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Present Status on Numerical Algorithms and Benchmark Tests
for Point Kinetjcs and Quasi-Static Approximate Kinetics

(Benchmark Tests on the Space-Dependent Neutron Kinetics Code+2)

Takeharu ISE
Division of Reactor Engineering, Tokai, JAERI

(Received December 3, 1976)

Review studies have been made on algorithms of numerical analysis and
benchmark tests on point kinetics and quasistatic approximate kinetics
computer codes to perform efficiently benchmark tests on space-dependent
neutron kinetics codes.

Point kinetics methods have now been improved since they can be
directly applied to the factorization procedures. Methods based on Padé
rational function give numerically stable solutions and methods on matrix-
splitting are interested in the fact that they are applicable to the direct
integration methods.

An improved quasistatic (IQ) approximation is the best and the most
practical method; it is numerically shown that the IQ method has a high
stability and precision and the computation time which is about one tenth
of that of the direct method. IQ methed is applicable to thermal reactors

as well as fast reactors and especially fitted for fast reactors to which

-many time steps are necessary.

Two—-dimensional diffusion kinetics codes are most practicable though
there axist also three~dimensional diffusion kinetics code as well as
two—dimensional transport kinetics code. On developing a space-dependent
kinetics code, in any case, it is desirable to improve the method so as
to have a high computing speed for solving static diffusion and transport

equations.
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Table 2.1 Material parameter and transient parameters
for critical core models
(B = 0.0064, ) = 0.08 sec™})Bll)

240-cm core 60-cm core
D; (cm) 1.69531
D, {(cm) 0.409718
Za1 (cm 1) 0.0137513
Tgo (cm™1) 0.261361
tr1 (em™1) 0.0164444
vigl (em™ 1) 0.0194962 - 0.0213143
vIgs (em™1) 0.497857 0.544286
region 1 . 0.0109100
region 2 0.0120000
(em™) egion 3 0.0108900
In 0.0l sec a)
A(vIgy) (em™1) -0.0037198 -0.00880
A(vEgp) (em 1) -0.094992 -0.224716
0<t<0.8 sec +0.0002381 +0.0007081
A(vZfl)(cm_l)
0.8 <t <100 sec 0.0 ' 0.C
0<t<0.8 sec +0. 006084 +0. 018081
A(vEIfs) (em™t)
0.8 <t <100 sec 0.0 0.0

a) Perturbed fission cross sections for prompt critical
transient problem. '

b) Perturbed fission cross sections for delayed critical
transient problem.
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the matrix-splitting method due to
Hansen et al.Bl2) '

Table 2.2 Results for step reactivity problem by

Time (sec) Analytie N(t) Numeric N(t)
0.0 1.0 1.0
5.0 6.411 6.408
10.0 16.60 16.61
* 15,0 41.79 41.81
= 0.00375 (step}, B = 0.0075
A =5.0 x 107° sec, At = 1073 sec
I = & (delayed neutron groups)
Table 2.3 Parameters for two typical modeled reactorsBl3)
Delayed Thermal reactor Fast reactor
neutron T
group A Bi A By
1 0.0127 | 2.850 x 10°% | 0.0129 | 1.672 x 107"
2 0.0317 | 1.5975% 1073 | 0.0311{ 1.232 x 1073
3 0.115 | 1.410 x 107% | 0.134 | 9.504 x 107%
4 0.311 3.0525x 1073 | 0.331 1.443 x 1073
5 1.40 9.600 x 1074 | 1.26 4.534 x 107"
6 3.87 1.950 x 1074 | 3.21 1.540 x 107%
= 0.00750 = 0.00440
* A =5 x 107" sec =1 % 1077 sec
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Table 2.4 Percent errors and exact N(t) in Case 1

(+0.5 $ step reactivity into a fast reactor)B13)

At(sec) Method*) t = 0.1 sec t = 1.0 sec t = 10 sec
(a) ~9.65x1075 | -7.53 %1075 | -7.85x107°
0.01 (&) +4.82 x1075 | +3.77 x107° 0.0
(c) ~4.02 %10 | -6.11 0.0
(a) -7.32x1073 | -7.34x107% | -6.28 x107°
0.10 (b) +4.53x1073 | -4.18 x107% | +3.14 x1073
{e) +4.81 x 10 ~3.70 -6.54
. {a) -3.93x1072 | -3.99 x107?
0.25 (b) —_ +2.62 x 1072 | +1,94 x1077
{c) ~-3,75 x 10 ~7.60
(a) -1.29x1071 | -1.64 x 107!
0.50 (b) —_— +1.08 =10 § 47,77 x1072
(c) 3,75 %10 -7.71
(a) -3.91x107! | -6.93x107}
1.00 (b) — +6.88x1071 | +3.12x107!
(c) +3.83x10 -7.52
Exact N(t) 2.075317 2.655853 12.74654

*) (a) Padé (2,0), (b) Padé (1,1) +wg term, (c) Crank-Nicolson

Table 2.5 Percent errors and exact N(t) in Case 2

(-0.5 $ step reactivity into a thermal reactor)

At{sec) Method™) t = 0.1 sec t = 1 sec t = 10 sec
(a) +7.99 %1072 | +6.59 x 1073 0.0
0.01 (b) -2.86x107% | -4.94 %1075 0.0
(c) ~4.70 1072 | -4.94 x107° 0.0
(a) +3.15 +6.44 x 1073 | -7.07 x 107"
0.10 (b) ~3.88x1073 | -3.71 %1073 | -3.53x107"
(c) -7.78 -3.71 %1073 | -3.53x107" |
(2) +3.44 x1072 | +4.37x1073
0.25 (b) —— -2.32x107% | -2.27 x1073
{c) +2.83 -2,27 x1073
(a) +1.19 x 107} | 41.69 x 1072
0.50 (b) - -9.05x1072 | -9.09 x 1077
(c) +2.62 %10 +5.92 x 1072
{a) #5.01 %1071 | +6.34 x 1072
1.00 () ——— +6.86 » 1071 | -3.64 x 1077
() -4.55 %10 +1.41 = 10
Exact N(t) 0.6989252 0.6070536 0.3960777

*) {a) Padé {(2,0), (b) Padé (1,1) + w; term, (c)

Crank-Nicolson
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3x?-2x’ tiap<t<t,
u (1) =1 3y* -2y t<t<t )y (2.30)
0, (ti-1 tj-r ) oEBEA
(—X2+x3}&tj_1. tj_]gtgtj
=<yt -y AL St<tn (231
T,
t"‘tj_l
X = —
At
_ t.j+1—t
Y Atj_j

Atjer=1;=tj
THSEROT, o(t) = 0 + Gt © 1 XLBEARIGE (ramp reactivity insertion ) DI %
AL, RICRT L H1C, one step BOXEFZ (At =LAt (EE &4 3),

Bi+l wi+1 = Bi Wi (232}

e
m=1 (1 XEHL) D&
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At At?
i 2 +1 3 s
(233)
8 I__AtA AHA
i+1 9 i 3 AN
m=2 (3WMEBEA) 0 & i3
B, = [ +28 A - At A +[éiA —éﬁA ]A
i P i+l 20 AN 192 i+l 20 O i
(2.3
At 7 At? At?
H 2 1 20 e 1z Nt e ]him
T, ¥
A] :A(tEJ
¢ ]
LN
P 0 0
An=]0 0.
L0 ~ 0 )
TH b

ATy TIRBARIGE (0, =0) D L3, (233) XXV (23) KB T, ALEBUR
BE¥ O LEDT, m=11% LT3, Crank- Nicolson il (Padé P (L, 1)), m=2 L
T, Pade P (2.2) £t 2T1h5,

Table 2.6 i1, BMAETFIFEF L (4=5x10" sec ) i+ 2 Nit) DEEMTH 305, HENIC,
SR D HHermite FAREHOCCHBREDA - F ~BE W EHRLTED, HEREVTRDH
O ™) Ti-T 03, Mim=1 THEERS (time integration) DR TR 7K 05 (T
HARLTC Bo € CTESBEERSEE. (22) RABSLTRLALC (0 (2 1) XK RA
Ly ZLTEDHEAHEFNZA 7 »7CHLTHESLTHS AR, 7005,

tiel p(t) =4

y N(t) dt

Niv1 = N; :j

tj

+ i gtlﬂ Ae {Czo e-l['t +& jt N(s) e_iﬂf‘“:‘ds}dt (23)
F=TEn N 4 Jo

D N(t) £ X4 Hermite BEA A MO THOTE S kb DFIET, #. Crank- Nicolson EHITH
O OB R F v FEEBOT, FEBOAHO LA WHEORKGS 2 BBEEAR XL BT AR
LTae, 2 idBEER s 0bhL 200 BENS O LA CMBETH S,

Table 2.7 B@EHELTE 7L (4 =107 sec) KT 2N DHRETH S 08 BPUTFHFEF LOL



JAERI-M 6853

Table 2.6 N(t) for a thermal reactor problem (6 delayed neutron
groups, p(t) = (B/2)t, B = 0.0075, A =5 x10~4 sec)B3)

Time AL Crank-Nicolson Method using Hermite polynemials
(sec)| (sec) Using e(e)*1)] using p*1) m=1 m= 2 intzéggfion
m=
0.005 1.9540000 1.9499905 1.9499942 1.9499987 1.9499928
0.01 1.9400027 1.9499660 1.9499808 1.9499987 1.9499751
1.0 0.03 1.9002928 1.9491803 1‘94954971 1.9499987 1.9494094
0.1 1.8513059 1.9467323 1.9482021 1.9499962 1.9476481
0.5 1.5316543 1.8818173 | 1.9144400 1.9465955 1.9046032
Order of 0.95 1.93 1.92 4.48 2.08
convergence
0.005 |, 11.147961 11.228276 11.228411 11.228372 11.228349
0.01 11.068160 11.227991 11.228529 11.228372 11.228282
2.0 0.05 10. 450756 11.218824 11.232274 11.228358 11.226118
0.1 9.7275836 11.189778 11.243498 11.227962 11.21926%
0.5 5.4308838 10.413090 11.145270 10.943181 10.925652
Order of 0.95 1.86 1.97 4.36 2.09
convergence
%1} Calculations have been performed assuming o(t) = p(ty) or

o(t) = p = (pty) + p(ty43)2/2 for £ 5 € 2 ty4)

Table 2.7 N(t) for a fast reactor problem (the same data as

for a thermal reactor problem except A

1077 sec)B3)

Time ar Mathed using Hermite polynomials
Crank-Nicolson R N
{sec) | (sec) _ Time integration
m = 1 m=1
m=1
0.005 2,2806399 2.2881928 2.2882052 2.2881461
0.01 2.2741454 7.2881595 2.2881994 2.2881894
(0. 6117)%) (2.01x10 3%) | (2.53%10 ")™) {6.90x107"%)*)
1.0 | 0.05 2.2242740 2.2870330 2.2873140 2.2867310
0.1 2.1617929 2.2835253 2.2761511 2,2823753
0.5 1.7398362 2.1903963 2.1453451 2,1770162
Order of 0.947 1.93 3.75 1.90
convergence
0.005 | 0.11790377=105 | 0.21803225x10% | 0.20657232x10° 0.20264628x10°
2.01 0.65411931x10% | 0.21227155x10% | 0.18399171x10 0.20823698x10°
(68.3%3%) (2.75%)%) (10.920)*) (0.81%)%)
2.0 | 0.05 0.51885734x10% | 0.39038912x10" | 0.67090612x10" 0.80757093x10"
0.1 £.15045759x10% | 0.11526595x10% | 0.63665597x10% 0.2678006%10"
0.5 0.98040854%10 | 0.62508242>102 | 0.13191022x10° 0.10859238x1073

*#) Relative error for At = 0.001

N(2.0) = 0.20657232 = 10°

__.15_.

sec based on N(1.

