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Transport and Reactor Kinetics Computer Codes

Takumi ASAOKA, Yasuaki NAKAHARA, Takeharu ISE,
Tsuneo TSUTSUI, Takahiko NISHIDA, Kunihiko HORIKAMI ,
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Division of Reactor Engineering, Tokai, JAERI

(Received January 17, 1974)

The recent development of the large number of complex
computer codes has resulted in the increase of the necessity
of benchmark tests for the evaluation of the ability (applic-
ability, efficiency and precision) of computer programs.

There is another category of the benchmark test that orientates
towards providing a means of checking nuclear data through the
analysis of integral experiments. The present report is conc-
erned not with this category but with reference calculations
from the viewpoint of numerical analysis. The benchmark test
therefore requires as benchmarks ''exact! results with evaluated
aumerical errors. This means that the benchmark problem should
carefully be selected to be useful to develop numerical solution
techniques or error analysis methods for this special problem.

We choose for our present interest some representative comp-
uter codes to solve neutron and gamma-ray transport problems
on the basis of the Monte Carlo, Sy or diffusion method and
to deal with space-dependent reactor kinetics based on these
three methods. Our review is then given for various tests so
far performed in different laboratories for the evaluation of
these computer programs. For one-dimensional Sy codes, general
conclusion is given about the best suited angular quadrature,
appropriate order of angular quadrature and total machine time
required for the calculation.

As a result of the review, we see that the benchmark problems
have been set up for one-dimensional SN codes in spherical geo-
metry and for two-dimensional diffusion codes in rectangular
geometry, so that these problems can be used also for our bench-
mark tests. For all other fields, however, the benchmark prob-
lems should be established through studies on error analysis
methods as well as the stability or reliability of numerical
solution techniques. In this connection, it is urged to enlarge
the range of applicability of the Monte Carlo method for obtain-
ing benchmarks for solutions of realistic problems.
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Table 2 Characteristics of representative Sy compuier codes
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DvF=w=—20  FRIOFTHEITERLD LE bﬂé Yot L U RO B S B R RR
DERBEOT, COF AP TEET—RKT Sy 7 — F0iF x5 7 SNLCERXTE HRAVOE A
%T@%QCQ%Q#%,%xhﬂﬁbﬂﬂ61ﬁwfﬂﬁ&ﬁﬁ%,%Gﬁﬁﬁﬁ?ﬂﬂu
o, TARTER@OCEFIN TG, & CTH M RO LT EH TR,

%4 Table 5 WO CTHBAND S DOEFRHOBRA L, WA » v 8L Sy OF -
ﬁ—N%ﬁﬁK%ofmvﬁ@@&ufﬁw%ﬂﬁkMQW?é&mﬁaﬁyQ%HLMhmp
SRR A AR AR S THMIICH S . TOEMA » v 2 BEERITY - Tno 7z 7k
ﬁ@mufﬁbﬂ’¥ﬂﬁﬁﬂ®wéﬁ%tbbWVq MR DOWTOREEOMBLEL N
@TE%E&%*%bTWOCﬂKﬁbHNMTmzﬁﬁﬂﬂmfﬂﬁpﬁﬁnﬂ & e,
%@M%ﬁeﬁfﬁm®ﬁ,ﬁf%%fvvlﬁ%ﬁﬁ$ﬁ%91maf#%@ﬁﬁﬁﬁm¢
L, AR A kg TFE AR L A F LT L L R A BT Dk
OEMREKR003G T, FHAREOEATTE0.02% TN T, Table 5 5 HIEZ -,

SRR EO R BT D E i Ry
Table 6 [CH & & DB EOIAE b ~OWEEEY, Table 7 WIXEZNALND ks BT
T AR TR S L b, CORRE, FRARGFPHEQTHO 2HEREO AT A
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BEEmETOMES AL TRO N, feCRIEFEEC L HEE - VAERTHEINLTA
B, BEANTHEREYS — PR BATE Y, —REEHABRLH -7 WIGTL— 228
GAKITZ —p7 sy @ TDAY & —ramitso VART—QUIR (nnTa b, CO3
SO — FOBED Table 4 K& EDTEWT,
qp{/fﬁwDOTDmcﬂ~Fﬂ,%@W@®ﬁﬁﬁwﬁo1mbﬁ,TDA&W%-

