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Present Status on Algorithms and Benchmark Tests for Numerical
Solution of the Time-Dependent Neutron Transport Equation

(Benchmark Tests on the Space-Dependent Neutron Kinetics Codes-1)

Takeharu ISE, Kunihiko HORIKAMI and Kensuke KOBAYASHI+

Division of Reactor Engineering, Tokai, JAERI

(Received December 25, 1975)

Review studies have been made on algorithms of numerical
analysis and benchmark tests on neutron transport kinetics
computer codes for performing efficient benchmark tests on
space-dependent neutron kinetics codes.

At present, there are few transport kinetics codes avai-
lable, compared with the diffusion kinetics codes: ‘the pro-
grams are 3 one-dimensional codes and 1 two-dimensional code.

Two codes use TASK algorithm and almost of all other codes
use algorithms based on the diamond difference method. Ex-
ponential difference, exponential extrapolation, coarse mesh
rebalancing are adopted in some codes for accelerations. The
exponential extrapolation technique is effective particularly
in smaller time ste?s. Benchmark tests for practical problems
have not yet been performed.

It is desirable to develop methods with a high convergence
rate in space, and with a good stability and a high computing

speed in time.

+ Division of Power Reactor Projects, JAERI
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L AL R BRI E TEL L ILRELICE S BRI TAN U EBE L, L LS
5, ETOEER AR ( deep penetration problems ), B SLTOBHEOEE,
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MBI B HEET L, T PHECT O AR REEERS FER AR ( elliptic)
T%%@Kﬂb,%%ﬁ%@%@mﬁﬁﬁﬁﬁﬁmﬂ@ﬂ(mpmmnm)ﬁ@f,mﬁﬁw
L& B FEBEICEORE (PHTES ) ZRTOITRL, BEARIKLE HFERLTLHED
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E-F%%PTM,E%¢ﬁ%%ﬂ@&5C&MT%EP(ﬁﬁﬁ@mﬁﬁ<Z—Ffd,%
AERNTHERFEFOROBOBTES ),

EIETRT LI, ﬁﬁ%%@ﬂﬁi%wdmwo%K%E®m+cmmbt B 3215 L,
B0 PRI LRASEIN TR, @, BHZKRICENT TDAI-FE

v 1AL OMERT, EBEEEL, BLUTOMOFECLZBHERTIKOVTE, HRTRILTET
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PEEEALIC £ B B, TRANZIT =~ F&Monte Carlo# ( MORSE =2 — F ) 0L
@éhfw;cﬁ%%ﬁm,H%ﬁ@m%ﬁ<:—F;b%mK%%mm5@f.%m7wﬂ
) X ACEDTHRENIC L2 FEOEORBRELIN TS, WALALUEHERKICLD
HEBEA~OEER TIMEX 2 —F2HOTHE~XN TS,

TN AR — P TRIMEER FOFEEET AT ) RAERRZOBHNATRENOT, Tra)
X ACONTIREEICER L, BEHERAICDOTRE, 4RTONENRYF -7 72D
W ABAAIE, TEARTRELEDLNTHE, CCTORBREICETREILRD 26
EFWANCET2HMBEIB LN TOEERELTHDIOT, AXPITEVTEHFLVESOER
REMLTHD, BYIE (FAIIXHE26) ) EFEIN O,
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HEo— FORMBDENDOT, B4DHEI-FHFOT AT Y X LILD0TEHENL, 07T
NOHED — FEEEAHORER Sy BECE S boT, Sl ESREICEI(BDTH 5.
_TASKT»fUXAK%6<%@KMTASK:—F&%h%&ELtTDTu—Fﬁ%éO
TRANZIT 59— FI3TDA® 2 &5 (AL, R—ZH&E ) ~OILBEICHLT 3,

10
21 TDAJO—F®MAHE(Dupree et al}
%%K%ﬁ<lﬁi%ﬁ%%ﬁﬁﬁm_&K&ﬁTﬁéﬂ%o

v

1
(Nl+] _Nl) +4u' (Ai"“] Ni+‘] _AiNi ) +_(am+1 Nm+1 _amNm)
vt w

+ XVN =8V (21)

ldNald
ot BEEzRT70Mm
SIEEE, BESRBLIURIAESURETE
il SyETEBZREVSNTVWEERTH S,
TDAZ—FTIZ, @& (UFa,b, c )fx#% ( weighted difference ) 23, K,
2R, BLUOFHCYLTHEAISN TS, ChooELR, BoFEE EoPH TROFRE
D BICBETIND, EAMN L2 0&xBFA vy FE4 ( diamond difference) Th 5,

EAaffasEZRR3RATELONEG,
N=aN,, + (1—a)N,
=bN 4y + {(1-b)N; {2.2)
= cN_y +(1=c)IN,
(21) & (22) RApis

SV+C N, + GyN, + [VAvat) —(1-a)D, N,

N = aD
SV +C N, + O,N_+ [ #4;,—(1=b) D, IN,
Nin = 5D (23)
. SV+ 0N, +C,N, + [a,w— (1-c¢)D, )N,
m+ 1

cD
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T ZiC

vt oa

i
c,= u[Af+AH1(z—1)J

[2 4
03 =_m + m+
W w(l c—1)
BA, a
D=XV+C + 1y ol
. b W

D, =D -,
HA
Dz =D — i+1
b
[24
D3 — .D__ m-+1
wC

AHFEIFEORE BN HEFESBETH- T, IHETFRILTLHETHEL,
Tbb, RABEEOHEOR, Legendre EEEZAHBETHBWAY, Z0TIido,
ik FEBSGHT LAIETH B, PETFEMNETHLCLORTER (23)AT0RE, &~
NEORFO[ IHAMETHBLETHD. Lathrop BINHORERDEMNEL T,
AR LTEROIL2KRORNEE O,

Y

vt

l—a=
g

IV H28A,, +2

W

BA,
1-b= ’ _ (24)

M am+1
XV +2 + 2
vt w

1 —c=

SV +2 + 2BA, !

