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Table 4 (Cont'd)
Reactor-Administration 

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0 3909 0.00 0.00 0

>0-1  859  244.50 0.28 42

>1-2  149  214.34 1.44 35

>2-5  131  396.46 3.03 34

>5-20 27  189.63 7.02 19

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 5075 1044.93 0.21 33

Five year period 1994-1998

0 4602 0.00 0.00 0

>0-5 2276 2250.98 0.99 34

>5-25  259 2465.41 9.52 25

>25-100 3 99.78 33.26 11

>100 0 0.00 0.00 0

Total 7140 4816.17 0.67 29

Hybrid lognormal parameters for positive doses in 1998:
D:  0.1255
µ:  -3.0434
F2:  2.6564
Sample size: 1166
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Chemical and Radiation Control

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0  122 0.00 0.00 0

>0-1  146 52.89 0.36 57

>1-2 41 59.60 1.45 32

>2-5 24 81.93 3.41 9

>5-20 32  320.30 10.01 10

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  365  514.72 1.41 17

Five year period 1994-1998

0  166 0.00 0.00 0

>0-5  234  320.30 1.37 49

>5-25  113 1244.62 11.01 26

>25-100 44 2026.30 46.05 8

>100 0 0.00 0.00 0

Total  557 3591.22 6.45 18

Hybrid lognormal parameters for positive doses in 1998:
D:  0.0518
µ:  -3.2620
F2:  3.1908
Sample size:  243
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Construction              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0  502 0.00 0.00 0

>0-1  250 79.44 0.32 32

>1-2  103  154.13 1.50 24

>2-5  179  612.34 3.42 18

>5-20  114  990.41 8.69 11

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 1148 1836.32 1.60 15

Five year period 1994-1998

0 1019 0.00 0.00 0

>0-5  823 1199.51 1.46 17

>5-25  548 6727.34 12.28 11

>25-100  172 6520.48 37.91 10

>100 0 0.00 0.00 0

Total 2562  14447.33 5.64 11

Hybrid lognormal parameters for positive doses in 1998:
D:  0.2533
µ:  -0.5433
F2: 5.7968
Sample size:  646
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Control Technician            

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0 54 0.00 0.00 0

>0-1 24 11.83 0.49 20

>1-2 11 15.34 1.39 25

>2-5 15 51.98 3.47 15

>5-20 13 95.13 7.32 8

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  117  174.28 1.49 13

Five year period 1994-1998

0 76 0.00 0.00 0

>0-5 49 69.31 1.41 28

>5-25 39 414.41 10.63 25

>25-100 8  233.56 29.20 11

>100 0 0.00 0.00 0

Total  172  717.28 4.17 21

Hybrid lognormal parameters for positive doses in 1998:
D: 0.1163
µ:  -1.4268
F2: 2.3194
Sample size: 63
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Electrical Maintenance               

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0  389 0.00 0.00 0

>0-1  320  119.47 0.37 28

>1-2  125  176.63 1.41 23

>2-5 77  254.39 3.30 17

>5-20 44 354.01 8.05 8

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  955  904.50 0.95 16

Five year period 1994-1998

0  302 0.00 0.00 0

>0-5  647 1000.42 1.55 26

>5-25  430 4801.97 11.17 24

>25-100 28  818.94 29.25 17

>100 0 0.00 0.00 0

Total 1407 6621.33 4.71 24

Hybrid lognormal parameters for positive doses in 1998:
D:  0.1610
µ:  -2.0307
F2: 3.4722
Sample size:  566
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Fuel Handling              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0 3 0.00 0.00 0

>0-1 7 3.11 0.44 11

>1-2 3 4.19 1.40 12

>2-5 14 53.10 3.79 12

>5-20 28  199.93 7.14 14

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 55  260.33 4.73 14

Five year period 1994-1998

0 12 0.00 0.00 0

>0-5 58  114.29 1.97 16

>5-25 83 1240.31 14.94 14

>25-100 41 1369.11 33.39 21

>100 0 0.00 0.00 0

Total  194 2723.71 14.04 17

Hybrid lognormal parameters for positive doses in 1998:
D:  1.4525
µ: 8.8993
F2: 27.0076
Sample size: 52
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-General Maintenance              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0  679 0.00 0.00 0

