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Evaluation of Accuracy of Monte Carlo Code MVP with VHTRC Experiments
—Multiplication Factor at Criticality, Burnable Poison Worth and Void Worth —

Naocki NOJIRI, Kiyonobu YAMASHITA, Nozomu FIUJIMOTO,
Masaaki NAKANO,Tsuyoshi YAMANE ™ and Fujiyoshi AKINO™

Department of HTTR Project
(Oarai Research Establishment
Japan Atomic Energy Research Institute

Qarai-machi,Higashiibaraki-gun,Ibaraki-ken

(Received October 20,1997)

Experimental data of VHHTRC (Very High Temperature Reactor Critical Assembly) were
analyzed using Monte Carlo code MVP (general purpose Monte Carlo code of neutron and
photon transport calculations based on the continuous energy method). The calculation
accuracy of the code was evaluated by the analysis for nuclear characteristics of a HTGR
(high temperature gas-cooled reactor). The MVP code can analyze with a detailed three-
dimensional core model with a few approximations. The HTGRs have following
characteristics from view point of nuclear design : they have burnable poisons, many void
holes, namely, the control insertion holes and so on. Taking account of these characteristics,
multiplication factor at criticality, burnable poison worth, and void worth were evaluated.
The maximum calculation errors were 0.8% Ak, 7%, and 25% respectively. From these
results, it can be concluded that the MVP code is able to be applied to the nuclear
characteristics analysis of the HTGR like the High Temperature Engineering Test Reactor
(HTTR).

Keywords : Monte Carlo Code, High Temperature Gas-cooled Reactor, Multiplication Factor,
Burnable Poison Worth, Void Worth, HTTR, VHTRC, Critical Approach, MVP
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Bkt oty MEE B-4 B-4 T-6
kLS U R (we%) | 2.000+0.003 | 4.0000.006 | 5.96610.009
E#E {1z m) 602+5 599+ 4 595+6
UO,®BE (g/cm ) | 10.42+0.11 10.35+0.08 10.26+0.05
T e B (ppm) <0.3 <0.3 <0.3
g gl | EE (zm) 79+5 79+4 60+ 4
(PyC) | &  (g/em ) | 1.19£0.02 1.18£0.03 1.1740.04
FoE | B (2 m) 79+4 78+4 30+2
(PyC) | #E  (g/em ) | 1.87%0.02 1.87+0.02 1.86+0.02
FE3E | E& (#m) 23+2
SiC) | BE  (g/en ) 3.20~3.21
Fa4B |Es . (pm) - 4412
(PyC) | BB (gfen ) 1.85+0.03
HEE (pm) 918+ 14 913+10 909+ 14
Weta s T ERE (g) 20.999 20.950 20.904
+0.044 +0.044 +0.044
ARES (nm) | 35.85+0.03 | 35981005 | 35.96+0.04
NEE {mm) | 17.9520.05 17.96+0.02 17.99+0.02
& (am) | 35.98+0.06 | 36.01+0.06 | 36.00+0.05
B4 matrix BE  (g/en ) | 17150.02 1.69+0.02 1.69+0.02

*  FRARA 0 HE
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wokRk B&HTvoorER

A (mm) 300+0.3
K& (mm) 1200+1
PEMEILOERE  (mm) 47+0.4
HIEHEILOERE  (mm) 65.5+0.4 -
97 i (g/cm ) 1.665
4%  (ppm) 0.07

IR 5r (ppm) 9.4
KoEHE (wt%) 0.011

* KRR HE

B3Rk USEWREMET

ROGETREM A~ L > MR W-1 W-2
[EXES (mm) 11.86 11.87
&S (mm) 18.02 17.87
o (glem ) 1.73 1.75
KKk EF/ & (wt%) 0.97 1.87
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EESR MEMR

P4 VHTRC-1 | VHTRC-4 | VHTRC-6

1) #lEE - 7 2HiF AL E (¢) 46.1 46.9 46.5

2) WEBRFLABREEICE (¢) 5.4 12.4 7.1

3) EAER - THEFHEHENETRICE  (¢) 1.6 0.6 1.9

4) FRPEFRESBRICE (¢) 15.0 - -

5) 1./ 2KEEMBEREE (¢) 12.5 13.3 8.8
6) HELEEZ 300K & LZBEHE (¢) -0.28 0.03 -0.11
(45 L] [17.7°C] [27.9°C] [22.1°C]

