1994 Final Analysis

Table4
Dose statistics by job category
Administrator

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 103 0.00 0.00
>0-1 186 87.17 0.47
>1-2 10 12.47 125
>2-5 3.40 3.40
>5-20 0.00 0.00
>20-50 0.00 0.00
>50 0.00 0.00
Tota 300 103.04 0.34
Five year period 1990-1994
0 110 0.00 0.00
>0-5 325 542.96 1.67
>5-25 21 147.93 7.04
>25-100 0 0.00 0.00
>100 0 0.00 0.00
Tota 456 690.89 152
Hybrid lognormal parameters for positive doses in 1994:
r:2.0458
W +0.8552
s2.2.4121
Sample Size: 197
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Office Staff
Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 2862 0.00 0.00
>0-1 896 382.92 0.43
>1-2 a7 59.79 1.27
>2-5 5 14.55 291
>5-20 3 16.18 5.39
>20-50 1 35.00 35.00
>50 0 0.00 0.00
Tota 3814 508.44 0.13
Five year period 1990-1994
0 4626 0.00 0.00
>0-5 1639 2305.43 141
>5-25 58 454.28 7.83
>25- 100 5 178.52 35.70
>100 0 0.00 0.00
Tota 6328 2938.23 0.46

Lognormal parameters for positive dosesin 1994:
m -1.0556

$2.0.9178

Sample Size: 952

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Safety Officer
Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 67 0.00 0.00
>0-1 14 6.20 0.44
>1-2 1 137 137
>2-5 0 0.00 0.00
>5-20 1 5.30 5.30
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 83 12.87 0.16
Five year period 1990-1994
0 65 0.00 0.00
>0-5 36 45.47 1.26
>5-25 31.62 7.91
>25- 100 0.00 0.00
>100 0.00 0.00
Tota 105 77.09 0.73

Lognormal parameters for positive dosesin 1994:

W -0.7170
s2.0.7462
Sample size: 16

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Industrial Radiographer

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 911 0.00 0.00
>0-1 386 170.04 0.44
>1-2 145 217.42 150
>2-5 287 982.32 3.42
>5-20 398 4083.19 10.26
>20- 50 77 2184.78 28.37
>50 4 651.00 162.75
Total 2208 8288.75 3.75
Five year period 1990-1994

0 1010 0.00 0.00
>0-5 1115 1476.77 132
>5-25 655 8402.39 12.83
>25 - 100 486 22539.24 46.38
>100 37 5111.50 138.15
Total 3303 37529.90 11.36

Hybrid lognormal parameters for positive doses in 1994:
r:0.0135

W -0.3295

s2 25372

Sample Size: 1297

See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Instructor (Non-Medical)

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 105 0.00 0.00
>0-1 24 10.74 0.45
>1-2 4 6.10 153
>2-5 1 4.60 4.60
>5-20 0 0.00 0.00
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Total 134 21.44 0.16
Five year period 1990-1994
0 146 0.00 0.00
>0-5 87 72.46 0.83
>5-25 6.00 6.00
>25-100 0.00 0.00
>100 0.00 0.00
Total 234 78.46 0.34
Lognormal parameters for positive dosesin 1994:
W -0.7162
$20.7305
Sample Size: 29
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

I nstrument Technician

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 1028 0.00 0.00
>0-1 377 161.86 0.43
>1-2 44 60.64 1.38
>2-5 40 113.99 2.85
>5-20 20 169.15 8.46
>20-50 2 45.30 22.65
>50 0 0.00 0.00
Tota 1511 550.94 0.36
Five year period 1990-1994
0 1270 0.00 0.00
>0-5 965 1025.41 1.06
>5-25 98 1025.29 10.46
>25-100 15 552.67 36.84
>100 1 107.80 107.80
Tota 2349 2711.17 115
Lognormal parameters for positive dosesin 1994:
W -0.5913
$2:1.1075
Sample Size: 483
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Laboratory Technician (Industrial)

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 3208 0.00 0.00
>0-1 793 288.38 0.36
>1-2 83 117.76 142
>2-5 61 192.96 3.16
>5-20 22 182.90 8.31
>20-50 0 0.00 0.00
>50 1 550.00 550.00
Tota 4168 1332.00 0.32
Five year period 1990-1994
0 5167 0.00 0.00
>0-5 2332 1847.22 0.79
>5-25 129 1317.19 10.21
>25-100 34 1177.14 34.62
>100 1 550.00 550.00
Tota 7663 4891.55 0.64
Lognormal parameters for positive dosesin 1994:
W -0.8389
$21.0524
Sample Size: 960
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Nuclear Fuel Processor

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 26 0.00 0.00
>0-1 38 23.20 0.61
>1-2 31 45.00 145
>2-5 61 206.30 3.38
>5-20 27 220.10 8.15
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 183 494.60 2.70
Five year period 1990-1994

0 32 0.00 0.00
>0-5 85 170.01 2.00
>5-25 83 933.50 11.25
>25 - 100 18 644.50 35.81
>100 0 0.00 0.00
Total 218 1748.01 8.02

Hybrid lognormal parameters for positive doses in 1994:
r:0.1255

[ -0.9451

s21.689

Sample Size: 157

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Scientist/Engineer (Field)