L AN

COEERL, AFTOTDA2— FIEEOEBORRBENS, a b ¢ 305 X0KRIOHLE
K WMED BB E LA OEI LD EdbhhaTH5, B, ChoOBBRELIZT,
TDAZ— FTIEEAa b, c DEFHICHTARELT, KABRAIN TS,
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v SV
+ .
vt N,
l—a=
Q€m+1
SVH2HA, . + 2
w
\f
HA, +
1 —b = T‘i (25)
(44
SV +2 + g =+
vt ] W
a. sV
+
w N,
1 —c¢=

v
EV+2‘E+2F‘AH_1

¥E, erhlbodEFRERNBRATEZ 6L s,

v 1 '
N=[ 8V + Ny + alA (=1 Ay 1N
a

L' FAN

1 1 : Vv MA .
+—{ay, + (— ~1)a,, } N,/ (ZV+ y D8y Tmet (9
w C vat a b wC

(22) 05 (26)ETCORBAL>0EMLTTHL, #<0DExDRE, AZEIAILE
SHA, EEO LI+ ARRTRIRLA 5.

S OiC, BHE A E BRI CSRELT L 21, KRR TRTERESR ( exponen-
tial differnce equations )AHE 3T E% TH B,

Z

N
L2 g (2.7)
N N, |

EEICE, CHEEEAVZOTIEEL, (27) R4 (22) RKRKALTHSOEEDORK

N,

N+N, |

SHE. Thhb, REAKEOEIK, CORILTRBONEBECETIES a£H0 5,
oM EANE, BERCH LTHREDOBE FELIEALDOBMRT » 7 ETHT L
MTED, BIUEANEIESEEGICATOBRMRT y 7hBENE. CRIE, AEVRT
FHEHLTE, BEAMEEARCL2RIEOMIDAREBCHTS 20Tl BHESD
RiC L AEN, COMAMBT 2 X5UBMEETAHSTHD, L L

At 2

{28)
v

THELLINRERLAT v 7MEEILZDREB N,
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vl

(210)

P T

BECHWLONE, £A4¥E Y FESTIE, p2lIKHLT, ROEFESFICIVLS, TDA
THOWOH TVAEAMN XD, pOBICHENERRCRVBES JUNROLRERES
Z B

W E DLHE ( wave propagation ) AB/ILOUMEB 0L xR p=1 UKL EHHHET
BMEDEE i, —BICpRIAVFEF— IV —TIKET 2. 1 2 A20F¥ - L-TDAICH
CHTFESSBLERp=1KEL PR TFEONNIFAF - I A=, FEOEBUAD
REE gL TR p> | BEEORREEE5L2H, p<{l Thi, rBWETE, ¥ RZHEX
—EBDT, TANMF—EFOR O pERDL,

2.2 TIMEX 32— Ko%ik (Reed) 112
@ﬁ%#¢ﬂﬂ#%@?ﬁ£@é§ﬁ%%ﬁ%ﬁm,&@&6K%<C&ﬁ?%59

-, 0¢ _
— = B¢+q : (211)
0t

v
L7,
VidhHFogEL2 RTIHdAgA~ Y v 7 R
qidEREK ohiEFE~7 b
BREFEEFTRALTEEZIN S

B¢=(L-S)¢

(L¢), = p-ad +a(r)¢ (212)

g

(5¢),= Sfde'K (righa = g @) gy (r 2
. £ !

LT, (211) R TAKOCEREHEB LA TN, FARKROBRAZHF T qIKEETNLTL L,
ST ~NTORMKOERTE, $Hhb, R bLUKRARILERHEFHRERT,

S B LUAEICE TS A Y EY FEAND, £, >0 FMICESE, TIMEXTALDS
nTHhasESAIR

o + a
[ - my g
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7
i

+

¢' + 8! v,

1

+a, |V, (213)

\FAN

CoT, BEO | HEEHAE, (3EE Ay v ad, mBAEERT. ZEOFA TE Y FES
DEERER L LT EABIEREZIEBHDL, T,

1
(o, +— 1V,

vt

BAENMEEEO L AL THEMNARIEES, COLduLad, ZoEMaRoRETRES
4 2 negative flux fixup %HfT 9.

ho o i

TIMEX2— FTIE, $BEOBOKERARD B -nICiEHARE ( exponential extra-
polation &Y /v3 v 2 ( rebalance ) ESEA SN TR, EHLREWHETDH
Bt BERROFTHY N5 v AENREEEERT & 2055 5 .

EEAEEE RROEIN LD TH D, g, BELARECHEELINTNELELT, &K
2 (el L semi-discrete equation ) 2F&FZ B,

-, 0¢ -
v — = —B¢+q {(214)
Bt
CHEEOEFHEIRODEHITCELZERBTE S,
¢(t) = e“to(r) (2.15)

CTiT, wiRrEAT M)y 7 2T, $(1) ABHKELTESLICEMLTALDET 5 L,

ZRIOT( o ZRAHCBERINER OSBRI BELENTES,
hE, B=L —S 8L T, UG EME T 2L (214) RBKDESITE S,

-1

-1
( Y +L)sﬂ+1= (,i__+s) ¢i+q (216)
._At

Ot

crT, (215) RPote=o, + o DS CENKN e, LADRS 0 ICHET B, 55

C, BEORT T, $ =9 EEEL, 20MDRT v TR, ¢T= 9T T
55 EAB, (2165) % (216 )RICHAATZERAEE 5,

—1 -1

v .
[H——-+L4-f‘1w+} gl = [ -

FaN At

+S—v”%]eww¢j+q (21.7)
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coRiz, vie, BLUv o BSEB= P v 7 ZAEDT, HAL (216} K0T AT )X
LT CEMTE B,

O ( frequency ) o i, BEORVEABLZLHICREOXICLTEEINS,
Truhs, ¢ 285 LsE,

1 ¢
m._—uz:izn-s_ﬁ:T | | (218)
moe, 2RHT, (217) RER o

I N5 Y RERDITHRNE, 24341, D FENERMICAEICE/LT SIS
CEUHGTH D, (216) R obhd LHic, B j+ 1 odEFEiz, CoHLOEL
DHETORELICHEAEL, B2 o hETRAGEORAOEE FRICEET 20T, M|
DO+l ORIl T v ADEN, BENE(LE TS,

BEA LG kL LTE, WAGFICEES, BHEE ( fully implicit method ):

gitl _ i '

vl ———— = B¢i*l + 4 (219)
At ‘ .

