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Analysis was performed to evaluate prediction accuracy of a neutronics code system for thermal
reactor; the SRAC system with the use of the latest nuclear data library JENDL-3.3 for the U Doppler
effect measured in a uranium fueled core FCA-XXI-1D2 and MOX fueled three cores FCA-XXII-1 series,
where neutron spectra were varied. The results of the analysis with the diffusion theory on the Doppler
effect from 20°C to 800°C showed overestimation by up to +11% for various samples. In relatively soft
neutron spectra, however, the calculated values agreed with the experimental ones within the experimental

" errors.
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Table 1 Characteristics of the XXI-1D2 and XXII-1 series cores

Core name Enrichment(%) Void fraction(%) H/HM?
XXI-1D2 15.2° 80 0.50
XXII-1(45V) 15.8° 45 0.81
XXII-1(65V) 15.8¢ 65 0.52
XXII-1(95V) 15.8¢ 95 0.091

a: Atomic number ratio between hydrogen and heavy metal.
b: 25U enrichment (wt %)

c: Ratio of fissile plutonium to heavy metal ; 2*?*'Pu/HM.

Table2 Doppler sample configuration

Sample Diameter Length Weight

(mm) (mm) U total(g) B8 (g)
U-25¢ 24.8 150.0 1,346.7 1,336.5
U-20 ¢ 20.0 150.0 869.2 863.0
U-15¢ 15.0 150.0 482.6 479.1
U0O,-25¢ 250 150.0 604.8 600.5
U0,-20 ¢ 20.0 150.0 376.7 374.0
UO,-15 ¢ 15.0 150.0 210.6 209.1




Table 3 Results of the Doppler reactivity worth measurement in the XXI-1D2 and XXII-1 series cores®
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Sample Temp.

Doppler reactivity worth (x10°Ak/k)

C) XXI-1D2 XXII-1(45V) XXII-1(65V) XXII-1(95V)
300 2.15 £0.18° 278 £0.20 2,52 £0.14 -1.44 £0.12
U (8%) (7%) (6%) 8%)
25¢ 550 344 £0.16 -4.68 +0.22 4.11 £0.16 247 £0.13
(5%) (5%) (4%) (5%)
800 -4.61 +0.18 6.22 £0.21 -5.46 +0.15 -3.06 +0.13
(4%) (3%) (3%) (4%)
300 -1.47 £0.17 -2.00 +0.14 -1.78 £0.15 -1.06 +0.09
U (12%) (1%) (8%) (8%)
200 550 -2.35 £0.15 -3.32 £0.15 -3.01 £0.15 -1.64 +0.09
(6%) (5%) (5%) (6%)
800 -3.20 £0.16 444 +0.16 -3.89 £0.15 2.10 £0.08
(5%) (4%) (4%) (4%)
300 - -1.23 £0.15 -1.19 £0.19 -
U (12%) (16%)
15 550 - -1.91 £0.16 -1.89 £0.19 -0.86 +0.08
(8%) (10%) (10%)
800 - 2.72 +0.14 2,51 £0.19 -1.15 £0.08
. (5%) (8%) (7%)
300 -1.30 £0.17 -1.84 £0.21 -1.56 +0.14 -0.68 +0.13
Uo, (13%) (11%) (9%) (19%)
25¢ 550 2.02 £0.16 -3.02 +0.20 2,62 £0.15 -1.23 £0.14
(8%) (1%) (6%) (11%)
800 272 £0.16 -4.10 £0.22 342 £0.15 -1.55 £0.13
(6%) (5%) (4%) (8%)
300 -0.88 +0.15 -1.16 £0.14 -1.11 £0.13 -
vo, (17%) (12%) (12%)
200 550 -1.38 £0.15 -1.97 £0.13 -1.72 £0.15 -0.73 £0.09
(11%) (7%) (9%) (12%)
800 -1.87 £0.16 2.71 £0.16 230 £0.13 -1.01 +0.08
(9%) (6%) (6%) (8%)
300 - - - -
Uo,
159 550 - -1.26 +0.11 - -
(9%)
800 - -1.83 £0.12 - -
(7%)

*: Experimental error.