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 550 0.00 0.00
>0-1 438 201.52 0.46
>1-2 66 86.96 132
>2-5 37 119.47 3.23
>5-20 26 240.07 9.23
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 1117 648.02 0.58
Five year period 1990-1994
0 700 0.00 0.00
>0-5 939 1254.25 1.34
>5-25 113 1108.42 9.81
>25-100 24 1067.29 44.47
>100 0 0.00 0.00
Tota 1776 3429.96 1.93
Lognormal parameters for positive dosesin 1994:
K -0.5601
$2:1.1874
Sample Size: 567
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Scientist/Engineer (Laboratory)

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 3520 0.00 0.00
>0-1 745 280.17 0.38
>1-2 36 45.06 125
>2-5 16 50.52 3.16
>5-20 34.42 8.61
>20-50 31.20 31.20
>50 0.00 0.00
Tota 4322 441.37 0.10
Five year period 1990-1994
0 4599 0.00 0.00
>0-5 2068 1685.42 0.82
>5-25 67 618.49 9.23
>25-100 6 187.10 31.18
>100 0 0.00 0.00
Tota 6740 2491.01 0.37
Lognormal parameters for positive dosesin 1994:
W -1.0472
$2:0.6599
Sample Size: 802
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Well Logger
Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 497 0.00 0.00
>0-1 286 147.20 0.51
>1-2 113 167.10 148
>2-5 102 315.30 3.09
>5-20 33 234.80 7.12
>20-50 1 23.00 23.00
>50 0 0.00 0.00
Tota 1032 887.40 0.86
Five year period 1990-1994
0 460 0.00 0.00
>0-5 1022 1807.07 177
>5-25 237 2296.05 9.69
>25-100 12 431.00 35.92
>100 1 160.60 160.60
Tota 1732 4694.72 2.71
Lognormal parameters for positive dosesin 1994:
W -2.0914
$2:1.0487
Sample Size: 535
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
1.80
160 | 4 40
1.40 125 1.36 1.31 -
1.20 ™ 110
Average Annual 1.00 1 0.91 090 g6
Dose (mSv) 0.80 | 0.80 it
0.60
0.40
0.20
0.00 -
85 8 8 8 89 90 9 92 93 94

28

Year



Table4 (Cont’d)
Chiropractor

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 830 0.00 0.00
>0-1 83 27.10 0.33
>1-2 4 5.30 133
>2-5 3 7.30 243
>5-20 0 0.00 0.00
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 920 39.70 0.04
Five year period 1990-1994
0 912 0.00 0.00
>0-5 263 140.60 0.53
>5-25 7 42.70 6.10
>25-100 0 0.00 0.00
>100 0 0.00 0.00
Tota 1182 183.30 0.16
Lognormal parameters for positive dosesin 1994:
W -1.1017
s2:0.4257
Sample Size: 90
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Dental Assistant

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 1215 0.00 0.00
>0-1 34 12.10 0.36
>1-2 0 0.00 0.00
>2-5 0 0.00 0.00
>5-20 0 0.00 0.00
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 1249 12.10 0.01
Five year period 1990-1994

0 1209 0.00 0.00
>0-5 72 26.40 0.37
>5-25 1 6.00 6.00
>25 - 100 0 0.00 0.00
>100 0 0.00 0.00
Total 1282 32.40 0.03

Lognormal parameters for positive dosesin 1994:
W -1.1865

s2.0.2711

Sample Size: 34

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Dental Hygienist

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 6290 0.00 0.00
>0-1 57 21.20 0.37
>1-2 2 2.70 135
>2-5 0 0.00 0.00
>5-20 1 8.00 8.00
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 6350 31.90 0.01
Five year period 1990-1994

0 8945 0.00 0.00
>0-5 378 179.00 0.47
>5-25 4 57.00 14.25
>25 - 100 3 162.00 54.00
>100 0 0.00 0.00
Total 9330 398.00 0.04

Lognormal parameters for positive dosesin 1994:
W -1.0242

$20.4676

Sample Size: 60

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Dentist
Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 5642 0.00 0.00
>0-1 76 25.20 0.33
>1-2 1 1.10 1.10
>2-5 1 4.00 4.00
>5-20 3 37.00 12.33
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 5723 67.30 0.01
Five year period 1990-1994
0 6859 0.00 0.00
>0-5 400 185.90 0.46
>5-25 5 59.00 11.80
>25-100 0 0.00 0.00
>100 0 0.00 0.00
Tota 7264 244.90 0.03

Lognormal parameters for positive dosesin 1994:
[ -1.0482

$20.8019

Sample Size: 81

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Gynaecologist
Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 27 0.00 0.00
>0-1 4 1.80 0.45
>1-2 0 0.00 0.00
>2-5 0 0.00 0.00
>5-20 0 0.00 0.00
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 31 1.80 0.06
Five year period 1990-1994
0 59 0.00 0.00
>0-5 14 6.70 0.48
>5-25 0 0.00 0.00
>25-100 0 0.00 0.00
>100 0 0.00 0.00
Tota 73 6.70 0.09

Lognormal parameters for positive dosesin 1994:
W -0.9831

$2.0.3924

Sample Size: 4

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Laboratory Technician (Medical)