$ BiE, Crank- Nicolson #

o ¢,J’+1 _¢,J’ ¢,j+l +¢j
v _———— =B —— + q . (220)
At 2 :
ﬁﬁamf%%z%yfﬁwB@ﬁvbUyaz%t%ﬂwndmemwocmc&m,Eﬁ
BEOBMEOELARHD CEICEAML, REEBREVLONE, LL, ZOREEIIEIE
VOT, CREMIETELHICTIMEXT—~ FTR, HETF ) 7 v 2ENBASNT,
DY RBEEIRKDELIEODTH B, VE, ¢inEamcsrss LT, ¢ oEl
2 T rgz L (218) XS

1 -1

(;t -+L) E”*‘:=(f%—-+s) ¢+ g O (221)

It

2LT, ¢ prrRc ko TBONB EEA B,

gitt = L g git (222)
i, f, dV %3 v2KF ( rebalance factor } EHRENEHDT, sﬁl’:"” i, i &
Homls» vt s ¢’ oBfic, ORTREoTHE, ¢ 7 2R BB

* BEHSHVIIL, BRENO (ot ), Crank—Nicolson ENO (at2)THE, ik, RED
HERFA Y E Y FEREEETHS,
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(zw)ﬁ%(mg)ﬁmﬁkbf,%ﬁmmcmf%ﬁféa,umﬁyzw?mﬁ¢5@
vHERXMNEBLNE, T8b5,

i+l j+1 j+1 j+1 A itl
(—FL ;) fo + (AB +FLIT, FFRIT ) E A+ (PR )

2 z ity T
¢V,
= + ' (223}
vt
ceoie, FLIYL , FRIT), oo 2, BRI A L Y. OREAKDEHENERDT . PIAE

PLI Y =T 1a 19w (p, <00&E Ay¥aity T) (2.94)
i+‘2— o
FRI™ = X # ¢§1Ww(#m>0@¢3,ﬂvyii+%T) (2.25)

|+2
: il . :
37, ABI™ iz, iBEOA» v NTORRLE P ¢l = peittambofT
. vt
5%
(zm)ﬁmuwayzm%momf,zﬁﬁﬁvruyax%ﬁoﬁm@fﬁgmﬁ<c
FHTE, RECADOEM AT »7 ) +10¢ T i {222)Rick- TRY 5N B T LI

%o

% 1% (BT ) BEONT |
Dirac 6 MEFOL > nhuTE S 2 LEOhETRERD S EE, R A A
Y A BMAELOTEBOEAR CERE L. COXRILMBEORHITTIMEX 2~ M,
= FE(mgF ) ( first collision source VAR EODANTRBF OB TESL LD2ITR
STND, COE 1 HEMHFETIE, RRERTRERE, AERRTRERE, KERT
mﬁ,@%n%n%ﬁmﬁ¢ﬁ¥ﬁ%ﬂbm01wt,wﬁﬂ@%%?%ﬁﬁ&ﬁ%mﬁ(u
-1 )TE5ASNThHe '

coEl HREAHTFEAR O Ex0m%FRIE, HEELTORLEETRY (uncol-
lided flux )EBEA LI EES, (collided flux) ORFIKATTEZL, ¢=49,
+gEL, ¢, ¢, RENFTRRORICHES LBEZE. THDD,

u

1

v 01

1 8¢, | |

Sl L, =8+ e) (227)
v Ot .

* FLOBMEREHZ o —F TDA (1&), TRANZIT (2K L& DA Ty o BTN S,

_9_
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F, oML OTMBIROLHACET L,

1 a¢
— — + L¢ =5¢ + q

v 01

(228)

FROLHACHEFHEE 2 HDORDCAELcoF, (226) NEMITMICRKR DB ERBT
x, (227) ROHCHMEBRBFHNEZENBASTETH, ¢ 3¢ IDELHLTHLDT, T1L
HOEEN(228) ROEQBLID/NIOLSTHE, B, BITRiTky sl ¢ 2Table,

21iIRLTEL,

Table 2.1 Analytic uncollided flux used in TIMEX code

__Géomgp;y_ ‘ - Source. . Uncollided flux
X
) '-j of(x")dx’
Slab | N s(x) 8(1-w) (L) Nge ©° 5(t- =) 5(1-y)
T
L e §(t- —*—)5(1-u)
Cylindrical} Nj 8(r)8{1-us(t) N, < -
2rr 27r
Er
— o ofr')dr’ -
. S(t- —)68(1-1)
Spherical No ——LZ—‘S (r)s(t) No £ 3 v (
) 4rwr 4rr

(227) Ro¢, K2 TFERE2HAET 20003, SHRERBSLURRERIML TR -

+1

8, (rot)=/ " dw P, () ¢, (#)

[H

(229)

MALARICH LTI, (229) R P, (#) (Legendre polynomials) & YA (4, 7)
( spherical harmonis) CEXHMA LD, ZRBBWHINEL LB, ¢, DL EIR
S(1—1) THHOT, ¥R, £<TOEZLHLTE, (229) RBOKE— 5> FOBK

vhiZ iz tich s,

THbL, 2y v KHEV, CHUEHERTy Yot iidT2¥E8ES 3, cAL0HE
RERNT, MREZRICDOTRERCLZ-TERH SN S,

N e (e drf 1=e T tn) ey

$ =

L

-V, at o(r;)

(230)

"
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T
a, = max (rl 1,vt)
i~z
b, = min (r 1 vi+ ovat) .
i+5

T, OKBICHLTHOABLEEMNB LN, (230) R, ¢, tHT 2 AMBHEH T
Bie gD B h, TaAF— s r=FTIEERL L, ok LT, ¢, 0BT 5ARES
BT EOT, beEd, thEFRNT, ¢.8RH ot (227T)XSR ), #RE ¢BRH S
NAT &L D,

2.3 TASKZILITUXLZEROZHRE( Doddslg). Toml insonlq

W R ARSI LC Laplace B L7 # R4 Tay lor SEEM LT, REICERY
A HEE, TASKT AT XAEFEEFATH 20, AHCAARKESSINLNDT,
s B 7 U 73 SRR I B S KOS E IR LTV B
ﬁ@ﬁﬁ%%ﬁﬁﬁ@TASK?wiUfAKJ%@EM@@T&ELt@@UM@ 5T

(A sk a1 )T 2ok, MEEORRELILLie AT MK ERON
ﬁ%@&@xntfnfaL%mmnnmnaﬁ%ﬁbfm5(TDTE_F>“f%dn%