>0-1 242 81.06 0.33 30

>1-2 58 83.30 1.44 18

>2-5 95  290.67 3.06 14

>5-20 73  574.36 7.87 8

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 1147 1029.39 0.90 12

Five year period 1994-1998

0  985 0.00 0.00 0

>0-5  765 997.13 1.30 30

>5-25  311 3649.91 11.74 23

>25-100 42 1341.41 31.94 15

>100 0 0.00 0.00 0

Total 2103 5988.45 2.85 22

Hybrid lognormal parameters for positive doses in 1998:
D:  0.2240
µ:  -1.2690
F2: 5.0698
Sample size:  468
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Health Physics              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0 39 0.00 0.00 0

>0-1 12 4.37 0.36 20

>1-2 4 7.08 1.77 13

>2-5 1 2.61 2.61 10

>5-20 2 15.31 7.66 9

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 58 29.37 0.51 12

Five year period 1994-1998

0 81 0.00 0.00 0

>0-5 48 45.88 0.96 23

>5-25 14  159.10 11.36 25

>25-100 2 55.61 27.81 25

>100 0 0.00 0.00 0

Total  145  260.59 1.80 25

Lognormal parameters for positive doses in 1998:
µ:  -0.4952
F2:  2.0460
Sample size: 19
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Industrial Radiographer               

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0 4 0.00 0.00 0

>0-1 3 1.83 0.61 0

>1-2 0 0.00 0.00 0

>2-5 1 4.56 4.56 16

>5-20 0 0.00 0.00 0

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 8 6.39 0.80 11

Five year period 1994-1998

0 11 0.00 0.00 0

>0-5 9 14.06 1.56 3

>5-25 13  182.49 14.04 4

>25-100 1 26.39 26.39 6

>100 0 0.00 0.00 0

Total 34  222.94 6.56 4

Lognormal parameters for positive doses in 1998:
µ:  -0.2750
F2:  1.8502
Sample size: 4
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Mechanical Maintenance              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0  393 0.00 0.00 0

>0-1 296  109.61 0.37 34

>1-2  140  203.49 1.45 25

>2-5  208  680.48 3.27 17

>5-20  184 1602.22 8.71 11

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 1221 2595.80 2.13 15

Five year period 1994-1998

0  455 0.00 0.00 0

>0-5  645 1079.32 1.67 24

>5-25  802 10558.34 13.17 21

>25-100  216 7546.59 34.94 17

>100 0 0.00 0.00 0

Total 2118  19184.25 9.06 19

Hybrid lognormal parameters for positive doses in 1998:
D:  0.2305
µ:  -0.4625
F2: 5.3280
Sample size:  828
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Operations               

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0  628 0.00 0.00 0

>0-1  735  274.12 0.37 48

>1-2  257  370.15 1.44 49

>2-5  163  494.62 3.03 43

>5-20  129 1222.53 9.48 15

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 1912 2361.42 1.24 30

Five year period 1994-1998

0  356 0.00 0.00 0

>0-5 1032 1443.21 1.40 42

>5-25  744 9199.76 12.37 38

>25-100  110 3657.22 33.25 19

>100 0 0.00 0.00 0

Total 2242  14300.19 6.38 34

Hybrid lognormal parameters for positive doses in 1998:
D:  0.0839
µ:  -2.7420
F2: 3.1752
Sample size: 1284
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Scientific/Professional               

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0 1055 0.00 0.00 0

>0-1  219 74.12 0.34 19

>1-2 53 74.11 1.40 17

>2-5 55  180.97 3.29 13

>5-20 53  433.68 8.18 11

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 1435 762.88 0.53 13

Five year period 1994-1998

0 1872 0.00 0.00 0

>0-5  701  775.38 1.11 17

>5-25  243 2629.14 10.82 13

>25-100 59 2209.07 37.44 12

>100 0 0.00 0.00 0

Total 2875 5613.59 1.95 13

Hybrid lognormal parameters for positive doses in 1998:
D:  0.1181
µ:  -2.2762
F2:  3.7337
Sample size:  380
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Training              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0 45 0.00 0.00 0

>0-1 9 3.03 0.34 30

>1-2 1 1.10 1.10 34

>2-5 0 0.00 0.00 0

>5-20 3 30.81 10.27 7

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 58 34.94 0.60 10

Five year period 1994-1998

0 84 0.00 0.00 0

>0-5 32 21.51 0.67 21

>5-25 6 54.81 9.14 17

>25-100 1 38.00 38.00 13

>100 0 0.00 0.00 0

Total  123  114.32 0.93 17

Lognormal parameters for positive doses in 1998:
µ:  -0.3590
F2: 2.5133
Sample size: 13
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Reactor-Visitor              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Tritium

