
JP0150734

Japao Atomic Energy Research Institute



M±,
(T319-1195

(T319-1195

4"to

This report is issued irregularly.

Inquiries about availability of the reports should be addressed to Research Information

Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, Japan.

© Japan Atomic Energy Research Institute, 2001



JAERI-Tech 2001-055

LT,

: TlOO-OOll 2-2-2



JAERI-Tech 2001-055

A Guide Introducing Burnup Credit, Preliminary Version
(Contract Research)

Nuclear Fuel Cycle Facility Safety Research Committee *

Japan Atomic Energy Research Institute

Uchisaiwai-cho, Chiyoda-ku,Tokyo

(Received July 5, 2001)

It is examined to take burnup credit into account for criticality safety control of facility treating spent

fuel. This work is a collection of current technical status of predicting isotopic composition and criticality

of spent fuel, points to be specially considered for safety evaluation, and current status of legal affairs for

the purpose of applying burnup credit to the criticality safety evaluation of the facility treating spent fuel

in Japan.

Keywords: Burnup Credit, Criticality Safety, Spent Fuel, Fuel Cycle Facility

* Working Group on Nuclear Criticality Safety Data Special Committee on Nuclear Criticality Safety

This work was carried out by the Japan Atomic Energy Research Institute (JAERI) under entrustment

by the Science and Technology Agency (STA) of Japan.



JAERI-Tech 2001-0055

9 "Bfc'lSitF^ ̂  L/•>•/«v k # - i 2 f f l I •/•-KaJ§.l£!-£-'B'?S 4
Z WMA7C/3Z. y \S S J V <L i^rrd 1/ / * - h^m r̂ *sr -H g >± 4+

2.1 S^fiij^X-^F 4

2 2 ffleE69l5i!.9§ 5

4 ^•^•B5Ffffi/£ 44

4.3 ^ W - f t ^ 3 — K<7)^fiE 51

4.4 §&^nf%-t^M't'<^ H-f-^-f^fPffi'CT 57

5 «B&Jt? Uy -y hOMffl 62

5.4 S^?§tciotj*^)^^^^'1/v-y b^ffl^il 66

< 0 4 J "^ fc*_- OO

^iS 70

71

77

II.l BMtfM-^- K 82

r - K 85



JAERI-Tech 2001-0055

88

90

iv



JAERI-Tech 2001-0055

Contents

1 Introduction 1

2 Criticality Safety Control Adopting Burnup Credit 4

2.1 Basic Method 4

2.2 Terminology 5

2.3 Levels of Introducing Burnup Credit 9

2.4 Example Calculation of Capabilities for Handling Spent Fuel in Storage Pool 10

2.5 Procedure for Criticality Safety Assessment Adopting Burnup Credit 11

3 Method of Isotopic Composition Evaluation 17

3.1 Summary of Burnup Calculation 17

3.2 Burnup Calculation Codes 20

3.3 Validation of Burnup Calculation Codes 23

3.4 Factors to be Considered in Isotopic Composition Evaluation and Example of Evaluation . 33

4 Method of Criticality Evaluation 44

4.1 Summary of Criticality Calculation 44

4.2 Criticality Calculation Codes 47

4.3 Validation of Criticality Calculation Codes • 51

4.4 Factors to be Considered in Criticality Calculation and Example of Evaluation 57

5 Burnup Credit Implementation 62

5.1 Verification of Burnup before Loading Spent Fuel 62

5.2 Spent Fuel Management 64

5.3 Example of Criterion for Acceptance of Spent Fuel in the United States 64

5.4 Example of Adopting Burnup Credit in Japan 66

6 Concluding Remarks 68

Acknowledgements. 70

References 71

Appendix I Current Status of Burnup Credit in the World 77

1.1 Criticality Safety Standard and Regulations on Transport and Storage System 77

1.2 Current Status of Introducing Burnup Credit 79

Appendix II Burnup Calculation Codes ( not described in the text) 82

II. 1 Burnup Calculation Codes 82

II.2 Core Analysis Codes 85

V



JAERI-Tech 2001-0055

Appendix III Burnup Calculation Example for PWR and BWR Fuel Assembly 88

References for Appeadices 90

VI



JAERI-Tech 2001-0055

1 .

(PWR, BWR) C

mm, fflam\zwt>zm
^mm. m: -ci±,

tut, mm%mLti

- 1 -



JAERI-Tech 2001-0055

mum* W'j
ft S ift

WFli,

m• s?

ttz, B

Kli,

-9

KTfi,

rt



JAERI-Tech 2001-0055

Table 1.1

nn\ ft

mn

B IIJ # t f

(It) H

(I*)

(W)
7.3.XJI' (ft)

(ft)

W-m 11

¥J& 12

11

n
n
10:

11 =

12:

¥$£ ll

¥JS II

W-I& 12

- 3 -



JAERI-Tech 2001-0055

7 h £ 8U1 L tz

2.1

L,

*#* U < fHtB#£

, IFfffi

- 9 \z J: LT & J:

7t7t*L,

- 4 -



JAERI-Tech 2001-0055

2. •Mir^'Jy hj

2.2

i. (isit • JSX • J

ttz,

Fig. 2.1

2.

v}

- 5 -



JAERI-Tech 2001-0055

3.

MW

, MWd/t

•C (i & < MWd/tU t IHIfe ? W ; t U S o & £ v> li , MWd/tlHM (ton Initial Heavy Metal

), MWd/MTU (Metric Tons of Initial Uranium ) t & 9frtl& <D^iiM^'Z^^h Z> o

i tz, W\Wi<n¥-\tL\Zi&frW£ ( FIMA : Fission per Initial Metal Atom ) •&%> h o 1 % FIMA It

4.

f-- K (Actinides ) fcfi, Th (h 'J

103 ) i X'

^-90 ) ^f> Lr ( n -

Th, Pa , U, Np, Pu , Am , Cm, Bk, Cf, Es, Fm

^-f--^ A : HT-*^" 89 )

(Fission Products : FP ) tit,

/»



JAERI-Tech 2001-0055

3. SteJlffi

9. h Gd^Uv*7 h)

HtfK'J-

t f -

10. m -

11. m -

x,

12.

13.

14.

> V7v 9 milfi.RVf%2M.) H

SJ

- 7 -



JAERI-Tech 2001-0055

15.

16.

17. ( F i g . 2.4 <7) k,)

18. JigffiJTFHHfi;S^JiSffiff TRBJWS* (Fig. 2.4 (7) kL)

19. ^ - J . - -

20.

fc

- 8 -



JAERI-Tech 2001-0055

21 . & * ( F i g . 2.4 <D

22.

23.