0) 2.2882052

and
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% LE#C, Hermite th TREFMARLTOEH, 5T SAt=5xI0 D& xcid. —HiL
BN FNT WS, £4, 20 & %20 Crank- Nicolson BT, HIECEERERARLTWVS,
OEFEFETFLEHL THHEBESZOR TR L BE# SR EIN TS, TTTRENS
&mmw&ﬁomsmpﬁﬁﬁﬁ%b@wfﬁ%ﬁﬁﬁﬁ%ﬁﬁ5@?@@&@%%@%%@%ﬁb
A5 .

B NENREI SR - VP FX2 (B3 258K THuohTod 1 Aok . R
BT = ¥y REZTOBOT, FHEHR Ty 7HIC InN(t) 2 2 ROME L R EMOTRHE
LBARDEEDVHIEFCHEREOROZERLHETH D, Kavanove D HHEORRE LEZ S0 508,
HEF 05D THES 2, ' .

Kang 50#208 | 7z Hermite B H R (M) TRAL>=C B3 & | B, i - l&ég =T
Pade Bl v+ Vo 7 AORBHEELN N, CORHEORAMGEL 1£5, T D% Hennart 43,(2.26)
LD EBOT(s) I Pade HPABAHT 57 Lick 0. KB (At »oHLT|B| =0 LT3,
THHE (232) XirfHYMT 5 one stepBRA-FELAK,

¥ . =B, ¥ | (2.36)
ZEEHL T B, CCICB, @HBaN*Pade v Y v 7 2 THH . Table 2.8 i Kang &
FiL 1l RNAARGE (Ot) =0, + 01 ) T3 BT DOROGR XL T3, Table 2.9 23,
Kang &8 CHISE 7 o8 MAA R 08, Kang DR LKL OSRBINTEHEY, TITODH
HEOBALOIREN T 5,

| BTG DR B ¢ o B AT T ) X ADHEE . A T 7L OB H T lzumi
ST T e S 74— Friy S OEREDTRARLRT T80 CNEOREEET
4. Crank- NicolsonER#ELCAOEUTRS 265, AMBEEAAL SO HPECR VERL S
ALTEETLT b

Table 2.8 Advanced matrix Bg for ramp reactivity insertions
due to Hansen et al.B8)

Padé scheme Advanced matrix B;
P(l,1)M {1 - % AtA(ty + % At)]THI + % AtA(t; + % s€)]
1 1,0 1 -1
P(2,0IM (T - atAfey+ 5 At) + 7 At Aty +—§ At)A(ty +Ar)]
2 5 1,5 1 -
P{2,1)M [T - 5 AtA(ty+g AL) + g ot Aty + ALYA(ty + Aty )T}

x [I - % AHralty +% at)]

B(2,2)M f1 - % stafry *h_l?o at) +—-*]:i'2 at?alty +—].]E) AtYA(t; +at)]7!
: 1 3 1 2 4
N hd = —— — - —_—
i [I+2 AtA(ti+m At) +12 At A(t1+m At)A(ti)]

The same expressions ars valid for Padé schemes if A is evaluated
1

at ty +Eﬂt.
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7 OTXL°8+ | ¢ OTx8 T+ | , OTXT'€- | , OTXT 9+ | 4 OTxB'€+ | ( 0Tx0'T- | W(T'2)d
OTXT T+ | Z0TXT"T+ | Z0Tx0"T+ | LO0TxT°G+ OT*T" S+ 0Tx0°G+ (z2)d
20TX0°2+ | ¢ OTxZT T+ | ¢ 0Tx0"T+ 0TxZ €+ | ¢ _OTxY L+ | , 0TxT 'S+ | W(I'2)d
0Tx% T+ 9°Z+ €' T+ | L0Tx0°T+ 7E+ L1+ (1*0)a
20Tx8 9~ | ¢ _OTXT T- | ,_0TxS %+ | 2-0TxT*6- =  OTxG°S— | _0Ixg'T- | R(0‘T)a | 298/30°1- 30
. < uoT3IIsUT
0Tx%" T+ A €T+ | L0Tx0"T+ Se+ LT+ (0°2)d duex yITH
0°S+ | [ _OTXE"ZT+ | ,_OTx§ 5+ £79- | (_0Tx0°€- |  0Txz ¢+ | W(I*T)da | Io3oesx 1sed
Y6+ | [ OTXS %+ | [ _OTXT T+ OT*T T~ | {.0TxXT°S- | ; OTx6°G+ (1'D)a
<0 1°0 S0°0 €0 1°0 €00 (o@8) 13
0T | S0 (o98)9uty
2 0TX6°L= | 4 0TxL €~ | ¢_0TxZ'€- | [_OTxE'T+ | , O0Tx€ T+ | o 01Tx9°L+ W(Z'T)d
OTx%7*T- | {_OTXT"9- | [ OTxS"T- OTxE"T- | (_OTxT"9- | (_OTxG T~ (z*0)d
(=OTXT 6= | c.0Tx8 8= | ¢ OTXT T- | (_OTx6"Z+ | ¢.0Tx% €= | ,_0Tx€ ¥+ | W(L‘T)d
0Tx€ "I~ | [ _0Tx0"9- | [_OTxS'1I- 276~ | (0Ixg G- | (_0TxC"T- (T°2)d | So5/8¢-0+ 30
9 9~ | (OTxT€- | . 0TxS"/~ 6°T+ | [L0Txy'T- | . 0Tx0"%~ | W(0°2)d uol3jassut
. . . . . . ‘ duexr y3Tn
0Tx6"T- T°T- | {-0Tx8°Z- 0TxZ 1~ T°T- | (-0TxT €~ (0°7)d 1030ED1
T°C+ | {0Tx# T+ | L, _0TxG E+ L°T- | _0TxT°6- | , 0TxE°C- W(1*T)d Tew1dyg
8°8- | [0Tx¥’€- | ,_OTxG'8- ¥ €- | (0TxL T- | ;. 0TxT %= (1'T)a
S0 0T S0°0 S0 10 $0°0 (v88) 3y
0z 0°'T {(oes)auT]

Ammwnmm £q uaAaTB seseo 3883

oM} 10} SI0XAD JUADIDI - £°7 2T4EL

!
—
—

|
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3. ¥EMEM

B HTI, ERUTLOREBNLERCEOT, HRAL, Gy =8N (CHQSHE
LB NTVE) BLUNBRERIIL ([QERHBIQSELBIFENT VD) OFIET LT
Ufb%ﬁfo%32%?%.%%@ﬁ%ﬁ%ﬁj—F@%%@%ﬁ%%é%t.w<9m®?xb

A
Bl 2T L, Fhe O RN AT, BICHH O OB ORI >0 TRESETHESIOL T EEDET S,
¥, Galati b8, AAHZ 0 meta- staticiifll EFA TOREBRMALARE L THE05, T TH

CDOFEARHILIMETFATEL

31 EBEELORETILIUZA

ERKEEEE FRREHL T2 T) X6 L LT, ﬁ@mm&wmAiné%mmw<9@£5®
T, LRSI SOTHEICSANT S,

LT A~ AERI iﬂwﬁf‘aﬁﬁiﬁgﬁmﬁiﬁhﬁfaﬁ 6

—L-iz-é(r E.t)=(-M+F, )¢ (r.E.t' )+8; (4(r.E t)] (31

v ot
zei, MBBRESLIUEBEAZRTERT, F, SHRMWESROBET TH 2, Sy BERPEFIC
FzdtETET, IRFECOCTORAAABDORLEL Tb,
LTI S RIS o (factorization technique) EREBO > P TFERS (P E.t ) %
{RIEBA% (amplitude function) Nit) LfZ4KBE%K (shape (unction) ¢ (r. E. t1ITHELIE
EHrotRET 2607, | AEUK I 2EHSHMEICENSDTH S,

& (r,E.t):ﬂﬂt)¢'(r.E,tJ; N{0)= 10 (3.2

o, Nt @ h#EFHEs (v E. t ) OBBEIREOERSEZRESLOTHD . @ (F. E. t) BH
MR EBN IR L SHI 0, EHE LU ALF -ELPERENTO S 6D ERET
%, COSMERTIE, Bo—BHicRT 2ERAG. ¢ (P B L) SRR T (P E)D2T
DECKHLTETA>BERTHELEBRETIOC FERACLILRELAETH 5,

drdE = A (constant ! (33

j- otm E1d (R B t)

v

C@%#%mwé&(32)ﬂwﬁﬁﬁflhﬂwm?w:UzA§mw LEWBTEZ TIK
(33)ﬁm5wfp(LE)wiﬁﬁﬁm%naw5&#¢ﬁ%ﬁfﬁéo
ZOXACSRETE T ERARNELNL L HRE®YE (7 E t) 8T 30T, £hEh
Tt 2 FRROMAEE ST ARAB LT, WHRERC L5 L5 HCHHEICBL TRE AT 0054
#Th b, '
wi(33)ﬁ%%@?é&ﬁﬁﬁﬁmwmﬁﬁ%ﬁﬁﬁm&@;%mlﬁﬂMﬁ%ﬁﬁ&ﬁ@%

15 5o
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dN(t) (oit) ~ At
= + 32 t (3.4)
it . N(t) {kCU)
T, NI A=RP, B BLOTFrRTLHCHERERY (r E. t ) TEHENCBTH S,

F I TR D SR, 58T A — 8 BE UREEE TR EORBIKGFEEC S0 TRAERIITKE

~THE LHEERT 5,
0;%ILMIKEJUM%FP+QJ¢(KEJ)de
F, ~BRHTIC L ARAREETY

A:‘%Ij¢ﬁ("5’%'¢ (r,E.t)drdE

\ (3.5)

g= X 8

k
& = %ﬁgb*(r, E) Fy ¢ (r.E, t)drdE
F:‘!f¢+(P.EJ (F, +F;) ¢ (r,E.t)drdE )

vt AU —d (t=t')

= ' Nty dt’ (3.6)

Cilt) ayrovs (t') e

A = BF P T O TG 7 v — Tk T B EEER _
—F, BREHCHTZ BRI (32) 2% (3 1) AKRAT I LKL -TRHoN D,

ERAESRT

. Sq (N(t') <@ (F E, t)]
-M + ¢ (r E, t) +
(-M+F,] ¢ E.t) NG

B, 0
"l_[dN(“ PR E ) ¢(r.E.t)](37)
v | dt Nit) .ot

LT (34) R~ (37) KRB, B3I PDETH» TV v IEINTIHD,

fa) (37) AT, BRPUEFESNG) OBEETHO, TN THONR T b,

by (37) RoAA68 (ANt NEEATHD,

(¢) ZHODRT, 7« — Foiw 73, SHNEROBERERCE-T, Thodt/ <t Df
t@ﬁ?@¢@¥ﬁ¢(ﬂ:@@&kuotwéu

MEEDT T a--F TR, CCETREORMNETEEETH L, b oRBOUOBADE

ﬁf%of<5o%K%ﬁ%&ﬁﬁ@mﬁ@m.ﬁ@%ﬁmm&fﬁﬁT@w&wﬁﬁfﬁwmﬁﬁ

GRPNT %, UTFig 03 20 UEERZRT.

