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The Effects of Impurity Composition and Concentration in Reactor Structure
Material on Neutron Activation Inventory in Pressurized Water Reactor
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The neutron activation inventories in reactor vessel and its internals, and bio-shield of a PWR nuclear power plant were calculated
to evaluate the effect of impurity elements contained in the structural materials on the activation inventory. Carbon steel is, in this
work, used as the reactor vessel material, stainless steel as the reactor vessel internals, and ordinary concrete as the bio-shield. For
stainless steel and carbon steel, one kind of impurity concentration was employed, and for ordinary concrete five kinds were em-
ployed in this study using MCNP5 and FISPACT for the calculation of neutron flux and activation inventory, respectively. As the
results, specific activities for the cases with impurity elements were calculated to be more than twice than those for the cases without
impurity elements in stainless and carbon steel. Especially, the specific activity for the concrete material with impurity elements was
calculated to be 30 times higher than that without impurity. Neutron induced reactions and activation inventories in each material
were also investigated, and it is noted that major radioactive nuclide in steel material is Co-60 from cobalt impurity element, and,
in concrete material, Co-60 and Eu-152 from cobalt and europium impurity elements, respectively. The results of this study can be
used for nuclear decommissioning plan during activation inventory assessment and regulation, and it is expected to be used as a

reference in the design phase of nuclear power plant, considering the decommissioning of nuclear power plants or nuclear facilities.
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Fig. 1. MCNP/FISPAT computational code system.
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Fig. 2. MCNP modeling for calculation of neutron flux and energy spectrum.

Table 1. Classification standard of radioactivity waste in Korea

Waste Level Waste Level
. T]/z >20 y or
“Z IS%: (IIJ;I\‘]\e’\ll) Specific activity for alpha > 4000 Bqg/g or
Heat generation > 2 kW/m?
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. >
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Low Level n
Waste (LLW) 2 CW > 100and Y1 p, <!
Very Low Level 1< n A < 100
Waste (VLLW) Zl 1 CW;
Clearance n A
Waste (CW) 2t ow, <!

Ai: Specific activity of isotope i(Bq/g)
LD;: The radioactivity limit of LLW disposal(Bq/g)
CWi: The radioactivity limit of clearance waste (Bq/g)

Table 2. Neutron flux at the reactor components

Component Neutron flux(#/cm?-s)
Barrel 2.60E+13
Vessel 4.74E+11

Bio-shield 1.03E+07
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Fig. 3. 69-group neutron energy spectra at the reactor components.
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Table 3. Barrel composition (SS-304)

Element weight fraction Element weight fraction Element weight fraction

Cr 18.40 % Cu 3080.00 ppm Ba 500.00 ppm
Mn 1.53% Zn 457.00 ppm La 0.20 ppm
Fe 70.60 % Ga 129.00 ppm Ce 371.00 ppm
Ni 10.00 % As 194.00 ppm Sm 0.10 ppm
Li 0.13 ppm Se 35.00 ppm Eu 0.02 ppm

N 452.00 ppm Br 2.00 ppm Tb 0.47 ppm
Na 9.70 ppm Rb 10.00 ppm Dy 1.00 ppm
Al 100.00 ppm Sr 0.20 ppm Ho 1.00 ppm
Cl 70.00 ppm Y 5.00 ppm Yb 2.00 ppm

K 3.00 ppm Zr 10.00 ppm Lu 0.80 ppm
Ca 19.00 ppm Nb 89.00 ppm Hf 2.00 ppm
Sc 0.03 ppm Mo 2600.00 ppm W 186.00 ppm
Ti 600.00 ppm Ag 2.00 ppm Pb 67.00 ppm
\% 456.00 ppm Sb 12.30 ppm Th 1.00 ppm
Co 2214.00 ppm Cs 0.30 ppm u 2.00 ppm
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Table 4. Radioactive waste level of barrel with and without impurities
Without impurities With impurities
Nuclide
A LD, CW; A,./LD; A/ CW; A LD, CW; A,./LD; A/ CW;
Ni-63 3.10E+08  1.11E+07 100 2.79E+01  3.10E+06 | 3.10E+08  1.11E+07 100 2.79E+01  3.10E+06
Fe-55 2.66E+08 - 1000 - 2.66E+05 | 2.66E+08 - 1000 - 2.66E+05
Co-60 | 5.56E+06  3.70E+07 0.1 1.50E-01  5.56E+07 | 1.03E+09  3.70E+07 0.1 2.78E+01  1.03E+10
Ni-59 2.58E+06  7.40E+04 100 349E+01  2.58E+04 | 2.58E+06  7.40E+04 100 349E+01  2.58E+04
H-3 1.19E-01  1.11E+06 100 1.07E-07  1.19E-03 4.73ES 1.11E+06 100 426E-01  4.73E+03
C-14 0 - 1 - 0.00E+00 4.73E5 - 1 - 4.73E+05
Nb-93m 0 - 10 - 0.00E+00 2.52E5 - 10 - 2.52E+04
Xe-135 0 - - - - 8.69E4 - - - -
I-134 0 - 10 - 0.00E+00 8.38E4 - 10 - 8.38E+03
Total 6.29E+01  5.90E+07 9.11E+01  1.03E+10
Table 5. Composition of the reactor vessel
Element weight fraction Element weight fraction Element weight fraction
Cr 0.17 % Zn 100.00 ppm Ce 1.00 ppm
Mn 1.02 % Ga 80.00 ppm Sm 0.02 ppm
Fe 98.00 % As 532.00 ppm Eu 0.03 ppm
Ni 0.66 % Se 0.70 ppm Tb 0.45 ppm
Li 0.30 ppm Br 0.85 ppm Dy - ppm
N 84.00 ppm Rb 48.00 ppm Ho 0.80 ppm
Na 23.00 ppm Sr 0.15 ppm Yb 1.00 ppm
Al 330.00 ppm Y 20.00 ppm Lu 0.20 ppm
Cl 40.00 ppm Zr 10.00 ppm Hf 0.21 ppm
K 12.00 ppm Nb 18.80 ppm Ta 0.13 ppm
Ca 14.00 ppm Mo 0.56 % W 5.50 ppm
Sc 0.26 ppm Ag 2.00 ppm Pb 820.00 ppm
Ti 2.00 ppm Sb 11.00 ppm Th 0.18 ppm
A% 80.00 ppm Cs 0.20 ppm u 0.20 ppm
Co 122.00 ppm Ba 273.00 ppm
Cu 1274.00 ppm La 0.10 ppm
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Table 6. Radioactive waste level of reactor vessel with and without impurities