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 3146 0.00 0.00
>0-1 418 135.62 0.32
>1-2 25 37.90 152
>2-5 8 24.60 3.08
>5-20 6 54.40 9.07
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Total 3603 252.52 0.07
Five year period 1990-1994
0 4382 0.00 0.00
>0-5 1586 874.55 0.55
>5-25 50 429.00 8.58
>25-100 4 157.60 39.40
>100 0 0.00 0.00
Total 6022 1461.15 0.24
Lognormal parameters for positive dosesin 1994:
K -1.0623
$2:0.5458
Sample Size: 457
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
0.25
0.20 - 0.19
0.16
_— 0.15
0.15 —
Average Annual 013 012
Dose (mSv) ]
0.10 0.09 0.09
0.08
0.07 0.07
0.05
0.00 -
85 8 8 88 89 90 9 92 93 94
Year



Table4 (Cont’d)
Medical Physicist

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 219 0.00 0.00
>0-1 31 12.70 0.41
>1-2 5 7.40 148
>2-5 0 0.00 0.00
>5-20 0 0.00 0.00
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 255 20.10 0.08
Five year period 1990-1994

0 212 0.00 0.00
>0-5 164 139.80 0.85
>5-25 5 36.50 7.30
>25 - 100 1 31.30 31.30
>100 0 0.00 0.00
Total 382 207.60 0.54

Lognormal parameters for positive dosesin 1994:
W -0.8437

s20.4894

Sample Size: 36

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Medical Radiation Technologist

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 9573 0.00 0.00
>0-1 1724 555.70 0.32
>1-2 91 134.90 148
>2-5 64 186.30 291
>5-20 11 79.20 7.20
>20-50 1 35.50 35.50
>50 0 0.00 0.00
Tota 11464 991.60 0.09
Five year period 1990-1994
0 7661 0.00 0.00
>0-5 6068 3674.00 0.61
>5-25 155 1430.10 9.23
>25-100 4 197.70 49.43
>100 0 0.00 0.00
Tota 13888 5301.80 0.38
Lognormal parameters for positive dosesin 1994:
W -1.0736
$2:0.5369
Sample Size: 1891
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Nuclear Medicine Technologist

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 432 0.00 0.00
>0-1 377 212.80 0.56
>1-2 293 444.40 152
>2-5 281 885.10 3.15
>5-20 46 303.00 6.59
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 1429 1845.30 1.29
Five year period 1990-1994

0 456 0.00 0.00
>0-5 845 1617.04 191
>5-25 665 7520.40 11.31
>25 - 100 20 636.80 31.84
>100 0 0.00 0.00
Total 1986 9774.24 4.92

Hybrid lognormal parameters for positive doses in 1994:
r:0.1363

W -1.4913

s21.2183

Sample Size: 997

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994

2.50
224

2.00 - 197 195

1.50 — =
Average Annual — 125 1.e9
Dose (mSv)

1.00 4

0.50

0.00 -

85 86 87 88 89 90 91 92 93 94
Year

37



Table4 (Cont’d)

Nurse
Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 4498 0.00 0.00
>0-1 542 179.96 0.33
>1-2 25 34.20 137
>2-5 19 56.30 2.96
>5-20 5 30.40 6.08
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 5089 300.86 0.06
Five year period 1990-1994
0 5741 0.00 0.00
>0-5 2221 1286.77 0.58
>5-25 25 234.60 9.38
>25-100 0 0.00 0.00
>100 0 0.00 0.00
Tota 7987 1521.37 0.19

Lognormal parameters for positive dosesin 1994:
K -1.0663

$20.5378

Sample Size: 591

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Physician
Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 1671 0.00 0.00
>0-1 384 145.50 0.38
>1-2 42 62.70 1.49
>2-5 21 68.80 3.28
>5-20 6 52.00 8.67
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 2124 329.00 0.15
Five year period 1990-1994
0 1725 0.00 0.00
>0-5 1255 969.70 0.77
>5-25 66 582.50 8.83
>25-100 10 370.60 37.06
>100 0 0.00 0.00
Tota 3056 1922.80 0.63
Lognormal parameters for positive dosesin 1994:
W -0.8254
$2:0.7263
Sample Size: 453
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Radiation Therapist

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 600 0.00 0.00
>0-1 324 127.40 0.39
>1-2 41 58.70 143
>2-5 27 81.40 3.01
>5-20 5 46.40 9.28
>20- 50 1 20.60 20.60
>50 0 0.00 0.00
Total 998 334.50 0.34
Five year period 1990-1994

0 337 0.00 0.00
>0-5 835 1091.65 131
>5-25 72 683.50 9.49
>25 - 100 3 123.80 41.27
>100 0 0.00 0.00
Total 1247 1898.95 152

Lognormal parameters for positive dosesin 1994:
W -0.7233

$2:0.7840

Sample Size: 398

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Radiologist (Diagnostic)

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 1472 0.00 0.00
>0-1 308 115.50 0.38
>1-2 27 37.50 1.39
>2-5 21 65.50 3.12
>5-20 3 23.60 7.87
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 1831 242.10 0.13
Five year period 1990-1994