#r &4l (adiabatic approximation )

EBEONTOARBAELUTRRGZ 2DEMBSHOANR AT VL, I 1T, ERPEFE
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ORIREEIRIETFEO ZNEXBILE0 (ChBRETEOMGIC L BN AEBRT A2 LT
W) Tk, THHLD,

Sq (N(t) ¢ (. E. t'))
Nt}

F, ¢ (r,E, t) + F¢(r E. t) (3.8)

w2, (3TN BT MR SEARET 2 L, C2hid g, Xt LS5 e BIRE
TEAESREDRGEYE RAFETH S,

mev%F]¢(nE,t)=O . (39)

chr il BB (34 RE B 7) XA TV IE2RFBBETEIETEHELE, 7 ¢ - Fox
v I EBN TV s, THhbs, RESLIUREFECHTIEEFOS (r E, ') (H'<t)
FEET 2, COFBENCE 2HEQELNIC &0 THEHRITICERERFEE2R O AN TE

Th o,
#Hiz (39) KeoEReRBICRTE S, EHax8A L TH =,

[—M+(1~%)F]¢(nE.tr=0 (3.10)
rOA A, EEATy ST ARIEFER
Nit) = N{l) e ' (311

D1
m%mtﬁ<&ﬁén#ﬁ&(mewzuﬁlﬁégé

#E# L (quasi- static approximation. QS %)

C@ﬁMT%%ﬁ%ﬁm%@&ﬁﬁﬁﬁ%%&@%nzm«tigfgwc&%ﬂmLt
¢ (P B, t; OEHMOEAEHT S S BREHERAI» RO O D,

1 1 dN ] Sy (NUHP (r, E, t'}
- -y ' EL L) =— 12
[ M+F, -+ % a ¢ (rE. t) N (3.12)
BB s Eo N THEDR, ZOHANI0HL LS, RICENIUBRAIET T EOF MBS

e
K BRI E (improved quasi - static approximation , IQ#H:)

COHETIR (7)) ROEFDHELERL SOTHLIOTH S0, 2O olE#sEwX0 L
S 1koBELE4 (implicit difference ) TEE®MZE 3,

E -9 E. t-At)
-§%¢}(P.E,tl-£¢(r E ) -9 (rE t-—At)] (313)

AN

LRSI ROEMEHBH L ET, BREEY BIESHC D - DB LT VB ELTNED
T, ¢ (P Et) Z0bDOERIEDD, LOKEOKIIRT » 7AL 2RO EBTEL L,
fr, COEIBEEERF » 7 TEHETHO, At B LTORE., A8 (33) AoEE
AERTE, B, 777 LMELEBEETH 2.
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CHOHETI, S INUWI+@ (P E. t)] AU<St FTOREFERERDS SEERD 3 08208
(3.7) A TREAKROEL L THRONE, (ANt )/ NBHORBERATy T3 4) AddK
HENBe Litti-T, PREXLLHERNLE,

1,1 dN 1.7
[—M+&—~;(§ET+—KQ]¢(nE,U

#Lm{Sd[N(U)¢(T,E.V)J4ﬂ¢(r.E.t<At}

(314)
Nt ) AN

o OX AR BOBMZRT » 70U 0 F33BEHOBERINT L, BN OEER 7 v
THAZRTFHO, 8 AGEBDLDL-TWEELT (34) R4ML2THS, bR 2N
27y 74 RF (37) ATHAEKY (P E t) ZRDPBEEXTH L, &5 1 O PRI SHES
RTF v 794 X3 (35) RO 5RBASOBANE Y 2L 20, FRBARIBEOHHENE/LE
RoAhZ Ll o (BB Fig 3 1288).

i3 (32) NomgiZ (33) XELTLEMELL0D T (34) £~ (37) LodE%ER
B THEELEOT LB, 20T, ROLHNKERSFELNTHE, £75,(3.7) K%K
DEHSCEZET, '

1 1 dN !

[—M—;(“ﬁﬁ)]ﬁb (rE, t)

1 ’ {Sd[N(f)¢(r.E,VH ¢(r.E.t—£uJ}
—— L F JE. t)—~ + 3.15)
y ¢ (r ’ N (1) v Ot ¢
zi
' b7 (m Erg (. E,
r=%”p ( ¢ (rE Y irdE (3.16)
v

TR, ERRECED AEAEEARSEDEFLEHICLT (315) ANTHREIHTERD S
NE, cOADT L) RADEFRROMOTE S, BORKCRK>OTHpIETEE, RiTT
DL SO TR E N5, 7T OB 1 ASBERTORS, At 8T @ (r, E, t—=At) &¢'(rE, t)
DEANRBALT, ZUEMOTHESNZEK ((35)ABR) #E - T, At €20 TORIBEK
FEAREINS ((34)HAB8H), cOFLOELEHNT (315) RSECE L, CORBECE
pt,&(hE.t}ﬂ¢(PJLt*At};D¢(hE.tHﬁﬁ(@@.%&ﬂ¢%rJLtJE
(P Et) BLY r= 10iclET 5. CONEBHEECEL, 22 TRALEEC L > TEHEF
=7l (4=10" sec. 26£¥) T, CRODNVTOREHES LI L FCE -t & Meneley B# & L
T 6(13}

C5) C25) 1)

Tur7akLTR, 1R Meneley . Biflington S65¢EsK L, 2 Rili#% Sha .

c12) Cl15) oz 028) _ 023 028 B 019) 028}
Ferguson . Dodds . Hennart , Billington . B[/, Xf o 68 3 W oiiaE4 Dastur, Fletcher
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SHEE L Td, Bk, ZRﬁﬁ%ﬂ—gwgﬁﬁéﬂﬁ&@C&L$%n

IR L ( meta- static approximation , MS (:EO” o18 . 029)

Ott - Meneley © OIRNE L - HEFFLI ML OFRME T3, BELE P FRiCH T 2ARMEFEI 20 T3
%%bfw&mﬁtonmim,m%—F&m;éﬁﬁ@ﬁﬁ£EIZW¥—ﬁﬁz@&%M%ﬁ
1 B DI AR T, BRSO TR ORI bR LR AT LT,

BEiah <t 1S B S CER LR SR TE 2 Lo, SHOGEKRENETERED, BRE

b LIORRBRTHART 52 E8TE L, TH05,
g, vty =ad (rye’ g, (et ’ (3.17)

CCT,¢QUJw%ﬁ%&T&31:ﬂ?ﬁ%&%ﬁ@%ﬁéw&%%miéc&m;of%%n

B (Tubn, T FRCET ZRAEREMEOR) S52 5L, BLIENEE D LERT

Bh, HiL, TALE P 20L &3, BRIMEFCHETIAG-RHLEFLEDILEHBTESE, 7
BHL, Y, BRICRTREE LR E- TR,

w-%gb'l:V'DVdf'l‘(.Zﬂ +2 ) .
+7i"( vy P v Eedy ) (318)
@ V]; gbz :V.qubg_gaz (,[)2 +Zr ‘7[,.!
T ZiT
1 ﬂ
2 .19

LT, oL, BMSOIREEEAMCT, (318) R & (319 X ELOEEANE S TRD
b b, TFEEF, 1, 2OTHET %,

—%. ﬁ%M@%ad(sw)ﬁ%%wf ShadEFHE, (318) R T aMbE XL
NWTHONZEAMMETEAMHOT, RAC I -THRHON B,

+ 1 + 1 A .
Jar@! St r0i Son 2 55 4iC)

1

A+
+ it M
jdr[¢ TV e, ng-kg(1+an @, (yz b +vy,, @ q

ccm.Fogﬁ?@Oﬁ@@@ﬁ%mméc&%ﬁb.%ﬁm@?ﬁ%%@%?@mﬁwfféa
C17)
CONBNLEL S MO FE L OBBC 20 T3, Galati H&E 1 TR T3 - T 508,
018,229
PRITHBIT DT b7 e VI ait a8 T 5,

*) R WA MOER - EREBH,



JAERI-M 6853

3.2 RUFT—-4«FXPORK

EEENEG, BRSOt 5IC & » TERE XN Meneley . Fuller HCk-TRE%
ABTHNBH, E£MKm 1&&Maﬁ@ﬂ@»ﬁ%%ﬁ@&%ﬁbtgtncha@ﬂ@@&ﬁm
& % Ott- Meneley 0>H 5 Tid,

KT I2, MBS 3 il 50 5 L IREHIREF T, Bt T B/kM#) 7 &SR (LMFBR) %
WHE L, REMNCEORED: XOBEHEE T 2, A SN 2 BEEEHII Table 3.1 1C7R
LTH2E, Pig. 31 B 3IBORGESHA S0 & ORGP THF =7 1 ixdd 2RIGEORHNE
CORTFATRL TS, EHIEL (QX 1) 3, | SAMKE R TELCROEUTS 3T SR
NT %, Fig 3.2 BEHHALUOBARBEOBREE L TREBEBOREZCKR TERT, LBt SRS
S fisEit FREEFL LD BOBELRL THEZ EcE&shizu, Fig 332, 1008, Sec
OEBESEA SN SORGEEILTH 508, HBGELIS 1 SRR ~EBLICROIELUTHD,
LRk NESHEL O BECBOELTH 5T LRI T 5, Table 3.2 103, BGWETHE
FARHLTTRHB, PHETHOMBSTINT 5, CORTH 1AM WAL ~5HE
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Table 3.1 Two group constants for comparisonbetween

quasistatic approximation and other approaches

Cé4)

Thermal core

Fast core @)

D; (cm)
Do (cm)

Za1 (e~ D)

a2 (em™ 1)

%51 (em™1)
qul(cmul)

vzfz(cmfl)

Region 1

BZ
(ca2) Region 2

Region 3

1/v; (sec/cm)
1/vy; (sec/cm)
X1

Xz

A (sec)

1.69531
0.409718
0.0137513
0.261361
0.0164444
0.0194962
0.497857
0.01090505
0.01199452
0.01088500
0.