Without impurities With impurities

Nuclide
A LD, CwW; A,/LD; A/ CW; A LD; Cw; Ai/LD; A/ CW;
Fe-55 3.63E+06 - 1000 - 3.63E+03 | 3.63E+06 - 1000 - 3.63E+03
Ni-63 1.93E+05  1.11E+07 100 1.74E-02 1.93E+03 | 2.07E+05  1.11E+07 100 1.86E-02  2.07E+03
Ni-59 1.86E+03  7.40E+04 100 2.51E-02  1.86E+01 | 1.86E+03  7.40E+04 100 2.51E-02  1.86E+01
Co-60 1.07E+03  3.70E+07 0.1 2.89E-05  1.07E+04 | 7.80E+06  3.70E+07 0.1 2.11E-01  7.80E+07
Mn-54 5.35E+02 - 0.1 - 5.35E+03 | 5.35E+02 - 0.1 - 5.35E+03
H-3 1.89E-07 1.11E+06 100 1.70E-13 1.89E-09 | 2.76E+05  1.11E+06 100 249E-01  2.76E+03
Eu-152 0 - 0.1 - 0.00E+00 | 3.62E+04 - 0.1 - 3.62E+05
Nb-93m 0 - 10 - 0.00E+00 | 8.97E+03 - 10 - 8.97E+02
C-14 0 - 1 - 0.00E+00 | 8.08E+03 - 1 - 8.08E+03
Total 425E-02  2.16E+04 5.03E-01  7.84E+07
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Table 7. Composition of the bio concrete without impurity e BF A 7|oert 7t 2 Ao 2 YriEgou, B
Element weight fraction TE ARE A8 Aol Eu-152, Eu-154, Co-605°] ¥
H 0.55 % A7 E B Al T2 7] o8k A2 FIE AT A
R s Fae)E Yol 2R A6 Bege 2 44~
9k barn] vlj-9- Z A HAE ZH= Fu-1513 Fu-1539] &
1 0,
o 37 237} 23 0 2 918 A EE Fu-152, Fu-154 A7) 222
Ca 826 % Eof aks 8% A Bk A S17)E BRel b 2 o
Na 1.70 % Fs T dFoltt
Mg 0.26 % Bt A, EeES 283 ;‘] 2e ALk AR
. rsso, A% 2971 A OH, BEES AT BE Aol
A Az AVlER 417}H°*‘1} 53], FaAsBE 24
S 0.13 %
’ & AL Al 71 AL % Aol 2A AldkElom,
K L1 of Wl B<pEol REIH A ) HEARs 30u,
Fe 1.23 % 1 B 50,0008 2 AT Bolw gt
Table 8. Concrete impurity concentration
Concentration of impurity[ppm]
Impurity nuclides Reaction
Ref.[5] Ref.[6] Ref.[7] Ref.[8] Ref,[1]
Li-6 (n, 0)H-3 - - - 20.00 20.00
Co-59 (n, y)Co-60 3.92 10.00 2.20 10.00 9.80
Ni-58 (n, p)Co-58 - - - 30.00 25.84
Ni-62 (n, Y)Ni-63 - - 2.20 - 1.38
Cs-133 (n, y)Cs-134 1.20 1.20 0.03 1.20 1.30
Eu-151 (n, y)Eu-152 0.0019
0.17 0.80 I — 1.00 0.55
Eu-153 (n, y)Eu-154 0.0019
Table 9. Results of the activation analysis
Item No impurity Ref.[5] Ref.[6] Ref[7] Ref.[8] Ref[1]
Speczgcq/"‘gc)“‘”ty 3.99E+02 2.44E+03 8.62E+03 5.12E+02 1.27E+04 8.14E+03
Major nuclide of C-14 Eu-152 Eu-152 Co-60 Eu-152 Eu-152
waste level
n
A1
> 2 20,275 82,143 1,032 101,548 57,969
-1 CW;
Waste Level VLLW LLW LLW LLW LLW LLW
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