AR L T T B, BEDTDT 3= FTHRRARSIMOB-TOEY £5, 0

No2 —F&EROAPFICETIHNOIBONTE S, CCTIE, RREREHAICL T, T
TN XL DEETLRND,

WA RIC T 2 B RESRHAEARRO S ELL LB TES, CITR—LAEKS
ERET 508, CHRHAHCMELSTH S, -

1 7 ]
T ; ¢gd(x’t)+Eg¢gd(x’t)+#dx¢gd(x’t):Hgd(X’t)’
E
g=12-, G:d=1L2-, D (229)
M
1 oo
Hy (0 0)=8,,(x, 1) + 5 X 47,0 (x 1)

i=]

a D
+(1=B)A, F ¥ (#Z )y by lxt)wy
g'=1 d'=l
G n
+ Z Y Toacgd ¢g’d’ (% ) wy (2.30)
g=1 d'=1 ‘ '

* TASK!E Transfer And Scattering Kinetics #&. TDTE, Time
Dependent TASK »»5&hbDTH 5,
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(242)RBROIHIICEC T EBTE 3,




JAERI-M 6373

ixtax)= 4D ax) gx) + 4P (ax) 20x) (244)
1

é(l)(éx)=1—§Ax +§TE (ax ) oo (245)

4@ ! Loy
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Sufax”)
( ]
) , ! (x+ax’)
E&\X) | > Gy (ax’) 5 : Ef;;
! = "1
i ]
! I
i |
| I
i E_m(ﬁx’) 212(3’(’) i:
% I
i |
| oo tar] |
YL(X) i =22(AX i EL(X_i_ﬂx')
| |
: §L(Ax') {
X } x+ax’

Fig. 2.1 Block diagram representation of a scattering matrix

for a homogeneous region of thickness Ax'
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LA TE L, DIE( (242) REE ) BTASKT vT VX L0EETH 5,
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S T, BECELTRBES THNSIERENYT, BHICE L TR, Laplace Zif
bT%%ﬁ%%%Kﬁﬁﬁit%%(Mﬂ}ﬁH%KﬁNtTASKwaUXATﬁwTw
Z. —%, Tomlinson ®TDT=2—FTid, Zi>20TR, TASKI—-FLRIETASK
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| Region 1 | Region 2 |
» , !
} Sulax,) i §“(“x2)i
: P I Yulxa) (%
IEU(X‘)E > Gulax,) 2 : u%e > Gnlaxz) :%

| i i
1 | i
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: i
| |Gar(axi)| [ Gelax:)| 1| Galsxe)| | Gulaxe) | !
: — | :
I ! |
| | |
: gzz(AM) B 2 gza(llxa) :

i ALY E_L(XS
. (8x%;) ” Si(ax,) i

X2 = Xt +AX, X3=X2+AX2

Fig. 2.2(a)- TASK algorithm for two adjacent regions

. Sulaxytaxe)
Yulx) 1 (xs)

: §1(Ax1+ﬁx2) : -
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| |
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E Galaxitixg) Gelax tax,) i
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; |

| |

; Cod A% X '

: = LY ixs)
IL(XI) } : iJL 3

i Sy (axitaxsz) !

| |

X" X3

Fig. 2.2(b) TASK algorithm for combined regions
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T LT RE M E 1 HREERE( first-collision source)* AROTR8y THINTWhaA .
PLEGEL TR, BRI OICROXERWV S,
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[475th13/2
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3.1 Comparison between fluxes calculated by TDA code
and diffusion theory at various radii in a scatter-

ing and absorbing sphere
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Fig. 3.2 Comparison between fluxes calculated by TDA code
and diffusion theory at various times in a scatter-

ing and absorbing sphere
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R ARRDERCEBECE LT —EDTHFBAHT 2 1 BHETHL. CORETHE, S
R ER SR fg v ( fy 13 S; EBUCH B HARE =vVI/3 ) TEHCEHLTLE
WET, Fig.33 iCexact EFINTVEDOMENTHE, NThh L LI BLULL
AL OCHE-TE, S, BEUTHEERIGI SN T OBTHRSN, TIMEX 3 - F2C
DEANMBEBOARELICENUEEZZ LB S,

o) M2

COMECREANTEARLYEAREL TT, Table 31D 3 F-2&2K-TaH. T
PERALRAGE —EURROBEHL5Z 255X 5, LS TRERI, ¢(t)=exp
(—vaos t)dé ThHB, CLIEIBA o LB AEATETHRTHS  Table 325k
OFig.343c OMEICHM LT, TIMEX3-FTALOA TS 2 >DOMEEOFHIEICD
WTRK L7 D TH b, COMEDLOHOM D LD IKEHAFE L) 7 ¥ AFEOWEZMY
b, BN OEERLTEENI000 40 1 ELKBL TR &b 1, KEX
Fo T ONENEIL SEALEE, VTNT VRBETRATLOEENEMEERBS T EEh
20, EMAREETIR, SHERTRASSENIC (KBIZRO(a? ) THEH) HES
BT BB IRBRE O, |
) REEE 3

COBEIRAE TOMB I EE T, F—42Table 83 KRL TS, TORKHRER
O 4ESE ( Material 1) ICHLT, 1 2 rF—-27v—7TIHEEANWY A0t 1R
S ramp) B OEE RIS ExOhHFERIBEH NS, Fig,35 #LU Table 3.4
ﬁC®ﬁ%®%%T%éﬁ,UN§Vz&%ﬁ“t%%@ﬁ%ﬁﬁdI%@%ETwaﬁ%
RLTO5B,

‘ 1'0 | ] 1 | T ' 1 |
I {0OMesh points |
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0.8 “vat
- | P="AX 7
< 06+ p=1.0
= i
W 04
02F  p=0f25—
0 I | '
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Mesh point in X

Fig. 3.3 Numerical results for problem 1 (neutron wave pro-
pagation) by TIMEX code (TIMEX's values get equal

to exact as p becomes smaller)
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Table 3.1 Data of test problem 2 for TIMEX code

Material 1 Material 2
Cross sections £ (82} 1.0(-0.1) 0.5(-0.1)
(em™ D) Vg 0.0 0.7
and Ly (8L0) 1.0(-0.1) 1.0(:¢.1)
Neutron velocity' Es 0.0 0.5
(em/sec) v ‘1(normalized)

Region boundary
from the left 0.621024 3.10512
boundary (cm}, '

