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Development of PC Version Code System for Radiation Dose Estimation
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(Receieved February 25, 1997)

Since a direct access from a radiation work site to a main frame computer
is usually difficult, evaluation of radiation sources anc_i/‘or doses are often carried
out by handcalculations with less accuracy. So considering a recent remarkable
progress of PC (Personal computer), we have developed an interactive cede system
of PC version to calculate dose equivalent values with high accuracy. It consists of
a radiation source calculation code ORIGEN-2 and point kernel shielding calculation
codes, QAD-CGGP2 and (33-GP2. With the present system, you can easily obiain
dose equivalent values at any detector point starting from radiation scurce estimation.
Validity of these codes have been verified individually on a mamn frame computer
through various benchmark calculations. Thus we verified the present PC version
system by comparing the PC calculations with those using a main frame computer.

Excellent agreement was cobtained between them,

Keywords: Radiation Dose Estimation, Safety Evaluation of Facility, QAD-CGGPZ,
G33-GP2, ORIGEN-2, PC Version Code
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@ FHMSEEOANAEEHRRLI,

4) T77A4IHH] A=a—

@ SEEMBICHSEEAF GESS=1000) £BELTH. HEHT7 M1 VCHEE

210000 D ENEONTEEELL

@ Aﬁf—&%&#?éﬁ\Aﬁﬁﬂ774w%01$ﬂm“Jm”ﬁﬁmﬁH6

NTWAERICH, BELT “IN” £3TLESNTEEELT.

5) NTTvTHE
@ BEF—YEERC MER0oRE] A=2—0PT GEXE| RBET> ik,

Fﬁﬁﬁﬁmﬁfj%:1—§EﬁTéényﬁ7w7T5N7%EEbto
2 T74NERTOT S5 ALNGDIRF. EXE . :

EEFITTEE S 4 7 OIS ICGETORIVE. EXE% A LT LvahS, Windows95DMS-DOST
ov7 b ETEHELEM - Tolclh, ERERERFS 1 T EWF T554 75 VBEER
f=IcfERE L. OGDIRF, EXERICHAAIA AL,

. 3 *=a2—70%'5 AQGHENU. EXE |
774W§R7D75A®£EE¢U\EmNWﬁE&U%NWEE@@U&L%
HEEELI
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3. RE&H
3. 1 EREE

JAERI-M 90-110IZ 13, RISRT -2 FHEMNBMAEN T3,

(1) Sample Problem 1 for QAD-CGGP2(=QJUMI1 in this report) |

Calculation of ambient dose equivalents, H*(10), H*(3) and H* (0.07)
outside the ®°Co treating facility with 100cm thick concrete shielding wall
where there is the source of 1000 Ci (3.7 x 10'*Bq). '

(2} Sample Problem 2 for QAD-CGGP2(=QUM22 in this report)

Benchmark problem of gamma-ray shielding for the facility treating the
radwaste proposed in ANS Standard Committee 6.2.1.

(3) Sample Problem 1 for G33-GP2(=QUM33 in this report)

Calculation of ®Co gamma-ray skyshine measurements performed at Kansas State
University. A point source is located on the axis of approximately cylindrical-
sell collimator. There is azimuthal symmetry about the vertical and the
collimat r restricts emission to a cone of polar angle 1.3134 radians measured
from vertcal. Detectors are at elevations | meter below the source and are at

radial distance from 500 to T00 meters from the collimator axis.

