japnu, in addition to over 100
nniversities aud private compani s throughout the world.

This benelunark study is third in a series of LANL MCNP benchmark reports. The two
prior reports™! demonstrate that MCNP can necurately model several analytic problems
s well as a diverse set of neutron and photon experiments. This report specifienlly ad-
resses eriticnlity and benehmarks the KENO 25 problem test set. These sample problems
constitute the KENO stnndnrd benelimark set and represent n relntively wide varicty of
eriticality swoblems,! The KENO Monte Carlo colle wis chosm beennse of its extensive
benelinrking sgainst annlyticnl and expecimentnl eritienlity resnlts. Whereas the nneer-
tuinty in experimental purnmeters generally prohibits code ynlidation to better than alom
4 in ko rp the value of kegpp for eritienlity is considered ummeeeptable i it deviates inae

.
than o few pereent from measurements,™

1. BENCIHMARK OVERVIEW

Tabie b presents an overview of the computer systems and code inpot assovinted with thie
Lenelanaris et Ppon converting, the KENO 25 prabbem test st tooan equivabent MONTD
tesi st every ellort wisommde taadupliente fentnpes cnployved e the KENO dapon liles (e
MONT iesmts e given in Appendix A of Rel G). Whenever puessilibe, wodeseription ol the

actund experiment wasoanl tocvenify the peana ey spectfications sl resaltza, o abdition,



all volnmes and material densities calenlated by KENO and MCNDP were compired to
HSUre cousistency.

With one exception (natural boron), the MCNP calculations were performed nsing the
LANL "recommended” cross-sections (i.e., atomic identifiers ending with .50c at 300 K,
based on ENDF/B-V as processed by the NJOY code - see Ref. 2). Where npplicable.
the S(a.3) treatment for hydrogen (in water and paraffin) was inclnded to account for
nwlecnlar seattering of thermal neutrons (the hydrogen S(a,3) data for polycethylene was
substituted for parnttin). KENQO was run in stand-nlorse mode, separate from the SCALLL
package which provides eross-section processing, thus the Hansen-Roach 16 gronp library
was cmployed.

ey features of the KENO 25 problemn test set nre sinmmmarized in Table 1 nul additionat
details cim be found in Ref. 6. Note that over half of the configurations include the nrauinm
nwtal 2C it shown in Fig. I(n). The reniining figures (b-d) nre incicative of the
eenetvie diversity inelndel s the test set. Although severnl of these problems model the
<itmne geonetry, they were ineludenl to test varions fentires of the KENO/NOCND transport

I'Illll'.'\'.

I BENCHMARK RESULTS

The NMONT values for K gy mee those of the covnriimee weighitol combinal estunntor (o
vambinition of the calliston, alisorption, nud tenek lengthe estimmtars), NTCONP peavidhe.
aevenestingdogs of Ky o mnb althouph the optimal estineater is problem dependent il
Jwaabl L abetermineed Tron eadenlated correlation coethiviene, aosinple entinaton iooepontedd
here e climinnte ambapnity, The KENO oatpat, onc the other e, juelides o sinele
cetiadon Toa Ky Owbiebe npponas toc Tee e eollision eewad catimanton ),

Phe MTONTY/RENO estintes ol K gy fon el of the 20 sonpde peabibene i puesentend

Fable FEL wich peveent ditherenees feetween the tramepont eones e well s Tiean e puiment



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 subceritical, whercas experimental results for 9 and 16, being
geometrically infinite, most likely do not exist. Problem 17 is likely a critical experiment.
and the KENO input for problemn 18 appears to devinte significantly from its relatid
experiiment.

While the MCNP average deviation from experiment (.2%) is rotably smaller than that
of KENO (.4%), both codes provide excellent agreement with experimental resnlts, The
impact of the MCNDP S(a,) thermal seattering treatment is evident in Table IV, Any
reducetion in the MCNP/KENO discrepancies as & result of including this trentment can
be debnted; however, its inclusion clearly improves MCNP's agreement with experimentnl

data.

1V. CONCLUSIONS

The eritienlity enpability of MCNP and its relnted continnous exergy cross-section data
have been benelunarked to the KT 7T0 eriticality transport code as well ns to experimental
data, The KENO 25 problem test set was chosen for use in this analysis siuce it represents
n relatively wide variety of eriticality probleams and is nsed to validnte KENQ. Resnlts
froan this benelinrk study indiente thint MCNP enn sueeessfully prediet experimental
measnrement s, i some enses better than KENQ, and thas ean neenvately model i viriety

ol vritieality problems within expected datn und statistienl nneertainties.
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TABLE I