= (¢) 80.32 73.23 64.19
EBREDEFEES T B o 0.0072456 | 0.0072593 | 0.0073573

¥ SRAC (AAEHE=—FY2RTF L) Z&SEYE
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VHTRCT-CENTER SLICE

: -2
: INPUT

LEVEL

ZONE

A
X
ES

LOST FLIGHT Y =
LOST SOQURCE Y
LOST SERRCH Y

O
+
<&

LOST FLIGHT X
LOST SOURCE X
LOST SEARCH X
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81 VHTRCHEO _EFEBEHODE

VHTRCO#E 3287 M3, 2R Y 7 o2 E0EENH 910 o m ORBRER 7% 8
v hY oy A LA —r"—a—1 &8 B b)Y v 7 AP BEEEE o T
B, TOL DI BB FRE 2 Lty T LTV ARSI BREHR T30 o IR
& MEEH O L R, PPU o BRI A RN AR LT . U T L BN~
REVHE-THBELDE 0 LMERBAELARS, £2C, VHTRCELIIBIT 2 BEBERT
DIEBEDRA . WA E - FUATASRACHMOTIHM LA, #MRER F2EE L
eI Ry Fb S THEIEME R OB T LT BN R N F G
D —HIEWHOBREHE T L ORISEOEF BB TOHBHEDRL LT. RO 37— AIL2
W CETIR L7,

1) BTEHBEET, 75 BEE 6 wit%DBAIT oW THREE ST L,

2 WTFEB AT, 7T EEEE 4 wt% DA T o TERMIRE R &5 L,

3) BT PR Gwt% b 4 wi%A B LTV 5 VHT R CIRLIC-OW T, JEBEFEIC & 0 £
& HE L7

BFERMAR 3ITRY, (1) . (2) R v VREEORCIC LS ZHANEBED
Tl 7 CEHREORLIC L AEEROB(LICHA~, R A FERE2Z T v, ERBREEO
HIHEONREE LT, P0.85%A Wk ORIEERMMH S Z Lavbhole, (3) OFLEHRO
HRTIH. B 08%A Wk ORISESEMA S -7, LLEOMFTHERD S RMERICET SRR
ol M 0 R 0.8% A Kk Th D & EHli L7z,

#13 SRACITLAVHTRCO EHIFHHELE

T — IR RO (% A k)
()7 7 > fefile 6% Bl 1.55854 1.53846 0.84
&5 3 (koo)
(D77 o REIE 4% R 1.49538 1.47593 0.88
&7El ’L"it(koo)
G R R R 0.9916753 0.9842980 0.76
Tk, '
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fHk2 MV PANT =5 (EHRIEEHE
1} VHTRC—1

VHTRC 1 :CONTROL ROD QUT FR=282

MYP KEFF ESTIMATER CHECK

LATTICE NO-VP-MONITOR RUSS-ROUL NO-RESTART IMPORTANCE
NO-RESPONSE ONE-ZONE FISSION EIGEN-VALUE FLUX-PRINT NO-MONITOR

% NG=6, NR=5, NP=1920000, NH=48000

*% NG=6, NR=5, NP=640000, NH=16000
NGROUP (NG>)  NMEMO (10)
NPART (NP>} NHIST(CNH>) IRAND(19911112) NBANK (<NH*1. 1>}
DEPS (1. OE-5) - DINF (1. OE20} ETOP(1E7) EBOT(1E-5)
NSKIP (3}

$XSEC

* XSEC OF VHTRC

& IDMAT(3)} /* FUEL F2
040033 (2. 6418E-7)
U05003J3 (3. 8370E-5)
U06003]3 (3. 1044E-7)
U08003)3 (1. 8851E=3)
BOOO03 T3 (1. 2788E-8)
BO1003I3(5. 1799E-8)
C02C03J3 (7. 7750E-2)
00AW03T3 (3. 899E-3)
HO1HO3J3 (2. 2131E~5)