BREEEFOZEINTNE N,
4 RuFw—2 7 A POBARFEM

HkG (DY Fw—0 - FAPBEBIATAAD, CNOEIECEEEHRIALTH
ST éﬂfmoocnmﬁb,ﬂﬁmm%bmd T ) X aDEEPOEDN T — T
Lo M D, BRSBTS 3 - MO WTE, FRESMRMITHEINR
uwF&ﬁﬂmm@ THHBET (HIAEA =77 cwﬁmﬁéﬁ@a%%@ﬁ%ywﬂb
,:?:, ik R e b A A fcﬁ‘/ﬁ!@’ca’)éj i@k@ﬁi{@*ﬁ%rgﬂ%ﬁfﬁi‘? — N O HEEED, Bl
@@%%Wﬁ&bbn@@f 72 M Dh ?@{@f&mm¢©CruTé TFTH®EET
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B MATNTOF 2 bEED HTHE LR Tﬁfaéﬁ EREBINLERIOEIE -
Tnb ERY,

41 Sy A—FDF R b

— IR R
—Kmﬁ%af%&dﬂﬂmﬁﬁﬁ%&mwatﬂde&Wb\v—'@?xhﬁ,%%
DRyvFw—2  FRIOFTHELSTERLD LE %ﬂbﬁkkb’ﬂdﬁ@ e % A B2 AR
@W%ﬁ@f,c@%z%f“éwﬁmxswJ—bﬁfl,& AN EWHEDANDETS
%Tébocw%ﬁﬁﬁ,%xhvﬁbnﬁeiﬁw%ﬂ%&%ﬁﬁ,%@@%%ﬁ%ﬂﬂu
M,TNfiﬁmﬁﬁﬁéﬂTMbcCCTM%%@%%&&@T&&C

%4 Table 5 WO CTHMEN DS DOEFHEORA L, MRS 5 o BE Sy OF -
J—N%ﬁﬁm%ofmﬂz@ﬁ&pfﬁm%ﬂﬁkm®@%ﬁ&mmaﬁﬁﬁﬁMLmhmp
AR AR ARES TR E . TOEMA y ¥ R BIT A 5 T o TR
ﬁ@muf®b?’%%ﬁ%ﬁ@@%ﬁ%ﬁbb%ﬁm,ﬂEK?MTQJIK OTEHBE T N
@TE%&@%*mmecchﬁpSN&f@z%ﬁmomf%ﬁpﬁﬁnﬂﬁ%ﬁmm
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CEMRER003E T, HAMEOEAT TS 0,026 NG T, Table 5 7 HIEZ =,
mE Rk E ks EOEE Rl EE kTN, u

Table 6 i & &0 HEO IS ke ~OWEBFET, Table 7 HEALND ke (FTH
BEOMNS A
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"Table 4 Charaeteristics of space-dependent kinctics eodes

i Boundary

Time-integral

Program name, Geomeiries Feedback
conditions technigues -
WIGL—2 1~dimensi0nal;w510, Semi-implicit Xenon,
tslab,sphere !@,20 U-method Temperature,
& ecvlinder Control
GAKIT l1-dimensional ¢ =0, Exponential Xenon . Time-—
slab,sphéré .@’TU ltraﬁsfnrmﬂﬂioﬁ }dep_ cross
(& ecylinder gections,
Temperature
with heat
5 transfer
TDA 1-dimensional [Vacuvum, Implicif-weighted E—

slab,sphere

& cylinder

He flectiv e,

Perioedic,

diamond differencc,

Expopential differ-

White or jence
ialbedo
VARI-QUIR | (x.73,(r,z2), Lo =0, Tmplieit Temperature
1(r,¥) o' =0 (Variational meth~

od for space)
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" Table s ‘Extrapolated values of kosr For a 'small spherical
eritical system (Godiva obtained from varjous