OGVICY RF ADERICEHLIRIHEE LTLRO 37— AOMBEERY LIF, HifE
ELTHEET 1=, BoNIHEERICONTIE, EERIBERELTICE LI, K
BEEEE3 — 1 ~3 R, F U UFILDOAD-CEP2&GI3-GP2Tid, BERENS
EERNGENOTEFH L BARSRERENNIBAD &> T3, FEHENIC
EENBEEDTEERNENZERE FE 5L, —F., BESSBREREER I —F -
BECEBLTNETF—TAF - M oA L IM- CEBLTHERLET -9 &8
AT 3PNEN, VEYDEYDI—Y R L RHRBREMMOLE, TORE
M E NSO EE L KELTANT S CEBDENEL B, TAITV 2D
R ZOMEENZZ, cOZEIL, ZOMROHERE, $4bb, BTEHEAENE
BOFENE, EWRAORNIC L2 HSHE, T, OHERCENREFHOREICD
WTIE. o U U F L OYAD-COGP2 & G33-GP2 & BLER A7 At A OHBEEE R L TIVB T &
EERT 3,

B EMALOHEREERT ANEEARTEo L5525 &, RBIEATAM R
BREGHETOY S ANBCEEME L THAAATING Z & IHEREDOHERS L,
REEEELBo L &L, EE, SEOFZ M5V THYEY, HEHENSTLE—K
#9. 2OERIPRICBHEEDPLTING, COLSLBEEBER, HERTHICBR
TARMEERERE T — T NF -9 52— HRETVELTFEF X MERDS A TS U -
T7ANELTEETSEEE LT
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£3-1 FXFS321 QMDD
JAERI-M 90-110 MERY A5 A
lom BELS®E (uSv/h) 1.933 x 10' 1.938 x 10'
RBAHS B M EHE (R/h/om?) 2.190 x 10~ 2.196 x 107°
£3-2 FRFS52 QM)
JAERI-M 90-110 WEIR S X5 A
fcm BMEBXAEE (uSv/h) 4.231 x 10° 4,240 x 10° *!

4.237 x 10° *?

£1 : JAERI-M 90-110 &E—®example-20BHBEXEBBELEHEER
$2 : example- | DEHBEXELEREEEH

£3-3 FRFS3 (QM3I)

JAERI-M 90-110 WERIRY AT A
lom MBS (uSv/h) 1.346 x 107°? 1.354 x 10°°
max direct _
lem #EHNEE (uSv/h) 2.194 x 107! 2.330 x 107" *!
max scatter (1.165 x 107")

11 : MEEEVAFAICIE, HEEESOERETIEFIN TR, TOLHHER
P52 {ELICEETRU, GI3-6P2 Tid, #ELtvIn- BHEAD L, UBEREAY
DF—THNEZOINM- CEBLTHERT S, 8ELI- CHIETIHFE. COF
—T%log AIELTRD B, HERMMFATIE, HELTH- CHATIFREETHE

 BENETF—4F— T EKIMORTREL TKD S,
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2 ORIGEN-2®:H

ORI GEN-—2 OBIEHECOOTIR, ABHERICHABRLTVWENYFY-IH

HEAEPEELTHEL, rBIRLF- 1 §HICOVWTOREATFRICOVWTREL,
EHEULEREE, %3 - 4ICRT,

(1) ETEHE

Basis : One Metric Ton of PWR-U Fuel

Average Specific Power : 37.5 MW(t)/MTIHM

Average Fuel Burnup : 33000 M¥d/MTIHM

Flux  : 3.24 x 10" necm?+ s

Irradiation Duration Fuel-Power Days : 880 days

Cooling Time : 30000 years

@ e e
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4, SATSUY—~F—TIF—H DA
41 BEEEBRERES 475U -8X (BHEID)

R ATATIE, ~/qgvic/qadlib/exposure. {ib EZRBHBREREHEHSAT5U -
ELTHEAEDS, BE, COT7 7ML ORE, ERBADI—YA 5 —7 =z — XIIERK
ENTLEL, BA—UNEREF--TIOI7 7ML EBERTSEIE, COT 7LD
HHERELTICRT, ABACEAVAFALTFOHEREINTOHIBHREREEAH T
~FNF—%ERLI,

(1 1 =% nrg

(20 rHRIFH (MeV) (erg(n), n=1,nrrg)

