[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo@ao) PwROOOOdogooooobooooodoooon

oo@a) oood

Author(English) Yoshihisa Tahara

oo@a) OO0:00@0),
oOooooo:0oo0ooa,
O000:0052390,
000 00:20020 90 300,
ooooo:0o0o0a,
Oo0o:

Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 523901,

Conferred date:2002/9/30,

Degree Type:Course doctor,

Examiner:
goog@mao) ooong
Type(English) Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

PWR

2002 9



Study of A Netronics Calculation Method
for Reflector Region of PWRs

September 2002
Yoshihisa Tahara
Department of Nuclear Engineering

Graduate School of Science and Engineering
Tokyo Institutte of Technology



11

1.2

2.1

2.2

2.3

23.1

2.3.2

2.4

24.1

24.2

2.4.3

2.5

251

2.5.2

2.6

2.7 APWR

2.8 2

12

13

17

19

20

24

25

26

26

29

34

37

37

43

44

a7

48

50



3.1 52
3.2 54
3.3 2 57
331 58
3.3.2 62
3.3.3 65
3.4 67
35 MOX 75
3.6 79
3.7 3 80
82

4.1 84
4.2 2 86
42.1 86
4.2.2 95
4.2.3 97
4.2.4 100
4.2.5 102
4.3 107
43.1 TCA 107

432 TCA 114



43.3 DIMPLE 120

4.4 MOX 125
4.5 4 128
130

2
5.1 132
5.2 132
5.3 135
5.4 141
54.1 141
5.4.2 149
5.5 151
5.6 5 156
157
159
1 1 163
2 165
3 167
4 2 PHOENIX-P 171

5 3 ANC 174



8 K=1

9 TRX

10 INFANT

11 CBCF

HIDRA

178

181

183

185

188

189

190



1.1

12
432
35 2660
4000KW
1996 434
BWR 91

432 PWR

PWR APWR

48GWd/t

10wt%

MOX

PWR Shippingport [.1 1957
2001
6628 6000KW 43 4127 1000KW
4000KW 1996 3 6569
1995 2 2001
PWR 256
35 16 32 2
60% [] 1970 1
23 PWR 3
PWR MOX
[.]
1990 39Gwd/t
4.1wt 3
6wt% 1988
2
55GWd/t
1988 91 1 4 MOX



APWRI 1

1998

DNB

[]

45GWd/t

MOX

PWR

MOX

1995

PWR

12

Na



500 600MWad/t

0.2 03 Ap 1 Ap 2
1
0.5
H R
A

’ 2.405 \

B2=| — |, Bi=[Z (1-1)
H+2N R+2x
L=L,+Ly=D-(B}+B?)
2
(2.405j
L R+
—R = 27*‘ > (1-2)
L T L[ 2405
H+2N R+2

A 6cm 3 R=1.50m

H 3.66m 0.77 8

03 Ap 1-2

1.1 Ap 1.4 Ap
10

in-out



PWR

TCA 15><15

1.5cm

PWR

15¢cm

15><15

1.5cm

[

Ocm

15cm

APWR

0 6cm

1.5cm

TCA



10

l
Jhet Jhet
1 2
D,2 /
X
(phomo(x) _ thet sinh I‘S(E — X)
' Dy cosh i</
(1-x -
bomo( o[ 25 3™ )sinhig (£ X o
@} (X)—[D2 Yo | coshi? +y @
K.KY
K-ZrZ e o (1-4
D1 Dz Dz 'é _|<
1-3 /
et
=0
(L Ax=0) (15
@omo(xzo)



Pogosbekyanl

MOX

1

2

Interface Matrix

PWR

Hetzeltl

1

(1-6

U Gd



Q VW W(rEQ)=[ [ = (E >EQ->QW(r,EQ)EIQ+SEQ) 1-7)

dQ

VI(r,E)+=(r,Exelr,E)= [ = (E' > E)plr, E')dE'+ S(r, E)

Q dQ

[ @@vW)dor=(r,EN(r,E)= [ =,(r,E' > E)I(r,E')dE' +S,(r, E)

@r,E)= [ W(r,EQdQ
J(r.E)=[ QW(r,EQdQ

S,(r.E)=[ QW(r,EQdQ

1-8)

1-9)

(1-10)

(1-11)

1-12)

1-13)



1 3
W(r,E.Q)~ H_[cpoyo(r, E)+H_[J Q

1-14 1-9

%ch(r, E)+=(r,EN(r,E)=[ =y(r,E' > EN(r,E')dE’

