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1 2 3 4 5 6
element 3707 3708 3709 3710 3711 3712
Mix01 Mix02 Mix03 Mix04 Mix05 Mix06

Con Un Con Un Con Un Con Un Con Un Con Un
Al | Dg/g 40880 954 53746 1273 55148 1307 8263 188 9577 218 14129 323
As | lg/g 5.21 0.1
Ba | [g/g 252 15 358 21 147 9 167 10 162 10 73.4 4.6
Ca | Ug/g 31276 1229 137882 4550 130802 3867 277270 7899 107595 3341 101941 3197
Ce | lg/g 60 2 120 4 60 2 6.41 0.2 7.01 0.23 10.3 2.5
Co | lg/g 17.1 0.5 97 3 44 1 7.81 0.23 80.7 2.4 83 2.5
Cr | Ug/g 300 19 133.3 8.2 567 35 52.7 33 1982 122 3591 221
Cs | Ug/g 0.78 0.04 0.57 0.05 0.24 0.03 1 0.01 0.13 0.02 1.12 0.33
Eu | Ug/g 1.2 0.08 4.09 0.25 1.97 0.12 0.24 0.02 0.19 0.01 0.3 0.02
Fe | llg/g 31432 922 226292 6633 104692 3068 10520 309 45884 1345 52718 1546
Hf | Dg/g 1.91 0.04 12 0 6.62 0.14 0.54 0.01 0.52 0.02 0.69 0.02
La | [g/g 25.9 0.3 42.12 0.45 21.94 0.23 3.02 0.03 4.66 0.05
Lu | Ug/g 0.12 0.01 0.8 0.1 0.27 0.02
Mg | lg/g 10743 309 10771 271 16579 407 46199 1314 84265 1801 79010 1688
Mn | [lg/g 872 16 559 7 749 12 202 5 686 9 888 12
Na | lg/g 10177 126 1329 16 1667 21 2303 29
Nb | [g/g 5.71 0.49 40 3 23 1.5 2.5 0.2 3.35 0.33
Nd | Ug/g 22.4 1.4 67 4 32.9 2.1
Ni | [g/g 90 12 184 25 119 16 50.8 6.8 1532 202 1449 191
Rb | [g/g 20.4 0.6 12.5 0.6 7.87 0.38 2.82 0.12
Sb | Ug/g 2.42 0.1 0.67 0.04 0.27 0.02 0.08 0.01 0.11 0.02
Sc | [g/g 10.4 0.4 17.13 0.64 10.1 0.4 2.29 0.09 9.16 0.34 12.77 0.48
Sm | [g/g 4.45 0.09 11 0.22 5.71 0.12 0.74 0.02 0.89 0.02
Sr | lg/g 459 25 1744.9 94.4 675 37 195 11 188 11
Ta | Ug/g 0.49 0.04 5.3 0.4 2.67 0.2 0.18 0.01 0.19 0.02 0.42 0.03




Tb | lg/g 0.44 0.05 2.23 0.23 1.04 0.11 0.11 0.01 0.09 0.01 0.07 0.02
Th | Og/g 2.7 0.11 7.59 0.3 3.75 0.15 0.46 0.02 0.54 0.02 0.63 0.03
Ti | Og/g 2475 138 18400 660 20780 629 1049 93 764 155 2196 138
U | Oglg 1.62 0.1 5.72 0.36 2.7 0.17 1.15 0.07 0.81 0.05

Yb | [g/g 1.27 0.06 8.73 0.39 3.96 0.18 0.27 0.01 0.4 0.02 0.56 0.04
Zn | lg/g 54.9 1.3 73.7 1.9 39.4 1.2 41.53 0.93

Zr | Ug/g 78.5 8.4 545 28 284 15 36.07 3.12
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Fe, Na, K, Mg, Ba, S, Cl, P <1%
Ti, Mn, Ni, Co < 0.1%
In, Dy, Li <0.01 %
Cd, Eu, Sm <0.001 %
B, Gd <0.00001 %
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Mix 01 Mix02 Mix 03
Fe | % 3.1432 Fe | % 22.6292 Fe | % 10.4692
Mg | % 1.0743 Mg | % 1.0771 Mg | % 1.6579
Mn | % 0.0872 Sm | % 0.0011 Ti | % 2.078
Na | % 1.0177 Ti | % 1.84
Ti | % 0.2475

Mix 04 Mix 05 Mix 06
Fe | % 1.052 Fe | % 4.5884 Fe | % 5.2718
Mg | % 4.6199 Mg | % 8.4265 Mg | % 7.901
Ti | % 0.1049 Ni | % 0.1532 Ni | % 0.1449