Year 1998

0  541 0.00 0.00 0

>0-1 58 19.82 0.34 23

>1-2 15 21.32 1.42 13

>2-5 27 81.50 3.02 7

>5-20 24  224.19 9.34 11

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  665  346.83 0.52 11

Five year period 1994-1998

0  658 0.00 0.00 0

>0-5  197  246.12 1.25 7

>5-25  220 2846.91 12.94 3

>25-100 8  270.11 33.76 9

>100 0 0.00 0.00 0

Total 1083 3363.14 3.11 4

Hybrid lognormal parameters for positive doses in 1998:
D: 0.1814
µ:  -1.2355
F2: 5.2112
Sample size: 124
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Mill Maintenance

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 9 0.00 0.00 0

>0-1 88 49.40 0.56 97

>1-2 46 61.75 1.34 95

>2-5 15 45.80 3.05 52

>5-20 3 19.30 6.43 23

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  161 176.25 1.09 77

Five year period 1994-1998

0 34 0.00 0.00 0

>0-5  181  272.05 1.50 62

>5-25 99 1057.00 10.68 44

>25-100 4 108.05 27.01 23

>100 0  0.00 0.00 0

Total  318 1437.10 4.52 45

Hybrid lognormal parameters for positive doses in 1998:
D: 0.1943
µ:  -1.6506
F2:  1.2954
Sample size:  152
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Mill Worker

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 15 0.00 0.00 0

>0-1 79 38.05 0.48 97

>1-2 75 101.90 1.36 92

>2-5 39  124.15 3.18 49

>5-20 4 26.50 6.63 43

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  212 290.60 1.37 70

Five year period 1994-1998

0 21 0.00 0.00 0

>0-5  201  307.90 1.53 53

>5-25  161 1688.30 10.49 44

>25-100 6 178.45 29.74 25

>100 0  0.00 0.00 0

Total  389 2174.65 5.59 44

Hybrid lognormal parameters for positive doses in 1998:
D: 0.4317
µ:  -0.2411
F2:  2.4147
Sample size: 197
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Nurse              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 12 0.00 0.00 0

>0-1 5 0.70 0.14  100

>1-2 0 0.00 0.00 0

>2-5 0 0.00 0.00 0

>5-20 0 0.00 0.00 0

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 17  0.70 0.04  100

Five year period 1994-1998

0 15 0.00 0.00 0

>0-5 7 3.35 0.48 94

>5-25 0 0.00 0.00 0

>25-100 0  0.00 0.00 0

>100 0  0.00 0.00 0

Total 22 3.35 0.15 94

Lognormal parameters for positive doses in 1998:
µ:  -2.3293
F2:  0.6975
Sample size: 5
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Office Staff              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 82 0.00 0.00 0

>0-1 75 23.15 0.31 91

>1-2 3 4.05 1.35 73

>2-5 0 0.00 0.00 0

>5-20 0 0.00 0.00 0

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  160 27.20 0.17 89

Five year period 1994-1998

0  118 0.00 0.00 0

>0-5  184  175.00 0.95 75

>5-25 4 28.50 7.13 56

>25-100 0  0.00 0.00 0

>100 0  0.00 0.00 0

Total  306  203.50 0.67 72

Hybrid lognormal parameters for positive doses in 1998:
D: 1.0394
µ:  -1.0439
F2: 1.5132
Sample size: 78
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Support Worker              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 34 0.00 0.00 0

>0-1  166 58.75 0.35 97

>1-2 41 58.85 1.44 95

>2-5 31 89.15 2.88 78

>5-20 18  163.30 9.07 54

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  290 370.05 1.28 73

Five year period 1994-1998

0 45 0.00 0.00 0

>0-5  319  416.27 1.30 73

>5-25  138 1772.70 12.85 56

>25-100 21 642.10 30.58 52

>100 0  0.00 0.00 0

Total  523 2831.07 5.41 58

Lognormal parameters for positive doses in 1998:
µ:  -0.5265
F2: 1.8034
Sample size:  256
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Surface Maintenance              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 68 0.00 0.00 0