(3) BAHRBREFKE R/h/cm2) (df(n).n=1,nrg)
4. 2 SATSU—TrAIHH

HEBRAFACHARAENIZTATSU—T 74013, BEXNICF U T FILDOAD-
CGGP2RUFG33-GP2EB—F — 9 2 FR L T3, hH. WEEIAFATER, 2—¥ T L
VR —GETREFBEHTIEN TERMBERLBEENAFREET-FHRBLTH
B, 2L, CO2BEOF—YDERICOWTRI-YHETEISHORREET S
ENBELL D,

(1) EMk7+748%

Geometric Progression formulalc &k B EXFTT@HE

NUREG/CR-5470, ORNL/RSIC-49/R1, "New Gamma-Ray Buildup Factor Data for Point

Kernel Calculations:ANS-6. 4.3 Standard Reference Data”, (1991).

B 7 7 A JL : ~/ggvic/qadlib/bidgp. lib
(2) FmEBREAK

ICRP Publ.51, "Data for Use in Protection Against External Radiation”, (1987)

, Pergamon Press, Oxford.

BEsE T 7 A JU . ~/qgvic/qgadlib/doscon. | ib
3) HEAEHH

ORNL Radiation Shielding Information Center Data Package DLC-136,"

PHOTX, Photon Interaction Cross Section Library”.

BE&E 7 7 A Jb : ~/agvic/qadlib/photx. | ib
4) BESXTFREXESITSU-

FERICSRUEEE : SUAT7AY F—TFIR

(r#pzass- | BEHFECHEB UBKHE r ME 4 0RICHWNLTNS, )
(5) EHEHMERT I+ bT AN
RERICER UCEE - JAERI-M 6928, "E&HOHER"
BEE T 7 A JL . ~/qgvic/qadlib/material. def

—161—



JAERI—Data/Code 97—013

5. EWSERQGVICOD A » X +—IVAE

5. 1 {(FEhEmis
EWSERQGVICE A X b —Jb, BFITTBICII,
Sun0S

- SPARCompiler FORTRANTT
WEST BENSH D ETH B, 1. PCISMDENSERIGVICE U E— +EITTHHEIC
(2. ZOENSEPCISA R w b7 — 7 [TIEEINTINVT, repRUrshazy FRRTT
ZLESCHBEINTNETNEESE,
5. 2 ENSADA A BN
TJOwE—F 425 (FD) MSENSON—EF 4 R2 (HD) T4 VX b—Iibd BEE
FEEHBET B, CORMEE, X—NX—2—-H¥TITI,
(1) ENSica 4 » LTAR—R—2—H[ZiLd,
sud 7Y FEETT S,
(2) FDEZTOFT S,
SAULIC T ERSEROGVIC) T U Y FENMTWAFDE 7O v E—-F 4 X7 FSA4 7
BALT, XOoav v FEETT S, '
mount /pcfs
3) ALY ERF ALY PUEWVICEA YA M—NTET 4 LI PUIET S,
# QGVIC%H l/homel T« L7 PULIFICA VXA b—JbE BIFEICE,
cd /home
&E¥ 5,
(4) FDMSHDA lagvic. tazd 77 AN EIE-F 3,
. cp /pcfs/agvic. taz .
(5} FD ZMYHT,
eject
{(6) Taqgvic.tazl 77 A WERKRT 3,
~ zcat < qgvic.taz | tar xvf -
&95& T/homel ¥4 LY FULITIC lagvic) T4 L7 b Ub\f’ﬁbhéo :
(7)  QGVICE /AN T B,
AUNAIEDY 2 VAT U T FERITT S,
./agvic/src/fTTgo :
(8) Tqgvic) T4 LY PUDF—F—%2KTTE1-—HFICEET S,
B EFHFA—HOI—HIDH Tewsuser] DIFFITIEL
chown -R ewsuser qgvic
Ed B,
Q) #7T
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5. 3 QGVICU £— MEITORE