Ti | % 0.2196
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Mix01 Mix02 Mix03 Mix04 Mix05 Mix06
Activity Un Activity Un Activity Un Activity Un Activity Un Activity Un
As-76 33223 63.8 0 0.0E+00 0 0 0 0 0 0 0 0
Ba-131 2333.7 139 33153 | 1.9E+02 1361.3 83.345 | 1546.5 92.6 1500.2 | 92.606 | 679.73 | 42.599
B-133 15.074 0.9 21.414 | 1.3E+00 8.7929 0.5383 | 9.9892 0.6 9.6901 | 0.5982 | 4.3905 | 0.2752
Ba-135m 1164.9 69.3 1654.9 | 9.7E+01 679.52 41.603 | 771.97 46.2 748.86 | 46.226 | 3393 21.264
Ca-47 58.463 23 257.74 | 8.5E+00 244.5 7.2284 | 518.29 14.8 201.12 | 6.2452 | 190.55 5.976
Ce-137 1.3929 0.05 2.7859 | 9.3E-02 1.3929 0.0464 | 0.1488 0 0.1627 | 0.0053 | 0.2391 0.058
Ce-137m 82.947 2.76 165.89 | 5.5E+00 82.947 2.7649 | 8.8616 0.28 9.691 0.318 14.239 | 3.4561
Ce-139 8.4477 0.28 16.895 | 5.6E-01 8.4477 0.2816 | 0.9025 0.03 0.987 | 0.0324 | 1.4502 | 0.352
Ce-141 1151.5 384 2303 7.7E+01 1151.5 38.384 | 123.02 3.84 134.54 | 44142 | 197.68 | 47.98
Ce-143 78.772 2.63 157.54 | 5.3E+00 78.772 2.6257 | 8.4155 0.26 9.2032 | 0.302 13.522 | 3.2822
Co-60 135513 3962 768700 | 2.4E+04 348689 7924.7 | 61892 1823 | 639527 | 19019 | 657753 | 19812
Cr-51 14029 889 6233.5 | 3.8E+02 26515 1636.7 | 2464.4 154 92685 | 5705.1 | 167927 | 10335
Cs-134 13846 710 10118 | 8.9E+02 4260.3 532.54 17751 178 2307.7 | 355.03 | 19881 | 5857.9
Eu-152 140740 9383 479688 | 2.9E+04 231048 14074 28148 2346 22284 | 1172.8 | 35185 | 2345.7
Eu-154 43585 2906 148553 | 9.1E+03 71552 4358.5 8717 726 6901 363.21 10896 | 726.42
Fe-59 12307 361 88602 | 2.6E+03 40991 1201.2 4119 121 17965 | 526.62 | 20641 | 605.32
Hf-175 50.207 1.05 315.44 | 0.0E+00 174.02 3.6801 14.195 0.26 13.669 | 0.5257 | 18.138 | 0.5257
La-140 4036.8 46.8 6564.9 | 7.0E+01 3419.6 35.848 470.7 4.68 726.32 | 7.7931 0 0
Lu-177 107.3 8.94 715.31 | 8.9E+01 241.42 17.883 0 0 0 0 0 0
Na-24 33595 416 0 0.0E+00 4387.1 52.816 | 5502.8 69.3 7602.3 95.73 0 0
Nd-147 400.24 25 1197.2 | 7.1E+01 587.86 37.523 0 0 0 0 0 0
Nd-147 2E-10 0 5E-10 | 2.9E-11 2E-10 2E-11 0 0 0 0 0 0
Ni-65 3E-07 0 SE-07 7.0E-08 3E-07 4E-08 1E-07 0 4E-06 6E-07 4E-06 SE-07
Rb-86 6867.9 202 4208.3 | 2.0E+02 2649.5 127.93 | 949.39 40.4 0 0 0 0
Sb-122 6698.5 277 1854.6 | 1.1E+02 747.36 55.36 221.44 27.7 304.48 | 55.36 0 0
Sb-124 5788 239 1602.5 | 9.6E+01 645.77 47.835 | 191.34 23.9 263.09 | 47.835 0 0
Sc-46 18915 728 31155 | 1.2E+03 18370 727.51 4165 164 16660 | 618.38 | 23226 | 873.01
Sm-145 0.4014 0.01 0.9923 | 2.0E-02 0.5151 0.0108 | 0.0668 0 0.0803 | 0.0018 0 0
Sm-153 51074 1033 126251 | 2.5E+03 65536 1377.3 | 84933 230 10215 | 229.55 0 0
Sr-85 1643.7 89.5 6248.5 | 3.4E+02 2417.2 132.5 698.3 39.4 673.23 | 39.391 0 0
Sr-89 0.0002 0 0.0008 | 4.1E-05 0.0003 2E-05 8E-05 0 8E-05 5E-06 0 0
Sr-89 1508.3 82.2 5733.8 | 3.1E+02 2218.1 121.58 | 640.77 36.1 617.77 | 36.146 0 0
Ta-182 10903 890 117935 | 8.9E+03 59413 44504 | 4005.3 223 4227.9 | 445.04 | 9345.8 | 667.56
Tb-160 6937.6 788 35161 | 3.6E+03 16398 1734.4 | 17344 158 1419 157.67 | 1103.7 | 315.34