66— group calculations

, Computer } y | Angular IRequired - \
\\ Computer - s 1 Bers
. code quadrature gscecuracy 10 :
TG  DTF—§ |IBM—7G30 iGauss-Legendre Pointwise 0.99604
DTVES) DITF—N- 1ODC—-360.0 S8t andard Total system | 0.99630
ANISN(36) | ANISN EIB;\*[*—BG 075 Gavss-Legendre Pn_intwise | 0.99596
ANTSN(79)1ANISN ‘ ITBM—-70¢0 {Clauss-Legendre Pointwise {.0.99612
Integral |Numerical solutien of thw Boltegmann . |fotal system - 0.9959T
intepral equation in a finite " ;
difference approximation




CJARRI-M 5

Table 6 Porcent deviation of k.ry from the extrapolated

value for Godiva in

> 6—group model

No. of
equal

EPace

meshes

Method

(Order of engular quadraturo N

4

g

10

DUF(G)
DTF(S)

ANTSNT

0606 40252 +0119 +0.088
+0.086¢. 40274 +0.134
+0.913(+0897) ..

+G.031 +0.017
+0.030

20

DTF{G)

CIDTE(S)

ANTSN

Integral

+0.914
+0.296

+0.253

+0.274 .
+0.258 (-

117 +0.066 +0028 <0014

132 40074

40

DTE{G)
DTI(S8)
ANT SN

Integral

+0.914
+0.297

+0.252
+0.27 3

115 40064 +0026 40012

+0.071(+0.056)

80

DTTF (G
DTF{S)
ANISN

Integral

a1

+0.91F
+0.997

+~0.252
+0.273

+~0064 40025
130 40072

+0.002

0017 ()

160

DY (G)
DTEF(S)

i +0.915

i4%01397

Integral}

+0.252
+0.272

+0064 +0.025
130 +0.072

+0011 +0.001

* Hesults on the

1T

IBM—356

0,75 and

in parenthesis oun the TBM—7090
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Total machine execution times {min.) for §—group

ko.rr Sy calculations for (Godiva

Neo.of equal o Order of angnlar quadrature N
Met hod :
gspace meshes 4 8 12 16 24 32 48
DTF(G) .33 052 070 088 123 158 230
10 (DT (8) 0.50 060 078 088 Loé - -
ANTISN(36)10.39 — - - - - -
i [N EE)] D.58 090 1.48 1.58 2.2 3 2910 4,22
20 DTE (8) 0.68 095 113 125 165  — —
ANISN(36) - 058 - - - - -
M hTE (G 1.05 1.70 232 300 437 550 788
40 DTECS) 1.08. 1.4 7'_1.83 215 2.90 - -
ANTSN® — o~ - 132(~5) - ~ -
EDTF'&G) 202 327 448 5.7 2 203 1037 1507
" 80 iD".I‘F(S) 1.77 — - — 7.37 - -
ANTSN(C36), — — - = - 4.32 -
DTF{G) 388 633 857 1095 1555 2037 2973
: 160 DTE(S) 313 - - - - - -
* _\.,’a_lues on the I.Bj\-’i——-360/75 and .in parent;h.esis on.the

11—

iBM—7000
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WRAEDT, LA 5V BT L0 ETHAYERESOEZREADNA L, Sy DF =7 -,
Nmﬂmf@,%besfmkm%§#1/WﬁkﬂufﬁﬁnCziﬁﬁ$§ﬁ¢%@@
A i i“gxﬂwiti RSN B C LB s | ,

SRR, DTF-N mf723§»{pf%@énb;ﬁﬁxmﬁwam5ﬁ,
4 —r - NICHLTH, Oi“%ibmb< NO2 /3 BREECIKANLTAS (Table 758
wfudib,AhlSW’_Kﬁ,ﬂﬁﬁ%y/LﬂﬁWfWﬂcQHDTF4Pt@ﬁE'§ﬂ%%%
FERENT 575, 7 ¥ a B0 Hﬂ%ékﬁ*ﬂwuﬁngmm 2 At AN T SNICH A