Number of spatial

mesh points 10 20
Left boundary reflective
Right boundary : vacuum
Geometry slab

Energy group 1

Order of Sy Sy

1 | | |
i 100F I _
: : ___-——'"""f
| Nonaccelerated ]
| 10F E
; § | Rebalance ]
Do — 11)5' =
S [ ]
aﬁ 0.1 2 =
¥ m - i
= . i
5 o01f _ E
| o i Both ]
| 000! | E
: i | .

| |
0125 025 05 1.0
Time step size (sec)

Fig. 3.4 Effects of two acceleration methods for test pro-
h blem 2 by TIMEX code
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Table 3.2 Neutron flux after 50 sec. for test problem 2

Acceleration methods|At mesh point 1l At mesh point 10jAt mesh point 20
Exact 149.605 278.047 632.771
1.0 10.612 18.865 41.145
No accele- 0.5 24,245 43,698 96.576
ration 0.25 48.800 88.990 198.898
At:
0.125 79.409 146.003 328.893
1.0 164.090 311.123 689.236
Rebglance 0.5 151.384 283.067 632.962
At: 0.25 148,259 275.906 621,286
0.125 148.123 _275.361 622.903
0.0625 148.611 276.221 626.563
1.0 ©132.426 246.121 560.113
Extrapola- 0.5 145.124 269.721 613.821
tion 0.25 148.475 275.949 627.994
At:
0.125 149,321 277.522 631.575
1.0 149.884 278.568 633,955
Both 0.5 149.610 278.058 632.794
At 0.25 149,591 278.024 632.716
0.125 149.598 278.036 632.745
| | |
| +=00 sec _
30
<
=
Y
v 20
S
(]
O
w
1 oL | | ] | |
0 10 20 30 40 50 60
Radius (cm)
Fig. 3.5 Numerical results for test problem 3 by TIMEX code
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Table 3.3 Data of test problem 3 for TIMEX code
Material 1 Material 2
Energy Energy Energy Energy
group 1 group 2 group 1 group 2
Cross sections| & 0.05, +0.01t 0 0.05 1.0
tem™ a (Afa)
vIg 0.0 - ] 0.0 0.0
and
Neutron velo- | Tt 0.05, +0.,01t 0 0.5 5.0
city (cm/sec) Zi+1 0.2 0 0.2 4.0
2t 0.0 25 0.0 0.25
v -1000 1000 1
Region boundary from
the left boundary 2. 6.0
{cm)
Number of spatial
mesh points 20 40
Left boundary reflective
Right boundary vacuum
Geometry cylinder
Order of SN S8
Table 3.4 Comparison of the TIMEX's method and the exact
method for test problem 3 (flux of group 2 at
mesh point 1)
Methods of one dimensional kinetics
Time
{sec) With rebalance Matched asymtotic expansion
(At=0.5 sec.) (exact)
0.0 0.7822 0.7822
12.5 - 0.6311 0.6312
25.0 0.5140 0.5139
37.5 0.4280 0.4278
50,0 0.3630 0.3628
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NTHAE9, TASKI=-FE0ENTROLHD, TASKI—FRZOFETOMAIZ M
G nl R T a N
o) TDT =2~ b’%%b\k%ﬁ%ﬂ
TDT2—FRTASK2— FORKOEX ( 5 ¥ 0oEny,  OELFALA-F-0DX
xa0EE, NUREORESEOOE, EHEREBSEET 2L ERIAMREBEONAIED )
A, TRECELTRABKECEB T Y ~5 % ( coarse mesh rebalancing ) #FE{&K &
Lmtk s L, BRICEL TR, BEARELBRALT, fIBBEORROBENLOEST
SRFTTES E I, RASNKLOTHES |
TDTI— FOESYUARNTZ2LPDUEEYNICZPR-IDFTR-3mEE(ANLKSD
5) EHNT | AR EEEEN - ORMSFT DAL, Table 35 RT3 207 2 b (KT
mﬁmqum.m1u)ﬁﬁﬁm£mow1mTwhaMiﬁ)@%%%%bfééﬁ%z
Fl1Ti, ERENOEAEZNSILTELYD, HEEOBHEWNHICE -1 SABUMNEL
O OB THS. Lo TTDAT— FEDEL 1 BEELTHE, 7R P21, AL
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§ ANISN Group 2 flux
A | TASK ” ”
Q
o

T

Scalar flux (arbitrary units) and defector response (arbitrary units)

5 - -
c |.B 2 -2
| 3 L o5 t'“{ g
2 B S¢E gl &
P L1

0 20 40 60 80 100 120
Position (cm)

3.6 Group fluxes and detector response versus position
obtained from Kegr calculaticns performed by ANISN
and TASK codes for a LMFBR system at -~ 3.13 §

10 |
x -Experimental values
—_ e - Calculated using TASK
w
5 oL ~
> —
5 FE
'+.§_ — Theoretical point
O — model fit to
5 G’ experimental data
) =
0. [
O -
el gy vpod i L LIl
10 :
10® 10° 10* 10°

Frequency (Hz)

3.7 The experimental and computed CPSD (cross-power
spectral demnsity) at critical for the homogeneous

- FTR-3 in ZPR-9
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Table 3.5 Comparison between TDT code and the point kinetics medel

Test 1 ‘ Test 2 Test 3
Problem description: far sub-critical near critical
Initial reactivity $ | - 3.0932 - 0.1876 - 0.1876
> : Final reactivity (§) - 8.4407 - 0.9718 5.0490
Generation time (usec) 0.72 0.75 .75
- Reactivity perturbation in space | symmetry symmetry nonsymmetyry
Comparison of the powers within 1 % within 1 % 11.6 % #1)
11.7 3 "2

Note: Two detectors with

235

U fission counters were located in the reactor

shield. Detector # 1 was located at 68.3 cm from the center of core

and detector # 2 was located in the center of the core.