Fick
J=-D(r,E)Vep(r,E)

1
[ = (r.E' > E)(r, E')dE’
J(r,E)

D(r,E)=

3> (rE)-

[ =(r. &' > E)(r,E')dE’ = [ =, (r,E - E')(r, E)dE’

> (rE'>E)==,(r,EX3E'-E) 1
1-18 1-9

%ch(r, E)+=(r,EN(r,E)= [ =(r,.E > E"N(r, E)E

=>,(r,EN(r.E)

1
O ke m e A

1-17

1-19 1-14

1-14)

1-15)

1-16)

(1-17)

1-9

(1-18)

(1-19)



Breenl 1 SOFOCATE
20 P
SLOP-1 SOFOCATE MAXWELL
[ 3(E, x)dE
N A 1-20)
[ Ve(E, x)dE
SLOP-1 MAXWELL
SOFOCATE
MAXWELL
Do Vin+ z n=S

e W

DMAX V2n+ 2SDF n=

Wy W)
MND Mixed Number Density

MND

Eichl . 1 PWR



MND

JD(Z +%), 0

B , Dz 2
YT Em =)D, Ve @

Blackness

Bretscherl 1

o= 3 20 0P,

Blackness a B

I+ -3
o=

r 4

@+’ -
R

Ton = [, (xdd, Ry =(-0" [ "W, (0, )dp

10

(1-21)

(1-22)

1-23)

1-24)

(1-25)



> W,(x1)

1-24 a B ..

(o= <J o+ r> _ Luo(u)' o' (U)+ ' (U)o
<(P’-’+ [} > Lu [(P((u)+(pr (U)]du
B-= - _ LB(U)- o' (U)- ' (U)o
(@-@) [ )@
o B
* h

D= D(cx+[3. tanh(xg 1+ cosh(k ™

2 sinh(<g 2
z, = Zh—[z)[cosh(m)_ﬂ
a B
Yamamotol 1
Blackness
a 3
p_PBn
2
200 A3
+> ="
2, h B

1-26

1-27)

(1-28)



Blackness

Blackness (o

PWR

PWR

1.3

2 PWR

12

APWR



5 3 PWR

[27.29

] American Nuclear Society, “Controlled nuclear chain reaction: the first 50

years,” La Grang Park, Illinois USA (1992).

] 50 10

] 2001 14 5

] 30 Vol. 31, No.1 (1989).

] 40 Vol. 41, No. 4 (1999).

1 30 1998
7 31  p.209 (1998)

] H. Suzuki, “Design Features of TSURUGA 3 and 4—The First APWR Plant in
Japan—,” 11t Pacific Basin Nucl. Conf. Banff, Canada, PBNC98, Vol.1, p.711

(1998).

13



[ ] “
**  JAERI-M 83-100 (1983).

[ 1 K.Koebke, “A New Approach to Homogenization and Group Condensation,”
Proc. IAEA Technical Committee Mtg. on Homogenization Methods in Reactor
Physics, Lugano, 13-15, p.303 (1978).

[10] K. Koebke, “Advances in Homogenization and Dehomogenization,” Proc. Int.
Topl. Mtg., Advances in Mathematical Methods for the Solution of Nuclear
Engineering Problems, Munich,Vol. 2, p.59 (1981).

[11] J. A. Rathkopf, Y. S. Liu, “A Method of Baffle/Reflector Region
Homogenization,” Trans. Am. Nucl. Soc., 53, 247 (1986).

[12] K. Koebke, et.al., “Application and Verification of the Simplified Equivalence
Theory for Burnup States,” Proc. ANS/ENS Intl. Topl. Mtg. Knoxville, Vol. 2,
p.607 (1985).

[13] K. S. Smith, “Assembly Homogenization Techniques for Light Water Reactor
Analysis,” Prog. Nucl. Energy, 17, 303 (1986).

[14] L. Pogosbekyan, et al., “A New Model for Homogenized Reflectors Based on
Interface Matrix Technique,” Proc. Joint International Conf. on Mathematical
Methods and Supercomputing for Nuclear Applications, Saratoga, New York,
Vol.1, p.153 (1997).

[15] L. Hetzelt, et al., “Generalization of the Eqivalent Reflector Model for the
Siemens Standard Core Design Procedure,” Proc. Mathematics and
Computation, Reactor Physics and Environmental Analysis in Nuclear

Applications, Madrid, Spain, Vol.1, p.139 (1999).