Z’L%ﬂf\/\é inner iterat ion @ 1 "DGDUEIVF'?‘L.""”:f p01nfw1 se rebalance D i

LB meb A@‘Sm, 40 f,,/ o)ﬁﬂwiff =gy wiver iteration . Table &
D AoD Sy HEES T TH B, &inner iteration HED '?(GJ £761, DTF
(§)7°569 (7L, ANISN(35) #2467, ANTSN(70) #4412 THE, O LT
ANnm@%mﬁ,Jﬁﬁ@gmm;,/4M®~/4a&;twwaméiﬁfago

kese HEM & A ¥ — Vomf@ @m4A$®Kﬁb,mﬁoﬁﬁmom1@%ﬁ%
T bsh T b A ¥ - ﬁﬂm§néWW% DEELRINT WS, LBLDTE-NVEANTSN
OO X 107 JAT*u?l,aTBu—sso/75¢fOQUDW@;m>ﬁﬁj\ 7,
crnb 10 ° O A =5 - fTéﬁw

Lﬂw&mWamwuﬂTqﬁ s r T e a2 P E B LAY, BECLE
O ELT, ﬁ&@ﬁ§1ﬁ¢COVT@TZbW#ﬁ%QUTﬂhﬁS%ﬁ&@k%ﬁ T -
T ifte FaTRG haw, EORBHEOBRER (T AN KB ) DB EEE &
BTE Nz, Table 8 O o FEACEET AFHTYWFEFHTRDL TNh, =)
kT Standardid LeeC k530 T, 00° QEELRRICHLTAETHLERDL LT
S BT, T— Ay O RELERACELT A
~-Legendre ¥ & Fdonble(half-range) Ceuss-LegendreREEEZRbL Tnh, T

&<

Fauss. D, Canss @A HEOGauss

witL, Tven, 0dd, Level [T SIMA TTD D 00 BEIT DN T RO ERO b & T,
Pven TiBWWmO@E T — £ v FIIEERY BakEmT, QdARIFEHERO - A Y b e O oAb
BhO, LevelllH L~ wlDE — 4 ¥ b Eoba 5k CE A

St andard, Gauss, D.Gauss, H X {FEven DiFHld Bhp X —F LT 0, MO RER
IOREA LN, o HLEEWRE ZHRZCHLTE, 2abo st oz 8, Totsh ik
AR LT A B, EAO KR ST E RGBROMEMICT b8 Sy BEREN,
WCOTH AERATRBEIN R A & Sy DL R Tk, EFHIC BT PR ECT half-range

(Gauss—Legendre (D). Gauss )7, B e — A v b EER + (Bven) L TnhH L2 T
&%34)

#t 3 Indewig ﬁ‘#;?%6.38490m O Pu £EELHEANISNEE N, 7 xREHk, 74
BECH o Tn o Bk, 0 Sy A — & — 1T L BIHURTEE Table € © Codiva Q8L U fm
L. MES LT A BRTEEBREE S, S, 8T N FEn+1.272%, +03536%,
+0092% L% - T b,

EOMTREREH T ARy Fr—2 - FTAMELTHRERZ LT
@f")qﬂ@}ﬁ%ﬁt\frﬁﬂhﬁ_? - 1AMe ViIRIE T8I L A A v E — - 22y bR ANTSN

—192—
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Table 8 Percent deviatiomns:of-critical radii(in units of

mean-free-path) of spheres obtained from various

monoenérgetic Sy calculations.