Yb-169 1738.8 82.1 11952 | 5.3E+02 5421.7 246.44 | 369.66 13.7 547.64 | 27.382 | 766.7 | 54.764
Yb-175 610.21 28.8 4194.6 | 1.9E+02 1902.7 86.486 | 129.73 4.8 192.19 | 9.6096 | 269.07 | 19.219
Zn-65 1437.5 34 1929.7 | 5.0E+01 1031.6 3142 1087.4 | 244 0 0 0 0
Zr-95 246.26 26.4 1709.7 | 8.8E+01 890.92 47.056 | 113.15 9.79 0 0 0 0
Zr-97 36.951 3.95 256.54 | 1.3E+01 133.68 7.0607 | 16.979 1.47 0 0 0 0
Zr-97 36.951 3.95 256.54 | 1.3E+01 133.68 7.0607 | 16.979 1.47 0 0 0 0
Jolial) s (e Al 3ay (& 5l Slady) Tl
Mix01 Mix02 Mix03 Mix04 Mix05 Mix06
Activity Un Activity Un Activity Un Activity Un Activity Un Activity Un
As-76 1.43E-96 3E-98 0 0.0E+00 0 0 0 0 0 0 0 0
Ba-131 1.36E-06 8E-08 2E-06 1.1E-07 | 7.924E-07 SE-08 9E-07 5E-08 9E-07 5E-08 4E-07 | 2E-08
B-133 8.82E-67 5E-68 1E-66 | 7.4E-68 | 5.147E-67 3E-68 6E-67 4E-68 6E-67 4E-68 3E-67 | 2E-68
Ba-135m | 8.69E-89 5E-90 1E-88 | 7.2E-90 | 5.071E-89 3E-90 6E-89 3E-90 6E-89 3E-90 3E-89 | 2E-90
Ca-47 9.41E-23 4E-24 4E-22 1.4E-23 | 3.936E-22 1E-23 8E-22 2E-23 3E-22 1E-23 3E-22 1E-23
Ce-137 3.5E-291 1E-292 | 7E-291 | 2E-292 | 3.55E-291 1E-292 4E-292 1E-293 | 4E-292 | 1E-293 | 6E-292 | 1E-292
Ce-137m | 7.78E-75 3E-76 2E-74 | 5.2E-76 | 7.784E-75 3E-76 8E-76 3E-77 9E-76 3E-77 1E-75 3E-76
Ce-139 1.364983 | 0.0455 2.73 9.1E-02 | 1.3649832 | 0.0455 0.1458 0.0045 0.1595 0.0052 0.2343 | 0.0569
Ce-141 0.510812 0.017 1.0216 | 3.4E-02 | 0.5108122 0.017 0.0546 0.0017 0.0597 0.002 0.0877 | 0.0213
Ce-143 4.4E-78 1E-79 9E-78 | 2.9E-79 | 4.399E-78 1E-79 5E-79 1E-80 5E-79 2E-80 8E-79 | 2E-79
Co-60 118940.3 | 3477.8 | 674691 | 2.1E+04 | 306045.33 6955.6 54323 1599.8 | 561315 16693 577313 | 17389
Cr-51 1.633006 | 0.1034 0.7256 | 4.5E-02 | 3.0863808 0.1905 0.2869 0.018 10.789 0.6641 19.547 1.203
Cs-134 9917.328 | 508.58 7247.3 | 6.4E+02 | 3051.4854 | 381.44 12715 127.15 1652.9 254.29 14240 | 4195.8
Eu-152 133665.6 8911 455577 | 2.8E+04 | 219434.36 13367 26733 2227.8 21164 1113.9 33416 | 2227.8
Eu-154 | 40233.07 | 2682.2 | 137128 | 8.4E+03 | 66049.282 | 4023.3 8046.6 670.55 6370.2 335.28 10058 | 670.55
Fe-59 43.78441 1.2843 315.22 | 9.2E+00 | 145.83473 4.2737 14.654 0.4304 63.916 1.8736 73.436 | 2.1536
Hf-175 1.393198 | 0.0292 8.7531 | 0.0E+00 4.82878 0.1021 0.3939 0.0073 0.3793 0.0146 0.5033 | 0.0146
La-140 4.58E-62 SE-64 7E-62 | 8.0E-64 | 3.878E-62 4E-64 5E-63 5E-65 8E-63 9E-65 0 0
Lu-177 0.09972 0.0083 0.6648 | 8.3E-02 | 0.2243708 0.0166 0 0 0 0 0 0
Na-24 5.1E-171 | 6E-173 0 0.0E+00 | 6.6E-172 8E-174 8E-172 1E-173 | 1E-171 | 1E-173 0 0
Nd-147 4.76E-08 3E-09 1E-07 | 8.5E-09 | 6.992E-08 4E-09 0 0 0 0 0 0
Nd-147 0 0 0 0.0E+00 0 0 0 0 0 0 0 0
Ni-65 0 0 0 0.0E+00 0 0 0 0 0 0 0 0
Rb-86 0.009929 | 0.0003 0.0061 | 2.9E-04 | 0.0038305 0.0002 0.0014 6E-05 0 0 0 0
Sb-122 2.92E-37 1E-38 8E-38 | 4.8E-39 3.26E-38 2E-39 1E-38 1E-39 1E-38 2E-39 0 0