PCI8 M SHEWSHROGVICE U E— FRITT B7-0DICIE, ENSEPCBERD LS ICHRET S,

(1) EWSD&k
UE— FRITEENSHROIMTELSIET B,

@D rsh. recpmF—EVOEREBBEET D,
@ =R——2—HT [fetc/hosts] 7 7 4 IWITPCIBDIPT FLRERX MEE

M/etc/host. equiv] 7 7 4 JLICPCOSDR Z FREEMTS (Bl UXBF5.1) o

3 EWS BROGVICEERTTd1—HDAHR—LF 4 LT FUIT T rhosts] 774 V%
feRE L TPCISDAR X P& EPCISRID L —HIDEERTD (] UXE5.1)

@ EWSEROGVICE A X b—Jb L1 lTggvicl T4 L2 FPUDTICHB0GVICER
FE3 oz IWRPUT R Tragvicgol 77 ANVDA VA M—ILT 4 LY FUEES
Bzs (B URR5.1D .

{2) PCOSMDEYE
EWS [CO 2 Y FERBEANwF I 7 ANEFEZBRZDS,

D PC98 BEOGVICO A v A b—IF 4 L7 bUICd&H S TRQGVIC.BAT] 774k D

ENSODR X b&, EWSRID 21—+ 1D, EWSKRQGVICDA VX b—NTF 4 LI FU%E
EX#2Z25 (Bl URPFDE.2)
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1A +5.1 EWSORE

274 V& : Jetc/hosts

127.0.0.1 localhost
192.9.200.1 ews
192.9.200.2 pc9B

\ mwh POOAR &

771 LE © fetc/hosts.equiv

pcSft

\me:kz +&

J 74 NE ;. rhosts

pc88  poBBuser

\ mh PCSBM L — 1D

77 1)V & ragvicgo

#! /binfesh ~f |
# remoto ggvic

$ OGIVC : install directory
setenv QGVIC /fhomefogvic— —  F1Lo by

setenv QADBIN $0GVIC/bin
setenv QADLIB $QGVIC/gad!ib

cd $aGVIC

touch LAST.R.G
touch TRANS, WRK

SOADBIN/ragvic Sargv[1]. ING

rm LAST.FLG
rm TRANS. WRK

ENSAROGYICD A 2 X b= v
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YA F5.2 PCI8 DERE

ECHO OFF

REM

FEM DE—F QGVIC
REM

REM $1: AR ZFr10E
{F "%1”"=="" GOTO INP_ERR

RN Y% B 77 1L

REM
REM RHOST : 5k A b8

SET RHOST=VI(SS20

REM RUID : ~#D

SET BUID=kuro

REM ROGVIC : QGVICODF < L 7 R U

SET ROGYIC=/export/homel kuro/agvic

REM

ECHO Z7TIVERIELET,

IF NOT EXIST %1.INQ GOTO INP_NOT

RCP -a %1. ING %RU 1 DHE%RHOSTH: HAQGY | CH/%1. [NQ
IF "%2"="" GOTO RUN

IF NOT EXIST %2.PLB GOTO PLB_NOT

RCP —a %2.PLB %RU|D%@4RHOSTY:HROGV 1 CH/%2. PLB
‘RUN .

ECHO OVICE T L X7,

RSH %PRHOSTY -1 %RUIDY %R0GVICHK/ragvicgo %
ECHO 7P T IVEB{EL £ ¢,

RCP —a %RU [ DHERHOSTY: YROGV | CH/%1. OUT %1.0UT
RCP -a %RU | DYAXRHOSTY: %¥ROGYICX/%1. STD %1.STD
RCP -a XRU| DXEXRHOSTY: %ROGY 1 CH/%1. EXL %1.EXL
REN JE— k771 ILOHIR