14



[16] J. J. Duderstadt, L. J. Hamilton, “Nuclear Reactor Physics,”
1980

[17] R. J. Breen, “One-Group Model for Thermal Activation Calculations,” Nucl. Sci.
Eng., 9 (1961).

[18] W. J. Eich, et al., “Few-Group Baffle and/or Reflector Constants for Diffusion
Calculation Application,” EPRI NP-3642-SR Special Report (1984).

[19] W. J. Eich, et al., “Determination of Effective Reflector and Baffle/ Reflector
Constants for Few-Group Diffusion Calculations,” Nucl. Sci. Eng., 90,127
(1985).

[20] M.M.Bretscher, “Blackness Coefficients, Effective Diffusion Parameters, and
Control Rod Worth for Thermal Reactors,” ANL/RERTR/TM-5, Sep., 1984.

[21] M. Yamamoto, Y. Ando, T. Umano, H. Mizuta and T. Seino, “ Recent
Developments in TGBLA Lattice Physics Code,” Proc. International Topical
Meeting on Advances in Reactor Physics, Mathematics and Computation, 27-30
April 1987, Paris, France.

[22] € 77 1987

E27.

[23] Y. Tahara, H. Sekimoto, Y. Miyoshi, “Reactivity Effect of Iron Reflector in LWR
Cores,” J.Nucl.Sci.Tecnol.,Vol.38, No.2, pp.102-111 (2001).

[24] Y. Tahara, H. Sekimoto, “Verification of Iron Cross-sections based on Reactivity
Effect of Iron Reflector in a LWR Core,” Int. Conf. on Nuclear Data for Science
and Technology, October, 7-12, 2001, Tsukuba International Congress Center

(EPOCHAL Tsukuba), Tsukuba, Japan.

15



[25] Y. Tahara, T. Kanagawa, H. Sekimoto, “Two-Dimensional Baffle/Reflector
Constants for Nodal Code in PWR Core Design,” J. Nucl. Sci. Technol., 37, 986
(2000).

[26] “ 7
2001 166.

[27] Y. Tahara, H. Sekimoto, “Transport Equivalent Diffusion Constants for
Reflector Region in PWRs,” J. Nucl. Sci. Technol., 39, 716 (2002).

[28] Y. Tahara, H. Sekimoto, “Two-dimensional Baffle/Reflector Constants Based on
Transport Equivalent Diffusion Parameters,” to be presented in PHYSOR2002

in Korea.

16



2.1

[]

Callihanl 1

0

Low Leakage Loading Pattern: L3P

Advanced Pressurized Water Reactor: APWR

[1

UO2F>

9cm

[]

Eichl 1L 1]

17



PWR

3
17.85cm
TCA
0 6cm
Ocm
1.5cm
PWR 2 3cm
APWR
1515

18

15x<15

1.5cm

0 15cm

15cm

[]

Bierman! !

1.5cm

15cm

TCA

10



APWR

2.2 2.3
24 PWR
PHOENIX-P L] 4
MVPL 1 25
ENDF/B-VI JENDL-3.2 JENDL-3.3
2.6
1 2 2.7
APWR
2.8
2.2
TCA UO:> PuO2-UO2
1.8m 2.1
2.6w/o uo 22.93
( 3.0) 15x<15 2-1
2-1 5.6mm o4
375mm 1600mm
TCA 2-2 2-3
2-4 2 2-2

19



17cm

6 cm 18.6
20.4
2-1 2-2
/ (w/0)
235 (W/0) 2.6 C 0.055
(g/cm3) 10.4 Si 0.009
(mm) 125 Mn 0.270
(mm) 14.17 g 8-81‘2‘
(mm) 0.76 Ni 0.015
Cr 0.013
(mm) 1441.5
2.3
2-3 2-4
1.0mm
10
1Y 1)
Ap =-Kn? - 2-1)
H, +A H, +A
DNp $
Ho cm
H1 cm
A (cm)

($ cm2)

20



$14.17 AL CLAD $125 UO2 PELLET DOUBLE O-RING SEAL
AL WOOL 0.78 THICK PIN

e e i 4 1

2404 254 14415 ACTIVE FUEL 1683
18756

26PA fuel rod

2-1 26PA

|
NS

<

‘ >
S5 {4 i

S

S o ¥
>4 /Q‘IE/

2-2

5

&)