& IDMAT(5) /#* FUEL F4
V0400373 (6. 2090E-T)
U05003]3(7. 7041E-5)
U0BG03]3 (4. 8I30E-T7)
U0800:3J3 (1. 8245E-3)
B0OO003]3{1. 2658E-8)
BO1003]3(5. 127CE-8}
C02C03J3(7. T1T1E-2)
006¥03J3(3. 8163E-3)
HO1HO3 3 (2. 1988E-5)

& IDMAT(7) /* FUEL F6
0040033 (9. 31356-7)
UO5003]3 (1. 1498E-4)
106003]3 (7. 2495E-T)
U0800373 (1. 7894E-3)
BO0O0033{]. 2658E-8)
BO1003]3 (5. 1270E-8)
C02C03]3 (7. 5664E-2)
006W03J3(3. 8163E-3)
HOEHO3I2 (2, 1988E-5)
SINDO3J3 (1. 6941E-3)

& IDMAT{S) /* BLOCK
BOO0GO3J3 (1. 3893E-9)
B0OL003]3 (5. 1159E-9)
CO2C03]3 (8. 3534E-2)
006W03]3 (8. B198E-6)
N04003]3 (1. 0045E-5)
HOLHO3T3 (1. 2252E-5)

& TDMAT{11) /* AIR
006W03J3 (L. 0364E-5)
NO4003]3 (3. B624E-5)
$END XSEC

SGEOM
% PS=30.0 , HA=240.0
% P2S=PS/SQRT{3) °, BA=240. 0
wxkkkkCRITICAL ASSEMBLY LATTICE DATAscksssoiks
TDLAT (100)
LTYP(2) NVLAT{ 13 13 1)
SZLAT(CPS> 30.0 <HAY)
SZUEX (0. 0 0.0 <UA> <HA> 0.0}
RCELL( 7 T)
KLATT(
0000000000000
0005500000000
0085555000000
0555445850000
0554434455000
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0054222245000
0054421244500
0005432234500
0005544244550
0000555445559
0000005555500
0000000055000
0000000000000
KSLAT{(
0000000000000
0O000CGO0QO00 0
0000000000G0O00
0000000 0
00000300 0
00004000 2 0
0

Ler)
=

oo o

000
000
000
60o0oo00CcO00O00GO0O0CQ
0000050001000
0000000000000
0000000600000
0000000000000

6000000000000
0000000000000

0
0
0
0
0

Hkpdk
% PC=6,5 ,HS=240.0
% P2=PC/SQRT (3}, D5=30.0
% C=0.540/2 ,D=0. 33124
deckhokokioksokk FUEL SUBASSEMBLYZ #ok#%%12 FUEL RODS#+**
IDLAT (200}
LTYP(2) NVLAT( 7 7 1)
SZLAT( <PC> 0.0 <HS»)
SZHEX (0.0 0,0 <DS> <HS> 0.0)
RCELL( 4 4 }
KLATT(

1111 t1 11000
111110111t 00
11 10 10 10 10 11 0
1t 11 10 11 10 11 1t
011 10 10 10 10 11
001111 10 11 11
00601111 11 11}
KSLAT (<7%7> (0})
sdkckkkkkkkk FURL SUBASSEMBLY3 sekskx11 FUEL RODS##*
IDLAT (300)
LTYP{2) NVLAT( 7 7 1)
SZLAT( <PC> 0.0 <HS»)
SZHEX (0.0 0.0 <DS> <HS> 0.0}
RCELL( 4 4 }
KLATT
111111000
111110111100
11 310 10 10 10 1L O
11 11 10 11 10 11 1!
g 1110 10 10 10 11
0018 111111 11
00011 1t 11 11 )
KSLAT (<7%7>(0))
% [B=47.0 ,FL=36.5
% CRP=9. 5, CRR=5. 1, FRR=1. 798, BOL=0. 898
% CRX=CRP*SQRT (3)/2.0
% CRY=-1.*CRP/2.0
END

