Table 4

Estimated normalized collective absorbed dose commitments
from particulate airborne releases from uranium milling

Hormalized collective absorbed dose commitment (10'5 man Gy (GW[e) a)']]

Bone .
Gonads  Breast  Lungs Rggrsgae 112:?2 Thyroid Kidneys Liver Ri?g;gggr
Cloud passage:
Inhalation
238, § - 210 0.2 2 - 0.9 0.006 -
234 - - 250 0.2 3 - 1 0.006 -
230y, - - 26 15 200 - 0.04 0.3 -
(2 - - 0.9 0.03 0.4 - 0.006 0.006 -
210p;, - - 0.5 0.2 2 - 0.4 0.8 -
2105, - - 1.2 0.02 0.02 - 0.6 0.2 -
Total (rounded) (a) B - 490 16 210 - 3 1 -
Activity deposited:
Internal irradiation
238 2 2 2 5 29 2 17 2 2
234, 2 2 2 3 26 2 16 2 2
230y, 0.01 0.01 0.7 0.8 11 0.01 0.4 0.01  0.01
226g, 0.1 0.1 0.1 0.4 4 0.1 0.1 0.1 0.1
210p;, 2105, 4 4 2 4 2 4 4 4 4
Total {rounded) (a) 8 8 7 13 96 9 37 8 8
Activity deposited:
External irradiation (v) 23 1o all organs and tissues
Tabile &

Normalized collective effective dose equivalent commitments

from particuTate and gaseous airbcrne releases from mining and miliing

Collective effective dose equivalent
commi trent (10-2 man Sv [Gi(e) 2} ')

Inhalaticn Internal External

during the irradiation irradiation

passage ¢f due to the due to the Total

the cloud activity activity
deposited deposited

Milling
Particulates 1.3 0.2 1.5
Gaseous radon-222 0.02

and daughters 2.3 0.1 2.4
Mining
Gaseous radon-222

and daughters 50 - - 50
Total 54




Table 6

Hormalized collective effective dose equivalent commitment
to the Tocal and regional popuTation from tailings
at the model mine and miTl

{a) Atmospheric releases of radon and airborne
particulates as a function of the time for

which the erosion continues

llormalized collective effective
dose equivalent commitment

{man Sv [Gl(e) a]'l)

Release duration (a) 1 103 105
238, 0.000005  0.005 0.5
234 0.000006  0.006 0.6
230q, 0.0008 0.4 44
2260, 0.000009  0.009 0.9
210p, 0.00002  0.02 2
210p, 0.00002  0.02 2
222, 0.025 25 2500

Total (rounded) 0.026 26 2600

(b) Releases of tailings into the marine environment

Normalized collective effective
dose equivalent commitment

(man Sv [GH(e) 2]")

238, 0.15
234, 8.8
234 0.17
2307, 0.54
226¢, 18.6
210y, 79.7
210p, 350

Total 460

Table

7

Normalized effluent discharges from the model fuel conversion,

enrichment and fabrication tacilities

(MBg [GH(e) a} )
[E1, B2, B22, P1, $6)

Isotope Atmospheric Aguatic
Con- En- Fabri- Con- En- Fabri-

version richment caticn version richment cation
238, 74 3.7 0.74 814 370 370
235 2.0 0.07 0.22 20 7.4 7.4
234 74 3.7 7.4 814 370 370
234y, 74 3.7 0.74 - - 370
2307, 0.74 - - 56 - -
226p, 0.07 - - 126 - -
222, 8140 - - - - -




Table 8

Meteorological characteristics and population distribution
around the model fuel fabrication facilily
used for assessing radon releases a/

Pasquill weather category

Quantity Dry Rain
A B c 1] E F c D
Frequency (%) 0 n.3 4.5 12.1 63 5 4.6 1.7 8.4
Wind speed (m s °) 1 2 5 5 3 2 5 5
Depth of mixing
layer {m) 2000 2000 1000 1000 200 200 1000 1000
a/ The assumed stack height is 60 m. 2

The

assumed population distribution is uniform at 25 km “.

Table 9

Normalized collective absorbed dose commitments
by inhalation for airborne releases from fuel fabrication

Normalized collective absorbed dose commitment [10_6 man Gy (GWle] a)'ll

Bane .
Red bone . . . . . Remainder
Gonads  Breast Lungs ma rrow ]lg}?g Thyroid Kidneys Liver tissues
Cloud passage:
Inhalation
238 - - 250 0.2 - 1 - -
234 - - 30 0.2 3 - 1 - -
230y, . - 3 2 20 - 0.006 - -
226p, - - 0.02 - 0.007 - - - -
Total {rounded) (a) - - 570 2 30 - 2 - -
Activity deposited:
Internal irradiation
238 2 2 2 6 35 2 20 2 2
234 2 2 2 4 3 2 20 2 2
2305y, 0.001  0.0001 0.07  0.08 1 0.001 4 0.001  0.001
226p, 0.002  0.002 0.002 0.008 0.08  0.002 0.002 0.002  0.002
Tetal (rounded) (a) 4 4 4 10 70 4 40 4 4
Activity deposited:
External irradiation (y) 0.4 to all) organs and tissues
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Table 10

Normalized collective effective dose equivalent commitment
from the model fuel fabrication facility

Hormalized collective effective dose
Radio- equivalent commitment

nuclide [10_4 man Sv (GW[e] a)™})
Cloud Activity deposited
passage:
: Internal External
Inhalation irradiation irradiation
238, 6 0.7
234 7 0.9
230y, 0.2 0.01 0.004
226p, 0.0004 0.001
222y, 4 0.02 ,
Total (rounded) 20 2 0.004

Table 11

World nuclear generating capacity in 1979
[Net values in GW{e)} and numbers of units in parentheses]

[11, Ki2]
Reactor type Total
Country Capa= etwéi)ut
or area PWR  BWR GCR HWR LWGR FBR  city P P
Argentina 0.34 0.34 0.015
(1)
Belgium 1.66 1.66 0.17
(3)
Bulgaria 0.82 0.82 0.10
(2)
Canada 5.49 5.49 0.25
(11)
Czechoslovakia 0.38 0.38 0.024
(1)
Finland 0.42 0.66 1.08 0.23
(1) (1)
france 5.71 2.13 0.07 0.25 8.16 0.15
(7) {7y () (1)
German Dem. Rep. 1.29 1.29 0.074
(4)
Germany, Fed.Rep.of 5,37 3.16 0.01 0.05 0.02 8.61 0.14
(6) (5 (1) (1) (1)
India 0.40 0.20 0.60 0.001
(2) (1)
Italy 0.24 0.15 0.15 0.54 0.01
(1) (1) (1)
Japan 6.44 7.72 0.16 0.15 14.47 0.16
(9) 12y (1) (1)
Republic of Korea 0.56 0.56 0.17
(1)
Netherlands 0.45 0.05 0.50 0.038
(1) (1)
Pakistan 0.13 0.13 0.002
(1)
Spain 0.15 0.44 0.48 1.07 0.031
(1y @) (1)
Sweden 0.80 2.90 3.70 0.46
(1) (5)
Switzerland 1.62 0.32 1.94 0.31
(3) (1)
USSR 2.49 0.09 7.89 0.15 10.62 0.043
{7y (5) (16) (2)
United Kingdom 6.75 0.23 6.98 0.13
‘ (32) (1)
United States 31.88 17.78 0.33 49,99 0.24
(42) (26) (1)
Other Asia 1.21 1.21 0.084
(2)
Total 61.49 33.67 10.01 6.43 7,89 0.65 120,14 0.07

(92) (60) (48) (17) (16) (6)
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Table

i2

Noble gases discharged in airborne effluents from PWRs

in various countries 1975-1979

[B23, D6, R , 63, , L1, 16, N19, P2, S14)

Country Startup Electrical Release (TBq)

and year capacity
reactor GW(e)) 1975 1976 1977 1978 1979
Belgium
Doel 1,2 1974/75 0.79 7.7 30 28 17 44
Tihange 1975 G.87 17 170 55 58 14
Finland
Loviisa 1977 0.42 - - 2.2 1.4 1.6
France
Fessenheim 1977 1.78 - - 70 73
Chooz 1967 0.30 100 183 103 120
Bugey 2.3 1978 1.85 -, - - 4.1
Germany, Fed. Rep. of
Obrigheim 1968 0.33 296 12 14 17 3.8
Stade 1972 0.63 47 389 132 18 8.5
Biblis A,B 1974/76 2.39 62 54 156 79 43
Neckarwestheim 1976 0.81 - 19 70 4.3 12
Unterweser 1978 1.23 - - - 1.9 38
Ital
Trino 1964 0.25 17 6.6 2.2 20
Japan
H\Eama 1 1970 0.34 2.7 2.1 2.7 1.7 2727
Mihama 2 1972 0.50 7.0 30 14 6.7 0.59
Mihama 3 1976 0.83 - 10 6.3 0.9 0.26
Takahama 1 1974 0.83 4.8 3.6 4.4 3.1 3.0
Takahama 2 1975 0.83 3.0 3.3 2.3 2.1 2.4
Ohi 1 1977 1,17 - - 0.4 9.3 3.0
Ohi 2 1978 1.17 - - - 0.33 2.3
Ikata 1 1977 0.57 - 2.2 3.0 3.4
Genkai 1 1975 0.57 .5 1.8 2.0 1.6 1.0
Netherlands
Borssele 1973 0.45 97 144 37 15 8
Sweden
Ringhals 2 1975 0.80 - 8.5 11 5.4 22
United States
Arkansas 1 1974 0.84 38 210 514 277 315
Arkansas 2 1979 0.95 - - - - 168
Beaver Valley 1976 0.80 - - 2 14 65
Calvert Cliffs 1,2 1974 1.62 .2 286 825 1020 378
Cook 1,2 1975 2.14 - 36 141 1795 403
Crystal River 1977 0.80 - - 112 254 2802
Davis Besse 1977 0.92 - - 47 77 62
Farley 1978 0.83 - - - 131 118
Fort Calhoun 1973 0.46 16 80 141 50 26
R.E. Ginna 1969 0.47 389 204 118 36 28
Haddam Neck 1968 0.55 18 18 115 79 204
Indian Point 1973/76 1.77 303 392 592 551 343
Kewaunee 1974 0.52 91 59 90 16 5.6
Maine Yankee 1972 0.77 152 48 11 53 73
Millstone Point 2 1975 0.80 - 57 84 28 13
North Anna 1978 0.90 - - - 559 232
Oconee 1973/74 2.64 562 1628 1317 1612 1772
Palisades 1971 0.64 97 1.1 2.2 12 2.5
Point Beach 1,2 1970/72 0.99 1676 74 42 19 3%
Prairie Island 1973/74 1.01 81 64 25 47 26
Rancho Seco 1974 0.87 4.4 4.7 74 263 326
H.B. Robinson 1970 0.66 43 29 18 33 56
St. Lucie 1976 0.78 - - 940 1084 570
Salem 1 1976 1.08 - - 7.3 0.38 9.2
San Onofre 1967 0.44 66 15 5.6 67 24
Surry 1,2 1972773 0.55 298 710 703 161 66
Three Mile Island 1 1974 0.79 134 102 614 581 83
Trojan 1975 1.08 - - 113 11 34
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Table 12, continued