4.5455 x 1076
1.0

0.0

1.045 x 107>

2.29373
1.26637
3.80491 x 1073

6.10512 x 10~3

6.13867 x 1073

8.06219 x 1073
5.97499 x 1073
4.02460 % 107*

1.33045 x 1073

3.65044 x 107"

9.97486 x 10710
4,26076 x 1079
0.973
0.027

3.0 % 1077

a) Cross sections were obtained by collapsing 22 groups

for LMFBR core.
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2.00
1.60

1.30
1.16
1.08
1.04

1.02
1.01

0.03 —
002} axi ~
>
> WIGLE (exact) Point kinetics-
B |
& / -
m 0.01 L./-——- pu—
"
30A .
v
O | I 1
O 1 2 3 4
Time (msec)

Fig. 3.1 Time delay effects on reactivity calculated
by different methods (linear ramp insertion
of 1000 $/sec in a larger thermal core
without delayed neutrons)®

woogq b Thermal core

@ -
S -
i% -
g -
5 o .
s~ Fast core -
. >.p _

0.0t ' = L

10 10 10

Insertion rate ($ /sec)

Fig. 3.2 Amplitude function errors regsulting from neglecting
the shape function time derivative, as a function
of the reactivity insertion ratel4)

¢oxt / ¢’w1st.e
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Comparison of amplitude functioms at t =

0.022 sec

after the reactivity ramp insertion (100 $/sec) in a
slab thermal core for various factorization approaches
shown in Fig, 3.3C4)

. Models
feactor types Direct(:wtlxﬁ;:ical qil:g;::::ic Quasistatic Adiabatic Point kinetics
Thermal core 14.92 14.92 16.18 21.27 2.253
A = 1x1075 sec | ¢/dyrgLE 1.000 1.000 1.084 1.426 0.1510
Thermal core ) 2,793x10%7 2,793x1017 2.919x1017 3.9a;x1017 2,280
A = 3x1077 sec | ¢/¢yreLE 1.000 1.000 1.045 1.413 8.163x107 %8
| I | {
0.008 |- ' ]
P - - - - -
- / ey —
f) "
Adiabatic—/,
Q.006 |- JH-Qxt i
/
> B ,/’ ' 7]
= Y —~WIGLE (exact)
Eg 0.004 - KA
@ / 4
xr — ‘/
Point kinetics
0002 .
[/
- =—— End of ramp insertion —
o { L1 | L
0 0.010 0.020 0.030
Time (sec)

Fig. 3.3 Reactivity computed by different methods for a ramp

insertion (100 $/sec) in a large thermal core
sec, B = 0.0064)C4)

(A = 1,045 x107°
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Table 3.3 Initial two-group constants and delayed neutron
parameters used for one~dimensional thermal

reactor kinetics benchmark calculationsC6)

Two-group constants Delayed neutron parameters
Region |, . .3 2 Family Effective delay Décay constant
fraction
D! (cm) 1.5Q 1.00
1 2.50 x 1074 1.24 x 1072
D? (em) 0.50 0.50
£l (em™}) | 0.026 0.020
2 1.64 x 1073 3.05 x 1072
£2 (em™}) | 0.18 0.080
vz%(cmfl) 0.010 0.005 3 1.47 x 1073 1.11 x 107!
vif(em1) | 0.200 0.099
4 2.96 x 1073 3.01 x 107}
2172(em~ 1) | 0.015 0.010
x1 1.00 1.0
5 8.60 x 107" 1.14
x2 0.0 c.0
vl(cm/sec) | 1 x 107 1 x 107
' 6 3.20 x 107" 3.01
v2(cm/sec) | 3 x 105 | 3 x 10°
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Table 3.4 Comparison of total powers calculated for
suberitical transientC6)*1)

Time One-dimensional kinetics ceode Cumuiative.number of
(sec) | paumzErT*?) |  wrcLE QX1 shape functions in QX1
0.0 1.0000 1.0000 1.0000

0.1 0.9299 0.9298 0.9298 7

0.2 0.8733 0.8732 | 0.8733 11

0.5 0.7597 0.7596 0.7597 21

1.0 0.6588 0.6588 0.6588 36

1.5 0.6432 0.6432 0.6433 41

2.0 0.6307 0.6306 0.6307 44

*1) This transient is a 3 % ramp increase in Z% (thermal group)

in 1.0 sec.

%2) Time-integrated algorithm in RAUMZEIT code was used.
Table 3.5 Comparison of relative regional powers
calculated for subcritical transientC6)
Time (sec)
Region Code
0.0 0.1 0.2 0.5 1.0 1.5 2.0

RAUMZEIT .000C | 0.8621 | 0.7521 | 0,.5337 | 0.3453 ] 0.3236 | 0.3066"
1 WIGLE .0000 | 0.8621 | 0.7520 { 0.5336 | 0.3452 1 0.3235 | 0.3066
Qx1 1.0000  0.8621 | 0.7521 | 0.5336 | 0.3452 | 0.3236 | 0.3066
RAUMZEIT .0000 | 0.9340 | 0.8805 | 0.7724 | 0. 6753 | 0.6588 | 0.6455
2 WICLE 1.0000 .9339 | 0.8804 | 0.7724 | 0.6753 9.6587 0.6455
QX1 .0000 i 0.9340 | 0.8805 [ 0.7724 ) 0.6753 | 0.6588 | 0.6455
RAUMZEIT L0000 { 0.9910 { 0.9831 | 0.9655 | 0.9463 | 0.9382 | 0.9312
3 WIGLE .0000 | 0.9910 | 0.9830 | 0.9655 | 0.9462 | 0.9381 | 0.9311
Qx1 .0000 | 0.9910 | 0.9831 |0.9656 | 0.9463 ] 0.9383 | 0.9312
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Table 3.6 Comparison of total powers calculated
for delayed supercritical transient®C6 *1)

Time One-dimensional kinetics code*2) Cumulative number of
(sec) RAUMZEIT WIGLE Qx1 shape functions in QX1
0.0 1.000 1.0G60 1.000

0.1 1.028 1.028 1.028 5

0.2 1.063 1.062 1.063 7-

0.5 1.205 1.205 1.205 12

1.0 1.740 1.740 1.740 26

1.5 1.959 1.959 1.959 33

2.0 2.166 2.165 2.166 37

3.0 2.606 2.605 2.606 43

4.0 3.108 3.107 3.108 48

#1) This transient is due to a 1 % ramp decrease in I3 in 1.0 sec.

*2) The time step size for both WIGLE and RAUMZEIT is 1 x 1073 sec.
For QX1, the average time step of shape functions is 0.04 sec.

Table 3.7 Comparison of relative regional powers calculated
for delayed supercritical transientC6)

Time (sec)
Region Code
0.0 0.1 0.5 1.0 2.0 3.0 4.0
RAUMZEIT [ 1.000 |1.056 | 1.399 | 2.435| 3.216 | 4.017 | 4.928
1 WIGLE 1.000 |1.056 {1.399| 2.435| 3.215 | 4.016 | 4.927
QX1 1.000 |1.056 | 1.398 | 2.435| 3.216 4.017 4,928
RAUMZEIT [ 1.000 |1.027 11.194| 1.701 | 2.113 | 2.540 | 3.027
2 WIGLE 1.000 [1.027 {1.193} 1.701 | 2.113 | 2.539 § 3.026
QX1 1.000 {1.027 |1.193] 1.701 | 2.113: 2.540 | 3.027
RAUMZEIT |1.000 |1.004 [1.029 | 1.107 | 1.119 | 1.299 |1.417
3 WIGLE 1.000 |1.004 | 1.028{ 1.107 {1.119 | 1.298 1.416
QX1 1.000 |1.004 {1.029| 1.107 | 1.119 | 1.298 | 1.416
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Table 3.8 Comparison of total powers calculated
for prompt supercritical transientC6)*1)

Time One-dimensional kinetics code®Z) Cumulative number of
{sec) RAUMZELT WIGLE X1 shape functions in QX1
Q.000 1.000 1.000 1.000
0.001 1.022 1.022 1.022 3
0.005 1.659 1.659 1.666 39
0.010 1.565%}0 1.565x%10 1.573x10 139
0.012 | 7.019x10 7.019x10 7.055x10 187
0.015 | 6.804x102 | 6.803x10%2 | 6.836x10% . 214
0.018 | 6.613x103 | 6.611x10% | 6.642x10% 220
0.020 3.012x10" 3,011x10" 3.025x10" 222
*1) This transient is due to a 5 Z ramp decrease in $2 for
0.01 sec (equivalent to a 300 $/sec insertion).

*2) The time step size for both WIGLE and RAUMZEIT is 1x10-Ssec.
For QX1, the average time step of shape functions is $x10"%sec. .

Table 3.9 Comparison of relative regional powers
calculated for prompt supercritical

transient
Time (sec)'
Region
.000 {1 0.001 | 0.005 | 0.010 0.015 0.020
RAUMZEIT | 1.000 | 1.058 | 2.484 | 3.481x10 | 1.570%103 | 6.956x10"
1 WIGLE 1.000 {1.058 | 2.484 |3.481x10{ 1.570x103 | 6.954x10"
Qx1 .000 | 1.068 | 2.507 | 3.497x10 | 1.577x103 | 6.986x10"
RAUMZEIT | 1.000 | 1.014 | 1.544 |1.258x10 | 5.389x102 | 2.385x10"
2 WIGLE 1.000 | 1.014 | 1.544 |1.258x10 | 5.388x102 | 2. 385x10"
Q%1 1.000 | 1.013 | 1.550 {1.265%10 | 5.414x102 | 2.396x10"
RAUMZEIT | 1.000 {1.000 |1.017 1.342 | 1.486x10 | 6.181x102
3 WIGLE .000 | 1.000 [ 1.017 1.342 | 1.485x10 | 6.179x102
QX1 1.000 | 0.991 I1.010 1.351 | 1.500x10 { 6.214x102
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Table 310 T# %, BEHA WIGLES — FOI0 sec DR 7 » FH A XREETEE, AT v TH
1 Z5EMaTH QX3 (RAUMZEITS:) U0 IORELR -T 588, WIGLER, &<
Bl - VAL THOGR IO, RECHELARLT G, Fig 343 hoOlREnho P
T EBCNC LA b0 THE, ), ITRRAUMZEI TO#ERI WIGLE o 2 s —H L TV
QX1 z-F3, LEAEFRECIELNALORO T, 2T, PHTEES 2H L TREF%
BELTALY, hofddshi TR 70 R0 TH S, BERT » 744 XELEZT, 20N
ZE Lt Db Table 31V B L UFig 35 THSH, £ TH QX1 BFHEHARAT» 741 ZOEELE
FHel W EERLTO S, Zhi3 L, BPEFFEF VL) EEAZTF T 0, RAICEETH
g, QX1 3~ F TR RAUMZEI T2 - FOMERF AT v 44 XEN 5, —F, BFET
FEFTRABETH- . COAHSRTH.QX1 3 - FERAPHFFLoREEFa &2 R4
X9, ZoEER, BERQL Lo .7 4 -2 2G@F0osocT g, HrdE s LEnh 5,