>0-1 99 49.25 0.50 96

>1-2 7 9.00 1.29 83

>2-5 2 4.30 2.15 79

>5-20 0 0.00 0.00 0

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  176 62.55 0.36 93

Five year period 1994-1998

0  114 0.00 0.00 0

>0-5  346  519.60 1.50 66

>5-25 22  179.75 8.17 68

>25-100 1 27.30 27.30 58

>100 0  0.00 0.00 0

Total  483 726.65 1.50 66

Hybrid lognormal parameters for positive doses in 1998:
D: 2.7793
µ: 1.7655
F2: 3.8953
Sample size:  108
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Surface Miner               

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 12 0.00 0.00 0

>0-1 61 32.30 0.53 89

>1-2 14 19.00 1.36 35

>2-5 9 25.50 2.83 11

>5-20 0 0.00 0.00 0

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total 96 76.80 0.80 50

Five year period 1994-1998

0 47 0.00 0.00 0

>0-5  243  317.35 1.31 47

>5-25 60  490.95 8.18 31

>25-100 0  0.00 0.00 0

>100 0  0.00 0.00 0

Total  350  808.30 2.31 37

Hybrid lognormal parameters for positive doses in 1998:
D: 0.5659
µ:  -0.5317
F2:  1.9109
Sample size: 84
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Surface Personnel               

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 34 0.00 0.00 0

>0-1 83 28.55 0.34 84

>1-2 5 7.25 1.45 81

>2-5 4 11.00 2.75 63

>5-20 0 0.00 0.00 0

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  126 46.80 0.37 79

Five year period 1994-1998

0 72 0.00 0.00 0

>0-5 138  128.65 0.93 70

>5-25 4 33.40 8.35 54

>25-100 0  0.00 0.00 0

>100 0  0.00 0.00 0

Total  214  162.05 0.76 66

Lognormal parameters for positive doses in 1998:
µ:  -1.1942
F2:  1.0682
Sample size: 92
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Surface Support Worker              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0  125 0.00 0.00 0

>0-1  148 62.75 0.42 87

>1-2 14 20.30 1.45 59

>2-5 5 16.30 3.26 44

>5-20 1 6.95 6.95 67

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  293 106.30 0.36 74

Five year period 1994-1998

0  285 0.00 0.00 0

>0-5  471 517.25 1.10 54

>5-25 43  348.55 8.11 41

>25-100 0  0.00 0.00 0

>100 0  0.00 0.00 0

Total  799  865.80 1.08 49

Lognormal parameters for positive doses in 1998:
µ:  -0.9273
F2: 0.9858
Sample size:  168
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Underground Maintenance               

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 22 0.00 0.00 0

>0-1 79 36.60 0.46 96

>1-2 24 33.70 1.40 96

>2-5 9 29.10 3.23 77

>5-20 5 29.75 5.95 75

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  139 129.15 0.93 87

Five year period 1994-1998

0 23 0.00 0.00 0

>0-5  162  258.35 1.59 70

>5-25 87  939.35 10.80 51

>25-100 6 164.50 27.42 58

>100 0  0.00 0.00 0

Total  278 1362.20 4.90 56

Lognormal parameters for positive doses in 1998:
µ: -0.4892
F2: 1.3276
Sample size: 117
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Underground Miner              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0 14 0.00 0.00 0

>0-1  147 60.00 0.41 99

>1-2  103  156.40 1.52 99

>2-5 56  168.05 3.00 88

>5-20 42  330.25 7.86 58

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  362 714.70 1.97 78

Five year period 1994-1998

0 40 0.00 0.00 0

>0-5  453  724.15 1.60 62

>5-25  311 4283.55 13.77 48

>25-100  186 6673.40 35.88 46

>100 0 0.00 0.00 0

Total  990 11681.10 11.80 48

Hybrid lognormal parameters for positive doses in 1998:
D:  0.1217
µ:  -1.8402
F2: 2.4487
Sample size:  348
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Underground Personnel              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0  181 0.00 0.00 0

>0-1  117 46.10 0.39 87

>1-2 23 35.40 1.54 90

>2-5 16 45.05 2.82 74

>5-20 9 63.75 7.08 59

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  346 190.30 0.55 75

Five year period 1994-1998

0  496 0.00 0.00 0

>0-5  442  454.10 1.03 45

>5-25 70  701.30 10.02 53

>25-100 4 140.20 35.05 62

>100 0  0.00 0.00 0

Total 1012 1295.60 1.28 51

Lognormal parameters for positive doses in 1998:
µ:  -0.6017
F2:  1.5129
Sample size: 165
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Table 4 (Cont'd)
Uranium Mine Visitor              