0 1166 0.00 0.00
>0-5 1134 917.40 0.81
>5-25 45 424.20 9.43
>25 - 100 2 93.20 46.60
>100 0 0.00 0.00
Total 2347 1434.80 0.61

Lognormal parameters for positive dosesin 1994:
W -0.8570

$20.6920

Sample Size: 359

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Radiologist (Therapeutic)

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 131 0.00 0.00
>0-1 41 13.90 0.34
>1-2 2 2.80 1.40
>2-5 2 5.40 2.70
>5-20 0 0.00 0.00
>20-50 1 21.00 21.00
>50 0 0.00 0.00
Tota 177 43.10 0.24
Five year period 1990-1994
0 107 0.00 0.00
>0-5 120 119.80 1.00
>5-25 58.30 8.33
>25-100 0.00 0.00
>100 0.00 0.00
Tota 234 178.10 0.76
Lognormal parameters for positive dosesin 1994:
: -0.9696
$2:0.8740
Sample Size: 46
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Veterinarian
Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 2132 0.00 0.00
>0-1 326 105.63 0.32
>1-2 13 18.20 1.40
>2-5 8 21.10 2.64
>5-20 2 13.40 6.70
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 2481 158.33 0.06
Five year period 1990-1994
0 2374 0.00 0.00
>0-5 999 585.69 0.59
>5-25 16 121.80 7.61
>25-100 0 0.00 0.00
>100 0 0.00 0.00
Tota 3389 707.49 0.21
Lognormal parameters for positive dosesin 1994:
W -1.1201
$2:0.4385
Sample Size: 349
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
0.16
0.14 | 214 014
0.12 | 012
0.10 | 0.09
Average Annual 0.08 - 0.08 0.08 0.08
Dose (mSv)
0.06 0.06 vos 0.06
0.04 -|
0.02 |
0.00 -!
8 8 8 8 8 90 91 92 93 94
Year



Table4 (Cont’d)
Veterinary Technician

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 12 0.00 0.00
>0-1 1 0.20 0.20
>1-2 0 0.00 0.00
>2-5 0 0.00 0.00
>5-20 0 0.00 0.00
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 13 0.20 0.02
Five year period 1990-1994
0 11 0.00 0.00
>0-5 1.90 0.48
>5-25 0.00 0.00
>25-100 0.00 0.00
>100 0.00 0.00
Tota 15 1.90 0.13
Lognormal or hybrid lognormal parameters for doses in 1994:
Not applicable
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Ward Aide/Orderly

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose
0 1680 0.00 0.00
>0-1 168 56.90 0.34
>1-2 15 21.50 1.43
>2-5 10 29.90 2.99
>5-20 2 13.70 6.85
>20-50 0 0.00 0.00
>50 0 0.00 0.00
Tota 1875 122.00 0.07
Five year period 1990-1994

0 2352 0.00 0.00
>0-5 698 414.50 0.59
>5-25 21 222.40 10.59
>25- 100 1 40.40 40.40
>100 0 0.00 0.00
Tota 3072 677.30 0.22

Lognormal parameters for positive dosesin 1994:
W -0.9476

s2 0.6907

Sample Size: 195

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Reactor —Administration

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 3109 0.00 0.00 0
>0-1 547 140.75 0.26 28
>1-2 77 110.61 144 22
>2-5 86 252.04 2.93 26
>5-20 20 133.31 6.67 20

>20- 50 1 20.70 20.70

>50 0 0.00 0.00
Total 3840 657.41 0.17 24
Five year period 1990-1994
0 4061 0.00 0.00 0
>0-5 1929 1255.15 0.65 27
>5-25 101 915.88 9.07 23
>25 - 100 6 185.22 30.87 17
>100 0 0.00 0.00 0
Total 6097 2356.25 0.39 25

Hybrid lognormal parameters for positive doses in 1994:

r: 0.5988

W -3.9050

$2: 2.4455
Sample Size: 731

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Reactor — Chemical and Radiation Control

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 119 0.00 0.00 0
>0-1 121 38.50 0.32 53
>1-2 57 84.52 148 41
>2-5 57 165.61 291 35
>5-20 47 526.73 11.21
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 401 815.36 2.03 18
Five year period 1990-1994
0 162 0.00 0.00 0
>0-5 307 428.15 1.39 48
>5-25 125 1474.01 11.79 35
>25 - 100 57 2939.13 51.56
>100 0 0.00 0.00
Total 651 4841.29 7.44 19

Hybrid lognormal parameters for positive doses in 1994:
r:0.0743

W -2.3681

s2: 35178

Sample Size: 282

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Reactor — Construction

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 636 0.00 0.00 0
>0-1 260 81.07 0.31 20
>1-2 74 110.15 1.49 17
>2-5 116 385.79 3.33 18
>5-20 265 2852.13 10.76
>20- 50 15 367.84 24.52
>50 0 0.00 0.00
Total 1366 3796.98 2.78 10
Five year period 1990-1994
0 3447 0.00 0.00 0
>0-5 1941 1961.28 101 15
>5-25 714 8643.64 12.11 8
>25 - 100 254 10104.27 39.78 7
>100 0 0.00 0.00 0
Total 6356 20709.19 3.26 8