Country Startup Electrical Release (TBq)

and year capacity
reactor [GW(e)}] 1976 1976 1977 1978 1979
Turkey Point 1972/73 1.32 496 577 862 870 392
Yankee Rowe 1960 0.17 1 1 4,6 24 6.7
Zion 1,2 1973/74 2.08 1676 5254 1191 2505 1262
Total annual energy

generated [GW(e) a] 16.9 19.2  23.8 29.4 27.%
dormalized release [TBq (GHW[e] a)'l] 402 570 388 432 370

Average 1975-1979

430 TBq [GH(e) a] ™}

Isotopic composition of noble gases discharged from PHRs

Table

13

in_the United States during 1979

[BZ3]
Energy Release (TBq)

Reactor Startup generated ,

year [GH{e) a] 41Ar 85my . 85Kr 87Kr 88Kr 131my, 133my . 133y, 135my 135y, 138,,
Arkansas 1 1974 0.397 0.30 3.2 0.20 0.49 1.7 0.11 2.8 289 - 24 -
Arkansas 2 1979 0.916 5.3 - - - - 0.001 - 143 - 19 -
Beaver Valley 1976 0.221 - - 0.52 - 18 1.6 45 - 0.027 -
Calvert Cliffs 1,2 1975/77 1.161 0.005 1.3 0.036 - 0.045 0.048 0.14 363 - 13 -
Cook 1,2 1975778 1,373 0.019 0.007 326 - - - 0.88 70 - 7.8 -
Crystal River 1977 0.453 17 25 - 7.8 19 36 49 2290 21 212 125
Davis Besse 1977 0.381 0.02 0.26 56 0.61 0.43 0.019 0.023 3.30.51 0.24 1.2
Joseph M, Farley 1978 0.211 11 0.00t 0.78 0.062 0.007 3.5 1.4 95 - 5.1 0.01 )
Fort Calhoun 1973 0.440 0.078 0.01 0.48 0.004 0.016 - 0.19 25 - 0.24 - !
R.E. Ginna 1969 0.355 0.033 0.1} 0.74 - - 0.036 0.018 25 - 1.9 -
Haddam Neck 1967 0.493 - 0.051 37 0.13 0.,12 1.5 0.29 155 0.027 1.1 0.13
Indian Point 1973 1.142 - 0.92 24 0.29 1.0 3.8 3.6 297 0.38 11 0.84 '
Kewaunee 1974 0.412 0.3t 0.016 1.0 - 0.013 - 0.007 1.1 - 0.41 -
Maine Yankee 1972 0.537 - - 1.0 - - 2.4 - 67 - 1.4 -
Millstone Point 2 1975 0.520 0.068 - 0.36 - - - - 648 - 0.64 -
North Anna 1978 0.507 0.007 0.67 0.05 0.01 0.02 0.12 0.58 224 0.02 7.3 0.01
Oconee 1,2,3 1973774 1.708 1.0 3.4 40 0.26 1.1 14 27 1646 1.4 29 0.15
Palisades 1971 0.415 - - 0.0%0 - - 0.021 0.002 2.4 - 0.007 -
Point Beach 1,2 1970/72 0.808 2.1 2.3 1.2 1.2 3.6 - 0.11 11.30.78 12 1,2
Prairie Island 1,2 1973/74 0.865 0.1 0.03 0.048 0.09 - - 0.068 25 - 0.71 -
Rancho Seco 1974 0.687 0.06 0.52 0.27 0.007 0.041 0.085 0.92 300 - 24 -
H.B. Robinson 1970 0.482 0.05 - - - - - - 56 - 0.87 -
Salem 1976 0.250 0.011 0.043 0.050 - 0.04 - 0.12 8.4 - 0.56 -
St. Lucie 1976 0.592 0.92 4.9 2.9 5.0 10 31 4.9 432 0.41 9.4 4.7
San Onofre 1967 0.401 0.40 0.08 2.3 0.019 0.084 0.10 0.073 19 - 0.53 -
Surry 1,2 1972/73 0.343 0.083 0.029 0.013 0.04% 0.02 - 0.36 63 - 2.5 -
Three Mile Island 1 1974 0.266 0.67 - 0.007 - 0.007 0.093 0.26 81 - 0.95 -
Trojan 1975 0.631 0.016 0.042 0.038 0.034 0,058 0.092 0.28 32 0.13 1.4 0.016
Turkey Point 1972/73 0.811 2.0 0.050 0.035 0.0099 0.036 0.075 0.25 389 0.068 1.1 0.026
Yankee Rowe 1960 0.149 0.062 0.060 0.060 0.050 0.093 0.012 0.069 4.30.82 0.94 0.028
Zion 1973 1.238 0.28 0.062 0.097 - 1.5 8.8 0.63 1132 - 118 -
Total annual energy

generated [GW(e) a] 19.165

Normalized release [TBq (GW[e] a) 1] 2.1 2.2 25 0.84 2.0 6.3 5.0 469 1.3 26

6.9
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Table 14

Noble gases discharged in airborne effluents from BWRs

in various countries 1975-19/79

[B23, D6, D8, , L1, L6, R19, P2, S14])

Country Startup Electrical Release (TBq)

and year capacity
reactor [GHW(e)] 1975 1976 1977 1978 1979
Finland
DTkiTuoto 1978 0.660 - - - 0.25 0.014
Germany, Fed. Rep.of
Gundremmingen 1966 0.237 274 195 9.2 8.5 -
Lingen 1968 0.182 1295 237 4.9 - -
Wirgassen 1971 0.640 4.5 18 29 121 159
Brunsbiittel 1976 0.770 - 36 116 280 46
Isar 1977 0.870 - - 0.9 40 85
Ital
Garigliano 1964 0.152 8456° 8861 3328 2886
Caorso 1978 0.548 - - - -
Japan

suruga 1970 0.357 85 70 23 16 8.1
Tokai 2 1978 1.100 - - - - -
Fukushima 1 1971 0.460
Fukushima 2 1974 0.784] 196 1070 17 740 133
Fukushima 3 1976 0.784
Fukushima 4 1978 0.784) 0.83 0.25 1.1 0.77 0.67
Fukushima 5 1978 0.784 - - 0.0026 0.024 0.0025
Hamaoka 1 1976 0.540 - - - - -
Hamaoka 2 1978 0.840 - - - - -
Shimane 1974 0.460 - - - - -
Netherlands
Dodewaard 1968 0.052 78 230 481 159 119
Sweden
Oskarshamn 1 1970 0.460 - 5402 5217 4613 4700
Oskarshamn 2 1974 0.590 - 1.4 3 44 290
Ringhals 1 1974 0.780 - 1712 78 2900 19300
Barsebdck 1 1975 0.590 - 0.78 3 2.9 0.97
Barsebdck 2 1976 0.590 - - 0.37 2.0 3.3
United States
Big Rock Point 1963 0.075 1872 562 496 699 323
Browns Ferry 1973/77 3.195 932 2974 6142 5809 10027
Brunswick 1975/76 1.580 6.8 685 9102 3381 3184
Cooper 1974 0.764 729 1420 47 151 1125
Dresden 1 1960 0.200 19240 17020 19240 31450 6.8
Dresden 2.3 1971/72 1.345 13653 1199 11581 1502 2557
Duane Arnold 1975 0.515 57 195 143 58 342
J.A, Fitzpatrick 1975 0.300 151 1709 862 218 125
Edwin [. Hatch 1975 0.717 57 115 70 60 142
Humboldt Bay 1963 0.265 10952 3441 - - -
Lacrosse 1969 0.248 2109 4588 1573 312 385
Millstone Point 1 1971 0.552 109890 18759 22940 20942 762
Monticello 1971 0.536 5735 422 254 238 149
Nine Mile Point 1969 0.510 48100 6512 131 112 38
Oyster Creek 1969 0.520 7622 6142 6549 36926 37470
Peach Bottom 1974 2.286 480 7730 2631 1425 4592
Pilgrim 1972 0.564 3885 6771 15281 1210 514
Quad Cities 1973 1.538 4070 1166 947 1199 1644
Vermont Yankee 1972 0.514 124 106 131 183 299
Total annual energy

generated [GW(e) a] 9.53 13.04 13.24 18.1 20.0
Rormalized release ([TBg (GWle] a) 1] 25447 7104 8103 6500 4407

Average 1975-1979 8800 TBq [GH(e) a]!
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Table 15

Isotopic composition of noble gases discharged from BWRs

in the United Stafes during 1979

[B23]
Energy Release (TBq)

Reactor Startup generated

year [GW(e) a] 41Ar 83mKr 85mKr 85Kr 87Kr 88y . 89Kr 90Kr
Big Rock Point 1 1962 0.013 - 9.9 12 0.037 31 17 24 26
Browns Ferry 1,2,3 1973/77 2.393 44 - 50 8140 73 101 - -
Brunswick 1,2 1975/77 0.810 41 - 88 - 316 281 - -
Cooper 1974 0.591 - 25 74 3.9 100 188 - -
Dresden 1 1959 1.013 - - - - - - - -
Dresden 2,3 1970/71 . - 54 - - 69 136 - -
Duane Arnold 1974 0.352 3.8 - 32 13 3.2 21 - -
J.A. Fitzpatrick 1974 0.349 1.5 - 4.7 0.13 2.4 4.1 - -
Edwin I Hatch 1974 0.401 2.0 - 5.8 - 0.37 2.8 0.06 -
Lacrosse 1967 0.024 - - 6.8 0.36 41 25 0.45 -
Millstone Point 1 1970 0.505 - - 14, - 8.4 2.2 - -
Monticello 1970 0.522 - 0.37 0.31 0.74 1.9 1.0 36 1.2
Nine Mile Point 1969 0.354 - - - - - 16 - -
Oyster Creek 1969 0.541 - - 1613 - 5217 5032 1.1 -
Peach Bottom 2,3 1973/74 1.740 - - 16 - 4.1 3.1 - -
Pitgrim 1972 0.574 - - 96 0.002 83 204 - -
Quad Cities 1,2 1971/72 1.075 - - 121 - 488 190 - -
Vermont Yankee 1972 0.414 - - 1.3 - 3.8 3.2 - -
Total annual energy

generated [GH({e) a) 11.670
Normalized release [TBq (GW[e] a) l] 7.9 7.6 180 690 550 530 5.2 2.3
Energy Release (TBq)