4 éoo@ﬁooo

22.93

@)

O

@)

2.éw/oUO rod 0
2 @]

O

1
e A
1

Fuel Region (15*15 rods)

1

i

1

! 0 150
| Steel Plates
i

1

1

1

|

1

—— 171.98

Unit: mm

22.93

t QO OG0 00

2.6w/oUO2 rod

mmmmd [ e e e e e e e e e e B

e T

Fuel Region (15*15 rods)

0 150
Steel Plates

—— 171.98

Unit: mm

2-4 10

22



22.93 3.967+0.040 >=10 ($ cm ) 11.1+0.5

[ 1] Ap

B, =0.00763 (Ber) (")

PHOENIX-P 3 CITATION

S @ Y BV = @

= — 2-2)
- Y @rxtd> vz @ dr
g9 g’
> Jor Lot
0= g d 2-3)
> @Y N pdr
g g’
i P ) X
Saphier [ 1] 25
Keepin [ 1 ,
Keepin [ 1] 2-3
2-3 Be /0
Be B«/l
0.00763 152.1
150mm 0.00756 157.8
B/ 16145 (s1) 19
Ho, H1 K
A o =0.022%Ap 2

23



23.1

0 150mm
2-4
1.2% 10
2-5 10
2-4

(mm) mm (Ap)

0.0 914.5 0.000

5.6 1286.3 -1.310

28.0 1300.6 -1.341

33.6 1234.0 -1.189

61.6 1024.1 -0.522

89.6 925.6 -0.061

117.6 878.7 0.209

151.2 851.7 0.383

2-5 10

(mm) (mm) (A
0.0 0.0 0.0 914.5 0.000
37.3 3.7 9.8 1205.8 -1.118
67.9 6.3 9.3 1029.0 -0.542
99.6 10.0 10.1 947.9 -0.176
130.7 13.1 10.0 916.8 -0.013
156.6 16.5 10.5 894.3 0.115

24




2.3.2

1.27mm
Rcd
2-9 a
2-9
4 5cm
2cm

0.5

15
2.29
Cbare
Ccd
1.0
S.I.
Cbare/ccd

Cd

20

25

3 4cm

2-9

Rcd

Ccd

- Ccd

bare

2-10

0.1



2-10

3.7 6.0 0.1

2.4
24.1
PHOENIX-P 1
MVP 12 PHOENIX-P
PHOENIX-P 25x%<25 2-5 1/4
3.0
7
PHOENIX-P ENDF/B-VI ENDF/B-VI
cc »> 54Fe(5.82a/0),
56Fe(91.66a/0), 57Fe(2.19a/0), 58Fe(0.33a/0) NJOY L1 20
,70 [ ]
150mm
o,=1/(N-7) N

26



(=2t 56Fe
o 043
MVP 2-6 a b 3
ENDF/B-VI
1
5000 2000 1000
10
2-6 L1
2-6
20
(><102*atoms/cm3)
235 6.086><10
238y 2.255><10
( ) 5.587><10
H20 3.338><10

27



0 160.51

«— 171.98 —ple— 389.81 —p
171.98 Core 171.98
l Y l
T Iron Reflector
389.81
l Water Reflector
v
% Unit: mm

2-5 PHOENIX-P

‘0/ 156.6
171.98 «— 350.0 —p
T T ; X
171.98 Core 1875
| - |
T Iron Reflector
350.0
l Water Reflector
\ 4 Unit: mm
Y
2-6 a MVP

28



Z 0 156.6

N )

«— 171.98 —ple— 350.0 —p

300.0 | Fuel rod+Air Air

Iron Reflector

e

9145 Core
A Unit: mm
300.0 Water Reflector
_Vv > X
2-6 MVP
2.4.2
2-5 1/4 PHOENIX-P
2525 8x<8
PHOENIX-P
PHOENIX-P
70
S
Sa

29



Sy
Sy
2-8
T
MVP 2-6
o(x0.1 Ap)
MVP

2-7

16
30
2x2
2-7 2-7
k(M -k, (T=0
Apion)= Ko D ka T=0) 2
Ker (T)kgr (T =0)
2-8 PHOENIX-P
3 MVP
2-8 2-8 MVP
3
2-8 2-9
ENDF/B-VI
05 Ap