LT,

2.3

- 9 -



JAERI-Tech 2001-0055

«t if YV-

2.4

^0.95 **v»i±0.98

tz [2]o ftJfMiU3i±, PWR17xl7^f4t BWR9x9 f$*

<75 J: ^ K5£afc*083ffi]ffi**K ORIGEN2.1 [3] n - K

5, 15, 20, 30, 40, 50GWd/tW6*, <t*PB#rBi(i, 0, 5, 10, 20, 30, 50 %-<D 6 , £ £ : I

$ fc, 0RIGEN2.1 W-JjE-Cfi, #JR9 f̂ 7 ^ 'J -60 PWR-UE X^BWR-UE i:, JENDL-3.2 lC

ORIGEN2 myJ-77 ]) [5] <£> PWR47J32 t BS340J32

- KMVP[6] K J; 19 ^

50GWd/t,

2.2 C

PWR h[wi- 0.95 &,±.\z-$-&z. tit

- 1 0 -



JAERI-Tech 2001-0055

2.5~^

ffi
Z L

is-m

TO

2'°\ urn
!-

1.5 j-
r
L
i
r

1.0

!-

n n

1

- i , < i >

2.1f&
—i

i

A
-
-

Fig. 2.2 i
(PWR17X17,

0

.7wt%,

30 50

[GWd/tU]

, ORIGEN2.1

2.5

2.5.1

Fig. 2.3 tc

- 11 -



JAERI-Tech 2001-0055

3.4.1.2 #J

mm
fM

Fig. 2.3 l

- 1 2 -



JAERI-Tech 2001-0055

2.5.2

it,

2.5.2.1

' - ^ ( 1

, 2.5.3.3

3.4.1.1 #M)

£) mmix,

3.4.1.2

ttz, m

1 3 -



JAERI-Tech 2001-0055

2.5.2.2 mmm

- K (SWAT [8] 3 0 , iii)

- K (ORIGEN2[7]^), iV

ttz, mmr-? t
if-^t

££ 19, fj

ttz,

2.5.3

[l]

2.5.3.1

B2.5.2

- 1 4 -



JAERI-Tech 2001-0055

2.5.3.2

2.5.3.3

J: -5 K,

mm

^ J:

k,J

2.5.3.4 []

2.5.3.1 Rtf 2.53.2 <DWm\,Z&\,*"C, - K

t,

T ,

k j

Fig.

- 1 5 -



JAERI-Tech 2001-0055

Fig. 2.4

- 1 6 -



JAERI-Tech 2001-0055

3. mmmn mm

3

1=1 ;( i:F P)

x;

ORIGEN[10]

[8,l0-l3]o

L,

- 1 7 -



JAERI-Tech 2001-0055

, ORIGEN2 [7] \t ORIGEN i t> h IZftj&Ztitca- K"C& <0 , JaJ

L TV* £?>•?, ORIGEN t ORIGEN2

3.1.1 Matrix Exponential >

^v>o Z<nti!b<Dj3&<n—oh LX, Matrix Exponential

, ORIGEN X (•fiZt>*3 ORIGEN2

T, ^ - ^ ' J 7yg2lBF^»f(ORNL)Hi5V>T, l 9 6 0 ^ { t ^

Matrix Exponential S t i i , S"f, j£ (3.1) £&T<£>B£• < o A ̂ M^ff^J (transition matrix ) fc

f

X = exp(At)X(0) (3.3)

( A t ) + = 2 ^ (3.4)

^ , Matrix Exponential S ^ ^ S ^ ^ ^ o T V ^ o # ^ , Matrix

Exponential S#lfm$^7tSB#:±, WJM«<7)±iB1Sg*l±/h3 < , »

/i, ORIGEN

, Matrix Exponential

3.1.2

:(3.5) K J: oT l fc9&9

- 18 -



JAERI-Tech 2001-0055

(3.5)

a i i J it,

an+1,n

k=! n=k

Ui, exp (-dj t) - exp (-41)
(3.6)

3.1.3

t H i & Bateman ^

, minHJE^Tt Matrix Exponential ffiCiot,

ORIGEN2H*3V^TIi, Matrix Exponentail r i ^ Bateman

li, m

K(±, SRAC95 [14] ^ SWAT [8] -?- LT

- 19



JAERI-Tech 2001-0055

3.2 'M

, ORIGEN "C

J 6 t , Bateman

Exponential j£K J:

Fig. 2.3

y

, Matrix

< t

, Table 3.1 (c ^ J:

3.2.1 ORIGEN2.1

ORIGEN2 [7,15] l±,

ORIGEN [10] li ,

U

ORIGEN-S [11]

ORIGEN2 (±, ORIGEN-S t

tc ORIGEN2(80) [7]

LT 1991

, 1979 ^tC, ORIGEN79

SCALE [16] W 1

ORIGEN ^ ^

SAS2H

, Matrix Exponential j

~ - v 3

L ̂  Windows * 4 v> 12 MS-DOS

ORIGEN2 1i, ORIGEN n v >

JENDL-3.2 [17]

ORIGEN2 my ORLIBJ32 [5]

: ORIGEN WtfW 3 - K<£>—ot?& lj, 1980

ORIGEN2(82) [ 15] 14, (ar,n) iR

, 1986 ^ t c 14

ORIGEN2.1 [3]

PC

, Intel 80386 JELh<7> CPU

b T JNDC 7 ^ ^ 7 'J ^ 2 US [18] Srffffl

ORIGEN2 rtl« 9 4 7 7 'J

- 20 -



Table 3.1

I
to

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

ORIGEN2.1

UNITBURN

SRAC95

MKENO-BURN

FPGS90

COMRAD

SWAT

MVP-BURN

SCALE4.3

FLEXBURN

CASMO-4

PHOENIX-P

NEUPHYS

NULIF

TGBLA

HINES

VMONT

MftttN

ORNL

JAERI

JAERI

JAERI

JAERI

JAERI

UTOHOKUJAERI

JAERI

ORNL

CRIEPI

Studsvik Scahdpower

Westinghouse

NFI

NFI

ToshibaJNF.GE

HitachiJNF

HitachiJNF

*

1991

1990

1995

1996

1995

1996

1991

1996

1996

1993

—

1987

1985

1988

1982

1982

1987

mmm
y 4 fy «;

B4 (",B5 (2 )

J32(3>

J32

J32

J32

J32

J32

J32

B4,5

B4,5 / J32

B4

B5etc

B4,5

B5

B4,5

B4,5

J32J2

26

107

26

%%) I P
%®\&

107

67/26

70

42 etc

98

94

98

98

190

0-kit

i '-kit

l, 2-kit

l,2,3^7C
0>kit

\,2>kit
3^:%
i -kit

2-kit

2-kit

2-kit

2-kit

\-kit

2-kit

2-kit

3 -kit

Tiff-- K

B4,B5

JDDL

—

JDDL

—

JDDL

JNDC

—

—

—

—

B5etc

—

B5

—

—

—

M5^£» (FP)
B4,B5

JNDCV2

—

JNDCV2

JNDCV2

JDDL

JNDCV2

—

B5,B6

—

—

B5etc

—

B5

B5

—

—

(1) - ENDF/B-IV [21], (2) - ENDF/B-V [22], (3) - JENDL-3.2 [17]

* • _

1
tooo



JAERI-Tech 2001-0055

3.2.2 SWAT

SWAT[19,20] i±,

2. SRACKJ:

Sf U>f--

£ SRAC K

3-KT, m
K"C*4o SWAT ( iXf-7 7 ° 7 ^

t* ORIGEN2

fUCfclJ, 1000 S

^o SWAT

107Pifffi**20MeV tz 147 f£9 * 7*9'J * # UTS

, JENDL-3.2

3.

4.

5.