Reactor Startup generated

year  [GW(e) a] 131my,  133my, 133y,  135my, 135y, 137Xe 138,, 139,
Big Rock Point 1 1962 0.013 0.11 0.32 5.8 40 20 38 64 35
Browns Ferry 1,2,3 1873/77 2.353 - - 319 121 38 - 610 -
Brunswick 1,2 1975/77 0.810 - 29 84 888 1217 - 240 -
Cooper 1974 0.591 1.7 11 310 9.4 358 0.23 45 -
Dresden 1 1959 1.013 - - 6.8 - - - - -
Dresden 2,3 1970/71 . - - 219 250 466 - 1365 -
Duane Arnold 1974 0.352 - - 212 9.4 42 - 5.1 -
J.A, Fitzpatrick 1974 0.349 4.6 1.2 70 0.6 29 - 3.3 -
Edwin 1 Hatch 1974 0.401 14 1.2 110 0.74 2.1 - 2.4 -
Lacrosse 1967 0.024 0.35 3.0 27 33 120 2.9 120 -
Millstone Point 1 1970 0.505 81 - 12 119 74 269 182 -
Monticello 1970 0.522 0.07 0.02 10 2.8 2.1 47 41 3.7
Nine Mile Point 1969 0.354 - - - 6.0 5.1 - 12 -
Oyster Creek 1969 0.541 - - 1298 3648 8362 23 12284 -
Peach Bottom 2,3 1973/74 1.740 5.0 72 3922 3.2 566 - 0.97 -
Pilgrim 1972 0.574 - - 71 7.6 19 - 32 -
Quad Cities 1,2 1871/72 1.075 - - 481 33 97 - 235 -
Vermont Yankee 1972 0.414 - - 164 36 8.1 - 81 -
Total annual energy

generated [GW(e) a] 11.670

Normalized release [TBq (GW[e] a 1] 9.1 10 630 450 980 33 1300 3.3
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Table

1

6

Noble gases discharged in airborne effluents

from HWRs in various countries 19/5-1979

[621, M10]

Country Startup Electrical Release (T8q)

and year capacity
reactor [GYH(e)] 1975 1976 1977 1978 1979
Argentina
Ktucha 1974 0.320 9.3 160 n 311 252
Canada
Bruce A 1976 /79 4 x 0.755 - - 1254 1550 3084
Pickering A 1971/73 4 x 0,514 162 104 159 152 218
Total annual energy

generated [GHW(e) a] 2.2 2.6 3.2 4.1 4.3
Normalized release [TBq (GW(e] a)'l] 86 102 464 491 827

Average 1975-1979

460 TBq [GH(e) a]™*

Table

17

Activation gases released from GCRs in various countries 1975-1979

Country Startup Electrical Release (TBq)

and year capacity
reactor [GW(e)] 1975 1976 1977 1978 1979
France
Chinon 1 1963 0.070
Chinon 2 1965 0.210 ] 224 182 145 94
Chinon 3 1966 0.430
St. Laurent des Eaux 1 1969 0.460 :
St. Laurent des Faux 2 1971 0.515 ] 129 107 155 250
Bugey 1 1972 0.540 195 114 89 107
Italy
Latina 1963 0.153 96 92 89 a7
Japan
Tokal 1966 0.166 207 229 289 307 333
United Kingdom
Calder 1956 0.200 548 962 1073 1100
Chapelcross 1959 0.192 1184 1184 1184 1200
Berkeley 1962 0.276 592 555 444 444
Bradwell 1962 0.250 555 666 592 555
Hunterston A 1964 0.300 555 740
Hunterston 8 1976 1,240 74
Trawsfynydd 1964 0.390 5550 5550 4810 5180
Hinkley Point A 1965 0.460 2960 2960 2960 2590
Hinkley Point B 1976 1.240
Dungeness A 1965 0.410 1110 1110 1110 444
Sizewell 1965 0.420 2220 2220 2220 2220
01dbury 1967 0.416
Wylfa 1971 0.840
Total annual energy

generated [GW(e) a} 4.42 4,59 5,10 5.07 4.4
Normalized release [TBq (GW[e] a) '] 3381 3241 3153 3194

Average 1976-1979

3240 T8Bq [GH(e) a] !
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Table 18

Tritium discharged in airborne effluents from reactors 1975-1979
[BZT, B23, Ea. D8, 9, G3, K4, L1, L6, Wi0, Ni9, P7, 147

Country Release (T8q)

and
reactor 1975 1976 1977 1978 1979
P KR
france
Bugey 2,3 - - - 44
Chooz - - - -
Fessenheim - - - -
Germany, Fed.Rep.of
Obrigheim 0.99 2.3 0.85 0.96 0.63
Stade 0.56 0.78 0.59 0.99 1.2
Biblis, A,B 0.48 0.48 1.26 2.29 2.4
Neckarswestheim 0.074 0.92 1.04 1.1
Unterweser - LT - 0.21
1tal
Trino 0.14 0.60
Netherlands

orssele 0.44 0.33 0.37 0.93 0.9
United States
Arkansas 1 0.019 0.25 7.0 0.22 0.47
Arkansas 2 - - - - 0.15
Beaver Valley 138 7.9 14 0.82
Calvert Cliffs 0.046 4.3 0.06 0.19
Cook 1 0.0007 0.004 0.007 0.72 0.5¢
Crystal River - - 4.5 0.96 1.1
Davis Besse - - 0.0014 1.2 0.4
Joseph M, Farley - - - 2.9 0.54
Fort Calhoun 0.088 0.093 0.11 0.14 0.054
R.E. Ginna 0.21 0.89 1.90 1.6 3.6
Haddam Neck 2.59 27 0.0004 2.5 6.4
Indian Point 0.48 0.89 0.44 0.38 0.48
Kewaunee 1.37 0.026 0.14 0.46 0.26
Maine Yankee 0.17 0.14 0.078 0.041 0.11
Millstone Point II 0.063 0.56 0.070 1.5 3.8
North Anna - - - 0.66 0.070
Oconee 62.9 18.5 2.31 2.5 0.98
Point Beach 15.5 14.8 7.22 6.3 29.7
Prairie Island 0.37 . 1.22 3.24 5.3 5.8
Rancho Seco 0.34 0.78 8.9 5.3
H.B. Robinson 7.14 5.85 2.26 1.6 0.38
Salem - - 1.9 5.3 108
St. Lucia 0.074 11.8 19.8 12.6
San Onofre 1.26 1.74 2.81 1.1 1.0
Surry 1.18 13.7 32.5 8.1 3.0
Three Mile Island 1.48 26.6 4.77 7.9 2.4
Trojan - 0.056 0.11 0.15 0.39
Turkey Point 0.13 0.19 0.14 0.13 0.035
Yankee Rowe 0.074 0.074 0.12 0.11 0.13
Total annual energy

generated [GW(e) a] 15.7 16.8 21.3 24.4 22.8
Normalized releagg

[TBq (GW[e] a) "] 6.2 15.2 4.5 5.9 8.5

Average 1975-1979

7.8 TBq [GH(e) a]‘1

B WR
Germany, Fed. Rep.of

Gundremmingen
Lingen
Wiirgassen
Brunsbiittel
Isar

Ital
arigliano

Netherlands
osewaar

United States
19 Rock Point

Browns Ferry

Brunswick

Cooper

Dresden 1

Dresden 2,3

3.7 1.0 0.26 0.037 0.014
1.1 0.22 0.20 0.078 -
0.07 0.89 0.28 0.33
0.0074 0.18 0.24 0.34
0.056 0.25
0.026 0.55
0.27 0.31 0.40 0.31 0.12
0.19 0.021 0.87 1.1 1.3
0.07 0.81 0.052 0.37 0.88
1.6 2.5 1.9 0.21 0.92
1.3 2.3 0.56 3.3 0.25
8.1 5.2 18 12 6.8




Table 18, continued

Country Release (TBq)

and
reactor 1975 1976 1977 1978 1979
Duane Arnold 0.70 0.59 0.56 0.22 0.33
J.A. Fitzpatrick 0.011 0.56 0.26 0.28 0.24
Edwin 1. Hatch 0.066 0.052 0.085 0.22 0.54
Humboldt Bay 0.093 0.048 0.0024 0.0015 0.002
Lacrosse 0.63 0.48 0.32 0.29 0.17
Millstone Point | 0.63 1.1 2.4 1.8 2.2
Monticello 2.8 5.1 8.7 8.1
Nine Mile Point 3.4 0.70 1.7 3.2 1.5
Oyster Creek 0.10 0.041 0.044 1.4 1.4
Peach Bottom 0.011 1.0 3.7 0.74 1.0
Pilgrim 2.7 1.4 0.023 3.5 5.8
Quad Cities 1.4 11.0 1,5 3.7 5.4
Vermont Yankee 0.26 0.52 0.85 0.45 0.61
Total annual energy !

generated [GW(e) a) 7.1 9.6 10.6 13.1 13.2
Normalized releasgl

{TBq (GW[e] a) "] 3.8 3.5 3.8 3.2 2.9

Average 1975-1979

3.4 TBq [GW(e) a] !

HWR
Argentina
Ktucha 38 220 224 222 237
Canada
Bruce - - 315 481 1399
Pickering 918 891 1628 962 1147
Total annual energy

generated [GW(e) a] 2.0 2.6 3.2 4.1 4.3
Normalized releasgl

[TBq (GW[e] a) ) 378 427 677 406 647

Average 1975-1979

540 TBq [GH(e) a] ™}

Table 19

Tritium discharged in liquid effluents from reactors 1975-1979
{821, BZ3, 06, 38. £9, Gg. G2, K&, U1, L6, MI0, W19, Pz, S14]

Country
and
reactor

Release

(TBq)

1975 1976 1977 1978 1979

PUWR

Finland
Coviisa

France
Bugey 2.3
Chooz
Fessenheim

Germany, Fed. Rep.of
Obrigheim

Stade

Biblis A,B
Neckarwestheim
Unterweser

Ital

Trino
Japan
H1Eama 1,2

Mihama 3
Takahama 1,2
Ohi 1,2
Ikata 1
Genkai
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Table 19, continued