Core | Reflector
and and confrol materic!
Core 1 Coretj Core 2 J Refiacton Shield
1017 1692 24.49 39.28 4660 5565 77.85

Position (cm)

Fig. 3.11(a) One-dimensional model of FTR-3m for comparison

between the point kinetics model and TDT code

Core restraint
!
Refle(f:’ror / Sodium
Core | Core 2 | Blanket | ¢ f Shield

94,757 123.449  160.160 {75045 200.388
189.849

Position (cm}

Fig. 3.11(b) One-dimensional model of a hypothetical fast

reactor for comparison between TBA and TDT codes

253.475
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iﬁ@ﬁ%TLﬁﬁKﬁwW%%ﬁotﬁ,ﬁﬁﬁ%%%%bfwéo?ZFSTmmﬁbﬁ‘
DA (Phhs 683cm OERK ) KBRHEEL (PULBRIVYE—), ELdRICER
1520 (REB1EALLD) FEVCHELY BRESEMC >V TEMFO LD ICA <7
S a7 b AEEL, 2ORE 1AEMETDAZ-FEOERRDAT S (Fig.d12
L FTable 35 B2R ),

RPN ABIEZRERENCRE SNAEER (KRICDVTIR Fig.311(b) , HE
2 > TI2 Table 36 BH)EMOT, TDTI— FETDATI—F (H21EBR) Ok
EREMTONI, Fig-313 TRTLICE - FO—HEFR, EFoHEER, TDASD
 FTOHEANRERTHLORML, TDT I - FOHENSHIR (TDT 3 — FTRAER
BARE) THEEPLLAEEEOEC LSO T, COBEETS L, M- VOKREE
{—Bd 3, ELHEKEIE TDTI—FT2256%, TDAZ—FTE16% (IBM
360,/91)CH 2, TDT 23— FOBTOA» DAFREIL DY, THRRLARMEKDME
DTEMREDBILHTHA D

05
0.2
G
5 y '
g8 0.1 ka
~ = Detector No.2
= Detector No. 1
5 | Detector No. ).k‘
g 005 = ——
. “E!q
Q02— ‘¢ Point kinetics ]
" e TDT
0.01

0 0 20 30 40 50 60 7O
Time (sec)

Fig. 3.12 Relative reaction rates versus time on TDT and point

kinetics calculations

—30—
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_ Table 3.6 Problem description for numerical test of TDT code

Test of Fig. 3.11

Test of Fig. 3.13

Object

Comparison of the point
model and TDT
Rod drop in sub-

critical reactor

Comparison of TDA and
TDT
Rod drop in a sub-

critical reactor

Reactor regions

13

13

Group constants

XSDRN § ANISN

XSDRN § ANISN

Energy groups 5. 6
N of Sy 4 Z
Scattering Pq Py
Transverse 2 B2 adjusted to TDT for
DB

leakage the same eigenvalue
Delayed

1 2
neutron group
Delayed 0.005 (Bl)

0.0032 (8)

neutron fraction 0.003 (Bz)

Delayed
neutron decay

constant

0.08 sec I ()

3.0 sec™t (A))

0.02 sec ! (X))

-38—




S ———

JAERI-M 6373

O

— 10 g T 1T T4]1 LI (ll!lll Ty HIEIII L ll[llll LI Illtrq— T IHHI] L ll'IlI][ VTR LI (lllll[ 3
2 188 |
2O . —— E
:;’g 10_2'5— :
& ¥ 1
10-3 -"l H Illlul-sl llluul-sj_ Lolilill l Ll lllllll_3l 1 |L||n|“2| l[l]llll-ll L |1uu]ol IlJIlII" L lll]lllia
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Time (sec)

Fig. 3.13 Relative reactor power versus time by TDT and TDA

calculations

19
3.4 TRANZIT a—FxZHOHE )

ZZ T, TRANZIT I — F& Monte Carlo 7 ( ANDYIR2 = —F ) FOHRBART,
Bit, TRANZIT 3~ FTOB1 BEREOGRICHT R ET 3.

NE, ¢ o =02 0—HEFFHEAEEOAE ($F; 0<r<1Lim, &3 0<Cz<20
m)OES(0<r<0lm 199<z<20moOM ) T, —BRIKAHLAEFFRFEEZEL 5.
FDEE, KFRlcem secDBEESH L TAEET DL, TRANZIT a— FARWAFEIR
Sg T 400 ZWRI A » & o Tfib# o Monte CarlofEa~—FIR 1P o FEIES 2 ITE S
#+7T, AEET o7, CHOLOHFEHRR Fig .3 IRIh 0z b, Bl BROHETREE
BHinfiin s &, B 57 v 74 02sec O& &lIMonte Carlo EOHFELIHEL, BEIR T
w75 00bsecil B EREBN—HAEALZ I EDBDE,

AR, FMUERTHEY, r=0, z=19milAREEZEL S, A TRANZIT 2= F
i EBEBETIES, AE, Monte Carlo B dEE TIZ, 120000 ORFTHRET 2, oh
COEHEEER Fig.310 lRaN LD, 2F&-L T, BI1EHERELFBVCBEEIRO—HE
BT e B 19, 20, 276sec OEMARFERELALCERS, £nEh, BEEXRIAMEI
ETLHLPL0E, COREEFRTFRIFAERLTO S, AEORNL ( right leakage)
OB 2T76seck WXL ELCATREBLTVAEDOE, BREBEZSNCIZEZ LB DN S,
AAhF—HEFRERTE, IREIDAKEOEMRT » 7T, CORFREIRELNLG L [, FE
EffiZ, Monte Carlo#Tid4 min. ( CDC6600 CPU time ) Thoizo THANZIT
I-FRLZHETHE, 55T TOM, 5627y 7DEETImin., 25 AF » T DEE
ThEminThote T, ZRNOKERT v 7OHEBICEIZRIEDMHER, 52sec <t<56sec
DEETHAM, 22x107° (56 27y 70EE), 29%X107° (2527 » 7 DES) TH

")f:o

—534—
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| T | T |
10 T T T T — - R
C —10° Starters Monte Carfo ] _\Top leakage |Right leakage (x10) .
- = ® TRANZIT At=0.2 sec
i + TRANZIT 4t=0.05s3ec | 15! _
| Leakage i R E
. | [\| Bottom ]
|\ leakage{xI0) .
] e :
0.1 - A |:;orpﬁon i
] 162_— E
E w B ]
2 3 1
. © ]
0.01 |- 4 &5
: ] ok
[ {1 ™ E
I - 1 8 F
L
L - i E L
— - 3 -
5 - { Z
0.001 L 1 R 4]
0 1 2 3 4 5 0k
Time (sec) o
Fig. 3.14 Comparison of Monte Carlo i
-— TRANZIT
method and TRANZIT code - I Monte Carlo
without using first 6oL spread of 3runs
collision source a I 3
-
Tohd l | I I
0 10 20 30 40 50
Time {sec)
Fig. 3.15 Comparison of Monte Carlo