Values in the parentheses are relative error.
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SCR3 Cell (Safety/Control rod)

SUS (1/16)

SUS (1716) EU20(1/8)
NU(1716)
CH (80V) ‘ SUS(1/4)
CH (80V) ETR

EU20 (1/8)

CH(80V) SUS(1/4)
CH (80V) EU20(1/8)
CH (80V)

EU20(1/8) SUs (1/4)
CH(80V) EU20(1/8)
CH(80V) '
CH(80V) SUS(1/4)

EU20(1/8) ELos
CH (80V) SUS(1/4)

80
C:lUEI/XSV) EU20(1/8)
= —
EUS Cell (Driver zone) SB Cell (common to the XXII-1 series cores)
S U/16)
—Ris Na(1/4)
SusS (1/4) DUO,
FU93

SUs (1/4) Na(1/4)

EU20(1/8) DUO,

Sus(1/4)

EU20 (1/8) puo,

SuS (1/4) Na(1/4)

EU93

SUS (1/4) DO,
T ((1‘/1I )) Na(1/4)
SUS /16

Note:

The numbers in the parentheses are thickness of the plates (unit: inch).
EU93: 93% enriched uranium metal, 1/16"; 0.16cm thick
EU20: 20% enriched uranium metal, 1/8"; 0.32cm thick and 1/16"; 0.16cm thick
NU: Natural uranium metal, 1/16"; 0.16cm thick
DUO,: Depleted uranium dioxide, 1/4"; 0.64cm thick
Na: Sodium (stainless steel clad), 1/4"; 0.64cm thick
CH(80V): 80% voided polystyrene, 1/8"; 0.32cm thick
SUS: Stainless steel, 1/4"; 0.64cm thick and 1/16"; 0.16cm thick

Fig. 1 Configurations of each fuel cell in the XXI-1D2 core
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CH(45V)

AL203

W16

Py

AL203

CH(45V)

DUO,

CH (45V)

AL203

NU{E/ 16}

fu

SUS

AL203

CH(45V)

bug,

CH(45V)

AL203

Py

N{I/16)

AL203

CH(45V)

SCR4 Cell (Safety/Control rod & Fine rod)

SUS

CH2

{0EK)

c(1/8)
2

£ug3

[£174

case)

C(1716)

CH2

£us3

CH2

G2

o2

a2

EU83

CH2
£(1/16)

c(1/8)
o

£U83

Oz

C(1/8)
THZ

EVe3

oH2

Note:

Sus

‘EUD Cell (Driver zone)

c(/4)

NU(1/8)

G116}

c(/8)

NU(1/8)

ca/4)

FUs3

C(1/4)

NU(1/8)

C(1/8)

C(116)

NU(1/8)

ca/4

The numbers in the parentheses are thickness of the plates (unit: inch).

Pu: Alloy of 92% fissile plutonium metal and aluminum (stainless steel clad), 1/16"; 0.16¢m thick

EU93: 93% enriched uranium metal, 1/16"; 0.16¢cm thick

NU: Natural uranium metal, 1/8"; 0.32cm thick and 1/16"; 0.16cm thick
DUO,: Depleted uranium dioxide, 1/4"; 0.64cm thick

CH(45V): 45% voided polystyrene, 1/8"; 0.32cm thick

CH2: Polyethylene, 1/16"; 0.16cm thick

C: Carbon (graphite), 1/4"; 0.64cm thick, 1/8"; 0.32cm thick and 1/16"; 0.16¢m thick

AL203: Aluminum oxide, 1/16"; 0.16cm thick
SUS: Stainless steel, 1/32"; 0.08cm thick

Fig.2 Configurations of each fuel cell in the XXII-1(45V) core
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HU2NUAC Cell (Driver zone)