KT, Galati 57 B & 04RE L ¥ BAAMK >0 T, 1 RAIRER T 2RTE2T-T0 3
DTLIFICRE 5‘??%%& LT3, Yasinsky 631 SEHO@HEBEC > TR L2021
B TEEH) Bk R E 0 (Taple 21 B88) 280 BT 2, _

U0emiF CIEEIGHAE RS IcHT iEFE s v F-—BHOPHFHIT, Fig 361K RT LS.
25msec $TIIHMERIERCBO—HERL TO L, BEIHAOER L LTEE L T 6,
7.5msec ThbE4 188 THb, 25msec BOBIME LR HDOTII Fig 3 TITRL ThH 548, BE
e —FRBIFEETRO, BT, (3.20) i:ta')qb;‘{»m@%@@%z THEEMAZ L FOME (semi -
asymtotic approx.) b#ie# SN T a0, chid, HSECEE L ISOBERETFREEAR G ER
YL, Lich-T, ZOETE, MENHTRECOGMRELELERT X THL L0REN
Tu b,

B0cmiFm LA R A &, Fig 36 CInT 32 Fig 3.8 THEH, 2TORHLIIT BT
Bo—HARTLOTHE, Fig 37 wxind 283 Fig 3.9 Th 2465, 240cm P& AL SR RER
LT B,

By T@ERgcH L Tz, 240cmFE ORI SRS SFiIg 3I10CR L THS (1 fuEUD
BOFig 23 88 . $£HNEC. BELTollh ol 5 TRRERLETINT
BNES, KEBO—KTHD WEBSCER), 60cm¥F TR EECEH - TRO—HAERT N, B
iC, 1BE0EL 2R thoeToHE s B —KUR ETERMsHE 220 (1 RO He.
2 4 BB, ‘

M. ODOHROEICE TS, S (synthesis ) PEEH LR —ﬁl_,szém-;. & 5 OS HLH
BR) BATES 5, \ 7

Ric, 2 BRI — FTOF % M PARE S, BENC Dodds S0 RE ST b, Fig.d 111
TT Lo (R-Z) AROFEKBEME FVEFPHNET L TH S, Transient Nol i3 Poo R
ring | QOB HH0 BB TEAL TLE5E 5T, B ICREN 0 N2 08 GRRIC
NATLEACLE8T) KM%Y 5, Transient No 2 2, 0O H#PBLC H 5 ring 5 £
HOBPYTFRNSLZBHTEOC S 2EET, RFFOEEHEIFOERELRE L T b,

HEFEITAIC X AFE D - ¥ TWODQD & J CEEMNC & 6318 s - FTWODTA (24,
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— WIGLE result

005k —-~— Synthesis resuilt
_ —-— Adiabatic approx.
I\ ococo Metastatic approx.
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Fig. 3.10 Subprompt critical excursionm thermal flux
at t = 0.8 sec for a large thermal coreCl?)
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Fig. 3.11 Transient No.l (flow loss from ring 1 in 3 sec)
and transient No.2 (I reduction for ring 5 in
12 sec) for numerical testsCLld)
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TWIGLE %) £Ru s x0l82 7 v 7O WKIIFig 312 KRL TH D, Aty BEKUF
WL EOEE AT Y T TH Do

TWODQDZ — KOO EDEALy =Atp TH o fll, TLTRAtg <AL TN BRI TR

BENTHE, COTEICED, ODyp= 40t T UTHE LD, MEEZRT LA L i€ CPU IR
TNBTHR Txt, T4, TWODTAT — FIREVWTHNI g <AL BRAZ LS ICERINILE, T
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B L BERITBECTH B,
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DEATIE, BERAF 9 TERELLLZCHY, ERooNEbGANOEED. RUEETESTO
¢ 45, PEEBTAL= 2sech+ 2 CHEHE L B2 LB LBHTOLOIIR L, EHNFETHE
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Table 3.12 Sensitivity of TWODTA and TWODQD codes to
the time step size for transient No.l (aver?§§

percent error in power vs. time step size)C
TWODTA (Direct) TWODQD (Quasistatic)
Average power Average power
At (sec) error (%) bty (sec) error (%)
0.05 0.0(reference) 0.05 0.62
0.2 3.07 0.05 1.54
0.2 2.89
0.5 3.69 0.05 2.50
0.5 3.22
1.0 5.69 0.05 5.66
1.0 6.27
2.0 a) 1.0 8.08

a) Numerical difficulties encountered.

Table 3.13 Sensitivity of TWODTA and TWODQD codes to
the time step size for transient No.2 (average
percent error in power vs. time step size)C13)

TWODTA (Direct) TWODTA (Quasistatic)
R L

0.05 0.0(reference) 0.05 0.23

0.50 18.80 0.05 0.24

1.00 65.20 0.05 0.49

1.00 3.21

2.00 a) 0.05 0.62
1.00 2.

4.00 a) 1.00 4.38

a) Numerical difficulties encountered.
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= —_ MITKIN
g 100 === KINTIC~1
[
X 160cm
5
3; i pd 1
o E g
£ é 2 % 2
x ~ / AZ=-009cm’ in 0.2sec
= { prompt trafisient }
1 2 1
8 1o} -
o
= Perturbation induced
§ in cross-hatched region
AZo=-.007cni'in 0.2sec
AZ,=-0035cn in 0.2sec
{mild frclmsient)

| ] |
0.05 0.10 Q.15 0.20
Time (sec)

Fig. 3.16 Comparison of fast fluxes between KINTIC-1 and c9)
MITKIN codes for MITKIN test case 6 (square. geometry)
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Table 3.14 Two group constants for MITKIN test case 6
(one precursor group)cg)

Materials 1 and 2 Material 3

D1 (cm) 1.4 1.3

Dy (cm) 0.4 0.5
Ter (em™d) 0.0065 0.0065
Zep (em™1) 0.05 0.02

vy 2.1877 2.1877

Vo 2.1877 2.1877
Bg) (em™h) 0.0035 0.0015
Ten (ear1) 0.1 ' 0.03
I+ (em™1) 0.001 _ 0.01
vl {cm/sec) 0.1 x 108
vy (cm/sec) 0.2 x 106

X1 1.0

X2 0.0

A = 0.08(sec™ ), B8 = 0.0075

160 cm
Position n
y “ o Composition 2
| £ Composition 1 (fissionable ) (fissinable)
Position 2 1 o
Composition 2 (fissinable) } /-, +~ ] Composition 3
Cbmxxsmong
T2cm 1C4cm
X

Fig. 3.17 Geometry for comparison with MITKIN test case 8
(Z¢ and Zf of composition 1 are about twice as
big as composition 2. I; = -0.003 cm~! in 0.2 sec
is induced into the cross-hatched_region)09)
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Table 3.15 Four—group constants for MITKIN test core 8
(one precursor group)C9)

Material Group fnevey erow
constant 1 2 3 4
pi(cm) 2.7778 | 1.0753 | 0.64103 | 0.16260
Ze(em ) | 0.0013 0.001 0.0097 0.115
1 vi 1.4507 1.4507 1.4507 1.4507
ri(em™l) |0.00136 | 0.00197 | 0.0262 | 0.56
zi’%:i-1) 0.0586 0.00197 | 0.085 0.0
pi(cm) 3.3333 1.3889 0.83333 | 2.0833
ti(em~!) |0.00065 | 0.0005 0.0045 0.058
2 vi 1.4507 1.4507 1.4507 1.4507
ti(em™l) | 0.0007 0.0009 0.0131 0.274
siadtl 1y | 0.0586 0.0828 | 0.0850 | 0.0
pi(cm) 4.1667 2.0833 1.0753 0.26247
3 1i(em™!) |0.00077 | 0.00072 | 0.00051 | 0.012
and vi 0.0 0.0 0.0 0.0
4 ti(en™) 0.0 0.0 0.0 0.0
st 1y |0.0570 | 0.0822 | 0.0847 | 0.0
vl(em/sec) |0.1x101% | 0.1x10% | 0.5x107 | o0.2x105
xt 0.755 0.245 0.0 0.0

A = 0.08(sec” 1), B = 0.0064
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Table 3.16 Comparison of flux (at position 1)/flux (position 2)
ratios between KINTIC-1 and MITKIN after mild
transient (ALg = -0.003 em! in 0.2 sec for MITKIN
test case 8)C9 .

Ratio of fluxes at position 1 to position 2
Energy
group MITKIN KINTIC-1
1 3.4 4.05
2 . 3.13 3.71
3 ‘ 1.94 2.26
4 3.79%1072 4.16x107%

Table 3.17 Comparison of flux (at 0.3 sec)/flux (at 0.0 sec) ratios
between KINTIC-~1 and MITKIN for MITKIN test case gC

Energy At position 1 At position 2
group MITKIN KINTIC-1 'MITKIN KINTIC-1
1 1.135 1.133 1.181 1.179
2 1.135 1.133 1.181 1.176
3 1.135 1.133 1.181 1.176
4 1.135 1.133 1.485 - 1.489

_-45_
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cm
23114
12 8
124.45 7
116.20 0 13 17
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- 100.33 i
9z2.M -7-1
85.09
& 14 J15]116 19
62.23 b—
5481 y:
46,99 [
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16,51
1
L

Fl L
0.0 16.64 38.26 Y6000
4912

92.65 Cm

Fig. 3.20 Cylindrical configuration of LMFBR for FX2-VENUS
calculation (core 1 = regions 279 and 14,
core 2 = regions 15 and 16)C13)

Table 3.18 Comparison of kinetics models on reactivities
from disassembly accident in LMFBRC12)

Adiabatic model
Time (sec) FX2 spatial model FX2 pecint model
) Transport (Sy) Diffusion .
0.0 0.0 0.¢ 0.0 0.0
0.124640 0.002068 0.002119 0.002116 0.001622
0.176268 0.003538 (G.C03500 0.0034%5 0.0018C4
0.215883 0.003728 0.003523 0.003517 0.000441

Befe = 0.0033898.

in the transpcrt theory.