OVERVIEW OF COMPUTER SYSTEMS AND CODE INPUT

MCND
COMPUTER
Hardware Cray Y-MD
Opernting System UNICOS
CODE
Version 4.2
Parneters
Iuitial Source Uniform Vohune
Particles/Cycele 3000
Settle Cycles 20
Totnl Cycles 200
Dnta Continmons Encrgy

ENDF/B V with S(«, f)

KENO

Crny X-MDP

CTSS

V.a

Uniforin Volimne
3000
20
200

Hansen: Roach
16 Group



TABLE II
FEATURES OF THE KENO 25 PROBLEM TEST SET

Problen No. Enrichment Array Description

URANIUMN METAL

1.2,10.11, 93.2 2x2x32 2C8 (wraniumn metal cylinders)
22,23,24,25

3.4 93.2 2x2x2 2C8 with 15.24c1x: parathin: ref.

5 93.2 2x2x2 2C8 with 30.48cin parattin ref.

6 93.2 - 2C siugle nnit

T 93.2 2x2x2 2C with speenlar ref. on 3 sides

S 93.2 2C with speculnr ref. on ends

9 93.2 Infinite 2C with speculnr ref. on nll sides

13 93.2 2 cuboids in a cylindrical nnnmlus

14 93.2 1 evlinder in o eylindrieal anmlus

16 92.6 Sphiere 6.5¢im radins with water vef.

URANIUN METAL/URANYL NITRATE SOLUTION

12,19 93.2/92.6 2x2x2 4 metnl 2C units 4L ngueons units

URANYL NITRATE SOLUTION

IS 92.6 Ix3x3 TE2T with 15.20cem parnflin vof,

URANYL FLUORIDIE SOLUTION

16 03.2 hidinite 5 slnbs speentne vel, on nldl sides
17 9:3.0 Sphere 16.0cm vadins
) 03.2 7 Triangnlar pitched evinders

21 1.8 Sphere 3.Ge rndins, U8 litled



TABLE III

kess Values for KENO and MCNP

MCNP KENO %WDIFFERENCE
relative relutive  mcenp from  menp from  keno from
case  keyy error(%)  keyy error(‘4.) keno exp exp
1 0.9999 09 0.9996 A1 0.0 -0.0 -0.0
2 0.9999 09 0.9996 11 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
D 0.9995 27 1.0210 .09 -2.1 -0.0 2.1
G 0.7161 10 0.7187 13 -0.3 * *
v 0.9993 09 0.9984 A1 0.1 -0.1 -0.2
8 0.9101 09 0.9:130 12 -0.3 * »
9 2.2905 .05 22617 .01 1.3 * *
1o 0.9979 A4 0.9996 A1 -0.2 -0.2 -0.0
11 0.9979 1 0.9982 A2 -0.0 -0.2 -0.2
V2 0.9997 A2 1.0055 A3 -0.6 -0.0 0.6
13 0.99:12 09 1.0026 A2 -0.8 -0.6 0.3
11 0.9991 09 1.0011 10 -0.2 -0.1 0.1
15 L.GOLG Jd1 1.0012 20 0.0 V.2 0.1
16 0.9902 09 0.99306 07 -0.3 * *
iv 1.0029 A 0.9783 23 2.5 * *
I8 1.0392 13 1.0088 b 2.1 * *
19 0.9997 A2 1.0011 A3 -0.5 0.0 0.1
20 0.9960 A2 0.9791 A 1.7 -0.1 -2.1
i 0.99G2 08 1.0012 0Y -0.5 0.1 0.1
22 0.9992 00 0.99% 1 -0.0 -0.1 0.0
24 0.9949 049 0.9996 A1 0.0 0.0 -0.0
2 0.9 | 08 0.999 A1 0.1 0.1 -0.0
20 1.0001 .08 0.9987 A1 0.2 0.0 -0.1

Y Expevinental vialaes of ke rp conld not b loeatesl for these problems,



TABLE IV

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

MCNP with S(a,7) MCNP no S(a,5) %DIFFERENCE
relative relative  with S(a,8) no S(a,B) with S(a,8) no S(a,8)
case kg error(%) k.y; error(%) fromkeno fromkeno fromezp [rom erp
3 0.9990 11 1.0168 A1 -0.2 1.6 -0.1 1.7
1 0.9945 .28 1.0181 .25 -0.7 1.6 -0.5 1.8
5 09995 27 1.0158 .28 -2.1 -0.5 -0.0 1.6
12 09997 12 1.0010 13 -0.6 -0.4 -0.0 0!
15 1.0016 11 1.0189 12 0.0 1.8 0.2 1.9
16 09902 .09 0.9953 .09 -0.3 0.2 * *
17 1.0029 14 0.9830 15 2.5 0.5 » »
18 1.0302 13 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 -04 -0.7
21 0.9962 .08 0.9611 10 -0.5 -2.0 -04 -1.9

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