Sb-124 89.6087 3.7028 24.809 | 1.5E+00 | 9.9976647 0.7406 2.9623 0.3703 4.0731 0.7406 0 0
Sc-46 947.4852 36.442 1560.6 | 5.8E+01 | 920.15385 36.442 208.63 8.1994 834.52 30.975 11634 | 43.73
Sm-145 0.191914 0.0039 0.4744 | 9.5E-03 | 0.2462531 0.0052 0.0319 0.0009 0.0384 0.0009 0 0
Sm-153 1.53E-52 3E-54 4E-52 7.6E-54 | 1.963E-52 4E-54 3E-53 7E-55 3E-53 7E-55 0 0
Sr-85 34.2907 1.8677 130.36 | 7.1E+00 | 50.427495 2.7642 14.568 0.8218 14.045 0.8218 0 0
Sr-89 0 0 0 0.0E+00 0 0 0 0 0 0 0 0
Sr-89 10.5375 0.5739 40.059 | 2.2E+00 15.49633 0.8494 4.4767 0.2525 4.316 0.2525 0 0
Ta-182 1218.528 99.472 13180 | 9.9E+02 | 6639.7355 497.36 447.62 24.868 472.49 49.736 1044.5 | 74.604
Tb-160 215.762 24.518 1093.5 | 1.1E+02 | 509.98289 53.94 53.94 4.9037 44.133 4.9037 34.326 | 9.8074
Yb-169 0.687018 0.0325 4.7226 | 2.1E-01 | 2.1421969 0.0974 0.1461 0.0054 0.2164 0.0108 0.3029 | 0.0216
Yb-175 5.99E-24 3E-25 4E-23 1.8E-24 | 1.869E-23 8E-25 1E-24 SE-26 2E-24 9E-26 3E-24 2E-25
Zn-65 513.8196 12.167 689.77 | 1.8E+01 368.7521 11.231 388.69 8.704 0 0 0 0
Zr-95 4.889023 0.5232 33.943 | 1.7E+00 | 17.687675 0.9342 2.2465 0.1943 0 0 0 0
Zr-97 2.2E-155 | 2E-156 | 1E-154 | 8E-156 | 7.81E-155 | 4E-156 1E-155 9E-157 0 0 0 0
Zr-97 0 0 0 0 0 0 0 0 0 0 0 0
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THE OPTIMUM SHIELDING FOR A POWER REACTOR USING
LOCAL COMPONENTS

S. Alhajali, M.H. Kharita, S. Yousef*, B. Naoom, and M. AlNassar**
Nuclear Engineering Department,
* Technical Services Department,
** Protection and Safety Department
Atomic Energy Commission, Damascus P. O. Box 6091, Syria

Abstract



Some local concrete mixtures have been picked out (selected) to be studied as
shielding concrete for prospective nuclear power reactor in Syria.

This research has interested in the attenuation of gamma radiation and neutron
fluxes by these local concretes in the ordinary conditions. In addition to the heat
effect on the shielding and physical properties of local concrete.

Furthermore the neutron activation of the elements of the local concrete mixtures
have been studied that for selection the low-activation materials (low dose rate and
short half life radioisotopes).

In this way biological shielding for nuclear reactor can be safe during operation of
nuclear power reactor, in addition to be low radioactive waste after
decommissioning the reactor.

Key Words: nuclear reactor concrete, radiation shielding, attenuation, neutron
activation.
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