RSH %RHOSTY -1 XRUIDK rm XROGVICH/%1. ING

IF "42"=="" GOTO SKIP

RSH YRHOSTY —I XRUIDH rm %ROGVICK/%2.PLB
:SKIP

RSH %RHOSTY -1 ¥RUIDK rm %ROGVICH/H1. OUT

RSH YRHOSTY —1 %RUID% rm YROGVICK/%41.STD

RSH %RHOSTY -1 %RUIDH rm %ROGVICH/%1. EXL
GOTO END :

: INP_ERR

ECHO ROGVICOOEfTHFE

ECHO  ROGVIC INPUT_FILE [SRC_FILE]

ECHO INPUT_FILE HEERFHELARTZ7ILE
ECHO SRC_FILE HBEFELEBRIFIILE
GOTO END

L INP_NOT

ECHO %1. INOZ RO H E2 A,

GOTO END

:PLE_NOT

ECHO %2.PLB#FRoh i E¥ A,

GOTO END

:END
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EE 3R

(1) Revised Uranium-Plutonium Cycle PWR and BWR Models for the ORIGEN Compuer Cod
e, ORNL/TM-6051 (Septmber 1978).

(2) A User's Manual for the ORIGEN-2 Computer Code,ORNL/TM-7175 (July 1980).

{3) Malenfant,R.E.:"QAD:A Series of Point-Kernel General-Purpose Shielding Progra
m",LA-3573, (1963).

(4) Somito,E.,Stockton,J. “Modifications of the Point-Kernel Code QAD-P5A™, ORNL-
4181, (1968).

(5) Cain, V.R. :"A Users Manual for QAD-CG,The combinatorial Geometry Version of
the QAD-P5A Point Kernel Shielding Code",Bechtel Computer Code NEQOQ7, (1977).

(6) QAD-CGGP:*A Combinational Geometry Version of QAD-P5A, A Point Kernel Code
System for Neutron and Gamma-Ray Shielding Caleulations Using the GP Buildup
Factor", 0CC-493, (1986).

(7) G33-GP:"Kernel Integrayion Code System --Multigroup Gamma-Ray Scattering
Using the GP Buildup Facter",(CC-494, (1986).

8) EFHYS MMMSBERER FREMERS:"H Y vREBRH N FT v 77
(1988).

(9} ﬁ$$%-E¢E*N%WWW2&U%&@mﬁ%ﬁ%ﬁ&%ﬂﬁ%ﬁ%&d%xﬁ
ELEAOREEEET T Z0D-CGP KX UGI3-GPa — FOHR/N-T3 v,
JAERI-M 90-110, (1990).

—166—



A~ W —

JAERI—Data/Code 97—013

. ORIGEN—2EERBANT—97 74 (%.DAT) T x—7 v b
 HEHERR - BRI ANERTOTSSALATERETST -4
. REEUX B

Exposure. | i bOARE
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8% 1

1 ORI GEN-—%%H%M%—NW(*DAT)mmr

l‘Z]Al—ll_‘ ORIGEN-2HERANHFT— 5’774»0){%]%:1’{/ KA1 -2

o7 A ILDT Ty PIZDOLTHUT S,
it,EALWGkIAlflmT sExHEEKLEL, ORIGEN-20OAM

T8 EFRT
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VENCHIMARK PROBLEW (1)
ONE METRIC TON OF PWRU FUEL

-0
FRESHIUOEEEL & IMPURITIES(l T)