30



keff

1.015

1.010

1.005

1.000

0.995

0.990

2-7

40

0 10 20 30
2-7 Keff
PHOENIX-P (ENDF/B-VI)
PHOENIX-P
mm
( ) eff Ap
0.0 0.99373 0.000
22.93 0.98066 —1.341
45.86 0.98623 —0.765
68.79 0.99075 —0.303
91.72 0.99381 0.008
114.65 0.99578 0.207
137.58 0.99702 0.332
160.51 0.99778 0.408

31



2-8 MVP (ENDF/B-VI)

ff
(mm) (_Lp) ) (_Ap)
0.0 0.000 0.99487+0.023 0.000+0.034
5.6 -1.310 0.98358+0.023 -1.154+0.034
28.0 -1.341 0.98327+0.024 -1.186+0.034
33.6 -1.189 0.98444+0.024 -1.065+0.034
61.6 -0.522 0.99102+0.024 -0.390+0.034
89.6 -0.061 0.99511+0.024 0.024+0.034
117.6 0.209 0.99800+0.024 0.315+0.034
151.2 0.383 0.99984+0.024 0.500+0.034
kef‘f
lo
10
2-4
PHOENIX-P
MVP MVP
2-6 3
2-4 2-9
2-8 2-9 ENDF/B-VI MVP 10
6.79cm 3o0~(0.1 Ap)
30

32



(%)

0.6

0.4

02

2-9 10 MVP (ENDF/B-VI)
(mm) (_op) o -Y=)

0.0 0.000 0.99487+0.023 0.000

37.3 -1.118 0.98455+0.024 -1.054+0.035
67.9 -0.542 0.99066+0.024 -0.427+0.034
99.6 -0.176 0.99375+0.024 -0.113+0.034
130.7 -0.013 0.99482+0.024 -0.005+0.034
156.6 0.115 0.99562+0.024 0.076+0.034

lo

keff

30

X }
4
A JAERI-M83-100
| PHOENIX-P+ENDF/B-VI
§ MVP+ENDF/B-VI }
§ MVP+ENDF/B-VI 10
20 40 60 80 100 120 140 160 180
(mm)
2-8

33




2.4.3

15cm

NJOY

Cd

ENDF/B-VI NJOY

r 0.25
O,= 1/(N ?)

339

~
Il
N
-
Q

Cd ECd Ecd

[ O(E)Prue (E)IE =] o(E)ep, (E)IE

(pbare

1.0 0.5 ( 20mil)

0.5eV

34

20

(pcd



R=[. oE)I(EME)E R ,= [ o(E)f(E)E) dE

sl =Re
Rf
0.5mm
2-9
(a),(b) 2-10
PHOENIX-P
PWR 2
1 2
3
4 2

35



Water
Reflector

o Experimental data

Iron
Reflextor

Core

alculation

C

12
1.0

0.8

0.4

0.6
0.2

0.0

10.0 20.0 30.0 40.0 50.0 60.0

0.0

(cm)

cY

Water
Reflector

o Experimental data

[ron
Reflector

Calculation

Core

0.8

0.6
0.4

0.2

0.0

10.0 20.0 30.0 40.0 50.0 60.0

0.0

(cm)

(b)

15cm

2-9

36



7.0
< 60 1@ Core > Iron Reflector «— Water
S i Reflector
@ 50 |
40 |
Q
30 |
2.0 O Experimental data
—— Calculation
10 |
0.0 —
0 5 10 15 20 25 30 35
(cm)
2-10 15cm
2.5
251
ENDF/B-VI JENDL-3.2
JENDL-3.3
ENDF/B-VI JENDL-3.2
JENDL-3.3
ENDF/B-VI JENDL-3.2
JENDL-3.2 15.12cm
ENDF/B-VI 2-10
ENDF/B-VI 0435 Ap
JENDL-3.2
0.457% AP
1.084 Ap

37



6Fe  JENDL-3.2

ENDF/B-VI
0.410 Ap S6Fe
JENDL-3.2 ENDF/B—-VI StFe 2-11
ENDF/B-VI JENDL-3.2
122 105
(o /o) o /o,
2-12
JENDL-3.2 o /o, ENDF/B-—-VI
61 o /o,
JENDL-3.2 56Fe
2-10 (MCNP)
ENDF/B-VI JENDL-3.2
0.383 0.435+0.031 0.457+0.031 1.084+0.031

Ap

38



140

120

100

80

60

40

20

1.0E-01 1.0E+01 1.0E+03 1.0E+05 1.0E+07

eV)