Country Release (TBq)
and
reactor 1975 1976 1977 1978 1979
Netherlands
Borssele 2.1 1.5 1.5 8.4 8.3
Sweden
Ringhals 2 - 10 8.8 11 8.9
United States i
Arkansas 1| 17 7.8 9.1 10.8 6.2
Arkansas 2 - - - - 1.95
Beaver Valley - 0.32 4.0 12.9 3.5
Calvert Cliffs 9.7 10 21 16.8 19
Cook 1 2.1 7.1 11 23 45
Crystal River - - 6.1 5.7 6.1
Davis Besse - - 0.33 8.0 9.1
Joseph M. Farley - - - 2.2 3.5
Fort Calhoun 4.1 4.5 5.8 5.6 9.5
R.E. Ginna 9.6 8.9 © 4.4 8.9 8.9
Haddam Neck 210 179 247 146 131
Indian Point 2.9 12 14 28.4 18.2
Kewaunee 10 6.7 11 10.9 9.2
Maine Yankee 6.5 14 5.7 11.7 7.5
Millstone Point 2 0.28 10 7.8 7.4 9.4
North Anna - - - 10.4 11.6
Oconee 131 81 71 43 33
Palisades 1.5 0.36 2.1 3.7 4,7
Point Beach 33 27 37 48 33
Prairie Island 0.017 0.0037 50 20 23.3
Rancho Seco 4.9 0 0.0031 - -
H.B. Robinson 23 36 25 17.5 15.9
Salem - 0.0015 11 16.5 86
St. Lucie - 0.49 9.0 4.7 4.7
San Onofre 1 148 125 66 92.5 85.8
Surry 16 29 15 27.6 13.2
Three Mile Island 1 17 7.0 7.1 5.7 2.1
Trojan - 1.3 12 5.9 2.5
Turkey Point 29 29 34 43 35
Yankee Rowe 9.1 5.8 5.1 7.2 6.5 |
Zion 38 28 27 27 22 !
Total annual energy
generated [GW(e) a)] 16.9 19.2 23.8 29.4 25.8 !
Normalized release,
[TBq (GW[e] a) "] 52.9 38.7 40.0 33.0 30.0 |
Average 1975-1979 38 TBq [GH(e) 2] ! }
BWR |
Finland |
OTkiTuoto - - - 0.0086 0.46 |
Germany, Fed.Rep.of
Gundremmingen 4.7 1.9 0.81 0.093 0.026 \
Lingen 0.63 0.56 0.092 0.070 0.028
Wirgassen 0.15 1.1 1.3 2.0 1.5
Brunsbiittel - - 0.34 0.70 0.085
Isar - - 0.0015 0.17  0.80 |
Ital
arigliano 0.19 0.67 0.56 0.37
Japan
suruga 1.5 1 1.0 0.78 1.4
Tokai 2 - - - 0.14 0.31
Fukushima 1 - - 0.14 0.067 0.13
Fukushima 2 - - 0.0017 0.13 0.16
Fukushima 3 - - 0.13 0.19 0.0052
Fukushima 4 - - - 0.034 0.000027
Fukushima 5 - - 0.0073 0.10 0.078
Hamaoka 1 - - 0.24 0.037 0.63
Hamaoka 2 - - 0.085 '
Shimane 0.14 0.24 0.18 0.19 0.16
Sweden
Dskarshamn 1.3 1.3 1.6 2.7
Ringhals 1 0.85 0.56 0.32 1.7
Barseback 0.52 0.74 1.3 1.1
United States
Big Rock Point 0.22 0.074 0.33 0.15 0.20
Browns Ferry 0.37 0.15 0.89 1.1 0.49
Brunswick 0.11 0.22 0.33 0.52 1.1




Table 19, continued

Country Release (T8q)

and
reactor 1975 1976 1977 1978 1979
Cooper 0.30 0.30 0.33 0.28 0.25
Dresden 1 0.01 0.0007 0.0033 0.49 0.056
Dresden 2,3 2.0 0.74 0.19 0.71 0.71
Duane Arnold 0.012 0.013 0.0078 4.4 0.010
J.A, Fitzpatrick 0.18 0.16 0.12 0.070 0.056
Edwin I. Hatch 0.22 0.33 0.44 0.33 0.46
Humboldt Bay 0.74 0.48 0.020 0.001 0.002
Lacrosse 4.7 1.5 1.8 1.7 1.3
Millstone Point 1 3.0 0.74 0.16 0.12 0.29
Monticello - - - - -
Nine Mile Point 1.0 0.093 0.092 - 0.25
Oyster Creek 0.67 1.4 0.70 0.73 0.052
Peach Bottom 1.1 2.7 2.6 1.2 1.6
Pilgrim 0.67 1.7 1.2 0.11 0.50
Quad Cities 2.0 1.8 0.98 0.64 0.63
Vermont Yankee - 0.059 , 0.031 - 0.15

Total annual energy
generated [GW(e} a]

Normalized release,
(TBq (GH[e] a) ']

9.53 13.04 13.24 18.1

~n
o
o

2.6 1.6 1.3 1.1 1.0

Average 1975-1979 1.4 TBq [GH(e) a] !

[*p]

CR

France
Thinon
St. Laurent
Bugey 1

Japan
okai

United Kingdom
Talder
Chapelcross
Bradwell
Berkeley
Hunterston A

- Hunterston B
Trawsfynydd
Hinkley Point A
Hinkley Point B
Dungeness A
Sizewell
01dbury

Wylfa

- 3.9 1.1 4.8
- 19 13 25
9.0 7.2 8.9 14
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Total annual energy
generated [GH(e) a]

Normalized releasgl
[TBq (GH[e] 2) ']

4.42

£
wn
0
w
—
[}

5.07 4.4

6.91 13.0 16.0 47.2 41.0

Average 1975-1979 25 TBq [GW{e) a] !

HWR
Argentina
Ktucha 31 76 218 229 259
Canada
Bruce - - 36 152 546
Pickering 540 224 703 1188 1421
Total annual energy

generated [GW(e) a) 2.0 2.6 3.2 Q.1 4.3
Normalized release,

[TBq (GWle] a) ] 286 115 299 383 518

Average 1975-1979 350 TBq [GW(e) 2] !
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Table 20

Carbon-14 discharges from LWRs

in the Federal Republic of Germany 1976-1978

[R1, 515]
Reactor Release (GBq)

1976 1977 1978
PWR af
Obrigheim 111 (15) 33 (19)
Stade 111(111) 55 (55)
Biblis A 178 (15) 78 (22)
Biblis B 181 (4.4) 168 (15)
Neckarwestheim 148 (4.1) 144 (6)

Normalized release

[GBq (6M{e] a) '] 222
BWR b/ '
Gundremmingen 137 37 3.7
Lingen 42 7.4 -
Wurgassen - 2298 229
Brunsbiittel 159 167
Hormalized release,

[GBq (GW([e]} a) ] 518

a/
b/

CO2 bound values in parentheses.
CO2 values only.

Table 21

lodine releases to atmosphere from reactors 1975-1979
BZ1, BZ23, U6, 08, £9, Gg, K&, L1, 6, NI9, PZ, SIA]

Country Release (GBq)

and
reactor 1975 1976 1977 1978 1979
P WR
Belgium
eri 0.089 0.19 0.089 - 0.33
Tihange 0.021 0.74 0.081 0.37 0.11
Finland
Coviisa - - 0.04 - 0.0021
Germany, Fed. Rep. of
Ubrigheim 0.41 0.074 0.022 0.026 0.03
Stade 0.37 0.74 0.96 0.14 0.086
Biblis A,B 0.19 0.37 0.15 0.59 0.68
Unterweser - - - 0.00074 0,045
Neckarwestheim - 0.074 1.7 0.26 0.032
Ital
Trino 0.0017 0.00003 0.0033
Japan

Thama 1 - 0.012 0.014 0.0089 0.0048
Mihama 2 - 0.18 0.078 0.093 0.037
Mihama 3 - 0.0052 0.0082 0.010 0.0078
Takahama 1,2 0.048 0.0074 0.070 0.010 0.014
Ohoi 1 - - 0.00067 0.078 0.041
Ohoi 2 - - - 0.0022 0.089
Ikata 1 - - - 0.00056 0.028
Netherlands
Borssele 0.52 0.31 0.13 0.0078 -
Sweden
Ringhals 2 - 0.27 0.81 0.69 0.27
United States

rkansas 0.81 1.5 0.41 0.11 0.16
Arkansas 2 - - - - 0.17
Beaver Valley - 0.0081 0.0056 0.63 0.015
Calvert Cliffs 1. 18.0 14.0 7.4 15.5
Cook 1 0.0063 0.052 3.7 0.48 0.55
Fort Calhoun 0.26 27.0 4.8 0.30 0.47
Crystal River - - 0.058 31.0 58.0
Davis Besse - - 0.0041 0.1 0.20




Table 21, continued

Country Release (GBq)

and
reactor 1975 1976 1977 1978 1979
Joseph M. Farley - - - 0.0017  0.0005
R.E. Ginna 2.4 1.3 0.96 0.32 0.71
Haddam Neck 0.033 0.027 0.030 0.11 1.8
Indian Point 15.0 10.0 5.2 3.0 6.1
Kewaunce 0.74 0.12 0.76 0.15 0.043
Maine Yankee 0.22 0.059 0.21 0.074 4.8
Millstone Point 2 0.0017 1.8 0.22 0.53 0.62
North Anna - - - 1.1 1.4
Oconee 0.41 5.9 14.0 6.3 7.4
Palisades 16.0 1.1 0.89 1.6 1.0
Point Beach 7.0 0.23 0.23 0.56 0.78
Prairie Island 0.78 0.93 0.30 0.74 0.16
Rancho Seco 0.007 0.04 0.0%6 18 0.20
H.B. Robinson 0.85 9.3 0.44 0.070 0.006
Salem - - - 0.20 0.30
St. Lucie - 0.074 3.0 38 7.4
San Onofre 9.3 0.17 +0.0066 0.0078 0.0045
Surry 4.8 20.0 18.0 2.2 0.23
Three Mile Island 1 0.035 0.32 0.78 0.96 0.41
Trojan - - 0.97 0.89 1.7
Turkey Point 17.0 19.0 52.0 18.0 1.7
Yankee Rowe 0.1 0.048 0.0085 0.014 0.014
Zion - 3.3 1.6 2.6 0.45
Total annual energy

generated [GW(e) a) 16.9 19.2 23.8 29.4 27.5
Normalized re]easg1

[GBq (GW[e] a) ] 4.70 6.41 5.32 4.68 4,18

Average 1975-1979 5.0 GBg [GHW(e) a] !