- 4'}' -

Kef¢ {static) is 1.06206% in the diffusion theory or 1.073076
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%10.176268 sec & THEEMAR LRO—BERTNST &, 0.215883 sec BB MERGLT
NTLA68, 2me xicid, BEE 9 ~1163, T5EFA FIKH->TOT, FFCHERET L8 3KH
Mt ->TnT, 202, HE0 ~1IKREHRI LIBEEEHNTLELHTH S,

—F., 1 AEMEEECES, REBEAALEBL TLE-> Td, TOMRE 0176268 sec LI T
i3, oEMkFEEEEE LGN TE, BO%BEROBMIC LI0IR L, 1 AEHTE, B
MEROEMICE-TLE-»TE, Ao pEZR,. RENENLERTLHLLTS .
Fig. 3.21 12 0.215883 sec %D FLEIC BT 28 | BOPEFRMMERT, HB 2 ~5 TR 1 Ak
LTHEECROTEME 5 - T3, EBENIR, BE4 B X056 T, PHFEREETELTFELT
WED, 1AAENEOZBcROEMTE >, BREZC>DOTOREREEE, BEILF) 40
f.c@@;ﬁ.1gﬁmwﬁﬁ%¢mbtwa&£ixéo

Dastur & (3, XREESHOLL ([QE) KX33RTEBEUDEREIRE I - FCERBERUS
AERL, ZhEHOTEAXFCANDU (Canada Deuterium Uranium } 2847 L 728558 % NEACRP
DRV F - FRAMBTASBECENRLTNS, ZOIRTLI-FEHOBIELEST, BH
MostRid 5 & &, 810, HIEESGRET L 30RTFORR OSBRI TE, £0ER, Fig. 3 22
CRT LS i) FoER( I, PLOKFEOF « v 7Y ¥ (decoupling of reactor
segments ) DA 72 o T2 &, (o5 IR RIER @K% RR (prompt subcritical transient)
D& xg, BRI FOFEEIMBENDANONILIELEI T, HUOEMERBDH oML L,
Fig. 3B CELNILIRCNVEATORPRFOSIFTLLEOANLIEC E»T, HAKENRS
Rz &, REBSFBmTEZEL T S, | 1)

wic, AL OERER T 2 (314) ROFEBHHCERERELEHL THOT LA
BEBIODTEOREREENT 5, HHKEL T LOREEFEDEEFLMNT I S,

Wﬁﬁﬁﬁ%ﬁ<%m.%ﬁﬁm%?&tﬁ<&%ﬁlﬁ@%?ﬁﬁ%ﬁﬂmmweném.%&
ORANBEBEEAEZHO L EEEL LT B LBTELDT, m@mﬁ%ﬁ?ﬁanc®aﬁ%§@
LT, Hennalf]tzojcllé(miukt}w&Jﬁf’*%tk:i‘jb‘( 3 % (cubic ) HLUF 5K (quintic ODRFEZ
ERAHOTHENT S, UToEMCET 2ERE, 1RTHRT, BEKILEC20THE
Table 3.19 KR L Th B, BMAREELS, 27 v FREA (VE) TOLO0lem THol L&D, @
M EEEs (during the transient ) O % Table 3.20 &, #nE#y (asymtotic ) L#R 7%
Table 3.21 KR L TH B £TH 5 KOXASHRERNT, At = 10" sec . Ax =0cm TR
b & ORRA SRS X L T LR A B TRRL TH b

ETCRL EBEOEE A v v a4 XOEER L THE, @ﬁﬁ%ﬁ(Twmstfm DK
27y 7AR-TbH T ORELES L. —HEEH ML & (Table 3.21) THE, 5 RXHPZIR
ﬁ%mwt&émmﬁﬁwﬁgﬁwwmﬁb 3MEABZEHAEMN L ZCEBELSO S HE 5o
o, BERT Y TAL=10"sec DE X MOBE AT » FOL AT, BEREE TS, BT
HESEOE2TH, SRXRABELAHO L 20EES, SKXSZHELAH L&D 3 ~
TR SO &, BERT Yy FOLEOFERER Ty PO L0 FERRICH LT EECESE
BT eARLT O 3, 2RTERIETT ZHERBBESLHORIERBI N THEOSKETH L
TizM 3 @(6027"74’ YXAEEA (bicubic spline ) #HNT, X-YARRER LKL B,

1, _J')Eth) 230, 2TEALY (r—2Z) i Kang 507 L7z 3RD Hermite ZIHA%
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Group 1 axial flux in LMFBR at {0.215883 sec
by FX2 codeC13)

_.49 .



JAERI-M 6853

Amaommﬁsa zemod uo Surrdnooep STuoijnau Jo 39933y 7€ °BT4

(99s) swi]
0001 00l o'l } 1o

O40] ee— |DJO] mmm = =
2 uBUWBOG 2 WeDOS st —
| {UBWBES it | JUBLIBOS wmernee 000+
Xn|j pouslioyun xn|3 pavenol}
AlpLL KHpBL
a8 1epow v 18PO
{ 088 BW|} {01 ~
oe - o2 o'\
" + " 0
190 0002
2 {uewbeg m
a1
|o -
“ 3
8
) {0e- =
,M.n BELELIG00" = & DIoL
3 (268) ot 1% oi)m £9GG22000" | 16piblLE
o o2 o'l = \ 1£06LS000 | 2J0522'1
+ t " 0 02Cee200 | bEbasie: - 000€
W R
 dueues 440 . 2992.000" | 968L€ 10"

g 1-%08y
POPMIOU! SUGLNBUOIU]

jusisuny} Apnyooes perddy

( syiun KiDJ}IQJD) Jamod

— 50 —



mmﬁuumﬂzm zamod uo suocajnauojzoud jo 09339 €Z°f "Brg

(08S) awi]|

.

o'l

x
aG+2l00 =g I0jol 8CL2/G00= 7 1I0jo]
vZE0CA000° | L6bIb 1 | €96GZ2000|  LeWiELE
980219000° | Llos22'y | 190680007 LI0S22'
8.¢.9100" | ceavsle- 02CEEZ00"| bELSGIE
291495000° | 10BBEET" | SovIpOI00| lBEOEE) \
8311 1100° | BBOGORO" LCG6I8000°| 8608080 ] 5
19021000" | BG9EZ10° 20920007 gsmicIO \
7 1Y g |58y 3
2 9800 | 8507 \ P
BproUl P
suodyneucjoud op mc%:wmcoﬁo;m

JAERI-M 6853

2 9S00} \
\ 7
(ves) ey 1° /v—__ } 8800 A¢

[ /
og 02 oY | [N \
L i ) i I 1 o) i [
i Jx
4150 __ ...
2 ojbey N
Joe- & L)X T
8 TR 2 i
402~ 3 \ ! uoibeyluobey
v ! ¢
g A :
(oesy oy 19"~ & U yx .
AN N = (" .
b ,
_
N x
| uojbey
sjuejsubij £3ja)1o00. peliddy

(spun Aioapgso) Jemod 1D10]




JAERI-M 6853

Table 3.19 One-group critical constants with two-groups of delayed
neutrons for a two-regions slab reactor

(inserted step reactivity is 0.001 in A{vIg) (cm

l))CZl)

Region 1 {80 cm) Region 2 (80 cm)
D(cm) 3.50 3.50
Selem™ ) 0.030000 0.030000
Ee(em 1) 0.030900 0.031735
A (sec™l) 1.13
81 5.73x1073
A (sec™ 1) 1.24x1072
8 1.70%1973
v(em/sec) 5.00x107%
Table 3.20 Comparison of the neutron fluxes to the reference

solution (At = 107° sec, Ax = 10 cm, using piecewise
quintic polynomials) at 0.001 sec (during the

transient)C21)*)
Time step : At (sec)
Spatial mesh:
1075 107" 1073
ax {cm)
Cubic Quintic Cubic Quintic Cubic Quintic
10 2.80x1072 0 1.74%1072 | 7.31%1073 { 5.99x1072 |8.52x1072
20 5.81x1072 | 2.12%107¢ | 1.74x1072 | 7.31x107 7% | 6.00%107? [8.52x1072
40 5. 80x10~2 | 4.68x107% | 1.79x1072 | 7.33%107% | 6.05%1072 }8.52x107%

*) The values in the table are the differences expressed in percents.

Table 3.21

€21)

Comparisons of the asymtotic neutron fluxes to
the reference solution at 0.015 sec

Time step : At (sec)
Spatial mesh:
1075 1674 1073
Ax (cm)
Cubic Duintic Cubic Quintic Cubic Quintic
10 2.80%10 2 0 2.15%1072 | 2.32%1072 | 1.56x1072 | 1.74x1072
20 2.97%1072 | 4.77x107 7} 2.29%107% | 2.32x107% | 1.75x1077 L.74%1072
40 5.23x1072 | 2.50%1075 | 3.42x1072 | 2.32x1072 | 1.08x107? 1.74%1072
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BHLTHOEPAZREL T b, Table 3.22CRTLHiC, EREMOTHOIEEL DI
BOSELBTOT, HEHEOETLD L 0N TS 10T ETH 5,
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i «/%7—7szm5£®ﬁﬁm WTHR L, XERAESHE I L,
L@Eﬁ%%ﬁﬁiz&mﬁﬁﬁﬁﬁmmm%ﬁﬁéb.@%m%rwmféc&mibﬁﬁ?w