_35_.

method and TRANZIT code
using the first collision

source
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.65 ZOHOAERICKDBHE
~%ﬁﬁﬁﬁw%?,¢%?1ﬁ@5@%ﬁmmmb&wﬁm%fﬁéoGmmmwmgﬁ
mEER A EE LBt F R E M ( Collided Flux Expansion Method CFEFE )
AWREZCEBLT HRAKEREFEREZHO TV, BEBRS S UERUREBERT
£K;5ﬁﬁ%ﬂﬁ%%%wt@%%@ﬁ%%i5oCFE%”&mﬁﬁmﬁﬁtawgiﬂ
EDTHB,

NE, —BUERERCHT IMEFERAEFRAOLIICE

1 @ é b
[m‘44-+ g — + 2] ¢(x,ﬂ,t)=05—¢(x,t)+ S{x, & t) (32)

$(x,1t)= j ¢ x,p’ t) du’ : A4 7—thiEF®

-1

s(mnm)=og%;gl:%ﬁt:0f,MEx=0@&céwﬁEwa5%ﬁ
oA i I
2+uff i . ]
= I EOBEEICODLDTAETNDS 2RPETOK

b

FpMORERBEHEEIB DN S,
(32)RD ¢ (x, £, t) ZRADOWL, HEPHTH( collided flux) TEEL,

8

b (x, b, t) = 2 $ (x.4 1) (33)

o=

OEAGBLIUEBRAKELTERTEE, AN —PRHTREXRATEAL 6N %,

‘th ”°
CZviyne
lx, 1) = — [1+ Z( V)(nH)Q;;(M}H(I—IvH
2t , 9
” (3.4)
zzie
1
n—1 l n m=1
= - — M (y)d
Q ., (7) 527 (et f (y—7) ae1 L¥Hdy
7
1+ n+1 1+ n+l
Mg () {[ﬁn 7 -*lﬂ] - [ n l—i}% 1#} }

—36—
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1, 0 S191 <1 Heavisite D AT » 7
aii=g = ( , )

0, 17 > 1 B s EiINn 3

T (34YRAEMEAICH N, $HDE, CPEHEEP, EU, HEBIUE JTHLH

( (32) RAZMICE LT Fourier ML, BB L T Laplace E|T 2DTH 5
BREROBOKA ST IBOFSICANUEHELALD ) 2B L0y Fig.316 TH
%, BERE (CFEHE) KB &FE O MBI (pole approximation ) TH 50HEUDT
NI R AB D THHEREEL SN B8, P, AUIOMBEUOFMEMBROCT LA
HEEZDL., M, Py L, HHRAEDBSLIUBAEUTORBKRANTSA o0 5%,

10

11 11l
L 1L

L Il.llilll
|

L1 it

X=00 . C=10 X=100 C=1.0

1 1T Tl |[

E,
L
Q
-e_
~ =3 F P, approx. 3
= 1 ¢ 3
6: P, approximation 1 [ i
o . 3
(oW -
= |62 _
- 3 F Diffusion approx.3
I 1 Diffusion approximation]{ | E
L i i i
O 1635 4 F =
- - 1 E -
o 1 F .
E | Pole approximation 1 [Pole approximati .
165 l | I i ] ] J
O 10 20 30 40 50 6010 20 30 40 50 60

Time (sec) Time (sec)

Fig. 3.16 Comparison of CFE sclution (exact) and several

approximate solutions
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Py TR .

G
T+ —]e"gs X
oAt

x 10(E§” / 1—3(5%)2)H (r#?%%L) (35)

2zl (u) 281 WA Bessel ETH 5.

pix, t)= e_z(l;c)‘rl £ [
2

ILFGELL T,
v x? }
¢(\x,t)=“m'exp {—E(I—C)Vt + 4}__{ . (36)
3%, 3%,
KLl TR

2

e 3 -— 1 1
S(x, t)m 5 o TOFe [ 2 4ty {L+035—+(0099107—01$%——
s 4l ) o*

o 1
—(0.027723-0010 7148 +0.01258 )+ boan

Z it

0=v 3 t,&=v3 I x

Yingliﬁg 1'521) 11, T~ Bt BT, Laplace i B XU Fourier &L

R OIENICESKICLIERAER LR EE IR LTS, WEHECHGTARREORE
T, ERRA —F —ORTE, '

2
v exp {—(Zavt-l—'g')}

_ 5o . . _ 2
$(r, t) = (nrﬁ {1—()°"+ ZT} (38)
14— 2=0RTH
PE S (Zovt+ )b (r2L(Z) TL(Z)
b (r, ()= —2o P - | {[ L2 22 J *
Zﬂ'ai Z Z
2 1y 1
C H(T—R)+(—=—2) 6 (T=R)} — — & (T~R 39
H(T—R) (H. 2) (T—R) = — V(T H)} (39)



JAERI-M 6373

THH, CZK

P 1
t= 3% vt , T=27t , R= , a, =—,
50 V a, Yoog
7, =+ T! —R?,
I = n&XDEF Bessel B %,

n

8' = Dirac @ ¢ BEHOMKS

z, HR (35) ROBIAVLLEDERLUTH 2, COESEEROTOMELE ( Continued
Fraction approximation, CFE{l) DraoRtr—FoRRBERECALAL (31) R
WEGEL ERLHEREAEEZ 2, CFEETRACHEEAR &Py A EORBEOLWHICHOE
HofAmM s L, HBCIHO R

2 _ -
aire (K5 L) = " K (310)
- ¥ +L+

¢

TREN D, .

i, K@ m%r‘aﬁ%ﬁl—d‘Fourier T A —2 —, LIZEBIC>To Laplace ##
5 A= a8 THED, CORRCFEMEESVTEHIBROF I REITESLRRETHLDICP,
EG TR, ABO—2_ + LoBEHSENEETH 0T, EEEM L DEHBR L, L0
SHIAE Yingling 35A T 2. BEH (TDA=—F) LHRT HAHIT, Fig 31 &
;Uqu32T%ik@&ﬁbﬂ%ﬁﬂgiﬂ‘ﬁiﬁFm.msK%T;OF—lﬁM'
((39)R) EHMEGEUEREBEMELL R LTS, thbild, 2FMERICE - THREK
R —H LT B oRBEFR ( 088 ) O T ( Fig 3178R), BHFELSHS
BN CHER A —KTAOR, AAMMARALEES (Fig 318 8H) TH
3, o S