B WR

Finland

UTkiTuoto - - - 0.017 0.023
Germany, Fed.Rep. of
Gundremmingen 9.3 13 0.19 0.0028 -
Lingen 48 1.9 0.052 0.00074 -
Wiirgassen 0.052 1.7 1.0 4.1 2.5
Brunsbiittel - 0.00074 0.56 1.8 0.018
Isar - - - - 0.003
1tal

arigliano 0.59 1.3 0.56
Japan

suruga 1.2 1.0 0.37 0.19 0.17
Tokai 2 - - - 0.012 0.028
Fukushima 1,2 0.48 8.9 1.0 32.0 5.9
Fukushima 3,4 - 0.0037 0.18 0.048 0.096
Fukushima 5 -
Hamaoka 1,2 0.0052
Shimane -
Sweden

Ringhals 1 0.67 0.32 1.2 23
Oskarshamn 2.7 8.9 5.5 5.0
Barseback 0.070 0.031 0.089 0.10
United States

Big Point Rock 10.0 5.9 7.4 5.4 0.24
Browns Ferry 22.0 22.0 5.9 14.4 5.8
Brunswick 0.10 17.0 78.0 38.0 28.0
Cooper 16.0 3.3 1.7 5.4 8.0
Dresden 1 211.0 85.0 2020.0 997.0 0.12
Dresden 2,3 4.1 4.8 4.8 2110.0 1298.0
Duane Arnold 15.0 4.1 4,1 1583.0 569.0
J.A. Fitzpatrick 0.67 215.0 7.0 9.4 0.86
Edwin 1. Hatch 0.24 0.13 0.27 0.084 0.92
Humboldt Bay 41.0 14.0 0.00044 - -
Lacrosse 4.8 3.7 9.3 1.5 0.82
Milistone Point 1 2331.0 1332.0 2257.0 1417.0 141.0
Monticello 555.0 37.0 20.0 15.0 10.3
Nine Mile Point 222.0 318.0 52.0 44.0 5.8
Oyster Creek 1517.0 1702.0 1517.0 2294.0 2868.0
Peach Bottom 1.3 70.0 63.0 52.0 49.0
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Table 21, continued

Country Release (GBq)
and
reactor 1975 1376 1977 1978 1979
Pilgrim 229.0 74.0 126.0 61.0 52.0
Quad Cities 107.0 159.0 222.0 407.0 523.0
Vermont Yankee 15.0 2.6 0.81 11.0 21.0
Total annual energy
generated [GW(e) al 9.53 13.04 13.24 18,1 20,0
Normalized release,
[GBq (GW[e] a) '] 561 314 484 501 280
Average 1975-1979 410 GBq [GW(e) a]”}
6CR
France
Thinon 0.78 0.081
Bugey 0.81 0.070
St. Laurent 0.59 0.41
Japan
okai 0.0041 0.0030
HWR
Argentina 1
Ktucha [GBq (GW[e] a) '] 0.16 1.2 0.24 5.4 8.7
Average 1975-1979 3.1 GBq [GW(e) a] "
Table 22
Isotopic composition cf iodine releases
from reactors in the United States n 1979
TB23]
Release (GBq)
Reactor
131l 132I 133] 1341 135]
PWR
Arkansas 1 0.16 - 0.0067 - -
Arkansas 2 0.17 - 0.0003 - -
Beaver Valley 0.015 - 0.0015 - 0.0018
Calvert Cliffs 11.1 0.28 4.0 - 0.14
Cook 1 0.53 - 0.026 - -
Crystal River 0.69 - 0.15 - 58.0
Davis Besse 0.18 - 0.023 - 0.0041
Fort Calhoun 0.048 - 0.067 0 0.35
Joseph M, Farley 0.0005 - - - -
R.E. Ginna 0.35 0.04¢ 0.32 - -
Haddam Neck 1.7 - 0.093 - 0.14
Indian Point 4.3 - 0.46 - 1.3
Kewaunee 0.020 0.0078 0.011 0.00035 0.0039
Maine Yankee 2.0 - 2.6 - 0.23
Millistone Point 2 0.53 - 0.036 - 0.059
North Anna 1.3 - 0.052 - -
Oconee 5.1 0.10 1.8 0.033 0.37
Palisades 0.70 - 0.3t - 0,083
Point Beach 0.16 0.3 0.26 0.008 0.0029
Prairie Island 0.14 - 0.023 - -
Rancho Seco 0.17 - 0.030 - -
H.B. Robinson 0.0014 - 0.0021 - 0.004
St. Lucie 3.7 - 3.7 - 0.004
Salem 0.20 - 0.10 - -
San Onofre 0.045 - - - -
Surry 1,2 0.23 0.0044 0.0029 - -
Three Mile Island 1 0.41 - - - -
Trojan 0.53 0.00¢ 0.47 - 0.70




Table 22, continued

Release (GBq)

Reactor
131 132I 133I 134, 135l

Turkey Point 1.2 - 0.58 - 0.065
Yankee Row 0.0067 - 0.0028 - 0.0048
Zion 1,2 0.23 - 0.22 - -
Total annual energy

generated [GW(e) a] 19.165
Normalized re]easgl

[GBq (GHWle] a) °] 1.9 ¢.042 0.78 0.0017 3.2
B WR
Big Rock Point 0.011 - 0.11 - 0.13
Browns Ferry 1,2,3 1.0 - 1.1 3.7
Brunswick 1,2 4.7 1.3 17.8 - 4.2
Cooper 2.5 - 0.76 - 4.7
Dresden 1 0.12 - - - -
Dresden 2,3 75 - 390 - 834
Duane Arnold 0.35 - 2.7 - 566
J.A, Fitzpatrick 0.21 - 0.44 0.21
Edwin 1. Hatch 0.88 - 0.043 - -
Lacrosse 0.41 0.011 0.28 0.030 0.088
Millstone Point 15 - 59 - 67
Monticello 0.83 - 3.4 - 6.0
Nine Mile Point 1.0 - 1.5 - 3.3
Oyster Creek 326 - 1095 - 1447
Peach Bottom 2,3 9.5 - 23 - 16
Pilgrim 3.7 - 5.7 - 43
Quad Cities 1,2 35 - 210 278
Vermont Yankee 15 - 4.4 - 1.8
Total annual energy

generated [GH(e) a] 11.670
Normalized re1easg1

[GBg (GW[e] a) "] 42 0.11 155 0.0026 281

Table 23

Particulate releases from reactors in various countries 1975-1979

[B23, b6, D8, t9, G3, K4, L1, Lb, N19, PZ, 514]

Country Release (GBq)

and
reactor 1975 1976 1977 1978 1979
PWR
Belgium
eri 6.7 7.8 6.3 6.7
Tihange - 0.0018 1,1 3.2
Finland
Loviisa - - - 0.042 0.037
France

002 0.089 0.063 3.4 0.44
Fessenheim - - - 0.67
Bugey 2,3 - - - 0.059
Germany, Fed. Rep.of
Ubrigheim 0.93 0.30 0.24 0.16 0.075
Stade 1.1 0.26 0.33 0.37 0.025
Biblis A,B 0.22 0.11 0.20 0.0013 0.016
Neckarwestheim - 0.019 0.45 0.19 0.025
Ital

rino - - 0.0037
Netherlands
Borssele 0.67 0.052 0.025 0.00052 0.004
Sweden
Ringhals 2 - 0.30 0.26 0.083 0.009
United States

rkansas 0.41 0.63 0.0044 0.044 0.00074
Arkansas 2 - - - - 0.0074
Beaver Valley - 0.00005 0.0002 0.00074 0.00059
Calvert Cliffs 0.41 0.59 5.2 0.50 0.18
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Table 23, continued

Country Release (GBq)

and
reactor 1975 1976 1977 1978 1979
Cook 1,2 - 0.0002 0.52 3.6 2.2
Crystal River - - 0.037 0.0006 0.16
Davis Besse - - 0.0088 0.0083 0.033
Joseph M, Farley - - - 1.5 0.81
Fort Calhoun 0.0041 0.01 0.0027 0.0045 0.0059
R.E. Ginna 0.0016 0.001 0.0026 0.0048 0.34
Haddam Neck 0.078 0.0063 0.036 0.081 0.11
Indian Point 46 1.0 0.56 6.9 12
Kewaunee 24 ¢.012 0.021 0.059 0.003
Haine Yankee 0.0093 0.078 0.012 0.0081 0.037
Millstone Point 2 0.0004 Q.11 0.014 0.029 3.0
North Anna - - - 0.036 0.81
Oconee 0.010 3.7 7.8 1.9 3.7
Palisades 0.022 G.56 0.041 0.15 0.059
Point Beach 3.5 0.59 0.067 0.37 0.35
Prairie Island 0.13 0.0089 +0.041 0.0015 0.003
Rancho Seco 0.0029 0.002 0.093 0.52 0.048
H.B. Robinson 0.050 0.021 0.093 0.013 0.015
St. Lucie - 0.00056 2.8 10 3.7
Salem - - 0.00001 1.3 0.081
San Onofre 1.3 0.00067 0.00018 0.093 0.00074
Surry 2.9 3.0 0.56 0.13 0.052
Three Mile Island i 0.0037 0.16 0.44 3.7 0.04
Trojan - 0.37 0.95 0.24 0.74
Turkey Point 2.2 2.8 1.9 2.9 1.7
Yankee Rowe 0.30 0.0008t 0.0012 0.0002 0.003
Total annual energy

generated [GW(e) a] 15.7 17.3 21.8 24.8 23.6
Normalized re]easg1

[GBq (GWfe] a) "} 5.77 1.27 1.54 1.85 1.28

Average 1975-1979 2.15 GBg [GH(e) a] !

BWR
Finland
0TkiTuoto - - - 0.0059 0.33

Germany, Fed.Rep.of

Gundremmingen 0.30 0.19 0.27 0.15 0.004
Lingen 3.7 0.019 0.070 0.056 0.0013
Wirgassen 4, 0.63 1.4 2.1 1.4
Brunsbiittel - 0.26 2.7 1.4 7.4
Isar - - 0.0011 0.16 0.79
Italy

Garigliano 1.2 0.74

Netherlands

Dodewaard 0.22 0.12 0.11 0.035

Sweden

Oskarshamm - 15 8.3 1.2 1.6
Ringhals 1 - 3.9 20 11 94
Barsebdck - 0.096 0.72 1.6 0.30
United States

Big Rock Point 3.6 1.5 0.32 0.22 0.059
Browns Ferry 2.2 2.0 2.4 3.7 4.8
Brunswick 0.14 0.70 5.2 4.1 25
Cooper 1.1 0.41 0.17 0.081 0.11
Dresden 1 13.0 17.0 22.0 41 0.77
Dresden 2,3 153.0 167.0 1561.0 89.0 185.0
Duane Arnold 0.33 0.25 0.27 0.85 0.89
J.A. Fitzpatrick 0.67 0.70 1.1 2.0 0.32
Edwin I. Hatch 0.01 0.017 0.031 0.085 0.078
Humboldt Bay 31.0 1.0 0.015 0.026 0.004
Lacrosse 0.48 D.85 0.41 0.12 0.48
Millstone Point 1 7.0 5.6 7.4 50 7.0
Monticello 24.0 1.9 0.74 0.50 0.37
Nine Mile Point 16.0 3.7 1.8 1.0 0.74
Oyster Creek 6.7 8.1 48.0 296.0 19.0
Peach Bottom 0.14 1.4 1.0 0.46 0.30
Pilgrim 24.0 12.0 7.8 2.1 2.0
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Table 23, continued

Country
and
reactor

Release {GBq)

1977 1978 1979

Quad Cities
Vermont Yankee

Total annual energy
generated [GW(e) a]