T XAOKBEHIS RO B O RS 01T S 5, Table 3233, AP FFEEZEFVELLTR

LRV F T FALOEETSH 3, 2~TOMEZ, Fig 324 KRTLHCE D OMEBEELT
Eofkih, BIHERR ZEMBEFASNLLZCL ) FERRETH L A olHT 5, £
LTHEEBADFHRBAMOENOF@EFELL, FONTESRITL > THEE LB 2T
BHSCE D LEET 2. HEN, SIEEOBEL,, i3, BEEERORENE(LELTE DRSS,
NYFT - TFTAPOHBELEENLEE T - K4 Table 324 i CRT, BRUSSEDI—FD
NEGKIZATENTOE G, RS TEHLEBHIDII, CYCLOPSz—F (IQH) &
NADYP—A o — ¥ CEHELER) TH 50, NADYP-Azo—-Fi22®&e (R, Z ) THEDTHE
MicEF AL LTHOORT I S, £ & TORER, 3NN Y -0 LEARRRCE
TEHHN, HEL LTIEEER (A TER) BEEEH TR TIT A ICEATH S, T2 MO
$i3 (Table 3 25~Table 3.28 B, L T, BHWAL ([Q# ., CYCLOPSa -+
BEUOHEBYSEM (NADYP-AD - F) SBEOATLEERMOMTE, HohitReERL T
BLEARLTVD, EBEALIR, Bl R 7y THCHETHTROHELTHIE, T TORE
T3, COMBESEBE THEZEARLT VS, Linl, COBREZECH (Fig 3T8K) &8
Tid, HBILIA0TESD. £h, ZHLOOHEI~FE, —HICEESHBELZONT O AR
i ( TRANS ) 7 — F X0 Crank - Nicolson#: (KINAX ) 7~ F Lo -HbRiy
CYCLOPS 7 ~ FTREEHEEOCHRIRZEZEA (R77 4 vEE) £HOTOEIE s
(collocation method ; EABIEICO BIKA Rl 1 E A 2B EH: ( weighted residual method) )
TR~ T b, RAZHAOKRKICHT 2@ &> T AD T TR RS, ZOPD2RRKIZ
AR - TRO MRS L TENTE LY F 72—/ T2 P OPTRENLGDTEH B,
Table 3.30 3, B A7 74 Table 3.20 D A3 iMoo & &, 2RXAEARNE 3RKSEH
RAEHOEO~NyF 72 - 7B Case A DERTH 5, MEDHRITR2-FHL, 3RAERHOL
L EOHOEEMSMOESICG - T b, BICHERIR T o A # s (R - kBl Case C &L TT
#H 505, Table 3.31 55U Table 3.32 KRS N T 5, T OESRFEMSMMEC 32D 1 ICHERE
EN T3, Table 3.33i3 CaseB L7, RAZBMAOKRES LUHMZ T » TOMiCE 88
B 2N THE~HRETEL, GRPBRAZHO AL, SROBELEITTHERT » THR X
CEi, OSRHESNOEROTELC EERLT 5, |
2RI~V F -7 FAME, SHEF (SNR-300) OBRPFRER S HRICL Trrbh T 5,
% (Table 3.34 5 LU Fig 320 B e~ THEI ~ FCERTE 2 L 2iCfHELINT O e
BOLHEHED - FE42Th 28, SN DR SELORE SERYELIICET S (Table
3358,
C%e1@%%®mﬂ®ﬁ¥%Fmdasgﬁ)%ﬁ5&.‘PARK([QgﬁzumP(ADEgl
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Table 3.22 Comparison of thermal fluxes in spatial difference
and finite element codes in two~dimensional
improved quasistatic approximationC23)

. Spatial Spatial finite
Time difference code element'codg
(sec) (TWIGLE) (FEMSYNDY)™)

0.0 5.39 5.39

0.1 7.25 7.17(-1.1%)

0.2 11.19 10.96(-2.1%)

0.5 ° 12.04 11.77(-2.2%)

Calculation 550 73
time (sec) (IBM 360/65) (HITAC 8800)

%) Five iterative calculations for amplitude function.

3

Table 3.23 Transient cases of one-dimensional benchmark problems

typical for a thermal reactorC%4%)

?roblem &object

Temperature feedback

Initial absorber tip position

Transient problem

Transient time

Case A !

a = -0.0002/°C

Withdrawn at 1 cm/sec until
rod tip reaches the core

rod withdrawal rl o = 0.00086 cm ! 246.735 cm boundary and then fixed. 300 sec
L)
Case B a = +0.00002/°C Withdrawm at 1 cm/sec for
B 298.39 cm 100 sec and then fixed. 200 sec
rod withdrawal 2; 0 = 0.0012 cm !
L3
. - o Blown out at 200 em/sec for
Case C : " 0.0000/°C 246.735 cm 10 sec and then returned to 300 sec
rod blowout sl = 0.00086 cm! initial position linealy in
a,9 ) 1 sec where fixed.
Removal cross sectiom 1s
Case D : a = -0.0002/°C
Loss of 246.735 cm reduced over 200 sec for 200 sec
8s © £l o = 0.00086 cm! ) .
moderator * 142z, {1 -5~

200

All problems have been made under the following assumptions;

a) Only 2? prompt neutron groups and & delayed neutron groups.

b) Temperature feedback in lst group only.

¢) Absorber effect in 2ad group only.

d) Data constant within each material region in axial direction apart from movable contrel absorber and
temperature-dependent data.

e} Radial leakage is ignored.
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Table 3.26 Comparison of ¢1(z), $,(2) and Tg,ma (z) at 10 sec and

times at which ¢,(z) reaches 10!
dimensional benchmark test "Case B'"C24)

/cm“sec for one-~

NADYP-A

NAKIN ADEP TRANS EXTRA
Tf,max (150 cm) 2350 2500 2200 2400 2100
¢, (150 cm) 8.0x201% | 1.8x1015 | 2,7x101% | 7.8x101% | 2.3x101%
$1 (150 cm) \ 1.2x10%5 | 1.8x1015 | 4.6x10%% | 1.3x10!5 | 4.4x101%
T¢,max (250 cm) 2100 2000 1900 2200 2100
4o (250 cm) 5.5x101% | 2.8x101% | 2.3x10!* | 6.5x101% | 2.2x10l%
$1 (250 cm) 8.0x10'* | 5.0x101% | 4.2x10'% | 1.1x101% | 3.9x10'%
Time(150cm) at ¢,=1015] 9 9 17 9 32
Time(250cm) at ¢$,=1015 11 18 17 10 34
Relative time per 20 215 472 17 94

10 sec transient
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Table 3.29 Time steps used in CYCLOPS's calculations for
Case A problem025)

Quadratic polynomials Cubic polynomials

End of time | Amplitude fn. Spatial fn. | Amplitude fn. Spatial fn.
interval time step time step time step time step

{sec) (sec) (sec) (sec) . (sec)

50 0.5 2.5 0.5 2.5

100 g.5 2.5 1.25 2.5

225 0.5 2.5 1.25 12.5

300 0.5 2.5 2.5 12.5

Table 3.31 Time step used in CYCLOPS's calculations
for Case €C25 '

Quadratic Cubic

End of time | Amplitude fn. | Spatial fn. { Amplitude fn. Spatial fn.
interval time step time step time step time step

{sec) {sec) (sec) (sec) (sec)

10 0.025 0.125 0.25 1.25

11 0.0125 0.0625 0.125 0.25

12 0.025 0.125 0.125 0.25

15 0.05 0.25 0.25 1.0

20 0.1 0.5 0.25 1.0

50 0.1 0.5 0.25 1.25

60 0.5 2.5 0.25 1.25

100 1.9 20.0 1.25 12.5

300 1.0 25.0 2.5 25.0
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Table 3.30 Results and calculation times of CYCLOPS code
for Case ACZ25)

Time Quadratic Cubi
(sec) (Table 3.25) S uble
0 800 800
Coolant outlet 50 929 929
temperature 100 1090 1078
(°C) 200 1336 1327
300 1385 1385
) 0 1047 1047
Maxim fuel
t:zpezgfur: 50 1258 1258
Te ar 100 1748 1743
350 em (°C) 200 2954 2935
300 3096 3097
0 844 844
Fuel surface 50 1003 1003
Tg at 350 cm 100 1226 1223
(°C) 200 1615 1609
300 1651 1651
0 7.6x1013 7.6x1013
g?sztggggpcilux 50 l.SXIOi: 1.SXlOi:
(n/cuZsec) 100 3.0x10t% 3.0x10
200 4. 8x101% 5.1x101"
300 4.7x10 4.7%101*4
0 3.8x1013 3.8x10!3
i?:;mzi §:°“p 50 9.0xloiz 9.0x10}3
350 om 100 1.6x100 ! 1.6x101L+
(0/cn2sec) 200 2.8x10° ! 3.0x1014
300 2.7x10 2.8x10
0 150 150
Position of 50 170 170
max. Tf max 100 190 190
(cm) 200 230 230
300 250 250
0 2326 2326
Maximum value 50 2849 2849
of Tf max 100 3157 3159
°cl 200 3422 1420
300 3410 3410
Approx. computing| Steady state 4 4
time on IBM 370
/164 (sec) Transient 110 51

Spatial (z) mesh interval = 20 co
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Table 3.32 Results and calculation times in CYCLOPS code
for Case CCZ5)

Time Quadratic
(sec) (Table 3.27) Cubic
0 800 800
Coolant outlet 50 894 890
temperature 100 824 824
(°C) 200 801 801
300 800 800
) 0 1047 1047
s fuel
T P at 100 1134 1133
10" ey 200 1050 1051
300 1047 1047
0 844 844
Fuel surface 50 978 976
temperature Tg 100 871 870
at 350 cm (°C) 200 845 845
300 844 844
0 7.6x1013 7.6x1013
Fast group flux 50 7.0x10%3 7.1x1013
he Iy 100 7.5x1013 7.5%x1013
n/cmsec 200 7.6x1013 7.6x1013
300 7.6x1013 7.6x1013
Thermal group 0 3'8x101§ 3'8x1°i§
50 3.5%10 3,5%10
flux ¢, at 100 3.7x1013 3,7x10!3
350 cm | 200 3.8x1013 3.8x1013
(n/cm®sec) 300 3.8%x1013 3.8x1013
0 150 150
Position of 50 170 170
max. Tf max 100 150 150
(cm) 200 150 150
300 150 150
0 2326 2326
Maximum value 50 2296 2297
of T¢ max 100 2316 2316
°cl 200 2326 | 7326
300 2326 g 2326
Approx. comput- |Steady state 4 | 4
ing time on
13M 370/165(sec) jTransient 156 56

Spatial (z) mesh interval = 20 cm
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Table 3.33 Comparison of ¢1(z), ¢5(2) and Tg, pax(z) at 10 sec
and times at which ¢; reaches 1015/cmgec for

one-dimensional benchmark test Case BCZ5)

Case Bl Case B2 Case B3

Tf, max(150em) (°C) 2373 2368 2352
$1(150cm) (cm ™ %sec™?) 1.3x10!5 1.3x1015 | 1.3x10!5
$2(150cm) (cm™?sec™1) 7.6x101% 7.6x101% 7.3x101%
Tf, max(250cm} (°C) 2208 2205 2194
$1(250cm) (cm™ Zsec™!) 1.1x10 ©1.1x1015 1.1x1015
$2(250em) (em 2sec™ 1) 6.4%10 6.4x101% 6.2x1014
Time(150cm) at ¢;=10'5(sec) 9 9 9
Time(250cm) at ¢,=1015(sec) 10 10 10
Time per 10 sec transient 8 4 4
on IBM370/165
Case Bl: Amplitude function time step = 0.25 sec.

Spatial function recalculation = 1 sec.

Quadratic piecewise polynomials.
Case B2: Amplitude function time step = 0.25 sec.

Spatial function recalculation = 2 sec.

Cubic piecewise polynomials.
Case B3: Amplitude function time step = 1.0 sec.

Spatial function recalculation = 2 gec.

Cubic piecewise polynomials.
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Fig. 3.26 Comparison of 3 codes for Case 1 of two-dimensional
fast reactor benchmark_ problemczg)
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Table 3.36 Comparison of code performance for Case 1 of
two-dimensional fast reactor benchmark problemczg)

SPARK ADEP*1) NADYP-A KINTIC-1
Computer™2) ICL470 | CDC6600 | IBM370/165 | IBM370/168
Spatial meshes 384 1036 - 1320
Elapsed time {(min) 13 - - 44
CPU time (min) g 57 . 15 6 -
Storage (EW) 200 20 192 210
*1) ADEP's values are for solution with larger time steps A

than for final solution.