2-11 Fe ENDF/B-VI JENDL-3.2

80 100

60 | 1 80

2 | \\\\\\\ﬁln

T
|
|
|
:
¥ |
i ) L {40
20 7‘—‘ | N—
L L
e i’ 20
0 L]

1 60

(%)

©

&0 — it

© i
20 | {
-40 | 1 -40
60 b e R0

1.0E-01 1.0E+01 1.0E+03 1.0E+05 1.0E+07
(ev)
2-12 Fe ENDF/B-VI JENDL-3.2

39



ENDF/B-VI  JENDL-3.3
JENDL-3.2 JENDL-3.3
[ 1
MCNP ENDF/B-VI  JENDL-3.3 L]
ENDF/B-VI JENDL-3.3
JENDL-3.3
JENDL-3.3 “* 77
2-11 2-13
2-4 2-11 MCNP ENDF/B-VI 30~x0.1 Ap
JENDL-3.3
JENDL-3.3 JENDL-3.2
2-11
ENDF/B-VI JENDL-3.3
(mm) eff Ap eff Ap
0.0 0.99449+0.022 0.000 0.99449+0.022 0.000
5.6 0.98229+0.022 -1.249+0.032 0.98212+0.022 -1.266+0.032
28.0 0.98241+0.022 -1.236+0.032 0.98228+0.023 -1.250+0.033
33.6 0.98360+0.022 -1.113+0.032 0.98413+0.021 -1.059+0.031
61.6 0.99004+0.022 -0.452+0.032 0.99015+0.022 -0.441+0.032
89.6 0.99417+0.022 -0.032+0.031 0.99471+0.022 0.022+0.031
117.6 0.99720+0.022 0.273£0.031 0.99783+0.022 0.337+0.031
151.2 0.99881+0.022 0.435+0.031 0.99943+0.021 0.497+0.031
lo

40




0.6

04

0.2

00 g—-———mrmrmrmmem e R -
€ 02

-04

-06 a Experimental data JAERI-M83-100)

-08 e Experimental data MHI)

-10 o Cal[MCNP+JENDL3.3 Fe)]

-1.2

o Cal.[MCNP+ENDF/B-VI Fe)]
-14
-1.6
0 20 40 60 80 100 120 140 160 180
(mm)
2-13
JENDL-3.3 ENDF/B-VI
2-14
2-15 2-14
JENDL-3.2
1.5—2.5keV
67.4—500keV JENDL-3.3 821keV—6.065MeV
JENDL-3.3
2-15 Os/Oa

41



40

30

20

(%)

10

-10

-20

2-14

-20

-30

2-15

1.0E-01

1.0E+01

Fe

1.0E+03 1.0E+05

(ev)

ENDF/B-VI

1.0E+07

JENDL-3.3

|

=l

10E-01

1.0E+01

Fe

1.0E+03 1.0E+05
(ev)

ENDF/B-VI

42

1.0E+07

JENDL-3.3




2.5.2
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HIDRA PHOENIX-P D1, D2
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4
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4-4 1 DIMPLE
16 2
24
4.2.3
DIMPLE S06B
4-4 PHOENIX-P 1
2
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Yung-An Chao and Chang-An Suo, “A Two-Dimensional Two-Group Albedo Model for
Pressurized Water Reactor Reflector,” Nucl. Sci. Eng., 88,103 (1984).
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8_p:_n2 1 2_ 1 2
oK Hy, +A H +A

0 1 Y (1Y
P_ ok _

Ol Hy, +2A H, +A

3.00U

K (3.967+0.04)>=<103 ($ cm2)
A 11.1+0.5cm
1997/12
+0.25mm
85.17 130.06cm
91.45cm
91.45cm Ho 91.45cm

=85.17cm
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9P _g.892x10° (85.17cm
oH
2_5 — _4.432x10* 91.45cm 130.06cm

9P_ 4477x102 91.45cm 130.06cm
SN

Sp-1/2%(8.892x10 x 0.025) +(4.432x10* x0.04x10° ] + (4.477x107? x0.5]

=+/8.154x10"

=2.856x107 (cent)

$ 3=0.00763

S p= 2.856x107 *0.00763*100
=0.0218 (%A P)

20 2 0.044 Ap
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10b

0.66

11

2.53

A3-1 A3-1 A3-3
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89T

A3-1 E=0.0253EV,v=2200m/s ( 12
A l-q g Os Oa As Za D
g/cc (1024 /cc)