Hybrid lognormal parameters for positive doses in 1994:

r:0.1841

W -0.2194

s2 8.2915
Sample Size: 730

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Reactor — Control Technicians

Year 1994

Dose Interval Numer of Collective Average
(mSv) Workers Dose Dose % Tritium
0 71 0.00 0.00 0
>0-1 35 12.25 0.35 33
>1-2 4 5.84 1.46 40
>2-5 5 15.82 3.16 39
>5-20 1 5.58 5.58 62

>20- 50 0 0.00 0.00

>50 0 0.00 0.00
Total 116 39.49 0.34 41
Five year period 1990-1994
0 90 0.00 0.00 0
>0-5 108 150.09 1.39 24
>5-25 30 323.76 10.79 30
>25 - 100 2 59.87 29.94 21
>100 0 0.00 0.00 0
Total 230 533.72 2.32 28

Lognormal parameters for positive dosesin 1994:

p: -0.8500
s21.4029
Sample Size: 45

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Reactor — Electrical Maintenance

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 273 0.00 0.00 0
>0-1 369 142.87 0.39 37
>1-2 135 196.42 145 31
>2-5 176 565.98 3.22 27
>5-20 82 548.44 6.69 25

>20- 50 0 0.00 0.00

>50 0 0.00 0.00
Total 1035 1453.71 1.40 28
Five year period 1990-1994
0 243 0.00 0.00 0
>0-5 732 1142.94 1.56 27
>5-25 425 4846.05 11.40 30
>25 - 100 36 1117.36 31.04 30
>100 0 0.00 0.00 0
Total 1436 7106.35 4.95 30

Hybrid lognormal parameters for positive doses in 1994:

r: 0.3350

W -0.6051

s2: 4.4671
Sample Size: 762

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994

Average Annual
Dose (mSv)

2.50

2.00 —

1.50 4

1.00 4

0.50 +

0.00 -

1.35

222

0.93

85

86

87 88

50

89

20

Year

9N 92

93

94



Table4 (Cont’d)
Reactor — Fuel Handling

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 10 0.00 0.00 0
>0-1 26 12.13 0.47 8
>1-2 20 26.65 133 10
>2-5 20 69.07 3.45 28
>5-20 80 892.78 11.16 11

>20- 50 0 0.00 0.00

>50 0 0.00 0.00
Total 156 1000.63 6.41 12
Five year period 1990-1994
0 23 0.00 0.00 0
>0-5 61 97.28 159 13
>5-25 94 1097.02 11.67 12
>25 - 100 19 697.35 36.70 44
>100 0 0.00 0.00 0
Total 197 1891.65 9.60 24

Hybrid lognormal parameters for positive doses in 1994:
r:0.3578

W +2.6728

$2:11.6341

Sample Size: 146

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Reactor — General Maintenance

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 481 0.00 0.00 0
>0-1 326 115.33 0.35 35
>1-2 114 165.53 145 30
>2-5 147 482.80 3.28 35
>5-20 42 270.23 6.43 24

>20- 50 0 0.00 0.00

>50 0 0.00 0.00
Total 1110 1033.89 0.93 31
Five year period 1990-1994
0 880 0.00 0.00 0
>0-5 912 1048.99 115 33
>5-25 299 3333.58 11.15 32
>25 - 100 27 875.46 32.42 48
>100 1 147.92 147.92 94
Total 2119 5405.95 2.55 36

Hybrid lognormal parameters for positive doses in 1994:

r:0.3834

W -0.6519

s2: 4.5449
Sample Size: 629

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Reactor — Health Physics

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 62 0.00 0.00 0
>0-1 25 7.90 0.32 24
>1-2 1 1.62 1.62 94
>2-5 7 24.25 3.46 18
>5-20 1 5.61 5.61 14

>20- 50 0 0.00 0.00

>50 0 0.00 0.00
Total 96 39.38 0.41 22
Five year period 1990-1994
0 81 0.00 0.00 0
>0-5 98 85.18 0.87 22
>5-25 10 130.54 13.05 22
>25 - 100 1 38.11 38.11 96
>100 0 0.00 0.00 0
Total 190 253.83 134 33

Lognormal parameters for positive dosesin 1994:
W -0.7742

s22,0818

Sample Size: 34

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Reactor —Industrial Radiographer

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 8 0.00 0.00 0
>0-1 4 143 0.36 0
>1-2 2 3.39 1.70 22
>2-5 4 17.13 4.28 3
>5-20 5 36.23 7.25 2
>20- 50 0 0.00 0.00 0
>50 0 0.00 0.00 0
Total 23 58.18 253 4
Five year period 1990-1994
0 37 0.00 0.00 0
>0-5 26 39.53 152 9
>5-25 20 201.66 10.08 4
>25 - 100 0.00 0.00 0
>100 0.00 0.00 0
Total 83 241.19 291 5

Hybrid lognormal parameters for positive doses in 1994:
r:0.7216

W +0.3242

$2:11.2278

Sample Size: 15

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Reactor — Mechanical Maintenance

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 213 0.00 0.00 0
>0-1 239 100.59 0.42 32
>1-2 150 216.87 145 24
>2-5 263 900.90 3.43 24
>5-20 399 2949.16 7.39 23