CH (65V) C(1/8)
RO/ NU (1/8)
i CC((]%)

CH (65V) Fi53
Duo, C(1/4)

CH (85V) NU(1/8)
AL203
NU(:)éTG) C (1/4)
AL203

CH (65V) NU(1/8)
Duo, ca/4)

CH (65V £
A(L203 ) C (1 / 8)

Pu C(1/16)

oy NU (1/8)
CH(65V) C(1/8)
SCR2 Cell (Safety/Control rod & Fine rod)

C(1/8)

EU93
C(1/4)

EU93

cQa/4
EU93
CH2
cH2
CH2
CH2
CH2
EU93

cQ/4)

EU93

c(/4)
EU33

C(1/8)

Note:

The numbers in the parentheses are thickness of the plates (unit: inch).

Pu: Alloy of 92% fissile plutonium metal and aluminum (stainless steel clad), 1/16"; 0.16cm thick

EU93: 93% enriched uranium metal, 1/16"; 0.16cm thick

NU: Natural uranium metal, 1/8"; 0.32cm thick and 1/16"; 0.16cm thick
DUO,: Depleted uranium dioxide, 1/4"; 0.64cm thick

CH(65V): 65% voided polystyrene, 1/8"; 0.32cm thick

CH2: Polyethylene, 1/16"; 0.16cm thick

C: Carbon (graphite), 1/4"; 0.64cm thick, 1/8"; 0.32cm thick and 1/16"; 0.16¢m thick

AL203: Aluminum oxide, 1/16"; 0.16cm thick
SUS: Stainless steel, 1/16"; 0.16cm thick

Fig.3 Configurations of each fuel cell in the XXII-1(65V) core
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T16CHI5 Cell (Test zone) EUD2 Cel!l (Driver zone)
GH (95V
A(L203 ) C (1 /4)
KU (1/16)

o EU20(1/8)
CH (95V) ca/a)
puo, i

C(1/8
CH(95Y) EU20(£16))
AL203
NU(;:IG) C (1/4)
AL203
E0201/16)
CH(95V) c(1/8)
DUOZ EU93
CH(95V) ca/4)
$et EU20(1/8)
RU(1/16)
AL203
CH (95V) ca/4)
SCR5 Cell (Safety/Control rod) FR Cell (Fine rod)
C (-‘ /8) C(1/16)
EU93 C (}/4)
C (1/4) EN93
EU93 C (]/4)
C (1 /4) EU93
EUS3
IR c(/4)
Sus NN
G(1/8
(EU9/3 ) cQ/4)
C (1/4) £U93
EU93 C (1/4)
0(1/4) EU93
53 : C(1/4)
C (1/8) C{1/16)
Note:

The numbers in the parentheses are thickness of the plates (unit: inch).

Pu: Alloy of 92% fissile plutonium metal and aluminum (stainless steel clad), 1/16"; 0.16cm thick
EU93: 93% enriched uranium metal, 1/16"; 0.16cm thick

EU20: 20% enriched uranium metal, 1/8"; 0.32cm thick and 1/16"; 0.16cm thick

NU: Natural uranium metal, 1/16"; 0.16¢m thick

DUO,: Depleted uranium dioxide, 1/4"; 0.64cm thick

Al1203: Aluminum oxide, 1/16"; 0.16cm thick

CH(95V): 95% voided polystyrene, 1/8"; 0.32cm thick

C: Carbon (graphite), 1/4"; 0.64cm thick, 1/8"; 0.32cm thick and 1/16"; 0.16¢cm thick

