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DELIGHT-2 ; The Point Reactivity Burnup Code for

High-Temperature Gas-Cooled Reactor Cells

Ryuiti SHINDO and Mitumasa HIRANO
Office of Power Reactor Project, JAERI

(Received March 14, 1974)

The code DELIGHT, developed to analyze the burnup characteristics for
cells of graphite moderated reactors with fuel elements composed of coated
fuel particles in 1970, has been revised to increase the accuracy of calculations.

Improvements in the DELIGHT-2 are as follows:

(‘I) The doubly space—hete;c'ogeneous effect of fuel (dispersion of coated
fuel partiéles in the graphite matrix and regular array of fuel rods in the
graphite block) is considered for calculation of the resonance absorption.

(2) The chemical binding effect of graphite is taken in the scattering of
thermal neutrons.

(3} The fine distribution of flux in the unit clell can be calcullated.

(4} The depletion of boron (TOB) with burnup is treated in reactivity
calculation.

The code DELIGHT-2 will thus be sufficient as a calculational model for

the nuclear design of high-temperature gas-cooled reactor cores.
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B B
D A
i_ Y+ | SFB-
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fHl., B_—n—1 , B+_HPF1 A,
C AFHER &Y
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N d ¢
ﬂ%%#(—%rsz (2.3.2 4)
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i C’);-l—f};
051: 1 N
“ g
: shoear D7
y al=14 f‘i 2 , (2.3.2 5}
4D}
1 2
i d | (ar )
1 1 [
- 41)1
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o H&AE L
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i 1 i 1
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BEARFTHELS £ 520 CHE N NIHE2ACE (EEM) THTLLENS HD
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I
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Fig. 2 (1) Main flow diagram of DELIGHT—Z
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2000 E

‘xﬁH“{/,//

PONE
Fast neutron spectrum
cale,

CSAV

]
Condensation of group
constants [

i .
_ TOUT \‘\\\:::;éfo

~—. l
T/ye s

I OUTSP i
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|
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Fig. 2650 Flow diagram of SITBROUTINE BURNUP
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TABLE 1 DELIGHT-2 INPUT DATA TOBM
ITEM ) .
P SYMBOLS FORMAT GCOMMENTS
1 TITLE iRI4 Title
2 NUCT , NFEWF | 1814 NUQT : Number of nucli(les(i:SO)
NTFEWT , NSTEP. NTEWF : Number of fast fow groups(~10)
KSPEC, NGFAST, NFEWT : Number of thermal few groups(’_\/_l()}
NGTHEM, MOUT, NSTEP : Number of burnup steps (<50)
NPEWE, NFEW2, (Note) [f N3TEP=0, the burnup calculation is not
ISP, INDTH, performed,
KERNL, NDYN, KSPBEC:Option of fission specfrum source
IPEAK (Note)
1--- 233U fission spectrum
2--- 257 fission spectrum
3--- 2%py fission spelctrmn
te-- *Mpy fission spectrum
NGFAST:Lowest group bumber of fast energy groups
NGTHEM: Lowest group number of resonance energy
ZT OuUpPs
MOUT:Qutput option of micrescopic cross sections
{Note)
0 -~~- Non print out
i1 -=-- Print out
NFEWE :Number of condensed few groups(gi 0)
NFEWZ : L.owest group number of first one in cond-
ensed two groups
ISP:Resonance opbion
(Note)
0--- IB approximation
1 --- Namerical cal, of multi-energy points
INDTH:Scattering model for graphite
(Note)
0--- Pree gas model
1 --- Librslry kernel
KERNL : Blank
NDYN:Cutt off group number for average ncutron
velocity calculation (with thermal group
number ) '
IPEAK:Tine structure caleunlation
=1 --- Non calculdtion
0--- TFirst step only
1 --- Per spectrum recalculation
2 --~ Per burpup stcp
3 | (ITGROUG), I=1, 1074 Towest group mumber of fast few groups
NFEWEF)
4 ( ITGROUI), I=1, 1014 Highest group number of thermal few groups
NFEWT) l '
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ITEM
“ SYMBOLS FORMAT COMMENTS
e
5 (NIDD, DENS, | 6(12, NIDI} :Id.nnmber of muclide I
I=1, NUCT) 1105) | DENS(I}: Atomic number density of nuclide T
' (n/10° fem®)
6 NRES., TEMPF, 14, 5E125| NRES :Number of resonance nuclides
CELDAN TEMPF : Fuel temperature ( K)
CELDAN:G—M
(Nete)
I 1—y - i—C
o= SN g + = }
M .
Ny r 1 T
7 IDRES{T), DREST), | I4, IDRESD: Id.number of resonance nuclide [
STGPI) SIGMD, 5R125 | DRES(I): Atomie number density of resonance nuclide
CHORIXI), DCOFF T in fuel grain (n/10%%/am’)
{I), STIGPID: Potential scattering cross section (reso-
nance absorber T (barn)_
SIGMI):Total scattering cross section per reso-
nanece absorber I)(barn)
CHORDI): Mean chord length of fuel grain (em)
DCOFFI}: Quant ity defined in Hq. (135), Bef (1) .
Collision prohability to hlack grains in
fuel compact,
8 RADIUSI) 6R125 Radins of fuel kernel (cm)
ITEM 7 and 8 are repeated for NRES.
9 TARGEK, TEMPM, | 4E125 TARGK:Target k
POWER, BUCK TEMPM :Moderator temperature { K)
POWER:Tission power (W/cms)
BUCK:Totel buckling (c:m_2 )
10 ( IEGROU), 1014 Lowest group number of condensed fow groups
I=1, NFEWE)
IF NSTEP>}, Card 11~13 are neccssary,
11 {(FACTORD), 6B125 Non purge factors of fission products
I=1, 6) (Note)
I=1 -~~~ " xe ]
g---- " gnm
3 ~=-- Pgsude PP, 1
4 ---- Pseude F.P, 2
5 -—~== Pseude T.P., 3
6 ——=- Pseude TF,P, 1
12 (STERID, I=1. 6§E12.5 Time intervals of burnup steps (days)
NSTEP)
13 ( ISPRECD), 1814 Option of spectrum recalculation
1 I=1, NSTEP) {Note)
0 -~~~ Spectrum recalculation is not performed,
1 ---- Spectrum recaleulation is performed, )
-2 & —