Value of ¢, Order of angular q.ﬁa‘d.rua:uirj'f; N
- Angular i
Jixact: - _ . L ' -_
quadrature 2. 4 6 3 12 16
radius A , : o o
: ! o : ) ERIE
‘Standard | —0916 —0056 +0.033 +0053 +0062 +0.063
|
'0~ Gauss | ” L0005 +0021 +00233 +0042 +0045
1.0 2. R
D.Gauss ” ~0.286 —0015 +0024 +0042 +0045
T Bven — —0.081 - —0.047 - —0.034
120270 ¢ *
Odd — —0.434 - —~0.182 - —
Tevel - - - —0.248 - —0091 — —~0.07 21|
Standard  |~1704 —0298 —0099 —0.047 —0008 +0.003
- Gauss w —-0216 —0102 —0059 0025 —0.012
1-0 ) s P .
D, Causs ” —0475 —0.122 —=0.055 —0:019 —0008
SR fven - —~0283 -~ —0.127 —~ —0.072
7.2772 . :
500 T e 0dd - - —0.696 - . —0238.:. i~ - |
dLevel & - . —DATO — ~0.179 .. —0121]|
Stondard. - | —2.518 —0564 —0228 —0133 —0.057 —0.031
S Caus s o -0464 —0218 —012¢ —0060 —0035
l.l_ 0 ’ Doy g , 3
D.Gauss s —~0651 —0201 —0103 —0045 —0.025
T Bven — —~0.464 . — —0.142 — —0.059
48727 ) ‘ o
Odd - —0.991 — —~0.305 - -
Tevel - 0739 — —0.276 - "ligi1s
Standard | —3512 —0927 —0407 —0255 -0129 0079
lGauss ' s449 —0807 —0378 —0224 —0104 —0.060
iD.Gauss P ~0880 —0306 —-0164 —0073 —0041
Even - ~0.841 - —0294 -~ 0099
31720
Odd - —1.366 — —~0.432 - -
Level - —1.127 — —0.4 30 ~ —~0.167
Standard —4 588 —1.360 —0635 0413 —0.222 —0.148
Gaus s o —1.219 —-0534 —0348 0161 —0096
1.40,
D.Gauss ” —~1.158 —04438 —0.247 —~0116 —0071
Fven - —1.26 8 — —0.4 45 - —0.168
1.9854 ‘
0dd — —1.841 - —0.566 — -
level — —1.579 - —0591 — -0223:
(to be continued)
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TFabie B8 {Continued}
Value ofc,l Orﬂefrof.angular quadrature N
tAngular S — i -
Kxact | .
*quadrature 2 4 B 8 2 ‘16
radiuvs ; C C : :
(Standard | <5183 —1.606 —0766 —0.501 ~0271 —0.176"
) iclms P ~1463 —0698 —0413 —0190 —0.108
1.6 0, ' ‘
3 i D.Gauss” wi —1321 —0522 —0261 —0.088 —00381
T : Iiven - —1.517" — —0.530 - —0.199
14761 | :
(dd = = 2.088" — —0642 - -
Level - —1.3830 - —0.662 - —0250
Séandard —~557% —1.733 —0854 —0558 —0.313 —0203 i
‘ : (fauss # —-1631 ~0777 —0465 —0.212 —0127
1.80 , :
: D, Gauss . . 4 —31.437 —0575 —0.346 =0132 —02093
X Fiven . - -—1683 -  —0587 - —0218
1.1833 , _
Ce tdd - o= —2270 - —0.695 - -
Level -~ —1906 . — 0717 - —0.2609
'Standard ~  —5855 —1.808 —0919 —0606 —0333 0222
{Gauss ” —1.746 —0.838 —0495 —0232 —0i3l
200,
L N.Gauss ” —1514 —nN61i6 —0353 —0:162 0091
SN Tiven - —1.810 - —0.624 - —{0.236
0.9906 .
AR Odd - - -—2.209 - 0738 = -
Level ~  -2123 —~  —0760 = 0286
* @tandqrd = standard quadrature béseﬂ on = :otationuifqefléétion
symmetrf GOﬂdlLlon&? . i  _
Gauq&/ﬂ Gdusq = 51nn1e/hOU)1e(half range } Gaus%-LeEPndre quadrature?m
,VPD/Odd/qevel hlcnmpletﬂlv Syvmmfr1c quadraiure wdtleYlHT even,/
34) : :

0'1(1/1 eve

1 momcnt

cqndltlons.
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?%ﬁﬁ@Emp%®fﬂ20mFVfﬁ%fl05,1%»%#%@104&22@@%@
Be® S THoTnb, 2 2HORERE, 10450 ANISNEHOR <7 P A EToT
HWHLTWADT, 221 04HOHEHBEOETIENTETNS, & e o BEL D T8 BE ARAT S
Paﬁﬁif%%ﬂbf%b;ﬁhnfmaﬁ%m TORNLORSTO( B 75 muif s+
g =)o AFETELDT, ANISNz = VO EL CEFLTnHLEET = v 7THR %O
~4@Tx}fdﬁb L7 bAVUﬂOA%@ﬁwWOMTM,OSB+%M%oﬁ%ﬂ%

WEﬁﬂfUnéﬁfiH@Dﬂ%%ﬁfl%gmo :