>20- 50 0 0.00 0.00

>50 0 0.00 0.00
Total 1264 4167.52 3.30 24
Five year period 1990-1994
0 390 0.00 0.00 0
>0-5 612 1060.52 173 23
>5-25 796 10423.41 13.09 23
>25 - 100 282 9350.11 33.16 29
>100 0 0.00 0.00 0
Total 2080 20834.04 10.02 25

Hybrid lognormal parameters for positive doses in 1994:
r: 0.5849

W +2.6013

s2:9.2118

Sample Size: 1051

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Reactor — Operations

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 403 0.00 0.00 0
>0-1 598 215.48 0.36 45
>1-2 202 300.96 1.49 411
>2-5 325 1082.11 3.33 411
>5-20 216 1492.95 6.91 36

>20- 50 0 0.00 0.00

>50 0 0.00 0.00
Total 1744 3091.50 177 39
Five year period 1990-1994
0 213 0.00 0.00 0
>0-5 1111 1806.64 1.63 43
>5-25 735 8711.74 11.85 45
>25 - 100 101 3465.21 34.31 38
>100 0 0.00 0.00 0
Total 2160 13983.59 6.47 43

Hybrid lognormal parameters for positive doses in 1994:

r:0.3792

W -0.1272
s25.9388
Sample Size: 1341

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Reactor — Scientific/Professional

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 1014 0.00 0.00 0
>0-1 195 58.28 0.30 19
>1-2 54 78.56 145 17
>2-5 56 195.42 3.49 14
>5-20 69 548.60 7.95 10

>20- 50 0 0.00 0.00

>50 0 0.00 0.00
Total 1388 880.86 0.63 12
Five year period 1990-1994
0 1775 0.00 0.00 0
>0-5 788 716.48 0.91 19
>5-25 171 2059.65 12.04 14
>25 - 100 25 950.89 38.04 11
>100 0 0.00 0.00 0
Total 2759 3727.02 135 14

Hybrid lognormal parameters for positive doses in 1994:

r:0.2076

W -1.3990

s2 5.6489
Sample Size: 374

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Reactor — Training

Year 1994
Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 52 0.00 0.00 0
>0-1 9 297 0.33 28
>1-2 2 3.45 173 17
>2-5 1 2.30 2.30 0
>5-20 1 5.43 5.43 28
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 65 14.15 0.22 21
Five year period 1990-1994
0 112 0.00 0.00 0
>0-5 38 46.23 122 22
>5-25 51.41 7.34 24
>25 - 100 0.00 0.00
>100 0.00 0.00
Total 157 97.64 0.62 23

Lognormal parameters for positive dosesin 1994:
W -0.8630

s2 2.6107

Sample Size: 13

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Reactor — Visitor

Year 1994

Dose Interval Number of Collective Average
(mSv) Workers Dose Dose % Tritium
0 43 0.00 0.00 0
>0-1 2 0.91 0.46 4
>1-2 3 4.65 155 4
>2-5 1 243 243 7
>5-20 0 0.00 0.00 0
>20- 50 0 0.00 0.00 0
>50 0 0.00 0.00 0
Total 49 7.99 0.16 5
Five year period 1990-1994
0 85 0.00 0.00 0
>0-5 51 41.50 0.81 6
>5-25 31 345.24 1114 12

>25 - 100 0 0.00 0.00

>100 0 0.00 0.00
Total 167 386.74 2.32 12

Hybrid lognormal parameters for positive doses in 1994:
r: 8.6656

W 13.2796

s2 66.6319

Sample Size: 6

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Uranium Mine Mill Maintenance

Year 1994
Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 15 0.00 0.00 0
>0-1 35 22.30 0.64 63
>1-2 42 63.00 150 79
>2-5 66 205.90 3.12 63
>5-20 13 76.70 5.90 46
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 171 367.90 2.15 62
Five year period 1990-1994
0 9 0.00 0.00 0
>0-5 115 184.17 1.60 57
>5-25 102 1280.40 12.55 63
>25 - 100 3 88.30 29.43 32
>100 0 0.00 0.00 0
Total 229 1552.87 6.78 61

Hybrid lognormal parameters for positive doses in 1994:
r:0.4492

W +0.8432

s2 2.2355

Sample Size: 156

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994

4.00 4

3.50 329

3.00 | 298
255 2.62 2.66

4 2.41
2.50 227 2.39 241

Average Annual

Dose (mSv) 2.00

1.50 4
1.00 4

0.50 +

0.00 -

85 86 87 88 89 90 91 92 93 94
Year

60



Table4 (Cont’d)
Uranium MineMill Workers

Year 1994
Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 18 0.00 0.00 0
>0-1 34 19.70 0.58 46
>1-2 39 58.10 1.49 74
>2-5 87 291.60 3.35 61
>5-20 22 136.70 6.21 57
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 200 506.10 253 61
Five year period 1990-1994
0 18 0.00 0.00 0
>0-5 221 468.19 212 411
>5-25 163 1926.06 11.82 60
>25 - 100 15 465.60 31.04 35
>100 0 0.00 0.00 0
Total 417 2859.85 6.86 53

Hybrid lognormal parameters for positive doses in 1994:
r: 0.5960

W +1.8676

s2 3.6858

Sample Size: 182

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Uranium Mine Nur ses

Year 1994
Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 0 0.00 0.00 0
>0-1 2 0.20 0.10 100
>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 2 0.20 0.10 100
Five year period 1990-1994
0 0 0.00 0.00 0
>0-5 5 3.30 0.66 52
>5-25 0 0.00 0.00
>25 - 100 0 0.00 0.00
>100 0 0.00 0.00
Total 5 3.30 0.66 52

Lognormal or hybrid lognormal parameters for positive dosesin 1994:
cannot be calculated because of small sample size.