6. ORIGEN2 (7) Variable Actinide Cross Section

i ftiC X 1}, ORIGEN2

, SWAT - K t LT<7)

7 -

0RIGEN2

3.2.3 SCALE4[16]

SCALE

- K£, SCALE

l), (2 t

, O R N L t r ^ ) ^

SCALE IZ jov^T(±, SAS2H v - ^ r >X<7) ORIGEN-S ^^'MIFffiK-fgffl

ORIGEN coif t l ^ - a t f *> <DX-$>-oX, THERM , RES , FAST hV&

O 3 - Kii

, SCALE

- 22



JAERI-Tech 2001-0055

3.3

3.3.1

3.3.1.1 SFCOMPO

£ I - * f±, fEK i:

ft L X ^2>WM <F> SFCOMPO f-f

4- Table 3.2 (C^1"o i ft £ JI, & h,

-X [23] SFCOMPO Hl

1960 ^ Z.

Table 3.2 SR - K [23]

Yankee

Trino Vercellese

Obrigheim

Garigliano

Gundermmingen

Monticello

U S 3 - ^ 5

zm i -̂ -JP
Jit l ^
JPDR

Calvert Cliffs-1

TMI-2(accident)

H.B.Robinson-2

PI^I

USA

ITA

FRG

ITA

FRG

USA

JPN

JPN

JPN

JPN

USA

USA

USA

JPN

TTlt 1*

IS
PWR

PWR

PWR

BWR

BWR

BWR

PWR

PWR

BWR

BWR

PWR

PWR

PWR

BWR

B&Bt (GWd/MTU)

6-33
3-27
16-38
8-13
14-27

39-59
6-34

38

8-26

0.1-6
27-44

3

24-32

6-32

mttmm
1960-1964

1964-1971

1970-1974

19'64~1967

1969-1973

1974-1982

1978-1982

1975-1979

1972-1978

1963-1969

1977-1982

1979

-1975

1977-1982

- 2 3 -



JAERI-Tech 2001-0055

SFCOMPO

(a)

(b)

(c)

(d)

(e)

(f)

C"U/U)/C"U/U)iBlti.
Pu/U
239Pu/Pu
210Pu/Pu
21lPu/Pu
2"Pu/Pu

7 >(c

Pu

ttffS (a) T>-t, (f)

, B, (GWd/t),

0 +C, *B, +C2 *K +C3

, C, , c, , C3 Ji,

ta

(3.7)

0.8,

, Fig.

3.1 ~ Fig. 3.6 tC

- 24 -



JAERI-Tech 2001-0055

&

in
CO
c\j

_L

I
in
CO

o
a
C

•
o
X

+
A

B
©
•
Z
X

a

Obrigheim 3.0wt% (PWR)
Obrigheim 2.83wt% (PWR)
Gundremmingen 2.53wt% TSB (BWR)
Gundremmingen 2.53wt% ±SB (BWR)
Mihama-3 3.24wt% (PWR)
Genkai-1 3.42wt% (PWR)
H.B.Robinson-2 2.55wt% (PWR)
Cooper 2.939wt% (BWR)
Calvert Cliffs-1 3.04wt% (PWR)
Calvert Cliffs-1 2.72wt% (PWR)
Calvert Cliffs-1 2.45wt% (PWR)
JPDR 2.63% JhSB(BWR)
JPDR 2.63% TSB(BWR)
t i lH—3#SF 3.01%(BWR)
fitted line
+3ff
-3(T

10 20 30
(GWd/t)

40 50

Fig. 3.1 : (U-235/Total-U)/(U-235/Total-U)ini,

- 2 5 -



JAERI-Tech 2001-0055

0.014

0.012

0.010

0.004

0.002

0.000

o
•
0

B

0
X

+
A

a
e
•
z
X

Obrigheim 3.0wt% (PWR)
Obrigheim 2.83wt% (PWR)
Gundremmingen 2.53wt% TSB (BWR)
Gundremmingen 2.53wt% ±SB (BWR)
Mihama-3 3.24wt% (PWR)
Genkai-1 3.42wt% (PWR)
H.B.Robinson-2 2.55wt% (PWR)
Cooper 2.939wt% (BWR)
Calvert Cliffs—1 3.04wt% (PWR)
Calvert Cliffs-1 2.72wt% (PWR)
Calvert Cliffs-1 2.45wt% (PWR)
JPDR 2.63% ±SB(BWR)
JPDR 2.63% TSB(BWR)
fitted line
+3ff
-3 a

H

D_
I

cd

0.008

0.006

s
s

_ y
/

si
/ 4/»

' / °

100

Fig. 3.2 mU

20 30

(GWd/t)

40 50

- 9<T>tht>: TotalPu/TotalU

- 2 6 -



JAERI-Tech 2001-0055

3
CL

15

o
CO

Obrigheim 3.0wt% (PWR)
Obrigheim 2.83wt% (PWR)
Gundremmingen 2.53wt% T95 (BWR)
Gundremmingen 2.53wt% ±SB (BWR)
Mihama-3 3.24wt% (PWR)
Genkai-1 3.42wt% (PWR)
H.B.Robinson-2 2.55wt% (PWR)
Cooper 2.939wt% (BWR)
Calvert Cliffs-1 3.04wt% (PWR)
Calvert Cliffs-1 2.72wt% (PWR)
Calvert Cliffs-1 2.45wt% (PWR)
JPDR 2.63% ±SB(BWR)
JPDR 2.63% TSB(BWR)

•

M

fitted line
+3 a
-3a

10 20 30
(GWd/t)

40 50

Fig. 3.3 r - ?<Dihsb: Pu-239/Total Pu

- 27 -



JAERI-Tech 2001-0055

o
a
o
•
o
X

+
A

m
©

o
X

M
H

Obrigheim 3.0wt% (PWR)
Obrigheim 2.83wt% (PWR)
Gundremmingen 2.53wt% ToB (BWR)
Gundremmingen 2.53wt% ±SB (BWR)
Mihama-3 3.24wt% (PWR)
Genkai-1 3.42wt% (PWR)
H.B.Robinson-2 2.55wt% (PWR)
Cooper 2.939wt% (BWR)
Calvert Cliffs-1 3.04wt% (PWR)
Calvert Cliffs-1 2.72wt% (PWR)
Calvert Cliffs-1 2.45wt% (PWR)
JPDR 2.63% ±SB(BWR)
JPDR 2.63% TSB(BWR)
fe^^-3^-^ 3.01%(BWR)
fitted line
+3cr

0.35

0.30

0.25

•5 0.20

I
a. 0.15

0.10

0.05

0.00
0 10 20 30

& & & (GWd/t)

40 50

Fig. 3.4 mStf ?<Diblb: Pu-240/Total Pu

- 2 8 -



JAERI-Tech 2001-0055

0.20

0.15-

15

I
0.10-

0.05-

0.00

o
n
•
•
o
X

+
A

ffl
®
«•
X
M
B

Obrigheim 3.0wt% (PWR)
Obrigheim 2.83wt% (PWR)
Gundremmingen 2.53wt% TSB (BWR)
Gundremmingen 2.53wt% ±SB (BWR)
Mihama-3 3.24wt% (PWR)
Genkai-1 3.42wt% (PWR)
H.B.Robinson-2 2.55wt% (PWR)
Cooper 2.939wt% (BWR)
Calvert Cliffs-1 3.04wt% (PWR)
Calvert Cliffs-1 2.72wt% (PWR)
Calvert Cliffs-1 2.45wt% (PWR)
JPDR 2.63% ±SB(BWR)
JPDR 2.63% TSB(BWR)
laBII-3-§-<P 3.01%(BWR)
fitted line
+3<r
-3 a