H20 18.016 1.0 0.0335 0.676 0.948 103 0.66 0.290 0.022 0.164
H 1.0080 0.000089 5.3><10% 0.3386 1.000 38 0.33 525 1.7><10° 518
O 16.000 0.0014 5.3><10% 0.9583 0.120 4.2 0.0002 4760 0.000 166
Fe 55.85 7.86 0.0848 0.9881 0.0353 11 2.53 1.07 0.215 0.345

. Kroeger, NUCLEONICS 5, No.4, 51(1949).
ANL5800, .523
— = 2
=cosW=—
H 3A
E o A-1)° 2
=In—=1+—Inhax A= —— =1 =10 A>10 ~
& E l1-a [A+1j & & A+2/3
1 A
= (1-1) 3L-H)
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B1 2

B1
ANC ANC 2
lOB
2
f =@/ prm
X,y PFe(xy)
PF, (X, Y) = P (X, Y)/ P,°™(x,y)

) P,(X,y) x.y)

g het homo

Predictor-Corrector
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5 3 ANC

ANC PWR 3
PHOENIX-P
ANC
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2

(I)g Dg Ztg
g1 9 Xg A (:
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_dWh () . i
- Dg dLg'z +2 tg gu(u)_qu (U)+ Lgu (U)I 0
m _ 1 a; ray
L'“'g,u(u)— ara’ L J; (pg(U,V, w)dvdw

9

Qq (u)= Z(igg’ + %VE fg’ Jq)?;'u(u)

Lo, (u)
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ANC 1
m Dy'(u) 4
2
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u Lo, (u) 2
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6 2 HIDRA

HIDRA 2

-D,V'Q+2,@+Z.@ =2 @ +VE fzcg)/keﬁ
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P=KE @ +K P

>, K MeV/

106

HIDRA

_ aP &
Zal(P)_zal(]“O)—'—l—l—azP 1+a2

P 1.0

> (1.0) n 1 &, &

179



108

BU (t, +AT) = BU(t,) + PxABU AT =ABU ngm

t

BU MWd/it ABU AT

W (MTU) P (MWy)

BU (tO +AT) =BU (tO) + e—(C&(H-FC%Z(Q)AT’

BU 510 -
AT x 3600 o, BW
HIDRA
K kS =1.0
k, K
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v

A7-1 AT7-2 1

12 1MeV

JIS G 3120 JIS G 3204

PWR

MCNP4B

A7-2

A7-1 PWR 1

AT-2 1
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AT7-1

Baffle/Reflector

Stainless steel

1MeV 0.625eV

1.36980><10-3

Reflector
1.87390><10+4 1.92160>=<10+4
10MeV 1MeV
5.71700><104 5.80412><104
4.94048>=<10+4 5.78978><104

1.65210>=<10-3

8.67502><10-° 1.00182><104
0.625eV 0eV
5.62494>=<10"3 6.45511><10-3
10MeV 0eV 7.56644><103 8.68762><103
10MeV 1MeV 3.82822>=108 9.59672>=10"°
1MeV 0.625eV 9.52725>=107 7.60350><108
0.625eV  0eV 3.29195>< 108 4.16055>=10-8
0.89993+0.00077 | 1.03062+0.00074
1MeV
PWR @=3.828x10""
-3
0 =9.59672x107 x M —~8.358x107°
8.68762x10"
0.2
1/4 4
1/3 L3P
20 40

V. O. Uotinen, “Experience with Low-Leakage Fuel Management in LWRs" Trans. Am.

Nucl. Soc., 46, p.92 (1984).
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8 K=1
3.3.1 3-2 K=1

K=1 3-2

1 3-5b 3-7b

@, = &, cosh(\x) + b/ sinh(\x) + a; cosh(\y) + b, sinh(\y)

2 Laplace NP =0 XY

@ (xka (y)

o=0
@ =P, = (ax+b)cy+d)
= AX+Bxy+Cy+D
3-3a =0
o0

Z{ Alcle™ + B(oje™ } {C(cicosoy + D(clsinay}

B
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Q= Z{ AR + B(Be ™ }- {C(BcosPx+ D(BsinBx}

Q=R+ Rs
=R+ Q+Ns

P=Q+RTPTR,

8 R B

@(x, y)= Ax+ Bxy+Cy + D + a, cosh(\x) + b/ sinh(\xx) + &} cosh(\y) + b} sinh(\Wy)
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9 TRX