*2) ICL470 is slower by a factor & than IBM37(/168.
CDC6600, IBM370/165 and IBM370/168 are equivalent each other.

Table 3.37 Comparison of time and group dependent flux shape
indicator: ¢o(r=20cm, z=88.25cm)/¢g(r=38cm, z=88. 25cm)
for Case 3 of two-dimensional fast reactor benchmark

problemczg)

Energy t = 0 mgec t = 100 msec
group SPARK KINTIC-1 SPARK KINTIC-1
1 0.69 0.72 0.80 0.83
2 0.84 0.85 0.90 0.92
3 0.87 0.87 0.93 0.94
4 0.94 0.97 1.01 1.03
5 0.85 0.88 1.17 1.36
6 0.64 0.71 1.46 1.80

Table 3.38 Comparison of code performance for Case 3 of two-

dimensional fast reactor benchmark problemC29) .

Elapsed time | CPU time | Storage R

Computer Spatial meshes (min) (min (KW} 3
SPARK TICL470 384 30 a5 260
KINTIC-1 1BM370/168 1320 104 19 250




{MW)

Power

’

JAERI~-M 6853

At=5x10%

ADEP

1 1 1 1 A

4

i
6 8 10 2 14 16
Time (msec)

Fig. 3.27 Unappropriateness of NADYP-A code for Case 1

of two-dimensional fast reactor benchmark problemczg)
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Fig. 3.28 Comparison between SPARK and KINTIC~1 codes
for Case 1 of two-dimensicnal fast reactor
benchmark problemC29)
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Fig. 3.29 Comparison between SPARK and KINTIC-1 codes for
Case 2 of two-dimensional fast reactor benchmark
problemczg)
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Table 4.1 Space-dependent kinetics codes based on the quasi-static
method
Cade Developer Characteristics
QX1 Ott—Menele¥ 1-dimensional multigroup diffusion with
{(1971) (ANL)C1VCE7 1 method, fast reactor analysis.
CYCLOPS Billington l-dimensional diffusion with 1Q method,

- (1275) (UKAEA)CZAsC25) using amplitude function by piecewise
Polynomial methed, for thermal reactor
analysis. :

Hennart et al. 1- and 2-dimensional diffusion with IQ
(1972) (Univ, Brussels)C20,21) | method, using shape function by piece-
wise polynomial method, for academic
analysis. ’
FX2 Sha et al. 2-dimensional (R-Z) multigroup dif-
(1971) (ANL) C10C13) fusion with I method for LMFBR analysis.
KINTIC-1 | Mayer-Bachmann 2-dimensional (R-Z) multigroup diffusion
(1972) (KFK)€8,C9) with QS method for fast reactor analysis.
TWODQD Dodds et al. 2-dimensional (R-Z) diffusion with IQ
(1972) (sRL)C15,C16,C31) method for D,0 moderated reactor
' analysis.
KINE-2 Galati et al, 2-dimensional (R-Z) multigroup diffusion
(1972) (CNEN)C17,C18) with meta-static method for neutronic
: analysis.
FEMSVYNDY Kani et al. 2-dimensional (R-Z) diffusion with IQ
(1975) (Univ.Tokyo)C23) method, using shape function by piece-
wige poliynomial, for neutroniec analysis.
SPARK Fietcher I-, 2-, and 3~dimensional multigroup
(1975) (UKAEA)C26,C27) diffusion with IQ method for fast
: reactor analysis.
I Ohnishi 2-dimensional (triangular torus-RZ)
(Hitachi)©28) diffusion with IQ methed, using
amplitude function by R.K,method and
shape function by FEM, for neutronic
analysis. :
CERBERUS { Dastur-Buss 3~dimensional (¥YZ) diffusion with IQ
(1975) (ALCL)CL9) methed for CANDU reactoer analysis.
D b e e e
SIMMER Smith et al, 2-dimensional (RZ) transport (Sy) with
(1978) (1AsLYC30) 1Q method for IMFBR analysis.
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M 6373 (1975) ' '

A3) Hetrick D.L. {ed.), "Dynamics of nuclear reactor systems,"

Univ. of Arizona (1972).

A4) Stacey Jr. W.M., "Space-time nuclear reactor kinetics," Academic
Press (1969).

A5) Keepin G.R., "Physics of nuclear reactor kinetics," Addison-Wesley
(1965). |

A6) Henry A.F., "Nuclear Reactor Analysis," MIT Press (1975).

A7) Butler D.K., Meneley D.A., "Recent developments in fast reactor
kinetics," Nuclear Safety, 11, 2894295 (1970).

AB) —, "NEACRP/CSNI specialist meeting on new developments in
3-D neutron kinetics and review of kinetics benchmark calculations,”
MRR-145 (1975).

A9) Varga R.S., "Matrix iterative analysis," Prentice-Hall;#: & B(H, il

#3., &FEA, FEHE, LR, “ KETMOKERE, "4 x4 (1974 )

Al10) McCalla T.M., "Introduction to numerical methods and FORTRAN

programming,” John Wiley & Sons;=i#I, BIRM—, H#K, ~HEANFEHR
FAr s 21972 )

All) —————— , "Numerical reactor calculations," TAEA (1972).

Al2) Strong G., Fix G.J., "An analysis of the finite element analysis
method," Prentice-Hall (1973).

Al3) Hennart J.P., "Numerical methods of high order accuracy for one-
dimensional diffusion equation,” Nucl. Sci. Eng., 50 1857199 (1973).

Al4) Yasinsky J.B., "Notes on nuclear reactor kinetics,' WAPD-TM-960
(1970).

Al5) Fuller E.L., "Weighted residual methods in space-dependent reactor

dyr.amics,” ANL-7565 (196%9).

Al6) Shampine L.F., Gordon M.K., "Computer solution of ordinary differential

equations;" W.H. Freeman and Company (1975).



Al7) TUrabe M., "An implicit one-step method of high-order accuracy for
the numerical integration of ordinary differential equations,"
Numer. Math., 15, 151164 (1970).

Al18) Linjger W., Willoughby R.A., "Efficient integration methods for the
stiff systems of ordinary differential equatioms," SIAM J. Numer.
Anal. 7, 47v66 (1970).

A19) WEHEE (EME)

I =PRIVE s gad i ’
Bl) Kavanove J.J., "Numerical solution of the one-group, space independent
reactor kinetics equations for neutron density given the excess ’
reactivity," ANL-6132 (1960).
B2) Izumi M., Noda T., "An implicit method for the lumped parameter
reactor-kinetics equations by repeated extrapolation," Nucl. Sci.
Eng., 41 2997303 (1970). '
B3)a) Kang C.M., K.F. Hansen, "Finite element methods for reactivity
analysis,”" Nucl. Sci. Eng., 51, 456495 (1973).
34)3) Kang C.M., K.F. Hansen, "Finite element methods for space-time
reactor analysis," MIT-3903-5 (1971).
B5) Dubois G., Grossman L.M., "Optimized Taylor series method in point
kinetics calculations," Trans. Am. Nucl. Soc., 15 288v289 (1972).
B6) Apostolokis G.E., "On the accuracy of point kinetics,'" Trans. Am.
Nucl. Soc., 17, 476477 (1973).
B7) Hennart J.P., Torres B.B., '"Generalized Pade and Chebyshev
approximations for point kinetics," Nucl. Sei. Eng., 59 170v187
(1976).
B8) Hennart J.P., "Piecewise polynomials for point and space kinetics
with variable reactivity," Trans. Am. Nucl. Soc., 19, 1794180 (1974). '
B9) Fuller E.L., '"The point kinetics algorithm for FX2," ANL-7910 (1972) )
503~508.

B10) Y. Nakahara, T. Ise, K. Kobayashi, Y. Itoh, "A direct method for the ’
numerical solution of a class of nonlinear Veolterra integro-differential
equations and its application to the nonlinear fission and fusion
reactor kinetics,”" JAERI-M 6351 (1976).

B11) VYasiusky J.B., Henry A.F., 'Some numerical experiments concerning
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space-time reactor kinetics behavior," Nucl. Sci. Eng., 22, 171v181 (1965).
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B12) Hansen K.F., Floise R., Chang I.J., "A new method of integrating
the point kinetics equations,” Trans. Am. Nucl. Soc., 12, 617618
(1969).
B13) de Nébrega J.A.W., Henry A.K., "Time integration methods for reactor
kinetics," MITNE-136 (1971). :
Bl4) w[IRFE, STEEEEA, FHAL, " —AFESHFELORERSORE, T BARYF
SFH%, Mib 0F4 AF2, D1, P 165
B15) Fiebig R., Krlger A., "GENDY: A general reactor dynamics program,"
Atomkernenergie, 22, 193v195 (1973).
B16) Canosa J., "A new method for nonlinear reactor dynamics program,’
Nukleonik, 9, 289v295 (1967).
Bl7) Canosa J., "Ramp reactor excursions with nonlinear feedback,"
Nukleonik, 10, 4145 (1967).
Bl8) Stone R.S., Sleeper H.P., Stahl Jr. R.H., West G., "Transient behavior
of TRIGA, a zirconium~hydride, water-moderated reactor," Nucl. Sci
Eng., 6, 255259 (1959}.
B19) Becker M., "A generalized formulation of point nuclear kinetics
equations,: Nucl. Sei. Eng. 31, 458V464 (1968).
B20) Thayer G.R., Miley G.H., Jones B.G., "An experimental study of two
coupled reactors,"” Nucl. Tech. 25, 56v67 (1975).
B21) Dovooght J., Mund E., "A-stable algorithms for neutron kinetics,"
P.21 of A1l (1972).
B22) #EAEE, fh " NSRR 0 A# LU (5 8t v 7 A —~2 0RE, " HERET S
FEMFS 0 ERDIE, B 36
B23) &, b, ¥ NSRR (XMW ) oFfdilr, ” BARF ORI, 17,
314 ~321(1975)
B24) Fiebbig R., "Accuracy problems in the point kinetics of the Ott-Hahn
reactor,” {(in German), GKSS 74/E/14 (1974).
B25) Rice K., Kurstedt Jr. H.A., Onega R.J., "A formulation of the reflected-
reactor point kinetics equations,” ANS meet. 23, 589 (1976).
B26) Onega R.J., Karcher K.E., "An extension of Hansen's method to a
nonlinear point dynamics model,' ANS meet. 23, 5891599 (1976).
B27) Onega R.J., Karcher K.E., "Nonlinear dynamics of a pressurized water
reactor core," Nucl. Sci. Eng. 61, 2761282 (1976).
B28) Meister G., "Numerical integration of the reactor kinetics equations
with expopentially fitted implicit methods," JUL-1307 (1976).
B29) Lawrence R.D., Dorming J.J., "A smoothing and extrapolation method

ANS meet. 24, 199201 (1976).

for point kinetiecs,'
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