20 30
(GWd/t)

40 50

Fig. 3.5 HB - 9 <T> 11 * : Pu-241/Total Pu

- 2 9 -



JAERI-Tech 2001-0055

0.15

0.10-

1

0.05-

0.000
0

o

•
•
•
0

X

+
A

a
®

z
w
B

Obrigheim 3.0wt% (PWR)
Obrigheim 2.83wt% (PWR)
Gundremmingen 2.53wt% TBB (BWR)
Gundremmingen 2.53wt% ±95 (BWR)
Mihama-3 3.24wt% (PWR)
Genkai-1 3.42wt% (PWR)
H.B.Robinson-2 2.55wt% (PWR)
Cooper 2.939wt% (BWR)
Calvert Cliffs—1 3.04wt% (PWR)
Calvert Cliffs—1 2.72wt% (PWR)
Calvert Cliffs-1 2.45wt% (PWR)
JPDR 2.63% ±9S(BWR)
JPDR 2.63% TSB(BWR)
feS^—3-^-fr1 3.01%(BWR)
fitted line

-3 a

- s

^ ' ' o

**
s

%

A
_)

>
s

s

s
s

s
s

m9s£o
O so

n/mfA

•

/
/

/
f

/

/ D

+ ®/^

o .

/

/
/////// ,/ // // // /• /

' ' * / ffl

m/ /
H / '

y /
&ffl /x?'/

/
/

/
/

' ^ •

/

/

/

-

10 20 30

«R«feje (GWd/t)

40 50

Fig. 3.6 HB : Pu-242/Total Pu

- 3 0 -



JAERI-Tech 2001-0055

3.3.2

3.3.2.1

ffiJt/4^l®(7)iES.-i:*HIK*fr

[24]O

?; - x; ± k " ^ • <T,

. "C,

i ? n

LT,

v\

1= i "9

3.3.2.2 ORIGEN2.1

ORIGEN2.1 H

(Prediction Interval Method)

li l. L,

(3.9)

U,

- 31 -



JAERI-Tech 2001-0055

£ PIE r - 9 \t Table 3.2 \Z. - ? ^ - X SFCOMPO
, Genkai-1, Mihama-3

PIE K i 19 W# $ fifc Takahama-3
23, 2, 8, 5tf>£-|H-38f-*) SrSJ

-f

PIE f -

2<2Pu,

SLT,

U SlK JENDL3.2 (I

PIE

f < ORIGEN2

.1 [3] *fflv»T, 7 f̂ T<7

-f 7" 7 'J ORLIBJ32 [5]

0RIGEN2.1 # 1 5

0 PWRj$

235U " 6U, " 6 U , 238U, 23*Pu, 210Pu, 21lPu,
C/E g

Table3.3 H

, ORIGEN2.1 n - KiCi; ̂ ^ f i f f l ^ f t ^ S * * Table3.3

Table 3.3 ORIGEN2.1

Mil

U-234

U-235

U-236

U-238

Pu-238

Pu-239

Pu-240

Pu-241

Pu-242

Am-241

Obrigheim

PWR-U

-

0.73

1.09

1.01

1.49

0.94

1.36

0.94

1.85

2.41

PWR-US

-

0.69

1.10

1.01

1.59

0.95

1.23

0.99

1.96

2.62

Mihama-3

PWR-U

1.15

0.91

1.06

1.01

1.00

0.85

1.08

0.78

1.00

1.06

PWR-US

1.15

0.87

1.07

1.01

1.01

0.83

1.01

0.84

1.08

1.18

Genkai-1

PWR-U

1.00

0.88

1.00

1.01

1.00

0.86

1.00

0.86

1.00

1.00

PWR-US

1.00

0.82

1.00

1.01

1.00

0.94

1.00

0.81

1.00

1.00

Takahama-3

PWR-UE

1.30

0.89

1.00

1.01

1.10

0.91

1.16

0.86

1.00

1.51

PWR41J32

1.29

0.99

1.00

1.01

1.00

0.97

1.07

0.92

1.00

1.62

- 3 2 -
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3.3.2.3 •?<75flfe(7)=l- KC0*ME

ORIGEN2.1 Wim, SWAT ̂  SCALE Ki3V>T fe Table 3.2 K

? ^ - J * SFCOMPO m)Xtt$^LTV^ PIE f - 9 <Df&ffi,

t &o fc - r - ? l± Obrigheim *F<7) 26 +1" > 7°;V t , ORNL Rlf DOE

z£&PWRi$.m%m^Mffi^F8^htltz, Yankee, Genkai-1, Mihama-3, Trino Vercellese,

Turuga-1, Calvert Cliffs-1, Obrigheim (D 1 fc.k, 55 *)r>"7n/i?hZ> [27,28]O

[26]0

, PIE K

3.3.2.4 SCALE l=«fc« PIE ^ -

SCALE4.2 %&m LT , SFCOMPO i: [29]O PWR

:®3m [30] /5?

T, SCALE4.2 <D SAS2H y - ^ > X ( ORIGEN-S * >f ̂  i: 1" 4 iRiEtW ss->r>X) * f t # n - K

i: LT, JBLTW i. n \zmWifrtiX^Z>o

(±, Pacific Northwest Laboratories(PNL) <7) Materials Characterization Center "CJR^ £ fl

T t ^ f l T ' - ^ [30], W^*), Yankee, Mihama-3, Trino Vercellose, TurkeyPoint, Calvert Criffs-1,

H.B.Robinson-2 TkTf Obrigheim (DTP, 18 9 4 -f(T>W&%%fcfr b<D54 f - ^ ̂ £fctL7t0 # S 1 "

i ^ : , SCALE4.2

L^L,

5 U ? 1.5- 4.05 wt%, jgSiffiiK 0 - 4 0 GWd/t <7) PWR

3.4

3.4.1

3.4.1.1
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< , l

1.

2.

3. P

j • r - 9 1 xhmmmn-

wfi < ^

BWR

Lfz)
<7) 27

13 *

52

^ f E ^ * (7^7^ LIS#<»«fJ: t± + Y * * F«38B«:*;&*?»£ $ ft*

LX, 0RIGEN2.1 [3] R V1 SCALE W f A [16] <7) KENO V.a n - K

tz [31]0 ' B ^ S " e ^ 10~50GWd/t

* S l c ORIGEN2.1
235U ^ 239Pu i

21

ORIGEN2.1
& , 40GWd/t

>, PWR t BWR fc

3%Ak/k t ^ o / i 0

(BWR),

PWR) ^ B g & B

0RIGEN2.1 SrS

(PWR), (PWR), f$f4J:bta* (BWR,

BWR

Jt KENO V.a (C
12%Ak/k, PWR "Cii^ 8%Ak/k

Wm LX,
4.4.1.1 <D NRC

# LT Fig. 3.7 Kj
%£ i. & 9%Mfrblu Am

- 34
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, ORIGEN2.I

BWR
PWR

0 10 20 30 40 50 60
: (GWd/t)

Fig. 3.7 , ORIGEN2
[31]

2.

fi,
t [33]O ORIGEN2.1

7to ttz,
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- t J: •? £

(4.4.1.1 O NRC

(4.4.1.2 <7>Kf&£^ > Ky-y^«^(7) 12

, Fig. 3.8H

(l5GWd/t~50GWd/t)

35

30

25 -

20

15

10

15 SS) J

—•%— A
— H — A

y £
•—A— A

7

!