Dose Interval
(mSv)

Number of
Workers

Collective
Dose

Average
Dose

% Radon
Progeny

Year 1998

0  199 0.00 0.00 0

>0-1 96 14.90 0.16 86

>1-2 0 0.00 0.00 0

>2-5 0 0.00 0.00 0

>5-20 0 0.00 0.00 0

>20-50 0 0.00 0.00 0

>50 0 0.00 0.00 0

Total  295 14.90 0.05 86

Five year period 1994-1998

0  332 0.00 0.00 0

>0-5  391 162.85 0.42 50

>5-25 4 22.75 5.69 21

>25-100 0  0.00 0.00 0

>100 0  0.00 0.00 0

Total  727  185.60 0.26 46

Lognormal parameters for positive doses in 1998:
µ:  -2.2589
F2:  0.6648
Sample size: 96
(See Appendix for explanation)

Histogram of average annual doses over ten year period 1989-1998
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Appendix
The lognormal and hybrid lognormal distributions

The appendix explains how the data can be
fitted to a statistical distribution, so that: (1) the
sample of doses can be described by 3 or 4
quantities (the parameters of the distribution and
sample size); and, (2) from these quantities, any
dose statistic can be estimated, including any
statistic not listed in this report, such as the 9-th
decile.

Statistical distributions, such as the
lognormal or hybrid lognormal distribution, are defined
by a probability density function, containing a variable
x, which in our case represents the occupational
dose.  This function is interpreted as follows:

The probability that a dose value lies between
a and b equals

b
If(x)dx   ,
a

where f represents the probability density function.
Besides the variable (occupational dose) the

probability density function contains a number of
parameters, which determine the shape of the
function.  Only when the parameters have been
specified is the statistical model for the occupational
dose defined.  Parameters are adjusted to fit the
data.

The lognormal probability density function f is
given by:

f(x: µ,F2)=(1/x)(2 B F2)-½ exp(-ln(x)-µ)2/2 F2)

The hybrid lognormal probability density
function f is given by:

f(x: D ,µ,F2)=(D+1/x)(2 B F2)-½exp(-ln(Dx)+Dx-µ)2/2 F2)

In these functions, the quantities µ and F2 are
parameters of the distribution.  The hybrid lognormal
distribution contains an extra parameter D.  This
distribution was introduced by Kumazawa9 et al, for
the purpose of describing a workforce that makes a
sustained effort to stay below a regulatory limit.  This
distribution often gives a better fit than

the lognormal distribution for certain high dose
occupations, such as nuclear medicine workers.  It is
similar to a lognormal distribution for low doses and
to a normal distribution for high doses.

If the parameters for the probability density
function f are known, one can estimate any dose
statistic.  For example, the mean dose is estimated
as

4
Ixf(x)dx 
0

(since the dose values x are between 0 and infinity).
The variance of the dose is estimated as:

4
I(x-mean)2f(x)dx
0

and the standard deviation as the square root thereof.
The probability that a dose exceeds, for

example, 50 mSv, is estimated as:

4
If(x)dx    .

            50

The 95-th percentile is estimated as that
dose value v for which:

4
If(x)dx = 95/100 .
v

The fraction of the collective dose due to
doses exceeding 15 mSv is estimated as:

4
Ixf(x)dx

            15
           

4
Ixf(x)dx
0
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The parameters are determined from the
actual dose data.  They are chosen to give the best
“fit” with the sample of observed data, for which
purpose there exists a variety of methods.  The
parameters in Table 4 have been estimated with the
Maximum Likelihood method.  With this method,
dose statistics can be estimated with the formulas
given above, with the tabulated parameter values
substituted for (D,) µ, and F2.

Software is available from the authors for the
purpose of estimating occupational dose statistics
and their confidence intervals.  Since the lognormal
and hybrid lognormal distribution do not apply to zero
doses, as evident from the formulas of their
probability density functions, the software will
determine parameters based on positive doses only. 
Estimates for the total of all doses can be derived if
the numbers of zero and positive doses in the sample
are taken into account.  For example, consider a
sample in which half the doses are zero.  If the
parametric estimate is 2 mSv for the mean of the
positive doses, then the estimate of the mean of all
doses is 1 mSv.  Or, if a parametric estimate for the
95-th percentile of all doses is needed, it is
calculated as the estimate of the 90-th percentile for
the positive doses.