SUS: Stainless steel, 1/16"; 0.16cm thick

Fig.4 Configurations of each fuel cell in the XXII-1(95V) core
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Fig. 5 Horizontal cross sections of the XX1-1D2 core
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MOMEEIZH 5, EEFEEZEDNZ v 800°C Tk, ERRIRZE O ZH 2 TR/ & 72 > 7,
PEACO % A\ 72 B4 TId C/EfEIZ 0.97~1.12 LB KRS OMEm & 2 b, Fic, BAERSIROK
v U25 ¢>47“/7‘M:o»>fai%sﬁ%&%@@ﬁ@%ﬁifiﬁﬂi}z{ﬁk ol
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Table 4 Results of the SRAC analysis on the Doppler reactivity worth

C/E value

Sample T XXI-1D2 XXII-1(45V) XXII-1(65V) XXII-1(95V)
(C) _ fable® PEACO® f-able PEACO  f-able PEACO  fiable PEACO
500 096 1.02 1.04 1.11 0.99 1.05 1.09 1.13
@8%)°  @8%)  @T%) %) (%) (6% @8%) - (8%)
U g 097 1.05 1.00 1.07 0.9 1.06 1.00 1.04
25¢ @%)  @S% &% &% @4%)  @%) % (#5%)
g0 094 1.02 0.98 1.06 0.98 1.05 1.03 1.08
A% (%) ($3%) 3% @3%)  (@3%) (%) | (+4%)
s00 094 1.02 0.9 1.06 0.96 1.02 0.98 1.02
@12%)  *12%)  @T%) &%) @8%)  (8%)  (8%)  (x8%)
U ssog 095 1.05 0.96 1.05 0.92 1.00 1.00 1.04
209 @6%) (6%  @E%)  (=S% %) @S% (@6%)  (6%)
g0 091 1.01 0.94 1.03 0.94 1.01 1.00 1.05
&5%).... (E5%) . (EA%). . (EA%) . (HA%)  (+4A%)  (xA%)  (+4%)
300 ) ) 0.97 1.06 0.86 0.93 ) ]

®12%)  @&12%) (£16%)  (£16%)
U 550 ) ) 1.02 1.12 0.88 0.96 1.09 116
15¢ #8%)  (#8%)  (*10%) (x10%) (x10%)  (£10%)
200 ) ) 0.93 1.03 0.87 0.96 1.04 1.11
*5%).... (x5%)  (+8%)  (+8%)  (x7%) . (x1%)
s00 089 1.00 0.97 1.05 0.96 1.03 1.16 1.22
*13%)  *13%)  11%)  (#11%)  #9%)  @9%)  (*19%)  (£19%)
U0 o, 093 1.07 0.97 1.06 0.93 1.02 1.01 1.08
25¢ #B%)  @8%) %) &%) (6% (6% (#11%)  (£11%)
g0 091 1.05 0.94 1.03 0.94 1.03 103 110
6%, (26%).  (E5%). .. &%) . (HA%) . (£4%)  (8%) (x8%)
s00 086 0.98 1.04 1.12 0.89 0.96 ) )

&17%)  (17%)  (#12%)  (12%)  (*12%)  (£12%)
U0 o 089 1.04 1.00 1.10 0.95 1.04 1.09 1.17
209 &%) @11%)  @%) @%  @#9%)  @9%)  (&12%)  (&12%)
o0 086 1.02 0.96 1.06 0.94 1.03 1.01 1.09
(0%). _ (29%)  (£6%) . (£6%) .  (+6%) (+6%)  (x8%) (x8%)
550 ) ) 0.96 1.06 ) ) B )

U0, *9%)  (*9%)
150 g0 ) ) 0.87 0.97 ) ) ) )
7% #7%)

a) Effective cross sections calculated by the f-table method were used.

b) Effective cross sections calculated by the PEACO routine were used.