:+FPJtJi ( ^»0^)

j r

,...
10 20 30 40 50 60

Fig. 3.8 $.-fc" >

- ^ <D

3.

ig. 33 K

J: ij # <

l¥ffift^ (Fig. 3.7) t Jttfct i h,

"9, ^Rg Fig. 3.9

(15GWd/t~50GWd/t)
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35

30 -

I

25

20 -

15 —

10

...

. i i I . i i i i i >

../A

, , , , , , , , . , , ,

>

•

-

10 20 30 40 50

Fig. 3.9 PWR ^ij 't h

60

3.4.1.2

, ±IB

f i ,

Lfc#-tf
PWR(l5xl5)

^ * Fig.

3.10 SO*Fig. 3.11 [32]O 4.2

, 4.2 wt%«t

h (15GWd/t-50GWd/t)
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2.5

1.5

10 20 30 40 50

Fig. 3.10 * - Vf > c is it & ̂

60

3.5

3 —

2. 5 -

1.5 —

10 20

Fig. 3.11

30 40

JB**(GWd/t)

* J C j 3 ( t ^

"1

. i . . . , , . . . .
—9— Ac»*»ia ()&90*)
—H— Ac(D»#« (*330*)
—v— Ac+FP#« (H»aiO*)
—A— Ac+FP#fi (.Ximom

^ ^

1

, , , .

i

. , , ,
50 60
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3.4.2

3.4.2.1

fztzL,

&fftt

Fig. 3.12 li,

[34] o

l i ,

3.4.3

3.4.3.1

2.

t, -m

8 GWd/t

m
[30]o
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1.20

0.85.
0 10 20 30 40 50

Fig. 3.12

7

K**LTti,

7 'J v

n
[35]O

ztb 30

3.4.3.2

tot,

L , 2 3 8 U

ffi

K v 7°
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[30]o

3.4.3.3

PWR 287.2 ° C - 289.0 °C,

[35]O

< 4 "9

321.0 ° C - 325.0 °C

3.4.3.4

, mm \z

3.4.3.5 )

jjffi Lfe PWR
SRAC n -

Fig. 3.13 \Z7T,t [36]O - O^Oli, ®ffl "«U fllSISEfi 4.7 wt% t?, 50 GWd/t B

tfiJ$;£ 1*1/1 <£> PWR-UE 7 -f y 7 'J *ffl V^T ORIGEN2.1 [3] (C i o T^ fe ,

[37] KJ:oT*14:fi#f&$*#ffiLfc<><7>TN&£o i t f l t U T ^ f - K
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( ± U , Pu, Am,

95% J

, 211Pu

1.2

Without FP

0.8

/ - ^ Actinides+FP

Without Pu-241

0 10

Fig. 3.13

50GWD/THM

20

^ f t : [36]

30

3.4.3.6

IOB
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Sot, m
[30]o

1200ppmflJg,

L7t
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4.

< , i: t ft&

4.1

4.1.1

- K )

J = -D • grad^ (4.1)

ic, 7
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4.1.2

s N

SN

SN 3 -

2 3

tfen-Ktl,

t, s N

So SN

tz t k

ft Uv±t
SN 3 - (Ray effect)^* 4

t ?z,
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4.1.3

s mt. &

fiiR, SK

4.1.4

s,,

KENOV.a[45] irf

- K(±SN

U

( 4-2 )
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tt \t, ft^W

to t ,

'J-

4.2 B6l^
Table 4.1 K 3 - K [6,14,16,38-42,44-47,49]O

, ENDF/B [50] ^ JENDL [17] - ^ 7 r -f

A
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LTJJ, f-table

7*9

li,

Ite^,
7*9 »; < T fe J: v> i :

4.2.1 MVP

MVPii, J i ^

Table 4.1

mm

Sn

mmmmm

CITATION [38]

ANISN [39]

XSDRN [40]

DOT [41]

TWOTRAN [42]

DANTSYS [43]

SRAC95 [14]

KENO IV [44]

KENO V.a [45]

KENO VI [46]

MULTI-KENO [47]

MCNP4C [48]

MVP [6]

3-kit

1 -&7C

i -kit

2-kit

1-3 -kit

2-kit

3-kit

z

i

- 48 -
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1.

2.

3.

4. ^

5.

mi,

L7t : i t #3 - KGMVP
JENDL-3ffl^r/JENDL-3.2ffl7'i'7^1J^*li$tL-tJ3f9,

IP*,,

4.2.2 MCNP

MCNPli, ^

' - v 3 > (i MCNP4C

t MCNP4B [49]

MCNPii,

M±N/M
t J:

1. x, y, z (7) 3
2. #:«^(7)

3. tbm<D MCNP

(KSRC * - K)

(SDEF*-K)o
(SRCTP 7 r -f ;i/)

- 4 9 -



JAERI-Tech 2001-0055

MCNPTii,

2.

3.

w

crt

4.

jr

J±,

4 X x 7

= Wvb, r (cr, /crt) (1 /l^ t , ) + random number

4 h

7°'J

4.2.3 KENOV.a[45]

- K KENO IV [44]

l.

KENOVa-Cti, KENOIV >, RfS,

(4.3)

itz,

c, KENOV.ati i , S îJWBfî J (array-of-arrays) t

- 5 0 -
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2. 7.-^N°-^*;i/-kf

KENOV.aK(±, B

(hole)cot7°isa >tfi£.tnztLt:0 mwnmm* •? *sa >i±,
lC L, * - J l / t 7 ' y a y\t, 1bh UNIT(BOX TYPE)

, 7 ^ KftiT^i^

UNIT

- ^ - ^ A ' - fcf

KENOV.ai i , Kff l*Hfi

3.

(polarangle)

KENOV.a (CiJV^-Cfc Hansen-Roach

), JiUtuii Hansen-Roach 1

4.3

( i , zsb, 7?i-~

- t t LXI±,

[51,52]O
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4.3.1

4.3.1.1 ICSBEP

OECD / NEA

Safety Benchmark Experiment Project)

MOX BM

W, 6

ICSBEP (International Criticality

7 >-7fish-«

[53]O

& tLXli. Table 4.2 \,Z^ Lfc 9

Table 4.2 ICSBEP t MOX

Name

MIX-COMP-THERM-001

MIX-COMP-THERM-002

MIX-COMP-THERM-003

MIX-COMP-THERM-004

MIX-COMP-THERM-005

MIX-COMP-THERM-007

MIX-COMP-THERM-008

MIX-COMP-THERM-009

MIX-COMP-THERM-010

Title

Water reflected mixed plutonium-uranium

oxide(20 wt.% Pu)pins

Rectangular arrays of water-moderated

UO2 -2wt.%PuO2 (8% 21 ° Pu)fuel rods

Rectangular arrays of water-moderated

UO2-6.6wt.%PuO2 fuel rods

Critical arrays of plutonium-uranium fuel

rods with water-to-fuel volume ratios

ranging from 2.4 to 5.6

Water-moderated mixed plutonium-uranium

oxide pins, 4.0wt.% PuO2 18% ""Pu,

natural uranium

Hexagonal arrays of water-moderated

UO2-2wt.% PuO2 (16% "°Pu)fuel rods

Mixed oxide fuel pin lattice-2.0wt.%

PuO2, 24% 21 ° Pu, natural uranium

Mixed oxide fuel pin lattice-1.5wt.%

PuO2,8% 2 4 ° Pu, depleted uranium

Mixed oxide fuel pin lattices in

plutonium-uranium nitrate solution

Number of Data

4

6

6

11

7

27

6

6

11

Total: 84

tz U MIX-COMP-THERM-010 20 %<D MOX BM 7 >-

- 5 2 -
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&t L T i± Table 4.3 K:/Ft £001 005