22 3 BETH~S BT F Yy 7 Rk ( response matrix method )i, B9 MMx K
Ko (HEBRE, collision probability method ) OEF, FHbb, HEHH
DER A vy A AR TORENEBBNCE, ER-ARRESEL D TH D,
&CHMHE%%H¢ COBET) y JABEORFAEL LT, ThERBREOWMES
BAOEMKICIEAL, 5— K TRASCAL £BRL TS, $ab5, AFBTEBRT 5% «
D (cell)iCks BHMKEIEE~ MY » 7 REMED, TR, 2ARRTONT ¥2EE
St IEFORNLKET ST 6 d, Thids &5, ENRTOAT eV BHEREROE
B4 0 Vo ST 505, COAy Vo EDREE LN, FIAZBM L LHRONE, B
SN TRERABEOMAEIC L ZMEESDBED SN T 5, |
COTRASCAL a2 —FERHWAHAE Iy —R, BUTFT, B3 v¥ - 28, &R
BT 08 6 T b . BRIE Fig 319 iCRT L5 ICHHMELS 1,76 FLT, 3ERC
AU THD. T3, Case 1 T, FOLEIC—BKIC, 026FORIEEER T » 7RICHA
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Litx7T, Fig.320 HAZOBTHRAN TS, WX - FTRASCAL ZHM T
R TRIMUX @ 25 A BEEES — ¥ ) 2o REERICR . Case 2 TH
W1 B OE ERIC 065 BORBERAEREL S, COBAOENELOBKT R Fig.321
CRE R TS, BTH ( asymtotic ) BECATIERmMI — FOENHTL B, KIT, &
E%®%%%xbﬁ<ﬁbtﬂ%%ﬁéoOweSm,ﬁﬁl@ﬁﬁﬂ(ﬁm)ﬁ@ﬁ®&5
FOBECE LT LE S EEEL o Fig.322 WHREBHRED L ORETFRENGERT
BS, EEECIE, BICHEGEM ( TRIMHX 3 — ¥) 2%, K4 FERA~O®RNZBAFML T
BC DD Be Fig.323 R AEMOBTERLALD DL, MEERICLE O LERK
ERICEZBDETRPRNDOEBREDNL T S, _

B EDHTHD S S, BAERICES 3 — FIRW omCliKEMIC LS 3~ FEORO
EAERTH, BE<M) vy 7 REEZAOLGERFEI- FTR, KROALORAE, HE
FURAES bOEBEDESR N, | KAFRYSD O FHOP UMREIL, TRASCAL 2 -
FOSSERER) TO35F, TRIMHX (#BEM ) TO3 18 THES, Table 3TIC LD
3y —RiCHT A - FOFEREERT., COLIKHT - FORFERHEBEL hox
5 ERTXAM, COHECALHOBEERBTRELI(ENL S, TRIMHX 7 — FORTE
¥ARIIRAHABI — FTH O Y, CCTOMBETRIANATHL. —F RIEHBT
ZTRASCAL I— FOBE< NV » 7 X0 E I Monte Carlo EEHRBERELHAL
7ZRESPONSE 21— FTHHAEM, 14580103005, COLBESROEINL
METH LS.

derﬁ”@,Nw2$ﬁ¥%ﬁ®ﬁﬁ®tbm,ﬁﬁ$ﬁ%ﬁ%%oﬁ%%ﬁﬁbt
BRI OEHEREEOARILCRD L, 2O0HERREZHREL TS, 26 HEBEL 6D —
BEEOH (FE, 13mip ) 0L AV AREFATBAAR & &0 P FROBEEL
DETHHETREEELTHA, Fig.324 2, BWROLBVEKFROESTH B3, WER

(TDAa—F) to—%KRFBL,. Fig.325d, BNOMWERICH L TTHSH, FHH
BBTAICHEL,, BE®E ( TDAI—-FBLIUPMORSE (Monte Carlo # ) 72— F ) i~
THEOWEE o THD, CCTOHERAL TEOEBDN S,

%ﬁ,Hﬂlﬂhf%ﬁ%m1&mﬁﬁﬁiﬁ%ﬁbkﬂ%ﬁﬁmm@%%ﬁ&%&DAM
rlEOEEERERE FEROBELREL T3, 775, BEREMET, Sthi
FRETEE, BEZaFHOAREZESFBERE L TRABANGN S,

I

1

vt

(@ gy Byt =gi(r) (311}

LW, RBE Ty S o LE0BEDMIRTE S, 4, EHEESMCELTIE, P
FHdid, &4y Va0 1D Lagrange BHABRAHA WA RRETEOHLINS !

1

G (r) = ——[(r.L —r) gt Crer )
ar, i+3 i~ 72 2
rE(ﬁ%,rH%J (312}



Fig. 3.19 Three-zoned reactor for sample calculations (unit
cell consists of concentric tubes of Al-cladded

enriched uranium surrounding heavy-water cooclant)

I | I | | P
8
A & 5B a g g ge s
- A ] 3 v v .
A [ I
20 2 g v _
Fa¥
g - - Ak =0:0025
3 [.%¢7 ]
o v x —TRIMHX (£;=0.054)
2 - 8 a ~fy=003 7
S 1517 0 -2 =0.05 -
= | o -2 =0.054
O -4 =0.06
t v -4, =0.08
'10 ] 1 I | !

0 50 100 150 200 250 300
' Time (msec )

Fig. 3.20 Reactor power variations fer a uniform step reacti-
" vity insertion of 0.25 % (lt = thermal groups prompt
neutron life time in sec., TRIMHX = diffusion appro~'

ximation kinetics code) --- Case 1
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flooding transient in Case 3

Table 3.7 CPU time requirement for TRASCAL

(transport} and TRIMHX (diffusion}

codes
Total CPU time
(min. on IBM 360/195)
Problem *)

TRASCAL TRIMHX
Case 1 (450 time steps) 10.0 10.2
Case 2 (700 time steps) 14.5 _ 15.0
Case 3 (450 time steps) © o 10.5 11.0

%) Core storage is less.than 500 K bytes for all

of the problems and somewhat higher than TRIMHX

code.
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