A s A e At nn Aemrbar bl Ao i el ey,
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ITEM

p S5YMBOLS FORMAT : COMMENTS
fra. - - "

IF IPEAK 0, Card 14 and 15 are mecessary .

14 | MMAX, MIPP, NMAX 373 MMAX : Number of regions
: MF:TPuel repgion number (from inner)

NMAX : Numrber of mesh points

15 | (NMBD, DRMM), 6(13, NMM: Mesh point number of outer boundary for

M=1, MMAXD) ¥95) region M (from center point?}
DRMM:Mesh point width in region M (em)
16 (NTDEK, DENSM 12, NIDR: Jdentification number of nuclides
(K, M), M=1. 7E105| DENSM(E, M) :Atomic number density of nuclide in
MAMAX) Tegion M

ITEM 16 is repeated for NUCT,

(Note 1) If CELDAN and RADIUS are zerc, resonance integral is calculated by
method of DELIGHT .

(Note 2) If 1B is involved, al! nuelides with identification vumber 20 ~ 26 are

requested as input of ITEM 5.

TABLE 2 IDENTIFICATION NUMBERS OF XNUCLIDES

1.0, I.D. L. D, o, i B 1.0, _ _
| NUCLIDE | NUoLIDE NUCLIDE |~ " | NUGLIDE . |NUCLILE
1 Th-232 11 Pn-241 J21 Q-146 31 D 41 dunmy
2 | Pa-233 | 12 | Pn-z4z |22 8i | 32 B-11 42 ff
3 | ¥ -233F 13 | Am-243 [23 71 |3Q dmmrny 43 P
4 U -234 | 14 | Xe-135 [24 e : 34 p 44 ”