MIX-SOL-THERM-006

Table 4.3 ICSBEP TSMi $ * i£ MIX fc—51

Name

MIX-SOL-THERM-001

MIX-SOL-THERM-002

MIX-SOL-THERM-003

MIX-SOL-THERM-004

MIX-SOL-THERM-005

MIX-SOL-THERM-006

(Not Included Now)

Title

Critical experiments with mixed plutonium

and uranium nitrate solution at a plutonium

fraction of 0.2 and 1.0 in annular geometry

Critical experiments with mixed plutonium

and uranium nitrate solution at a plutonium

fraction of 0.2 and 0.5 in large cylindrical

geometry

Water/polyethylene reflected cylinders of

plutonium/natural uranium nitrate

Critical experiments with mixed plutonium

and uranium nitrate solution at a plutonium

fraction of 0.4 in small cylindrical geometry

Critical experiments with mixed plutonium

and uranium nitrate solution at a plutonium

fraction of 0.4 in slab geometry

Mixed uranium plutonium (29.87%) nitrate

solutions poisoned with gadolinium

Number of Data

13

3

10

9

7

( 6 )

Total: 42 (+6)

- 5 3 -
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4.3.1.2

± | S ICSBEP K , MOX

MOX [55-57]

4.3.1.3 PWRCDT 7^^- K<Z>#£**1"3«WBfcJt?l's>*-y

±15 ICSBEP Kg&Sftfc^ifcJ&WK, MOX l i

• PNL Mixed Fuel Pin(MOX,UO2) Critical Experiments [59]

• Plutonium Utilization Program(PUP) Critical Experiment [60]

4.3.2

4.3.2.1

> Yf'J ? [1] "Cli, JACS (137

MOX MOX

1.0 C

0.98

ttz,

'J MGCL

i i ,

4.3.2.2 *

PWR ^ ^ ^ M L T 7 ^ f--

I L t , SCALE4.2 (D CSAS/CSASX v - >r > X (KENO V.a £ 4«'

< <£>B!!i^!^£fll#f U Lower-Tolerance-Band Technique

U

v - ^ > ^ )

, UO2 ^

- 54 -
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• EPRI Clean Critical Experiment

• Saxton MOX Critical Experiment

• PNL Mixed Fuel Pin(MOX,UO2) Critical Experiment

• Plutonium Utilization Program(PUP) Critical Experiment

® Tank-Type Critical Assembly(TCA) MOX Critical Experiment

<7)5o-e, # * 6, 6, 1, 2 3 X ^ 1 1 ^ - X W f t 4 7 - J r -

4.3.2.3

PWR

[6i-66]0

, m&st, •m
Table 4.4 K^- f [65]O Z.fih<D%£%:$:m$t2> - t tc i o T,

4.3.2.4

, SCn- KMCNP4A t JENDL-3.2 *4V^± ENDF/B-V 7 ^

'J *a.<^-g-*3-^7tffi#ft#3- Kv^f-AW^IE^Ttfe^ , * S Westinghouse Reactor Evaluation

Center (WREC) "C 1965 ̂ i r Critical Reactor Experiment (CRX) facility

iiUO2-6.6wt%PuO2 <7)f^#||.i^ [67-70]

O OECD/NEA c o H ^ K # ^ ^ : ^ > ^ v - ^ ( )

*li, ^-ftKDyjyyVM&^Xk, rp&^Wfe&tf 0.996 ill*b L

t , MCNP4A i: JENDL-3.2

^ [72-74]

Lt:4t--X\Z'D\,*X, ¥^ffii± 1.000±0.005 t 4 o t v » 4 [75]O

|E WREC

- 5 5 -
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Table 4.4 OECD/NEA - ? ?* ;v -

Benchmark

Phase I-A

Phase I-B

Phase II-A

Phase II-B

Phase II-C

Phase III-A

Phase III-B

Phase IV

Primary objective

Examine effects of seven major actinides and 15 major

fission products for an infinite array of PWR rods.

Isotopic composition specified at 3.6 wt.%"5U at

0, 30, 40 GWd/MTU and at 1 and 5 year cooled.

Compare computed nuclide concentrations for depletion

in a simple PWR pincell model, comparison to actual

measurements at three burn-ups (27.34, 37.12, and

44.34 GWd/MTU). Comparisons made for 12 major

actinides and 15 fission products for each

burn-up case.

Examine effect of axially distributed burn-up in

an array of PWR pins as a function of initial

enrichment, burn-up and cooling time. Effects

of fission products independently examined.

Isotopic compositions specified.

Repeat study of Phase II-A in a 3-D geometry

representative of a conceptual burn-up credit

transportation container. Isotopic compositions

specified.

Complementary study on the sensitivities due

to different burn-up axial profiles across the

full range of burn-ups.

Investigate the effects of moderator void

distribution in addition to burn-up profile,

initial enrichment, burn-up and cooling time

sensitivities for an array of BWR pins.

Isotopic compositions specified.

Compare computed nuclide concentrations for

depletion in a BWR pin-cell model.

Investigate burn-up credit for MOX spent fuel.

Status

Completed 13 cases

Ref. [61]

Completed 3 cases

Ref. [62]

Completed 26 cases

Ref. [66]

Completed 9 basic

cases and 2 accident

configurations.

Ref. [63]

Proposed.

Report for 22 cases

being finalised.

Ref. [64]

Draft results in

review. Ref. [64]

In progress.

- 5 6 -
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4.4

4.4.1

2.

#Jt U T J:

K M

4.4.1.1

4.3.2.3

'Am, !"Am, 237Np

, uo2
" 6 U, " 6U, 238U, 238Pu, "9Pu, 210Pu, 21lPu, 212Pu,

£fc, NRC ri* 1999^5 flK&fcJt FWR « 7 ? ^ - K < * >
234U, 23SU, 238U, 238Pu, 239Pu, 210Pu, 21lPu, 212Pu,

f | ; # t » 6 U t 237Np

, 237Np ( cov^ r i i f l

, 2"U, " 8 U, "8Pu, "9Pu, "°Pu, " 'Pu,
2Pu, ">Am

4.4.1.2

PWR

[7,15]

(FP)

30 GWd/t ORIGEN2

Table 4.S H
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2.

ffl

30

99.9 % JS

Z. t K

3.