TRX1/2
238
A9-1 A9-2
A9-3
A9-1
(cm) (1024Atoms/cm3)
235U 6.253=<10+4
0.4915 238 4.7205><102
0.5042 — —
0.5753 Al 6.025><1072
1H 6.676><10?
160 3.338><1072
A9-2
TRX-1 TRX-2
764 578
(cm) 1.8060 (1.6807) 2.1740 (2.0231)
2.35 4.02
(104cm2) 57+1 54.69+0.36 B? = 0.000526
A9-3
TRX-1 TRX-2
2 1.320+0.021 0.83740.016 238U epithermal capture/>8U
) e ) e thermal capture
3% 0.0987+0.0010 0.0614:+0.0008 #*U epithermal fission/*>U
) T ) e thermal fission
o8 0.0946+0.0041 0.0693+0.0035 238 fission/235U fission
Cc* 0.797+0.008 0.647+0.006 238 capture/235U fission

Thermal cut-off

0.625eV

BNL-19302 (ENDF-202), “Cross Section Evaluation Working Group Benchmark
Specifications”, National Nuclear Data Center, Brookhaven National Lab. (1974).
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TRX1

TRX1 MCNP
1.0 38cm
PHOENIX-P 238
3.4
A9-4 MCNP
ENDEF/B-VI JENDL3.3
D28 1.392 (1.055) 1.348 (1.021)
OB 0.1006 (1.019) 0.0994 (1.007)
o8 0.1024 (1.082) 0.1000 (1.057)
Cc* 0.810 (1.016) 0.809 (1.015)
235,238 JENDL3.3 Preliminary version, C/E
A9-5 PHOENIX-P
ENDF/B-VI (Hot spectrum)
238 238
keff 0.98872 0.99595
P28 1.386 (1.050) 1.338 (1.014)
OB 0.0976  (0.989) 0.0976 _ (0.989)
o8 0.0974 (1.030) 0.0988  (1.044)
Cc* 0.810 (1.016) 0.795 (0.997)
CIE
A9-6 PHOENIX-P
JENDL3.3 (Hot spectrum)
238U 238U
keff 0.99384 0.99952
D28 1.354 (1.026) 1.313 (0.995)
O 0.0954 (0.967) 0.0954 (0.967)
o8 0.0953 (1.007) 0.0950 (1.004)
Cc* 0.804 (1.009) 0.790 (0.991)
235,238 JENDL3.3 Preliminary version, C/E
TRX2
TRX2 MCNP
1.0 39cm
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PHOENIX-P 2381

3.4
A9-7 MCNP
ENDF/B-VI JENDL3.3
28 0.868 (1.037) 0.849 (1.014)
(o Yau 0.0619 (1.008) 0.0611 (0.995)
o8 0.0732  (1.056) 0.0719 (1.038)
Cc* 0.651 (1.006) 0.654 (1.011)
235,238 JENDLS3.3 Preliminary version C/IE
A 9-8 PHOENIX-P
ENDF/B-VI (Hot spectrum)
238U 238U
keff 0.99369 0.99803
P28 0.865 (1.033) 0.840 (1.004)
O 0.0599 (0.976) 0.0599 (0.976)
o8 0.0689 (0.994) 0.0697 (1.006)
Cc* 0.649 (1.003) 0.641 (0.991)
C/IE
A 9-9 PHOENIX-P
JENDL3.3 (Hot spectrum)
238U 238U
keff 0.99622 0.99992
P28 0.853 (1.019) 0.828 (0.989)
O 0.0591 (0.963) 0.0591 (0.963)
o8 0.0682  (0.984) 0.0680 (0.981)
Cc* 0.648 (1.002) 0.639 (0.988)
235,238 JENDL3.3 Preliminary version C/IE
ENDF/B-VI JENDL-3.3 P28
238
TRX1 A9-4 A9-6
JENDL-3.3 2
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| 21:{0) (R,,-'J i }

Cal. _ _Fast ,Fast, _Thermal .Thermal
ij =0 By t0¢i P

Ry

P
i i M/D
o i

o, i M/D

ZL:c)i =1.0
i=1

Fast Thermal
¢i,j ’¢i,jer

Fast Thermal -
Gti 0% I M/D
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e
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1Y c
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(=00 Ty T )
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Baocheng Zhang
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Blackness
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