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Uranium Mine Office Staff

Year 1994
Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 13 0.00 0.00 0
>0-1 42 18.60 0.44 88
>1-2 31 43.40 1.40 88
>2-5 3 7.80 2.60 82
>5-20 5.70 5.70 75
>20- 50 0.00 0.00
>50 0.00 0.00
Total 0 75.50 0.84 87
Five year period 1990-1994
0 12 0.00 0.00 0
>0-5 200 317.20 159 86
>5-25 48 446.60 9.30 83
>25 - 100 1 25.70 25.70 88
>100 0 0.00 0.00 0
Total 261 789.50 3.02 85

Hybrid lognormal parameters for positive doses in 1994:

r: 0.5840

W -0.3812

s2 2.0412
Sample Size: 77

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Uranium Mine Support Workers

Year 1994

Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 9 0.00 0.00 0
>0-1 10 5.40 0.54 87
>1-2 23 35.00 152 82
>2-5 24 76.90 3.20 76
>5-20 88 1009.30 1147 80
>20- 50 1 243.90 22.17 81
>50 0 0.00 0.00 0
Total 165 1370.50 8.31 80
Five year period 1990-1994

0 7 0.00 0.00 0
>0-5 282 622.36 221 87
>5-25 380 4380.64 1153 85
>25 - 100 141 6625.48 46.99 83
>100 10 1156.50 115.65 85
Total 820 12784.98 15.59 84

Hybrid lognormal parameters for positive doses in 1994:
r:0.1368

W +0.9487

s2: 3.8157

Sample Size: 156

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Uranium Mine Surface M aintenance

Year 1994

Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 50 0.00 0.00 0
>0-1 61 27.70 0.45 71
>1-2 66 95.60 145 92
>2-5 18 52.80 2.93 77
>5-20 8 96.00 12.00 83
>20- 50 1 21.60 21.60 82
>50 0 0.00 0.00 0
Total 204 293.70 144 83
Five year period 1990-1994

0 54 0.00 0.00 0
>0-5 515 996.94 194 71
>5-25 409 4505.64 11.02 87
>25 - 100 89 3026.47 34.01 86
>100 0 0.00 0.00 0
Total 1067 8529.05 7.99 85

Lognormal parameters for positive dosesin 1994:
W -1.7284

$22.0330

Sample Size: 154

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table 4 (Cont’d)
Uranium Mine Surface Miner

Year 1994
Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 1 0.00 0.00 0
>0-1 23 12.30 0.53 80
>1-2 41 66.50 1.62 80
>2-5 49 156.30 3.19 63
>5-20 5.60 5.60 38
>20- 50 0.00 0.00
>50 0.00 0.00
Total 115 240.70 2.09 68
Five year period 1990-1994
0 4 0.00 0.00 0
>0-5 82 127.17 155 59
>5-25 75 1008.60 13.45 77
>25 - 100 42 1377.40 32.80 85
>100 0 0.00 0.00 0
Total 203 2513.17 12.38 80

Hybrid lognormal parameters for positive doses in 1994:

r: 1.3560

W +3.6730

s2 5.8081

Sample Size: 114

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Uranium Mine Surface Per sonnel

Year 1994
Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 15 0.00 0.00 0
>0-1 27 13.40 0.50 80
>1-2 12 18.40 153 78
>2-5 16.10 2.68 71
>5-20 0.00 0.00
>20- 50 0.00 0.00
>50 0.00 0.00
Total 60 47.90 0.80 76
Five year period 1990-1994
0 25 0.00 0.00 0
>0-5 133 179.69 135 62
>5-25 22 171.30 7.79 74
>25 - 100 0 0.00 0.00
>100 0 0.00 0.00
Total 180 350.99 1.95 68

Hybrid lognormal parameters for positive doses in 1994:

r: 0.5011

W -0.4589
$2:1.7422
Sample Size: 45

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Uranium Mine Surface Support Workers

Year 1994
Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 70 0.00 0.00 0
>0-1 102 44.30 0.43 66
>1-2 63 91.60 145 67
>2-5 43 127.00 2.95 49
>5-20 29.20 7.30 45
>20- 50 0.00 0.00
>50 0.00 0.00
Total 282 292.10 1.04 57
Five year period 1990-1994
0 139 0.00 0.00 0
>0-5 500 889.63 1.78 67
>5-25 127 1296.82 10.21 65
>25 - 100 10 303.94 30.39 40
>100 0 0.00 0.00 0
Total 776 2490.39 3.21 63

Hybrid lognormal parameters for positive doses in 1994:

r: 0.2526

K -1.1965
s21.9094
Sample Size: 212

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)
Uranium Mine Underground M aintenance