Zird T OBAOKEE T Sy OFMA —F -~ EELTT 2 b LaflEL TH, Mynatt &
4)ANISVA&$%$W+5:Lba” AR AR TS H 1 20emOKFOEET 1 em ME
Ay e, 2TE, Ps ﬁa&ﬂufﬁﬁfwﬁ&oSuffmﬁwXTﬁéShsﬂs-Su S DA
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b b, ?ib@ﬁ%kbfﬁb%ﬂu,mﬁ%%kb1“7@ ifﬂﬂﬂeQiE&

b*wM)er@%Hﬁ/b%bﬁﬁ*ﬁﬁ%?MJUMM%ﬁoﬁﬁﬁj7 BN, T
NICTi L half-range Gauss-Legendre ,‘ki (D, Gauss) OIFELRE{(, Kawnikh
(c#l”ﬁm)rﬂb 8, TIEfE M#ﬁ%nTMb L& L= Z 7@1 B OB,
EF?”E?—*FZ‘*JE Fhﬁb‘f&%tﬁvtﬁéé: bb ~ Sg ,J=M\—é‘x”’%/@7ﬁn FNT D Gauss HADRES
mueﬁ@Cbrofmﬁfgém |
ﬁ%ﬁ@ﬁ-T%b%mﬁ@fifﬂﬁ¢ﬂvvmjw;whalﬂa $ﬁﬁ¥ﬁfw§m?ﬁm>1o s 3ep) =)
DT TD— ﬁﬁfﬁﬁW#%é§%ﬁ T 2 O FORE T W, loohqﬁhzﬁfvv
2, 1Hxx r¥—, S TH &, ﬁ%'ﬁ’@-u](x)glh ,CIJCL/\Z:;%?) Table 10 hhab LD
 Toe® KEE/E (Standard O #H T, HICHAx=10 Tlﬁa&<%¢whfﬁ%ﬁ3:$ﬁb
’CV\@ﬁ* half- range (;auss—Teﬂe.ndre/khA.f:': (D, (TEHISQ») T~ T O TRELL

GLTTH b, .
ERO TR ;ﬁ%WtLTM,LPBS 48 OFLFE T — R EDNTOH

BEGROH BN HOLP R— 48@@Lﬁwm.ﬁé01254y%®P G BIRE
0.2504 > 7® 20%Pu ~U A, O, Na, BT HEECASENCEOT, LW

'C 2 4 /%@ﬂ? Tf‘ﬁné) C@*to”h ,\6’37:?1‘_{;1%%{?% R o] - RV RE g A/—r“— A4
6o Tinb, SR 4T E, Pgﬂﬁ@mNuwfqa{mb Table 116CHES H1EF
if)t;u:ﬁﬂ’fﬂﬁﬂ"ﬂ“f H’¢pu/f‘1u“6’)ﬂTT“r‘Tﬁ@ﬂiﬁ R %, half- ranp‘e (Gauss—-Leg—
endre ??fpfg%fsuo'ﬁ hgz O 54 %TLE&L/’CTE&%’CL“V\?’CQ Double{half-range)
mmm«m&ﬁsmﬂehqu ﬁnfmhramwaﬁmmgnfﬁﬂ'zc@xﬁﬁ
BEEE W4 Se FRED A ES ‘\r-W: HTk ?{m B
— K R | |

%4 Table 120fux OHEREET &qf&m%nﬁ.iﬁsNﬂ%me%mmﬁwﬁ
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-Table 9 Percent deviations of critical half-thicknesses