Normalized releasgl
(6Bq (GH[e] a) '}

1975 1976
15.0 20.0
0.074 0.21
7.1 10.9
43.0 24.4

11.9 15.5 15.5

144.0 35.5 24.2

Average 1975-1979 52.7 GBq [GW(e) a]‘1

GCR
France
Thinon 0.37 0.67 ,0.48 0.48
Bugey 0.063 0.30 0.28 0.67
St. Laurent 0.048 0.070 0.23 0.16
Japan
okail - - -
United Kingdom
radwel 0.11 0.096 0.11 0.15 0.15
Berkeley 0.14 0.11 0.11 0.074 0.15
Hunterston A - - 0.37 0.37 -
Hunterston B - 0.27 0.26 0.019 -
Trawsfynydd 0.41 0.48 0.67 0.37 0.41
Hinkley Point A 0.41 0.48 0.37 0.41 0.74
Hinkley Point B - 0.70 0.67 1.1 1,1
Dungeness A 2.0 0.70 0.41 0.52 0.33
Sizewell 0.37 0.41 0.56 0.48 0.45
01dbury 1.3 0.067 0.11 0.074 0.10
Wylfa 0.15 0.31 0.37 0.37 0.26
Total annual energy

generated [GH(e) a] 4.42 4,59 5.10 5.07 4.3
flormalized releasgl

[GBq (GWTe] a) '] 1.19 1.02 0.98 1.03 0.86

Average 1975-1979

1.0 GBq [GH(e) 2]

HWR
Argentina

Ktucha 1GBq (GWle] a)‘I]

0.018

0.037

0.028 0.060 0.078

Average 1975-1979 0.044 GBg [GV(e) a]—1

Table 24

Liquid effluent discharges other than tritium from reactors 1975-1979

[Bz3, D6, D8, &9, G3, K4, L1, L6, NI9, P2, 514]

Country Release (GBq)
and

reactor 1975 1976 1977 1978 1979
PUWR

Belgium

oe 381 1840 625 696

Tihange 14 31 132 72
Finland
Toviisa - - 4 18 15
France
Thooz 318 95 4.1
Fessenheim - - 256 174

Bugey 2,3 - - - 364
Germany, Fed. Rep.of
Obrigheim 64 36 8.6 6.3 6.3
Stade 10 12 14 3.7 9.7
Biblis A 27 8.1 3.8 4.7 1.9
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Table 24, continued

Country Release (GBq)
and

reactor 1975 1976 1977 1978 1979
Biblis B - 11 i.l 4.4 7.8
Neckarswestheim - 8.9 5.6 1.1 2.1
Unterweser - - - - 0.07
Ital

Trino 54 100 52 48
Japan

Thama 1 0.74 0.22 0.28 0.32 0.34
Mihama 2
Mihama 3 0.01 0.044 0.048 0.078
Takahama 1
Takahama 2 0.16 0.14 0.3t 0.074 0.063
Ohi 1 0.0014

Ohi 2 0.041 0.06

Tkata 1 0.037 0.048 0.007

Genkai 1 0.033 - - - -
Netherlands

orssele 60 31 16 11 11
Sweden
Ringhals - 225 427 209 115
United States
Arkansas 1 115 485 167 223 114
Arkansas 2 - - - - 48
Beaver Valley 1 - 6.3 24 9.7 4,5
Calvert Cliffs 1 53 44 129 227 289
Cook 1 9.6 69 56 55 95
Crystal River - - 0.57 1.1 15
Davis Besse - - 0.96 3.3 1.6
Joseph M, Farley - - - 3.7 2.2
Fort Calhoun 13 20 13 22 9.0
R.E. Ginna 16 26 2.4 2.2 3.2
Haddam Neck 44 4.8 63 35 32
Indian Point 182 184 112 111 87
Kawaunee 27 105 47 26 33
Maine Yankee 119 105 16 3.8 17
Millstone Point 2 0.74 9.6 57 103 180
North Anna - - - 9.9 22
Oconee 1.,2,3 187 293 1340 241 34
Palisades 128 16 3.4 3.6 4.7
Point Beach 1,2 87 120 56 25 27
Prairie Island 1,2 17 3.7 0.49 0.18 0.33
Rancho Seco 0.37 - - - -
H.B. Robinson 17 14 12 6.6 11
St. Lucie - 3.0 215 104 99
Salem 1 - 0.37 107 148 147
San Onofre 1 45 275 364 437 407
Surry 1,2 343 1246 2424 89 94
Three Mile Island 1 2.6 3.7 7.2 23 18
Trojan - 102 155 26 21
Turkey Pt. 3,4 114 320 329 123 15
Yankee Rowe 0.74 0.37 0.67 3.0 0.43
Zion 1,2 0.37 5.9 35 35 26
Total annual energy

generated [GW(e) 2] 16.9 18.2 23.8 29.4 27.5
Normalized re]easgl
[GBg (GW'e] &) "] 145 310 306 126 74

Average 1975-1979 184 GBq [GH(e) a] !

BWR

Finland
1luoto

Germany, Fed. Rep.of

Gundremmingen
Lingen
Wiirgassen
Brunsbiittel
Isar

1tal
arigliano

Japan
Tsuruga
Tokai 2
Fukushima 1

43

41
83

139

64
58

61
1

152

20

.37 0.

20
52

.5 7.

2 7.7
8.3
37 0.93
16
17
8 9.7
78




Table 24, continued

Country Release (GBg)
and
reactor 1975 1976 1977 1978 1979

Fukushima 2 - - 0.017 0.13 0.16
Fukushima 3 - - 0.13 0.19 0.0052

Fukushima 4 - - 0.034 0.000027
Fukushima 5 - 0.0073 0.10 0.078
Hamaoka 1 - - 0.24 0.037 ] 0.63
Hamaoka 2 - - - 0.085
Shimane 0.14 0.24 0.18 0.19 0.16
Sweden
Oskarshamn 1,2 303 485 158 155
Ringhals 1 232 249 148 223
Barseback 1,2 64 68 140 58
United States
Big Rock Point 1 74 28 14 10 33
Browns Ferry 1,2,3 100 146 44 488 66
Brunswick 1,2 70 122 230 129 189
Cooper 64 2.6 ' 28 113 92
Dresden 1 K)! 13 22 12 0.98
Dresden 1,2 30 45 16 15 9.8
Duane Arnold 3.7 3.7 0.085 10 0.02
J.A. Fitzpatrick 197 222 33 58 24
Edwin [. Hatch 2.2 1.5 925 1.5 1.8
Humboldt Bay 140 37 34 7.2 3.5
Lacrosse 525 214 788 328 124.7
Millstone Point 1 7360 357 19 6.5 7.8
Monticello - - - - -
Nine Mile Point 780 79 11 - 70
Oyster Creek 15 8.1 3.6 0.55 0.25
Peach Bottom 2,3 34 125 83 189 122
Pilgrim 296 86 126 65 19
Quad Cities 633 258 50 83 48
Vermont Yankee 0.37 0.37 5.7 - 0.01
Total annual energy

generated [GW(e) a] 9.53 13.04 13.24 18.1 20.0
Normatlized re’leasgl

[GBq (GkW[e] a) "] 1100 251 273 121 96

Average 1975-1979 290 GBq [GH(e)a ]!

GCR
France
Chinon 24 21 8.5 13
Bugey 1 511 133 144 401
St. Laurent 174 110 181 300

United Kingdom

ChapeTcross 640 1200 337 2830 9100
Bradwell 4400 2420 2450 2000 1576
Berkeley 2000 4140 5480 1180 1687
Hunterston A 4260 5880 5440 2220 -
Hunterston B - 22 44 220 -
Trawsfynydd 629 740 500 648 289
Hinkley Point A 5880 5110 4440 4070 2812
Hinkley Point B - 41 44 189 600
Dungeness 2940 1710 1680 1410 1110
Sizewell 740 1090 1590 910 1420
0ldbury 1010 1860 2440 1120 706
Wylfa 125 241 688 977 600
Total annual energy

generated IGH(e) a] 4.42 4.59 5.10 5.07 4.3
Normalized release,

[GBq (GHle] a) '] 5280 5390 4990 3650 4628

Average 1975-1979 4767 GBq [GW(e) a] !

HWR

Argentina -1
Ktucha [GBg (GW[e] a) ] 520 750 530 230 390

Average 1975-1979 473 GBq {GH(e) a]'1
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Table 25

Radionuclide composition of Tiquid discharges other than tritium from reactors in the United States in 1979

Release (GBqg)

Reactor
13]I 132I 133] 1341 13SI 24Na 51cr 54Mn 56Mn 57CO

PWR
Arkansas 1 10 0.0004 0.012 - - 0.002 11 1.5 - 0.11
Arkansas 2 8.9 0.0033 1.7 0.0037 0.19 2.5 0.67 1.4 0.0037 0.12
Beaver Valley 1 0.032 - 0.030 - - - 0.048 0.27 - -
Calvert Cliffs } 24 0.46 14 - 1.3 - 24 4.1 0.024 0.24
Cook 1 0.44 - 0.024 - - 0.52 5.2 2.9 - 0.085
Crystal River 2.2 0.0063 0.070 - 0.0056 0.0033 0.63 0.20 - -
Davis Besse 0.13 - 0.0074 - - 0.0037 0.034 0.24 - -
Joseph M, Farley 0.049 0.0048 0.0037 - 0.00026 0.056 0.093 0.11 - 0.0036
Fort Calhoun 0.78 - 0.10 - - - 0.57 0.13 - 0.089
R.E. Ginna 0.34 - - - - - 0.13 0.048 - -
Haddam Meck 2.5 - - - - - 0.31 0.093 - 0.00015
Indian Point 5.1 0.00096 0.0037 - - v 2.9 1.3 - 0.0002
Kawaunee 0.022 - - - - 0.052 1.9 0.63 - 0.0018
Maine Yankee 15 - 0.21 - - - 0.0023 0.014 - 0.0023
Milistone Point 2 4.4 0.0059 0.19 - - 3.0 8.2 5.9 0.0016 -
North Anna 5.9 - 0.89 - - 0.012 0.033 0.048 - 0.74
Oconee 1,2,3 5.3 0.019 0.36 0.074 0.096 0.0096 0.36 0.27 0.0017 0.018
Palisades 0.014 - - - - - 0.47 0.46 - 0.00019
Point Beach 1,2 0.33 0.36 6.3 0.78 3.1 - 0.020 0.27 - 0.0059
Prairie Island 1,2 0.028 - - - - - 0.016 0.0013 - -
Rancho Seco - - - - - - - - - -
H.B. Rebinson 0.14 - - - - - - 1.1 - 0.0042
St. Lucie 1.8 0.0057 0.35 0.0037 0.091 0.0032 5.2 2.1 1.6 0.054
Salem i 0.70 - 0.11 - - 0.16 3.5 15 - -
San Onofre 1 0.93 - - - - - 8.3 0.28 - -
Surry 1,2 2.4 5.2 4.9 4.3 7.1 8.9 7.4 1.5 - 0.074
Three Mile Island I 5.3 - - - - - 0.25 0.054 - -
Trojan 0.47 - 0.071 0.0037 0.026 0.0067 2.7 1.3 - 0.048
Turkey Pt. 3,4 0.74 0.49 2.1 0.11 1.2 0.19 0.18 0.041 - 0.005
Yankee Rowe 0.15 - 0.015 - - - 0.015 0.004 - -
Zion 1,2 0.43 - 0.00057 - - 0.39 2.2 0.61 - 0.024
Total annual energy

generated [GW(e) a] 19.165
Normalized releasgl

[GBg (GW[e] a) °] 4.6 0.31 1.7 0.24 0.68 1.1 4.6 2.2 0.085 0.084

302



Table 25, continued

Release (GBq)