¢) Values in the parentheses are experimental error (relative error).
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Table 5 Effect of the ultra-fine energy group calculation on the Doppler

reactivity worth -

Sample T P/f value®
C) XXI-1D2  XXI-1(45V) XXII-1(65V) XXII-1(95V)
300 1.07 1.07 1.08 1.04
. U-25¢ 550 1.08 1.08 1.09 1.04
800 1.09 1.08 1.10 1.04
300 1.08 1.07 1.10 1.04
U-20¢ 550 1.10 1.08 1.11 1.05
800 1.11 1.09 1.11 1.05
300 - 1.08 1.13 -
U-15¢ 550 - 1.10 1.14 1.06
800 - 1.11 1.15 1.06
300 1.12 1.08 1.12 1.05
U0,-25¢ 550 1.14 1.10 1.14 1.06
800 1.15 1.10 1.15 1.07
300 1.15 1.08 1.14 -
U0,-20¢p 550 1.18 1.10 1.17 1.07
800 1.19 1.11 1.18 1.08
UO,-15¢ 550 - NI - -
800 - 1.12 - ' -

a) Ratio of the Doppler reactivity worth between PEACO and f-table.

Table 6 Results of the analysis on the Pu sample reactivity worth*

Experiment Experiment Calculation
(oo (X 10*Ak/k) (X 10*Ak/k) C/E
XXII-1(45V) 1.607+0.012° 6.82+0.07(1.0%)° 6.83 1.00
XXII-1(65V) 1.222+0.011 6.04+0.07(1.2%) 6.19 1.02
XXII-1(95V) 0.911+0.010 4.81+0.06(1.3%) 5.13 1.07

a) Unit of the standard reactivity worth depending on the cores;
XXII-1(45V): 1 ( p 0)=4.24%0.03( X 10*Ak/k), XXIT-1(65V): 1 ( p 0)=4.94£0.04( X 10*Ak/k),
XXII-1(95V): 1 ( p )=5.2820.04( X 10*Ak/k).

b) Experimental error.  Values in the parentheses are relative error.

+PuBi*3 MR PR VICIEAL 7B OGEMM & UCllE L, ik, 235G ¢
JAEA-Research & L TABTE,
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Fig. 11 RZ model of the XXII-1(45V) core
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Fig. 14 The C/E values of the Doppler reactivity worth for each Doppler sample in the XXI-1D2 core
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Fig. 15 The C/E values of the Doppler reactivity worth for each Doppler sample in the XXII-1(45V) core
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Fig. 17 The C/E values of the Doppler reactivity worth for each Doppler sample in the XXII-1(95V) core
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Fig. 18 Comparison of energy breakdown of Doppler reactivity worth in the XXI-1D2 core between
f-table and PEACO (U-25 ¢ sample:20—800°C)
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Fig. 19  Comparison of energy breakdown of Doppler reactivity worth in the XXII-1(45V) core between
f-table and PEACO (U-25 ¢ sample:20—800°C)
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Fig. 20  Comparison of energy breakdown of Doppler reactivity worth in the XXII-1(65V) core between
f-table and PEACO (U-25 ¢ sample:20—800°C)
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Fig.21  Comparison of energy breakdown of Doppler reactivity worth in the XXII-1(95V) core between
f-table and PEACO (U-25 ¢ sample:20—800°C)
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Fig. 22  Comparison of energy breakdown of Doppler reactivity worth in the XXI-1D2 core between
f-table and PEACO (UO,-25 @ sample:20—800°C)
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Fig. 23  Comparison of energy breakdown of Doppler reactivity worth in the XXII-1(45V) core between
f-table and PEACO (U0,-25 @ sample:20—800°C)
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Fig. 24  Comparison of energy breakdown of Doppler reactivity worth in the XXII-1(65V) core between
f-table and PEACO (UO,-25 ¢ sample:20—800°C)
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Fig. 25  Comparison of energy breakdown of Doppler reactivity worth in the XXII-1(95V) core between
f-table and PEACO (UO,-25 ¢ sample:20—800°C)
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Fig. 26  Comparison of change of macroscopic effective cross sections by temperature change between

f-table and PEACO in the XXII-1(65V) core (U-25 ¢ sample: 20—800°C)
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Fig. 27  Comparison of change of macroscopic effective cross sections by temperature change between
f-table and PEACO in the XXII-1(65V) core (UO,-25 ¢ sample: 20—800°C)
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PHOENIX-P code based on the ENDF/B-V1.3 70 group library

