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Abstract - An analysis has been performed to estimate the additional number of workers and
the additional collective dose in man-cSv which would be required, nuclear industry-wide as a
result of reducing individual dose limit. This analysis can be extended to the reduction in the
dose limits recommended by ICRP Publ.60 and BEIR V report as well as the proposed dose
limits by regulatory authorities. An industry-wide database was employed in the analysis based on
a summary of industry-wide occupational radiation exposure compiled by the Korea Radioisotope
Association. Correlation model was employed to compute the affects of setting specific annual
individual dose limits. In this study, we have addressed worker non-productivity while in the
radiation environment on a parametric or "sensitivity analysis” basis. This alleviates the need for
developing such data underlying a summation of many individual tasks at many nuclear facilities.
[t has the advantage that very low non-productivity assumptions can readily be defended as
conservative, in that it is difficult to approach such low worker non-productivity factors even in
the best of environments in any industry. On a per facility basis, for calendar year 1997, the
number of workers required would be increased from 231 workers to 269 workers and collective
man-cSv dose would be also increased by approximately fourteen percent if the individual dose
limit was reduced to 2 ¢Sv/y and an individual worker non-productivity fraction of 0.1 is
assumed.

Key word : Reducing Dose Limit Additional Collective Dose, ICRP Publ.60 Correlation Model,

Occupational Radiation Exposure.
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Table 1. Number of Individual with Whole Body Exposure in the given Dose Category for 1993 through
1997 in the Nuclear Power Facilities and Industrial Radiography.

v No. of individual with whole body exposures in the following ranges(cSv) Total | Meas. | Total | Avg.

<MDL| <01 |0.1-025| 0505 |05-075 [ 075-10 | 10-20 | 20-30 |30-40{40-50|50-60{60-70 | >70 | monit. | Expo. |man-cSv| Exp.
93 (445415204 %1 | 876 | 446 | 267 | 426 | 65 | 5 | O ] 0 | O | 0 [12694| 8240 | 1786 |0141
94 (4063 [4710( 930 | 680 + 35 | 26l | M7 | 6L L 137 2 | 0 | O | 0 |11443] 7380 | 15905 | 0.139
% | 5175 (59951 1106 | 89 | 478 | 333 | 570 { 12 | 3t | 2 | L | O | 0 {14692} %15} 23365 | 0159
9 | 5290 {6071| 1143 | 867 | 538 | 335 | 531 | 108 | 24 | O | 0 | O | O |14%7|9%17 | 2268 |0152
97 15359 (6075| 1156 | 915 | 539 | 302 [ 348 | 60 | 12| 3 [ 1 | 0 | 1 |14807| 9448 | 19524 | 0.132
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Table 2. Number of Collective Dose in the Designated Dose Category for 1993 through 1997
in the Nuclear Power Facilities and Industrial Radiography.

v No. of man-cSv in the following range(cSv) Total | Mezs. | Total | Avg.

<01 |0.1-025]025-05|05-0.75 | 0.75-10| 10-20{ 20-30| 30-40 | 40-50 | 50-60| 60-70 | >7.0 | mont. | Expos. | man-cSv | Exp
93 [ 2602 | 1664 | 3285 | 2188 | 2336 | 639 11625 1151 0 0 0 | 0 [12694] 8240 | 20863 10.164
94 1 2%6 | 1628 | 26 | 2344 | 284 | 5205 | 1525 | 455 9 0 0 0 {11443 ] 7380 | 18436 |0.161
9% | 2998 | 1936 | 3334 | 2988 | 2914 | &5 | 280 | 185 { 9 55 0 0 |14652| %17 | 26478 [0.182
9% 13036 200 | 361 | 3363 | 2931 | 7%5 | 210 84 0 0 0 0 114907] %17 | 26086 1007
97 13038 ] 2023 | 3431 | 3369 | 2643 | 576 | 150 4 135 | 55 0 170 {14807 9448 | 22444 |0152

Table 3. Cumulative Number of Individuals above various Designated Annual Doses for
1993 through 1997 in the Nuclear Power Facilities and Industrial Radiography.