(in wnits of mean-free-path) of infinite &labs obtained

“from various mondenergetic

Sy calculations

Value of ¢,

t

i

Order of angular gquadrature N

Angular e
Fxact N . \
quadrature | 2 4 6 8 12 16
result _ _ _ ]
Standard  |+3.355 +0097 +0251 +0237 +0184 +0147
0 Gauss P ~0.385 +0.164 +0097 40053 +0.035
.02, . o o
D.Gauss P L0071 +0042 40032 +0025 +0.021
fiven — +0.307 — 40001 - +0.054
56655 | I 'L 0
0dd — 0761 ~ 40025 - .
TTevel —  -—0.390 —  —0.156 — 0037
| Standard +5939 40100 40406 +0394 +0303 +0.236
, Crauss ” L0633 +0245 +0133 40064 +0.036
: D.Gauss " —0.024 +6027 40018 +0012 +0009
Even — 40652 - +0.194 —~ +0.068
330021 - . |
0dd ~  ~1403 - +0014 - -
Level - —0.728 — ~0.346 -  —0122
Standard 19468 +0.241 +0.648 40615 +0473 +0.364
{Gauss s 11088 +0.379 +0199 40085 +0.043
110, S .
, D, Gauss " —0.284 40019 +0.005 0 —0.005
1Bven - F1194 ~ 40311 - 40102
21134 i s : -
044 — —2.172 ~ +0.013 - -
[Level -~ 1086 —  —0591. —  —0216
Standard | F15.373 41024 +1225 +1.070 40799 40620
Gauss 4 42311 40737 40372 +0.163 +0.085
120, R
D, Gauss ” 0,907 +0.039 +0.008 +0008 +0.008
Bven — 42591 —~ +0.605 — +0.197
1.2893 | g . T
Oad ~  —2.839 — ~0.064 - —
Level -~ ~-1113 —  —0946  —  —0.375
Standard | +24.930 +3801 +2824 +2159 +1.439 +1072
Gauss #5485 41346 +0842 40326 +0.176
CLL40 | e . : :
N. Causs ” ~1LB19 —0.109 -0027 0 o
Bven — 46144 — 41491 — 40413
07366 - ’ i . 2 '7' BRI
0dd — —2.047 — ~0.535 - -
Level — 40582 - ~1.163 -~ -0664
“{to be continuned)
— 1 B
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Table 9 {Continued)

Value of e, | Order 6f angular quadrature N
Angular’ - i .
Fxact .
quadrature 2 4 6 & iz2 16
result
Standard 132871 +7.000 44941 43613 2266 +1.621
6o (Gauss o +9141 +3516 +1621 +0566 +0.273
1.6 0, v .
D:-Gauss 4 -—-1.816 —0.469 0 0 0
Even - — . 410.018 - +2.844 - +0.740
05120 ,
: 0dd — +1.094 - —1.045 - -
Level 40—~ 43281 O - ~0.678 - —0.789
Standard 1+36.799 - 410,471 -+7.306 +5377 +3370 +2367
-~ |Gauss [ +12.760 +5454 +2727 +0952 +0463
.80, o
: D.CGauss : s —1.209 —0.798 =0051 +0.026 +0026
‘ Even - +13.882 —~ +4.546 - +1.284
0.3887 _
: 0Odd ool = 12737 - ~1.27 3 — —
Level - — +6.308 - +0.365 —  —0.651
Standard | +46.010 113867 +9781 +7.304 +4633 +3314
‘ Causs P 416.248 +7.593 44054 +1.5012Z +0.740
200, . ' S
D. Gauss ” +2.317 —0997 —0161 +0.097 +0.064
Bven — 4+17.603 - +6.470 — +2.014
0.3108
10dd ~ 45489 — -1171 ==
Level -~ 49363  — 41750 -~ —0.245

*+ See the footnete of Table &
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Neutron flux.distributions in a 10-mean-free-path

. thiek slab resulting from an

isotropic bhoundary

“source, obtained from various moncenergstic Sg

calenlations

Space
X in

mean—free-pat

coordinate

units of

i

Percent deviation from Ei{x)

Fxaet tesult

B (=)

Stapdarc

gquiadrature

(jauss

quadrature

| D.Gauss

. L3N
quadrature

1
2

e

L L 1 D

10

| 1,148%x107°8

- 3767X107°

21945107
4.890x107°¢
1.305x10°°
377T9X 1078

3.6 01%1.07"
11551074

1.245X107F |

4157%1075

.—1.823
+306

(431

—1453 ¢

—3.319
- —4.804
—5974
—5929
—77011

—8997

—2233
+4.908
=-0.077

—0.436

—0.433
C 0504

—0.64 3

|
| -1419

—0.370.