5 | U -235 | 15 | Sm-149 j25 5§ i 35 | # i 45 P
s | U -236 | 16 | F.ecu-zsf26 | B-10 l 36 ” g p
7 | Np-237 ! 17 FPU-235Y 27 Be i 37 ” A7 p
8 U -228 | 18 | FPPu-239) 28 Eu {[ 58 ” 48 ”
9 Pu-239 | 19 | P.P@-241)]29 Gd !'1 39 2 19 "
10 | pu-zao | 20 C-12 {30 Dy —L 40 p 50 ”
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o (ERgEYN (NUCT)
O WM O 4 HE L (NFEWF)
o EARHETEERO LB (NFEWT)
o FHEHAExRz b+ AEE KSPEC .
o BETHTHLABOETHTRIAESES (NAFAST)
o FHBERENOAFTLTRAFHFESFS (NGTHEM
O HWEExFy 7DE (NSTEP)
o BEEHMERN AEDEORE (2N (NFEWE)
O SH@BRHETRZ P AHRBEEOHNDIE MOUT)
o fEREA Y —* +3EE (INDTH)
o 47310 —H—FOEEHE (KERNL)
0 FHEBAHECHAT LS T va ¥y (ISP)
O MM 2ELETLE LB FTRAZS (NFEW2)
i) P FEIROPLEEFE S (IFGROU)
v meEEFEROPHEBERS (ITGROW
V) DEBEEEERD 2D OEHX S (TEGROW
W EFMEE (NID, DENS)
wil ﬁ%&m%ﬁﬁkﬁ%ﬁ
o FLEHEH (NRES)
O A% #—* ~»Mmean chord length (CHORD) (em)
o B A - LDBAAH—HERCHTHC (DCOFF)
o geEE (TEMPF) (°K)
o HwEiEn 1. D. # (IDRES)
o JEBIEIEORE D — 3 4 EORFAHE (DRES) (x10% /em®)
o JIBREO KT v vy VEEKEHE (SIGP) barn
o BN L OLSHALFTE (SIGM (barn
0 BB s —F ~¥E (RADIUS) {em)
2 oy (barmw
(b st ERIEA A NEE
o EfEITUIAEEmEmER (TARGEK)
o pBET (POWER (w/em®)
o &.y 7Y v7 (BUCK) (em 2)
o BEMESHEE (TEMPM ( °K)
¥ MEExF y 71 (STEP, day), PHEF2 s b v FHHEOHE (ISPREC)
0 K ELAERO non purge factor (FACTOR) |
2 SEBEIETFR <2z b AHECE+LHHT MOUT=1 DEEHT) .
(i} SEREFR~7 P VvETEB 74770 —DB%E
@ NID FEBETD Y. Do
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o LIOT &5 — 2

o IWA BRDAE (0 —--7cl, 1 ---#h)
o 1IWE FEOAERE (0 ~--Ttt, 1 ---&0)
o IWR  EBBRROAE (0 ---%L, 1---#0, IWR=1 D& ERREDE

7 (barmw ) .
(Y SRl T x < b LEHERATA 7Y ) —OFE

o NID FEEEFDL. D o
o I8C WAl ok AMEEEF e (=1 ---F v fEHA, B, WELETHEHL

TaaH— KA 0 --- F a2 EEE, BL, BEMESE—E 1 -~
BERARETATEHETLLNES A 7y ) —F — # EH)
o SI1GS ISC=—1M&%0.0

ISC=0M& &g {barn)
ISC=1n& & gepithermal  gary

i) sEEFR~Z b2 (n/em - sec)

iV REEE (Ui r¥—238eV) (n/cm’ >+ sec)

N SEEEES PETE (nem” sseo)

W RS MR E A

2 TRANSP 5 ir {(barm
© ABBSORP g, (barw
0o NuU FISS Vo g (harm
o FISS g5 (barm
o ¥. SPEC SR 27 o DEE
o 8C. TO I Sl warw

Wl BRI LR N2 b a (A aE—8R)  (o/em’ - sec) _

Gl AN Rz b (Td X R, HUETETR S ERT GERETRNR
6 2RLBTMFEENL T ~5 0 BOBIPEFRA—HRTD LI ICHES)
(}:1/cm2 *5e¢)
o EEHEFERNRI b (LFY—FR) (alem” csec)

v AEEEES P FE (n/em” - sec )

X R A D BEE R T AR

5 TRANSP Tir (barn)
0 ABSORP . (barm
0o NU FISS vor (barn -
O FISS g ¢ (barm
o' 8C. TO I ST arw

@) mEFEyEE (258 (em sec)
4) MR« BiEHEsETsHmT]
(1) E‘iﬁﬁ@ﬂ%
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