Year No. of individuals with exposures greater than the following limits(cSv)
0.10 0.25 0.50 0.75 1.0 20 3.0 40 50 6.0 7.0
93 3036 | 2085 1209 763 49 70 5 0 0 0 0
94 2069 | 1739 1059 684 423 76 15 2 0 0 0
95 3522 | 2416 1527 | 1049 716 146 34 3 1 0 0
% 3546 | 2403 1536 998 663 132 24 0 0 0 0
97 3373 | 2217 1302 763 461 77 17 5 2 1 1

Table 4. Cumulative Number of Collective Dose above various Designated Annual Doses for
1993 through 1997 in Nuclear Power Facilities and Industrial Radiography.

Vear No. of man—cSv greater than the following ranges(cSv)
0.1 0.25 05 0.75 1.0 2.0 3.0 40 50 6.0 7.0
93 1826.3 | 1660 | 13314 | 105261 819 180 175 0 0 0 0
94 1608 | 14453 | 11903 { 9559 | 7275 | 207 54.5 9 0 0 0
95 2375.1 | 21816 | 18481 | 15494 | 1258 | 403 123 145 5.5 0 0
9% 2305 2105 | 1779.9 | 14436 | 11505 354 84 0 0 0 0
97 19406 | 1738.3 | 1395.1 {10583 | 794 218 68 26 125 7 7
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Fig. 1. Cumulative Number of Workers recei-
ving Exposures above various Designated Annual
Doses and Their Associated Man-cSv for 12
Operating Plants and 32 Industrial Radiographys
for 1997.
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Fig. 2. Number of Additional Worker
Required for Nuclear Industry in 1997 as a
Result of Reducing Individual Dose Limit with
Different Individual Nonproductivity Fraction.
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Fig. 3. Projected Increase in Collective Dose
(man-cSv) Vs. Proposed Reduction in Dose
Limit with Different Individual Nonproductivity
Fraction for Nuclear Industry in 1997,
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Fig. 5. Projected Increase in Collective Dose
(man-cSv) Vs. Proposed Reduction in Dose
Limits for NPP with Different Individual
Nonproductivity Fraction for Calendar Year of
2005.
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Fig. 4. Number of Additional Worker Required
for NPP in 1997 as a Result of Reducing
individual Dose Limits with Different Indivi-
dual Nonproductivity Fraction.
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Fig. 6. Number of Additional Worker Re-
quired as a Result of Reducing Individual
Dose Limit for Radiography Industry in 1997
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with Different Individual Nonproductivity
Fraction.
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Fig. 7. Projected increase in Collective Dose
{man-cSv) Vs. Proposed Reduction in Dose
Limits for Radiography Industry with Different
Individual Nonproductivity Fraction for Calendar
Year 2005. -
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Table 9. Estimated Additional Number of Workers Required and Collective Dose(man-cSv)
due to Reduction in Individual Dose Limits to D;=4.0, 3.0, or 20 cSv/y in the Nuclear

Power Facilities and Industrial Radiography.

N D;=40 cSv/y D;=3.0 cSv/y D;=20 cSv/y
Calendar | Nonproductivity
Year Fraction No. of Collect. No. of Collect. No. of Collect.

Worker Dose Worker Dose Worker Dose

1995 0.1 2 0.9 7 2.6 37 10.6
(Base 0.3 3 3.8 10 1.3 57 473
Year) 0.5 4 1.1 17 340 110 155.0
0.1 3 1.3 10 37 52 14.8

2000 0.3 4 53 14 15.8 30 66.2
05 6 155 24 476 154 2170

0.1 4 1.8 14 5.2 73 20.7

2005 03 6 7.4 20 22.1 12 927
05 9 217 24 66.4 216 303.8
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