Reactor
58, 59, 60Co GsZn 89, 905r 95Zr 97Zr 954 97Nb 99Ho

PWR
Arkansas 1 58 0.74 17 0.013  0.11 0.015 1.1 0.01 2.0 0.16 0.1
Arkansas 2 30 0.56 0.81 0.0013 0.24 - 0.031 - 0.047 0.022 0.031
Beaver Valley 1 1.6 0.033 2.3 - 0.0007 0.0016 0.0033 - - - -
Calvert Cliffs 1 141 1.1 12 - 0.085 0.09 5.6 0.019 0.59 - 0.45
Cook 1 33 0.70 20 0.21 0.0096 0.0044 3.0 0.11 3.0 - -
Crystal River 4.3 0.093 1.3 0.034 1.8 0.26 0.26 - - - 0.52
Davis Besse 0.85 0.06093 0.093 0.01 0.0014 0.0017 0.012 - - - 0.036
Joseph M, Farley 0.96 0.019 0.81 0.0011 - 0.00074 0.0074 - 0.023 - 0.0013
Fort Calhoun 0.41 0.074 0.15 0.089 0.018 0.0048 0.079 - 0.046 - 0.032
R.E. Ginna 0.081 0.0074 1.5 - - - 0.033 - 0.024 - 0.041
Haddam Neck 0.52 0.00015 3.6 0.00015 0.25 0.13 5.4 - - - 0.00015
Indian Point 11 0.56 5.9 1.8 0.18 0.33 0.52 - - - 6.3
Kawaunee 11 0.085 6.7 - 0.030 0.0063 0.11 - 0.13 - -
Maine Yankee 0.67 - 0.052 - - 0.0017 - - - - 0.0024
Millstone Point 2 60 0.67 58 0.0044 0.048 0.0063 1.1 0.0015 2.6 3.3 0.037
North Anna 4.8 0.0033 0.47 - 0.18 0.13 0.033 - - - -
Oconee 1.2,3 6.7 0.019 1.8 - 3.0 0.27 0.37 0.011  0.15 1.0 0.059
Palisades 2.4 0.047 0.46 - - - 0.021 - 0.054 - -
Point Beach 1,2 1.8 0.0033 0.59 - 0.0026 0.00063 0.081 - 0.046 - 0.070
Prairie Island 1,2 0.11 0.015 0.035 - - - 0.00034 - - - 0.0025
Rancho Seco - - - - - - - - - - -
H.B. Robinson 3.7 0.085 2.9 - - - - - - - -
St. Lucie 37 0.37 7.0 0.12 0.028 0.00004 0.67 0.0095 - - 0.0074
Salem 1 52 0.98 70 - - - 0.37 - - - -
San Onofre 1 343 7.3 25 - 0.60 0.025 - - 0.59 - -
Surry 1.2 67 0.0060 61 - 0.052 0.016 - - 0.71 - -
Three Mile Island 1 2.3 0.0049 0.54 0.015 3.4 0.27 0.0011 - 0.34 - 0.00032
Trojan 5.2 0.15 6.4 0.0097 0.065 0.0037 0.48 - 0.78 - 0.00078
Turkey Pt. 3,4 1.8 0.0063 3.1 - 0.29 0.048 0.029 - 0.012 - 0.0044
Yankee Rowe 0.015 - 0.0069 0.0036 0.0006 0.0021 - - - - 0.0083
Zion 1,2 5.2 0.041 7.1 - 0.021 0.016 0.14 - 0.50 - -
Total annual energy

generated fGW(e) a] 19.165
Normalized release

[GBq (GWfe] a) °] 46 0.71 17 0.12 0.54 0.086 1.0 0.0084 0.60 0.23 0.38
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Table 25, continued

Release (GBq)

Reactor
99mTc 103, 106Ru llOmAg 124, 125Sb 134cs 136CS 137cS 14°Ba/La ldlce 144Ce
PUWR
Arkansas 1 - 0.12 0.040 1.1 - - 3.6 - 5.6 0.25 - 0.037
Arkansas 2 - 0.0051 - 0.061 - - 0.057 0.0081 0.95 0.018 - -
Beaver Valley 1 - - - - - - 0.023 - 0.10 - 0.0030 -
Calvert Cliffs 1 - 0.93 0.47 3.5 1.0 10 14 0.12 21 0.70 0.21 -
Cook 1 - - - - - - 0.048 - 0.15 0.016 - -
Crystal River 0.014 - - 0.0074 - - 1.7 - 2.5 0.013 0.022 0.17
Davis Besse 0.0033 - - - - T - 0.048 - 0.12 0.016 0.0074 -
Joseph M, Farley 0.00004 - 0.0013 0.0063 - - 0.0052 0.00019 0.016 0.0037 0.00019 0.0033
Fort Calhoun 0.016  0.059 - - 0.070 - 2.3 0.070 0.37 0.14 0.12 -
R.E. Ginna - 0.0t1  0.05 0.028 - - 0.12 0.049 0.48 0.013 0.0025 0.0070
Haddam Neck 0.00015 2.4 1.4 0.002 - 0.00015 1.5 - 1.8 0.017 2.0 10
Indian Point 0.22 0.0004 - - 0.0074 0.011 5.2 - 16 1.7 0.50 0.0096
Kawaunee - - - 1.2 2.1 2.4 2.9 - 3.2 0.059 - -
Maine Yankee - - - - - - ' 0.12 - 0.78 - - -
Millstone Point 2 - - - 2.4 - - 12 1.6 14 0.035 0.018 0.13
North Anna 0.0028 0 0 0 - 3.3 - 4.6 - - -
Oconee 1,2,3 0.036 0.0020 0.25 0.37 - 0.061 4.6 0.37 8.9 0.12 - 0.17
Palisades - - - - - - 0,074 - 0.29 - - -
Point Beach 1,2 - 0.081 - - 0.0085 0.019 0.56 0.00048 2.0 1.1 - 0.074
Prairie Island 1,2 0.0034 - - - 0.027 - - - - - -
Rancho Seco - - - - - - - - - - - -
H.B. Robinson - - - - 0.031 0,041 0.13 1.7 1.1 - 0.00070 0.019
St. Lucie 0.036 0.027 - 1.2 1.5 1.0 10 0.12 14 0.013 0.030 0.11
Salem 1 - - - - 0.45 - 2.1 0.019 1.6 - - -
San Onofre 1 1.2 0.50 - 1.1 - - 0.87 - 1.7 - - -
Surry 1,2 - - - - - - 16 0.0042 36 0.015 0.0060 0.12
Three Mile Island 1 - 0.011 - 0.057 0.016 0.098 0.86 0.058 3.7 0.84 0.0019 0.0013
Trojan 0.008 0.22 - 0.63 0.16 0.37 0.078 0.0032 0.19 0.54 0.074 0.14
Turkey Pt, 3,4 0.0044 0.010 - 0.12 0.58 0.63 1.1 - 1.8 - - -
Yankee Rowe 0.0013 - - 0.0011 0.0016 - 0.075 - 0.098 0.0061 0.0021 0.0083
Zion 1,2 0.029 - - 0.24 0.80 - 4.4 - 5.3 0.070 - -
Total annual energy
generated [GW(e) a] 19.165
Normalized release_1
[GBq (GW[e] a) "] 0.087 0.23 0.12 0.63 0.35 0.76 4.4 0.21 7.7 0.29 0.16 0.57
Release (GBq)
Reactor
131I 132I 133I 134, 135l 24Na Slcr 54Mn 56Hn 57co
B WR
Big Rock Point - - 0.010 - - 0.0014 0.2 2.2 - -
Browns Ferry 1,2,3 1.4 - 0.78 - - 10 17 3.7 0.10 -
Brunswick 1,2 8.0 0 0.65 - - 60 13 18 0.024 -
Cooper 3.4 - - - - 0.046 2.1 5.5 0.0053 -
Dresden 1 - - - - - - - 0.037 - -
Dresden 2,3 0.18 - - - - - 0.012 1.1 - -
Duane Arnold - - - - - - - 0.0037 - -
J.A. Fitzpatrick 0.023 - 0.010 - 0.0023 1.8 0.14 5.3 - -
Edwin . Hatch 0.18 0.0002 0.0019 - 0.0007 0.11 0.12 0.035 0.00037 -
Humboldt Bay - - - - - - - 0.18 - -
Lacrosse 1.8 0.17 0.94 0.009 0.33 - 0.16 2.4 0.0037 2.5
Millstone Point 1| 0.20 0.0004 0.028 0.0008 0.014 - 0.29 1.0 0.0006 -
Monticello - - - - - - - - - -
Nine Mile Point - - - - - - - 0.81 - -
Oyster Creek 0.052 - 0.027 - 0.023 0.0009 0.096 0.0024 - 0.00015
Peach Bottom 2,3 36 0.12 17 - 4.4 343 2.4 0.27 - -
Pilgrim 0.0007 - 0.005 - - - 0.25 0.48 - -
Quad Cities 4.2 - - - - - - 0.26 - -
Vermont Yankee 0.0002 - - - - - 0.0019  0.0022 - -
Total annual energy
generated [GW(e) a] 11.670
Normalized releasg1
[GBq (MW[e] a3} '] 4.7 0.025 1.7 0.0008 0.4 36 3.1 3.5 0.011 0.22
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Table 25, continued