—0.417

C+1.0023
—0.429
+0.153
- +0.026
—0.436
0750
—0.7979
—0.531° |
L—=0241
L0722

"y Kee bhe ‘Footnote of Table 8

"I\*-irlble 11 Percent deviation ofi"t..h;e nentron flux ratio Gébpu/‘f_ﬁcellr
foir the ZPH—3—48" core,obtained from various -
g 47-group ANTSN calculations, from the double
Ganss—S3: value
Energy Anguiar Order of 5agulz‘5r gquadrature N N3
group quadrature 4 3 16 32 value
7 tlauss — 162341 10808 —5235 —1.691 -
(7.40-8.18MeV) D.Gauss |—30.323 — 1365 +0.047 - 1.2894
27 Gauss — 51030 — 3175 —1.458 —0461 —
(1.00-1,10Me V)i T.Gauss — 2853 — 0.32?:_?0.018 — 11'0835
41 {fanss — 0,189 — 0029 +0.0470 +0.010! -
(0.24-0.27MeV)l [.Gauss |+ 0020 + 0040 —0.010 — LOOAIOJ
\
18—




Table 12
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mean-free=path) of infinite cylinders obtained

from various monoenergeiic Sy'evaleculations

Percent deviations of e¢ritical radii (in units of

Value of e,

Order of angular quadrature N

fxact An‘,t:ul ar * | -
radins quadrature 2 4 G- 8 12 16
Standard  |+0569 —0226 +0.033 +0.065 +0.073 +0.067
1.02, |Fven - —0105 —  +oo004 - -
00433 |0dd ~ -—0763 —  —0247 - -
Level - -0532 - 0144 - -
Standard 40902 —0506 —0.052 +0018 0042 +0.041
105, |Bves ~  —0258 —  —0039 - -
54118 | 0dd ~ -1224 -  —0421 - —~
Level - _os894 —  —0281  — -
Standerd . |+1.403 —0.833 —0143 —0020 40031 40034
110, |Even - -0499 — - —0138 = -
35783 |0dd —~ 1808 -~  —0652  — =
» Level- . - —1.343 o —0.462 - —
i Standard  [4+2285 —1293 —0271 —0.066 +0.026 +0.031
.20, | Even - -o0781 -  —0.260 - -
22884 | Odd _  —2706 —  ~-L048 - —~
Level - —2.030 - —=0.772 — —
Standard #3850 —L761 —0.344 —0029 40115 +0.129
140, |Even. - . 0966 — 03609 - -
1.3973 | 0dd ~ 3831 -  —1649  — -
Level L - —2860 - — —1144 - —
Standard | +5123 —1949 —0353 +0028 40186 +0215
160, |Even - 0948 -  -o0439 - -
1.0209 | 0dd —  —4537 -  —2224 - -
Level | — —3328 — —1.438 —' =
Standard 46273 —1.897 —0.223 +0174 +0.359 +0.372
1.80, - Even _  _o740 - . -0389 - -
0.8067 |Oda ~ —i878 -  —2678 - -
Level ~ -3492 —  _—1578 — —
| |Standard - #7298 —1753 —0.060 +0.345 +0.539 +0539
200, |Bven - 0474 -  —0.309 - -
06673 | 0dd -~ 5040 — _-3081 - -
Level — ~3520 - —1665 - -
* Yee the footnote of Table 8 —19—
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Table 15 key obtained from 16-group DOT ealculations

, [ -
Case { 1 2
U regioen - ]

: Ouiside 1499¢6 10,996
“diameter B
P Inside 11.003 9002

{inch) . _

Material within

Graphite Air
. annulus
Graphise reficerovw
2997 17.004

thickness (inch)

S, 10000 10214

Kets - : ‘ o
S . 1.008 3 1.0220
I

Table .16  Percent deviations of 9-group TWOTRAN
“rosults frem the Sy, values fer a natural

U reflected Pu core

Urde;.dfnﬁﬁgurar qﬁadfature 8y “Ss S value
| T kst . 1078 +029]1.0423
T Core © 0 4123 4046029562
Absorption | 1 .
7 | Heflector (=069 —0.29]017922:
T RadTal {115 —0.43]025587
C Leskage - . - _ : :
) Axianl “'—1.89 +0.10:/0.26930
" Ttevation time {min} - 3.5 6.4 - 131
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