Year 1994

Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 3 0.00 0.00 0
>0-1 7 3.80 0.54 58
>1-2 10 16.20 1.62 81
>2-5 35 121.80 3.48 62
>5-20 37 382.80 10.35 74
>20- 50 4 98.40 24.60 66
>50 0 0.00 0.00 0
Total 96 623.00 6.49 70
Five year period 1990-1994

0 5 0.00 0.00 0
>0-5 75 117.40 157 74
>5-25 81 1066.70 13.17 70
>25 - 100 25 1081.60 43.26 76
>100 0 0.00 0.00 0
Total 186 2265.70 12.18 73

Hybrid lognormal parameters for positive doses in 1994:
r: 0.0661

W -0.8012

s:1.9193

Sample Size: 93

(See Appendix for explanation)

Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Uranium Mine Underground Miner

Year 1994
Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 13 0.00 0.00 0
>0-1 22 9.20 0.42 93
>1-2 12 17.40 145 68
>2-5 38 126.90 3.34 62
>5-20 190 2409.10 12.68 65
>20-50 a4 1834.80 23.83 78
>50 0 0.00 0.00 0
Total 352 4397.40 12.49 71
Five year period 1990-1994
0 19 0.00 0.00 0
>0-5 372 875.11 2.35 80
>5-25 828 10558.56 12.75 79
>25-100 370 18038.64 48.75 75
>100 66 8223.20 124.59 82
Total 1655 37695.51 22.78 78
Hybrid lognormal parameters for positive doses in 1994:
r: 0.3969
W +6.3909
$2:18.1932
Sample Size: 339
(See Appendix for explanation)
Histogram of average annual doses over ten year period 1985-1994
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Table4 (Cont’d)

Uranium Mine Underground Personnel

Year 1994

Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 223 0.00 0.00 0
>0-1 90 42.00 0.47 9
>1-2 14 20.20 144 40
>2-5 19 66.50 3.50 82
>5-20 33 303.90 9.21 82
>20- 50 1 22.80 22.80 75
>50 0 0.00 0.00 0
Total 380 455.40 1.20 73
Five year period 1990-1994

0 534 0.00 0.00 0
>0-5 486 645.75 133 32
>5-25 130 1438.40 11.06 77
>25 - 100 59 2159.83 36.61 88
>100 0 0.00 0.00 0
Total 1209 4243.98 351 76

Lognormal parameters for positive dosesin 1994:

W +0.1427
s2:1.8574
Sample size: 157

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Table 4 (Cont’d)
Uranium MineVisitors

Year 1994
Dose Interval Number of Collective Average % Radon
(mSv) Workers Dose Dose Progeny
0 58 0.00 0.00 0
>0-1 50 20.70 0.41 57
>1-2 4 5.40 135 96
>2-5 3 10.10 3.37 44
>5-20 0 0.00 0.00 0
>20- 50 0 0.00 0.00
>50 0 0.00 0.00
Total 115 36.20 0.31 59
Five year period 1990-1994
0 60 0.00 0.00 0
>0-5 119 126.00 1.06 58
>5-25 5 31.60 6.32 57
>25 - 100 0 0.00 0.00
>100 0 0.00 0.00
Total 184 157.60 0.86 58

Lognormal parameters for positive dosesin 1994:
| -0.9463

$20.9931

Sample Size: 57

(See Appendix for explanation)

Histogram of aver age annual doses over ten year period 1985-1994
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Appendix

Thelognormal 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 thedistribution
and the 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 isinterpreted as follows:

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

b
of(x) dx ,
a

where f represents the probability density function.

Besides the variable (occupational dose) the probability
density function containsanumber of parameters, which deter-
mine the shape of the function. Only when the parameters have
been specified isthe 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:ps9)= (Ux) (209 ™ exp(-(In(x)-?/2s?) .

The hybrid lognormal probability density function f is
given by:

fx:r ,1us2)= (r +1/x) (2ps2)™2 exp(-(In(r x)+r x-p)/2s2).

In these functions, the quantities p and s2 are parameters
of the distribution. The hybrid lognormal distribution contains
an extra parameter r. This distribution was introduced by
Kumazawa® 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 alognormal distribution for
low doses and to a normal distribution for high doses.
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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

¥
ox f(x) dx
0

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

¥
O(x - mean)? f(x) dx
0
and the standard deviation as the square root thereof.

The probability that a dose exceeds, for example, 50 mSy,
is estimated as:

¥
of (x) dx .
50

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

¥
of(x) dx = 95/100.
\Y)

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

¥
ox f(x) dx
15

¥
ox f(x) dx
0



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 tabul ated parameter val ues substituted for (r,) p, and s2.

Software is available from the authors for the purpose of
estimating occupational dose statistics and their confidence
intervals. Since the lognormal and hybrid lognormal distribu-
tion do not apply to zero doses, as evident from the formulas
of their probability density functions, the software will deter-
mine parameters based on positive doses, and the estimated
statisticswill refer to positive doses only. Estimatesfor thetotal
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 estimateis2 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 al doses is
needed, it is calculated as the estimate of the 90-th percentile
for the positive doses.
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