1
2 922340 290.000 9
1.000 050000

4 030000
END
END
END
END
END
END
END
END
END
END
1 0 1 1 1
1 1 1 1 1
1 24 1 1 1
8§ 8 8 0. 000E+09 8
§ 8§ 8 0. 000E+00 T
T 7T 17 1. 000E-09 8
8 8 8 0. 000E+09 8
§ 8 8 0. 0D0E+08 8
8§ 8 8 0. 000E+00 8
8§ 8 8 0. 0DOE+00 8
8 8 8 0. 000E+00 8
END :
§ 8 8 0. 000E+0Q0 3
8 8 8 0. 000E+00 8
T 7 7 1. 000E-07 3
8 8 8§ 0. 000E+00 8
§ 8 8 0. 000E+00 8
8§ 8§ 8 0. 000E+00 8
§ 8 8 0. 000E+00 8
8 8 8 0. 000E+00 8
EED
2. B6T0E+01 4 3.750E+01
6. 6T0E+0] 4 3.750E401
1. 333E+02 4 3.750E+401
2. BBTE+02 4 3.750E+401
4. 000E+02 4 3.750E401
4. 400E402 4 3.750E401
5. 333E+02 4  3.750E40t
6. 667E+02 4 3.750E+01
7. 333E+02 4 3.750E401
8. 000E+02 4 3.750B+01
8. 800E402 4 3.750E401
END :
5. 000E-01 )
1. 000E+00 5
3. 000E+00 ]
1. 000E+01 5]
3. 000E+01 5
1. 000E+02 2
3. 000E+02 5
1. 000E+03 5
3. 000E+03 5
1. 000E+04 9
3. 000E+04 G
END

Ca G0 SO 00 00 00 0000 000 00 0000 00 =] 00

1.000

S0 0000 00 00 02 0000 Qo 00 00 Q0 G0 00 —J 00
DO OOoOOoOCT OOOoOoOOO—O

060000

. 000E+00
. 000E-02
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00

. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00

22350 3.200E+04 922380 §.677E+05

0

89.400 070000

03 00 00 OO0 O 00 00 00 COCOCCa0Iatn0s

0000 8000 OO O OO 00 00 DO 00 00 0000 OO G

0 00 00 O 00 00 O 00 [=rlveleclerleclo o rle.]

OO OOOOoD oOOOOOOOoOOo

0. 000E+00
25. 000

. 000E+00
. 000E+00
. 000E+00
- 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00

. 00QE+00
. 000E+00
. 000E+00
. 000E+00
. D00E+00
. 0Q0E+0D
. 0COE+00
. D00E+00

FA1l—1 :ORIGEN-2(HIERMANT— & D
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75 A W
H—¥1 FORMAT (A80)
im0 AmTF-sOSANL
#— K2 CFORMAT (A45)
s |Basis unrtT
A= K3~A—F8T, 17/ L—FOMKT— 5 B REN 2, BRL O N —F
#— K3 FORMAT (I2)
i~z | mmF-sER) -1
#— K4 FORMAT (A30)
Ci~so l@mr-sEm
#n— K5 FORMAT (10.35)
~w |ractor
#— K6 FORMAT (I2)
T i~2 |wmmmEowe (0: C(&/BASIS ONIT) . 1: Cgeatoms/BASIS UNIT) ) |
H— KT FORMAT (12, 4(2%, 16, 2X,9. 3E))
1 /=T >&, BRTHRETANTEENTE S
Ty |smiruroRt —>mEAL-3BR
______________ wEErELEO 1D
92 234 0
[ L 1 DB 4E&E Metastable Aton
BERY
BT+&ES
_____________ OMEER. Mida- K6 ChRBERE
#— F8

&

Al —2 :ORIGEN-2RERANT—% 7 74N T +—<w b (1)
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AT A B B

#—FK9 : FORMAT (5(14))
Decay Library -3 5§ #

13~16 | Actinide Product 5475 VELRAHDE®E (0 : 2L, 1 :5H)

17~20 | Fission Product 5475 VEAHAHOFE (0 : H L. 1:50)