Table A-1 Results of the analysis on the Doppler reactivity worth in the FCA cores obtained with the

Sample Tem(}zecr:ture XX1-1D2 XXII-1(45V) XXII-1(65V)
300 0.95 (£8%)" 1.03 (+8%) 0.99 (+6%)
U-25¢ 550 0.98 (£5%) 1.02 (£5%) 1.00 (+4%)
800 0.96 (+4%) 1.01 (£3%) 1.00 (+3%)
300 0.95 (+12%) 1.00 (£7%) 0.97 (+8%)
U-20¢ 550 0.98 (+6%) 1.01 (£5%) 0.95 (£5%)
800 0.95 (+5%) 1.01 (+4%) 0.97 (+4%)
300 1.01 (£12%) 0.88 (£16%)
U-15¢ 550 1.10 (28%) 0.92 (£10%)
800 1.02 (£5%) 0.92 (+8%)
300 0.98 (+13%) 1.03 (£11%) 1.03 (+9%)
U0,-25¢ 550 1.05 (+8%) 1.05 (£7%) 1.02 (£6%)
800 0.99 (+6%) 1.04 (£5%) 1.04 (+4%)
300 0.98 (+17%) 1.09 (+12%) 0.97 (+12%)
U0,-20¢ 550 1.04 (x11%) 1.08 (£7%) 1.05 (£9%)
\ 800 1.02 (£9%) 1.05 (+6%) 1.04 (+6%)
300
U0,-15¢ 550 1.07 (+9%)
800 0.98 (£7%)

*) Experimental error (relative error).

Table A-2 Specifications of the benchmark calculations for the comparison of the Doppler reactivity

worth between the SRAC(PEACO) and PHOENIX-P codes (X 10**atom/cm?®)

XXII-1(65V) 65y B8y 150
Test01 3.35x10™ 8.00x102 -—
Test02 . 3.35x10* 6.00x10
U-25¢ 3.35x10* 4.59x107? ---
Test03 3.35x10* 3.74x107? . —
Test04 1.53x10* 3.74x10? 4.15 x10?
Test05 1.53x10* 2.90x107? 4.15 x10?

U0,-25¢ 1.53x10™* 2.06x10? 4.15 x10?
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Table A-3 Comparison of the Doppler reactivity worth between the SRAC(PEACO) and PHOENIX-P

codes
Background 't Temperature
XXII-1(65V) ) PHOENIX-P/SRAC
Cross-section (b) for 28U (°C)
300 0.89
Test01
22 550 0.90
(Metal)
800 0.90
300 0.92
Test02
29 550 0.92
(Metal)
800 0.93
300 0.94
U-25¢ .
38 550 0.94
(Metal)
800 0.95
300 0.96
Test03
46 550 0.96
(Metal)
800 0.97
300 0.96
Test04
47 550 0.96
(Oxide)
800 0.97
300 0.98
Test05 :
. 60 550 0.98
(Oxide)
800 0.98
300 1.00
U0250 85 550 1.00
(Oxide) ’
800 1.00

Table A-4 Comparison of the Doppler reactivity worth between JENDL3.2 and ENDF/B-V1.3

. Temperature PHOENIX-P PHOENIX-P SRAC
Experiment .
) ENDF/B-VI.3 JENDL3.2 JENDL3.2
300 0.95 0.99 1.02
U 20¢ 500 0.98 1.03 1.05
800 0.95 1.00 ‘ 1.01
XXI-1D2
300 0.98 1.00 0.99
U0, 20¢ 500 1.04 1.06 1.06
800 1.01 1.04 1.03

*:The minimum background cross-section for 2**U tabulated in the JENDL3.2 library is smaller than

the ENDF/B-V1.3 base library by 2.25(b).