4.

r, Xe,

M 5 Nd MNd, M7Sm, 95Mo, 153Eu, 150Sm

Br,

> Te, Se, Cd, Sb,

65 % M

t LTFig . 4.1

Rh, Tc,
3Rh, 9STc S ^ 9 5 M o

z i

, M 9 Sm, l 0 3Rh, M 3 Nd, ' " C s , "Tc , 1 5 2Sm, 155Gd,

i 12

4.4.2

t:o Fig. 4.2

, PWR
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Table 4.5 (%)

MM
l

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

JRfflt

Xel35

RhlO3

Ndl43

Sml49

Pml49

Csl33

Xel31

Tc99

Sml51

Sml52

Ndl45

Eul53

Sml50

Pml48m

Mo95

Eul55

Eul54

AglO9

RulOl

Csl34

RhlO5

Pml47

Prl41

PdlO5

Kr83

Sml47

Lal39

Zr93

PdlO8

Csl35

18.78

9.02

8.53

7.02

6.13

5.9

5.77

4.28

3.87

3.78

2.49

2.48

1.7

1.65

1.64

1.39

1.37

1.35

1.29

0.92

0.87

0.84

0.76

0.66

0.61

0.54

0.49

0.48

0.45

0.36

0.5 3

Sml49

RhlO3

Ndl43

Csl33

Xel31

Pml47

Tc99

Sml51

Sml52

Eul53

Ndl45

Mo95

Sml50

AglO9

Eul54

Eul55

RulOl

Prl41

Csl34

Gdl55

Sml47

PdlO5

Kr83

Lal39

Zr93

PdlO8

Csl35

1129

Gdl57

Cdll3

Mk
12.94

12.09

10.64

7.17

7.07

6.81

5.17

4.71

4.54

3.01

2.99

2.31

2.04

1.63

1.58

1.56

1.55

0.96

0.93

0.9

0.89

0.8

0.73

0.58

0.58

0.54

0.43

0.43

0.43

0.4

4 ^

Sml49

RhlO3

Ndl43

Csl33

Xel31

Gdl55

Tc99

Sml51

Sml52

Eul53

Ndl45

Pml47

Mo95

Sml50

Sml47

AglO9

RulOl

Eul54

Prl41

Eul55

PdlO5

Kr83

Lai 39

Zr93

PdlO8

Csl35

1129

Gdl57

Cdll3

Mo97

\k
12.96

12.16

10.66

7.18

7.08

5.25

5.18

4.59

4.55

3.02

3

2.7

2.4

2.04

1.93

1.63

1.56

1.2

0.97

0.95

0.8

0.74

0.59

0.58

0.54

0.43

0.43

0.43

0.4

0.39

1 0 ^

Sml49

RhlO3

Ndl43

Gdl55

Csl33

Xel31

Tc99

Sml52

Sml51

Eul53

Ndl45

Sml47

Mo95

Sml50

AglO9

RulOl

Prl41

PdlO5

Eul54

Kr83

Lal39

Zr93

Pml47

PdlO8

Eul51

Csl35

1129

Gdl57

Eul55

Cdll3

•\k

12.8

12.01

10.53

9.04
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NRCri* 1999^5 , 77

DIN25471 hLX 1999^ 7

1.2 «

1.2.1

1998

LTti, i=

[5]o

1.2.1.1

Radioactive Waste Management System)

"CO PWR

(CRWMS:Civilian

1997^, NRC (i Lesko

o ^ 0 BWR

ft,
, NRC

1 9 9 8 ^ K *
U,

- 7 9 -



JAERI-Tech 2001-0055

1.2.1.2

7

238Pu, 239Pu, 210Pu,

[8]o

C^Lt,

, 2

-^ K("5U,

[7]0

ST-1 i ; , B(U)F Sl i

1.2.1.3

(PWR R Vs BWR) i± 11±, jg

Siemens KWUttSlO PWR >, UM, S 7 7 ' J * , 7'

1-=- K (U, Np, Pu, Am) (FP) ^

CASTOR

4.2wt%

1.2.1.4

y ? YMfflik, LWR(PWR,BWR)^ffl^«4^^LT,

1. Sizewell \Z J3 it h ffiffl S i f i l

2. i t L x iw-frb seiiafiew n^mxm i x mm fflimw
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3. Sellafield K & (t a ffiffi y|f:l£HS=£fr i l

4. Sellafield

[10]o

1.2.1.5

-T?t±, PWR w uo2 s v M O X

, n->7

f i , —

1.2.2
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- K

11.1 « *

11.1.1 UNITBURN

UNITBURN [11] i±, B*J%T-ijffi3ZffilZ&\,->Xffl$:Ztlt2ifM=i- K"C* <9, MGCL [12]
-? t LX&ML-Ci&B&WLiftTo mWi?-^~>^<D-r-?l$, JDDL[13]iiJ:trFPGSW

UNITBURN (i, ANISN [14]

11.1.2 SRAC95

-e-t-c, 1995

C SRAC95 [16]

SRAC (±,

CITATION [17 ]^ ANISN ? ( 0 n - K£l*JiiLT,

^ FPGS90 fefUffl L T V ^ DCHAIN[18]

i o t , n-K<7)'ttK7isJ;<*n(bfLTi5i9,

t, $k&fc£ftMLh Ltz ASMBURN *P<bi#$Lh Ltz COREBN t
SRAC95 *
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11.1.3 MKENO-BURN

MKENO-BURN [19] l i ,

MULTI-KENO [21] t UNITBURN

r-

- K f c , UNITBURN

1980

- KKENOIV[20]

T,

z?- K

, 3 %

- * Kli MGCL
, Bateman

.1.4 FPGS90

FPGS90[22] (±,

, DCHAIN-e(±,

tztzL, A= V^'T» =
* Maxwell ^Jftj t L T , Ji

FPGS

FPGS90(iDCHAIN[18]

Batemanfiil i o t IS ̂ t t ^ o Bateman

feedbackS£>*#l t t^ .

i ? t , FPGS90 l i 7 •<

g-factor,

= A-g-o-2200 -i-r-RI

LT,

(II.l)

, g-factor li , M(E)

g-factor

li, rt

, FPGSJi^-OrtlE9-f 25PBfffi=»5'fr7'J*^rLiri3i9, option Hi
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1.1.5 COMRAD

COMRAD [13] l i , COMRAD <D

ORIGEN t W\$i<D Matrix Exponential fe hh V>(i Bateman JJ%£J£,<0}?% h

L

COMRAD

* o COMRAD-C(± , *&

COMRAD

4

Matrix Exponential few ;i/-f->(±, ORIGEN O V-*7°n ^
fc^-Cli, COMRAD fe ORIGEN

-9 7 4?

LT 7 rUNITBURN tc J;

.1.6 MVP-BURN

MVP-BURN[23] li , S

/aa**4

n - K M V P

MVP-BURN t

0 iot, > t [W] C

11.1.7 FLEXBURN

FLEXBURN n - K [24] l i , FLEXBURN n - Ktfli, 2

i , discrete ordinates& (SN

HJ: I),
[25,26]

mmt

K [27] Matrix exponential & K J : I),
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fch"t~ •So

z x i), FLEXBURN 3 - vx*\±, m

UO, **#, (U.Gd)O,

FLEXBURN n - K(±, UNIX 3hVfcW8iXfhft LTV»40 fH|[«|«0|Rl±fc i: fe lc, 3

11.2 J

11.2.1 CASMO

CASMO[28](i, Studsvik of America tt (5J,StudsvikScandpowertt)

K 18^11 ( 2 " Cm

) tf, ±

Characteristics-ft [30] \z£*) fthti%>o d 9 LT, ^ - ^ ^ r t ^ ^ ^ ^ t t i 1 ^ ^ J:

, ORIGEN
Matrix Exponential ft H i 4 o *iJ, SSft^l'y hflfcg^fa&tfJi^lniKfl-SI?- 4 - fc H i <0 ,

CASMO 3 -

11.2.2 PHOENIX-P

PHOENK-P 3 - Ktt,

^ < 42

Predictor-Corrector ft *fl|v
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.2.3 TGBLA

TGBLA[31] (2, JR2, GE 1982

uoxmnmn,
tz [32-34]

[35] f:

8Th frb »!Cm £ £ & 25 fli

, 4 JfcO Runge-Kutta-Gill
, YQA ft [36]

.2.4 MINES

fflNESii,

7^

, THERMOS [38] ^-f

[37]

, 4 ^C0 Runge-Kutta-Gill ft * ffl V»T i5

t © 25 S!l, FP t LX 30

11.2.5 VMONT

VMONT[39] li ,

, 190

VMONT (±, ^

•),

Gd, O3 A

fc L T Th rt*fc Cm *
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1.2.6 NEUPHYS

NEUPHYS

t, z
Ti±,

, ENDF/B 100

THERMOS [38]

IRi£<R[37]

t K,

, u, PU, NP,

Am,

II.2.7 NULIF

NULIF -> * -jr A £ J:

NULIF

NULIF n -

7n-(iNULIF 3 -

37

NULIF L T V»4 PWR

MOX

9 ASY5G 3 - K, i5

NULIF n - K̂ > GDLUX 3 - K,

SHARP 3 - K

, ENDF/B-V * S * h t x i s *), ft 99

, U, Pu, Np, Am,

, NR fim [40] <b L < li NRIM j£<ft [40]

, GDLUX 3 -

t tz, Gd,O3 A I

GDLUX n - K

ASY5G 3 -
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# « III

[41]o

: PWR, BWR) O, SR (9 tB L i i ^ S 33, 45, 60 GWd/tHM t

~ KSWATicJ;

s STEP-I, STEP-II, STEP-III

UO2 i

33GWd/tHM) T? 3.0wt%, STEP-III S

tfz,
(Mltim&BE 45GWd/tHM) t r 3.7wt%

Table III.1 UO2

33

45

60

GWd/tHM

GWd/tHM

GWd/tHM

PWR BM

3.2 wt%

3.9 wt%

5.0 wt%

BWR m&
3.0 wt%

3.7 wt%

4.7 wt%

MOX «S

UO, J i PWR

[44]
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Table III.2 MOX BM<F> Pu

PWRBM

33

45

60

GWd/tHM

GWd/tHM

GWd/tHM

5.3

6.3

7.9

wt%

wt%

wt%

4.7

5.7

7.2

wt%

wt%

wt%

" 1 U , 2 " U , 2 3 8U, 23»U, " T N p , 2 3 8Pu, 23 l )Pu, 2 " P u , 2 1 l Pu , 2 1 2Pu, H 1 A m ,
!1!™Am, ! " A m , " ! C m , " ' C m , " T m , ' " C m

7 9Se, 85Kr, S 7Rb, 90Sr, 7 9Se, »3Zr, " T c , l 0 7Pd, " 5 I n , 126Sn, 1 > gI , ' " C s ,
1 3 7Cs, M 2 Ce , M 1 Nd, M 7 S m , l 1 8 S m , M 9 Sm, 1 5 1Sm
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ŷ

— n
;V

7 7
-

— J y
x. —

X

y >)

— ?.

9

9 U

V
y

;U
)V

b
y

b
K

X

7

—

m
y

X

E ^

Hz
N
Pa
J
W
C
V
F
Q

S
Wb
T
H
°C
1m
lx

Bq
Gy

Sv

s"1

m-kg/s2

N/m2

N-m
J/s
A-s
W/A
C/V
V/A
A/V
V-s
Wb/m2

Wb/A

cd-sr
lm/m2

s"'

J/kg
J/kg

£ ft
# , W, B

>J y h ;U
1- y

M ? 4? ;l- h

13

min,

1, L
t

eV
u

h, d

1 eV=1.60218xl0-|9J

1 u =1.66054x10 '"kg

% ft
^*v^*X hn— A
/•? — y

'* ~ >l>

if !V

* a. 'J -
u y h V y
7 K

IB -t
A
b

bar
Gal
Ci
R

rad
rem

1 A=0.1nm=10-'°m

1 b=100fm2=10-28m2

1 bar=0.1MPa=105Pa

1 Gal=lcm/s2=10-2rn/s2

lCi=3.7xlO'°Bq

lR=2.58xlO-4C/kg

lrad=lcGy=10'2Gy

1 rem=lcSv=10"2Sv

10'8

1O15

1 0 1 2

1O9

106

103

1O2

10'

io-'
io-2

10"3

lO"6

10"°
10~le

jg-lr.

io- |S

mm
x 9

T

'N 9

T

T

-b y

• * -

f
7 x X
T

•9"

7

A*

'J
n
/
n

IB ^

E
P
T
G
M
k
h
da

d
c
m
IX

n

P
f
a

u OffliiCODATA01986^aSI

3 . bar it,

4. ECU«BI«?}i^-C-{ibar, barnfcj;

N(=105dyn)

I

9.80665

4.44822

kgf

0.101972

1

0.453592

lbf

0.224809

2.20462

1

lPa-s{N-s/m2)=10P(-t;rx*)(g/(cm-s))

lm7s=I04St(x Y — 9 x)(cm7s)

IE

•h

MPa(=10bar)

1

0.0980665

0.101325

1.33322 x 10-"

6.89476 xlO-3

kgf/cm 2

10.1972

1

1.03323

1.35951 xlO"3

7.03070X10-2

atm

9.86923

0.967841

1

1.31579 xlO"3

6.80460 xlO"2

mmHg(Torr )

7.50062 xlO3

735.559

760

1

51.7149

Ibf/in2(psi)

145.038

14.2233

14.6959

1.93368X10"2

1

X.

)V
=>r
1

ft

*

J(=1O7 erg)

I

9.80665

3.6 xio6

4.18605

1055.06

1.35582

1.60218 xlO"19

kgf-m

0.101972

1

3.67098 xlO5

0.426858

107.586

0.138255

1.63377 xlO"20

kW-h

2.77778 xlO"7

2.72407 xlO'6

1

1.16279x10-°

2.93072 xlO"4

3.76616 xlO"7

4.45050 xlO-26

caI(ffrS80

0.238889

2.34270

8.59999x10=

1

252.042

0.323890

3.82743 xlO-20

Btu

9.47813x10-"

9.29487 xlO"3

3412.13

3.96759X10"3

1

1.28506xi0"3

1.51857 xlO"22

ft-lbf

0.737562

7.23301

2.65522x10°

3.08747

778.172

1

1.18171x10-'°

eV

6.24150 xlO'8

6.12082 xlO'9

2.24694 xio25

2.61272x10'°

6.58515 xlO2'

8.46233 xlO18

1

1 cal= 4.18605J (frfitt)

= 4.184J (IHt;^)

= 4.1855J (15°C)

= 4.1868J (HHI^S

= 75 kgf-m/s

= 735 .499W

Bq

3.7X10"

Ci

2,70270 xlCT

I

Gy

1

0.01

rad

100

1

C/kg

1

2.58x10"

R

3876

1

Sv

1

0.01

rem

100

1



IK

Mi.
Si:.;