HA—F10: FORMAT (5(I4))
Cross Section Library I3 51F#H

WERA— F9 EHE

AA—F11: FORMAT (5(14))
Photon Yield Library B4 2 F H

MAEE A F9 &M

A#—F12: FORMAT (3(IIf 3X, I1,3X, I1,4X,9.3E))
BEHAEOHNEHR, 1A—-FT3HESANT B,
24HEBEHBHDOT, 2MTEHO A — FUHLE,

___________________________________________________________________________________________________________

__________________________________________________________________________________________________________

Fission Product O HFAZHNE —> KAl —-5%&H
"""""""""" curm
A—-F13
"""""""" [ENDﬁ~|~

#—F14: FORMAT (3(I1,3X, 11, 3K, I1, 4X, 9. 3E)>
BHFEOHNEE. A—F 12 &F%,

___________________________________________________________________________________________________________

A1 -2 :ORIGEN-2RERMANT 5774007 x—<y b (2)

- 171~



JAERI-Data/Code 97—013

17 A 7 Eis] Ag

1~2 RIEDOEH
0 :kiEH [ M¥./BASIS UNIT)
1 - #HEFE [neutrons/cmz-se_c]

A—F17: FORMAT (2% 9. 3E 4X, I1, 3%, 9. 3E)
MEF ., BRL 14 E TALEE,

s mmoM# —>mAl-6B®m |
Cao~zs mmwm
A—F18

""""""""" ENDA-F

##—-F16: FORMAT (2X,9.3E 4X, 1D
BWHEH, BR1 1HEF TANTRE,

BMA1l~2:0RICEN-2RERMAHT—8 7 7 4L 7 +—< v b (8)

f& & i

BH ORHLERYE R
BWHOT7sF= FEHE

8 Bl D ¥ 73 B = ik 4% H
KADREEERO B ERY THE
RKRORMEHMEKOT 7 F = Pk
ERORMUABROEIBERYTER
MAL1-3 #HEKTF—% i85 BHOEYR

S| N e W N
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N o 7 4 7 3 W & W
0 DECAY LIBRARY
I P¥RU
P¥R:U-235 ENRICHED 002,33 GWD/METRIC TON
2 PY¥RPUU
P¥R:U-235 ENRICHED U02 IN A SELF-GENERATED PU RECYCLE REACTOR
3 P¥RPUPU
P¥R:PU-ENRICHED U02 IN A SELF-GENERATED PU RECYCLE REACTOR
4 PTD3
P¥R:THO2-ENRICHED ¥WITH DENATURED U-233
5 PTD5D33
P¥R:THOZ2-ENRICHED WITH RECYCLE, DENATURED U-233
6 PTD5D35
P¥R:THO2-ENRICHED WITH MAKE-UP, DENATURED U-235
7 PTPU
P¥R:PU-ENRICHED THQ2
8 PUD50
P¥R:U-235 ENRICHED U02,50 G¥D/KETRIC TON
9 B¥RU
B¥R:U-235 ENRICHED UO02,27.5 G¥D/HETRIC TON
10 B¥RPUU
B¥R:U-235 ENRICHED FUEL IN A SELF-GENERATED PU RECYCLE REACTOR
11 BYRPUPU
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CANDU:SLIGHTLY ENRICHED FEED
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ALL 18 GROUP, U02 BREMSSTRAHLUNG
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ALL 18 GROUP, H20 BREMSSTRAHALUNG
26 UPDATED PHOTON LIBRARY

ALL 18 GROUP,NO BREMSSTRAHLUNG
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*VENCHMARK DATA (1) QIM11 & QJM33 FROM JAERI-M 90-110
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5.00E-02 6.00E-02 8.00E-02 1.00E-01 1.50E-01 2.00E-01 3.00E-01 4.00E-01
5.00E-01 6.00E-01 8.00E-01 1.00 1.50 2.00
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9.843-07 1.169-06 1.517-06 1.836-06 2.517-06 3.092-06
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* VENCHMARK DATA (2) QIM22 FROM JAERI-M 90-110
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7.79E-7 1.52E-6 2.26E-6 2.75E-6 3.30E-6 3.60E-6 4.51E-6
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