RPP (40000 —400.0 400.0 —400.0 400.0 -10, 0 <HA+10.0>)
RIP (10000 0.0 0.0 0.0  <HA> <DA> )
RHP (20000 0.0 0.0 0.0 <HA> <DS> )
RHP (30000 0.0 0.0 0.0 <HAY <PC> )
wokkk PINS LEVEL 2 Fkoback
rRCC (1 <CRX> <CRY» 0.0 0.0 0.0 <HA> <CRR> }
RCC (2 0.0 0.0 0.0 0.0 0.0 <HA> <FRR> )
RCC ( 3 0.0 0.0 <FB> 0.0 0.0 <FL> <FRR> )
RCC { 4 0.0 0.0 <FB+FL> 0.0 0.0 <2.#FL> <FRR> }
RCC (5 0.0 0.0 <FB+3.%FL> 0.0 0.0 <FL> <FRR> }
RCC ( 6 0.0 0.00.00.00.0 <HA> <BOL> }
*+xkCROSS SECTTON MATERTAL k%
% F6=7, F4=5, F2=3, GR=0, ATR=11

END
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ETV:6:-1000:-40000

YOID:BOID: 0O :40000 -10000
Sk

LAT: @ —-100 :10000
Fkk Rk SUBASSEMBLY #4¥++
#CELL ID(1} TYPE(HEXA) */C. R. CHANNEL

CR : : =949 @ -20000
GRP:GRAL: <GR> : 20000
REND CELL

HCELL ID(2) TYPE(HEXA) */12 FUEL SUBASSEMBLY
FULT: : -9899 : -20000
FU12: : -200 : 20000

#END CELL

#CELL ID(3) TYPE(HEXA} */11 FUEL SUBASSEMBLY
FULT: : -999 : -20000
FUt2: : -300 : 20000

#END CELL

#CELL 1D(4) TYPE(HEXA) #/ GRAPHITE
GR ;: : -999 : -20000
GRP :GRAZ: <GR> : 20000

#END CELL

RCELL ID(5) TYPE(HEXA) #/ GRAPHITE
GR : : -999 : -20000
GRP :GRA3: <GR> : 20000

#END CELL

sxxk+k FUEL CELL #$xdokx
#CELL ID{10) TYPE(HEXA) %/ FUEL ROD
FRD : : -999 : -30009
GRPL:GRA2: <GR> : 30000 -2 -6
GRPL:GRAZ2: <GR> : 2 -3 -4 5 6
F& :FUEL: <F4»> : 3 -6
F4 :FUEL: <F4> : 4 -8
F2 :FUEL: <F4> : &5 -6
AIR :FUEL: <AIR> : 6

#END CELL

#CELL ID{11) TYPE{HEXA) */ GRAPHITE CELL
GRC : : -998 : -30000
GRP :GRAZ: <GR> : 30000

H#END CELL

sk ok kR

$END GEOM

Fxkkk GROUP STRUCTURE #k#¥k

*kDUMMY *%

ENGYB( !.00CE+7 1.83E+5 9.61E+2 2,38 (.65 0.105 1. 0E-5 )
% NRG = NR#NG
XIMP( 18(1.0) 12(0.25) )
WKIL( 12(0.5) 6(0.8) 12(3.5) )
WSRY ( 18(L.0) 12{4.0) )
NRESP{1) RESP( <NG>(1.0) )
##k% [NITIAL SOURCE skt
NSOUR{1) KSOUR(3) IFISM{U05003J3) SOUR(:. O
PSPAC{ -45.0 45.0 ~45.0 45.0 47.0 193.0 R0} )
#kk FISSION NEUTRONS sk
WOTF( <NR>(0.8) )
* RVOL(L. 8611E+4 2.0463E+5 0.5040E+6 1.4965E+7 2. 9930E+7 R{1.0)
/
***CGYIEW inputdataks«
TITLE (VHTRCA-CENTER SLICE)
PAPER(-150. =50, 120 0.0 1.0 0.0 1.0 0.0 0.0 150}
XMAX (300, 300.}
LEVEL{(-2)
SPTYP (0)
CO?GR(I)

/