Release (GBq)
Reactor
By S%Fe  60gy 657, B9 905, 95, 977 By 9y 9y,
BEWR
Big Rock Point 1 0.063 0.19 4.8 0.034 0.016 0.042 - - - - -
Browns Ferry 1,2,3 0.85 0.47 7.9 11 0.32 0.14 4.9 - - - 0.35
Brunswick 1,2 3.6 1.1 18 0.68 0.014 0.008 - 0.17 - 0.035 0.11
Cooper 1.3 0.37 11 6.5 3.6 0.27 0.21 - 0.18 - 0.21
Dresden 1 0.051 0.0037 0.46 - 0.072 0.0074 0.011 - 0.013 -
Dresden 1,2 0.24 0.012 5.7 - 0.30 0.07 0.07 - 0.17 - -
Duane Arnold - - 0.0096 - 0.0021 0.0021 - - - - -
J.A. Fitzpatrick 2.1 0.061 8.9 0.25 0.0074 0.0056 0.0024 - - - 0.019
Edwin I. Hatch 0.089 0.0052 0.29 0.30 0.012 0.0031 0.0013 0.00015 0.0033 0.0011 0.0025
Humboldt Bay 3 - - 0.44 - - 0.078 - - - - -
Lacrosse 18 0.061 33 1.1 11 0.43 3.7 - 6.0 0.19 0.062
Millstone Point 1 0.15 0.070 3.6 0.006 0.032 0.0067 0.016 0.0003 0.067 0.002 0.000%
Monticello - - - - - - - - - _ N
Nine Mile Point 0.22 - 17 - 0.037 0.12 - - - - -
Oyster Creek - - 0.012 - 0.0011 0.00012 - - - - -
Peach Bottom 2,3 2.9 - 6.0 17 0.74 0.030 - - 0.017 - 0.0059
Pilgrim 0.059 0.013 3.1 0.025 0.078 0.019 0.0052 - - - 0.0074
Quad Cities 0.089 - 7.0 0.17 19 0.20 - - - - -
Vermont Yankee 0.0004 0.001 0.00056 0.0011 0.0002 0.0001 0.00085 - - - 0.00011
Total annual energy
generated [GW(e) a) 11.670
Normalized release
[GBq (GW[el a)'l] 2.5 0.20 11 3.2 3.0 0.12 0.76 0.015 0.023 0.019 0.066
Release (GBq)
Reactor -
99mTc 103Ru 110mAg 124;b 134CS 136CS 137CS léoBa/La 144ce 239Np
B WR
Big Rock Point 1 - - - 0.16 1.9 - 18 0.059 - 0.047
Browns Ferry 1,2,3 0.35 - - 0.41 1.9 0.43 2.8 0.19 - 0.41
Brunswick 1,2 0.41 - 0.052- 0.003 12 0.014 21 - - -
Cooper 0.19 - 0.60 0.11 11 0.042 14 0.70 - -
Dresden 1 - 0.0037 - - 0.076 - 0.21 - 0.037 -
Dresden 2,3 - 0.069 0.23 0.0015 0.41 - 1.1 - 0.033 -
Duane Arnold - - 0.0003 - 0.0009 - 0.0003 - - -
J.A. Fitzpatrick 0.0013 - 0.0022 - 1.6 - 3.4 0.00059 0.0026 -
Edwin 1. Hatch 0.0021 - 0.00052 - 0.20 0.01 0.22 0.001 0.0005 0.0022
Humboldt Bay 3 - - - - 0.27 - 2.2 - 0.074 -
Lacrosse 1.3 1.1 - 0.0048 4.5 0.026 18 3.7 12 3.1
Millstone Point 1 - - 0.0013 0.0048 0.037 - 0.17 0.12 0.026 -
Monticello - - - - - - - - - -
Nine Mile Point - - - - 13 - 37 0.023 - 0.059
Oyster Creek 0.014 - - - 0.0001 - 0.026 - - 0.007
Peach Bottom 2,3 3.7 0.0067 0.0037 0.020 145 - 121 0.89 - 1.1
Pilgrim 0.0074 - - - 0.22 - 1.1 0.30 0.023 -
Quad Cities - - 0.027 - 7.4 0.37 12 6.1 - -
Vermont Yankee 0.00011 - - - 0.00032 - 0.00041 0.0012 - -
Total annual energy
generated [GW(e) a] 11.670
Normalized re]easgx
[GBq (GW[e] a) '] 0.51 0.10 0.023 0.060 17 0.076 22 1.0 1.0 0.40
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Table 26

Liguid effluents other than tritium discharged from GCRs
in the United Kingdom in 1979

TH14]
Release (GBq)

Reactor

354 55Fe GOCO 895r 905r IOGRU lZSSb 134CS 137CS 144ce
Bradwell 250 79 14 14 150 2 2 120 670 17
Berkeley 350 2 2 2 78 2 30 190 860 15
Trawsfynydd 120 3 0.6 0.1 27 6 10 9 49 3
Hinkley A 210 8 1 1 350 67 140 150 1160 67
Dungeness 46 4 0.6 3 95 1 2 120 730 2
Sizewell 140 4 6 4 91 0.7 4 170 870 7
01dbury 260 18 3 7 52 4 7 18 200 8
Hylfa 12 4 0.6 0.6 23 1 2 37 480 1
Total annual energy

generated 4.3 GH(e) a
Normalized releasgl
[GBq (GW[e] a) ']
320 28 6 10 200 19 46 190 1170 28

Table 27

Population distribution around the model reactor site
and meteorological characteristics of 1ts location

METEOROLOGICAL CHARACTERISTICS

Pasquill weather category

Quantity Dry Rain
A B c D E F c ]
Frequency (%) -1 1 11 19 32 16 18 1 25
Vind speed (ms °) 1 2 5 5 3 1 5 5
Depth of mixing .
layer (m) 2000 2000 1000 1000 . 200 200 1000 1000

Stack height: 30 m

POPULATION DISTRIBUTION

12, 0.16, 0.13, 0.074

Distance (km) 0 -1 1-2 2-5 5-10 10 - 20 20 - 50
Population 1300 3000 26000 90000 430000 2800000
Cumulative 1300 4300 30000 120000 550000 3300000

Distance (km) 50-100 100-200 200-500 500-1000  1000-2000

Population 6100000 20000000 70000000 140000000 17000000
Cumulative 9400000 29000000 99000000 240000000 260000000




Normalized local and regional collective dose commitments

Table 28

for noble gases from the model PWR

Normalized collective absorbed dose conmitment (10'4 man Gy [GH{e) a]'l)

Normalized
collective

effective
Radio- dose
nuclide equivalent
Bone . commitment
Red bone . .. . . Remainder
Gonads  Breast marTow Lungs Thyroid 1lining Liver Skin Lissues (10~4 man Sv
cells ! -
IGH(e) a] ")
4, 4.3 5.3 5.7 5.0 4.8 5.7 5.0 9.8 5.3 5.1
85my, . 1.2 1.3 2.2 1.3 1.5 2.2 1.3 6.4 1.4 1.5
85, 1.2 1.7 2.0 1.6 1.4 2.0 1.6 410 1.7 5.7
87¢r 0.7 0.9 1.0 0.9 0.9 1.0 0.9 3.9 0.9 0.9
83y 12 15 16 22 15 16 15 41 15 16
lmy, 0.8 0.8 1.2 0.6 0.7 1.2 0.6 47 0.9 1.3
133my 2.4 2.6 4.2 2.4 2.7 4.2 2.4 a4 2.8 3.2
3. 220 270 560 250 350 560 250 2700 310 320
135me, 0.2 0.2 0.3 0.2 0.2 0.3 9.2 0.5 0.2 0.2
135 40 43 64 a2 42 64 42 180 I a8
138y, 1.8 2.2 2.4 2.1 2.1 2.4 2.1 4.8 2.2 2.2
Total g4 350 660 330 420 660 320 3450 380 420
(rounded)
Table 29

Normalized collective effective dose equivalent commitment

for noble gases from the model PLR

as a function of distance

Hormalized collective

Distance effective dose Percentage
equivalent commitment distribution
{km) ’,10—4 man_$v
{sure] a)7h)
0-2 5 1.2
2-5 12 2.9
5-10 18 4.2
10-20 27 6.5
20-50 40 9.6
50-100 55 13.2
100-200 114 27.2
200-500 122 29.9
500-1000 20 4.8
1000-2000 6.3 1.5
Total 420 100
{rounded)

307



308

Table 30

Normalized local and regional collective dose commitments
for noble gases from the model BWR

Normalized
-1 collective
Hormalized collective absorbed dose commitment (man Gy [GW(e) a) ') effective
Radio- dose
nuclide equivalent
Bone : commitment
Gonads Breast Rggr&gze Lungs Thyroid 1lining Liver Skin Ri??;ﬂgﬁr {man Sv_l
cells 'Gl(e) al! ")
Mpp 0.003  0.004 0.005 0.004 0.004 0.005 0.008 0.008 0.004 0.004
85my 0.02 0.02 0.04 0.02 0.03 0.04  0.02  0.11  0.03 0.03
85¢r 0.007 0.0  0.01  0.009 0.008 0.0  0.009 2.5 0.01 0.034
87¢r 0.10 0.13  0.14 0.12  0.13  0.14  0.12 0.5  0.13 0.13
88y, 0.69  0.87  0.92 1.2 0.88  0.92. 0.83 2.3 0.87 0.90
13imy, 0.001  0.001 0.001 0.001 0.001 0.002 0.001 0.02  0.001 0.001
133ye 0.06 0.08 0.16 0.07 0.10 0.16  0.07  0.79  0.09 0.10
135my o 0.13  0.02  0.02 ©0.02 0.0 0.02 0.02 0.0  0.02 0.02
13540 0.3 0.3  0.52 0.3  0.3%  0.52 0.3 1.5 0.37 0.39
138y0 0.21 0.26 0.28 0.35  0.25  0.28  0.25  0.55  0.26 0.26
Total
(rounded) 1+ 1.7 2.2 2.2 1.8 2.1 1.7 9.1 1.8 1.9
Table 31

Normalized collective effective dose equivalent commitment
for noble gases from the model BWR
as a tunction of distance

Normalized collective
Distance effective dose Percentage
equivalent commitment distribution

(km) [man Sv (GW[e] a)™!]

0-2 0.19 10
2-5 0.27 14
5-10 0.30 16
10-20 0.34 18
20-50 0.46 24
50-100 0.18 9.3
100-200 0.10 5.4
200-500 0.04 2.2
500-1000 0.01 0.5
1000-2000 0.01 0.5
Total 1.9 100
Table 32

Normalized local and regional collective absorbed dose commitments

Trom tritium in airborne gischarges from the model reactor

Normalized collective whole-body
Normalized absorbed dose commitment

Reactor discharge [man Gy (GW[e] a)'l}

(TBa :
(GWfe] a) ] Ingestion Inhalation Total

BWR 3.4 0.03 0.005 0.04
PLR 7.8 0.07 0.01 0.08
GCR 11 0.1 0.02 0.1
HWR 540 4.8 0.8 5.6




Table 33

Normalized local and regional collective absorbed dose commitments
Trom carbon-14 releases to atmosphere

Hlormalized collective whole-body
Normalized absorbed dose commitment
Reactor discharge [man Gy (Gu[e] a)-l]

[TBg _,
(GW[e] a) "] Ingestion Inhalation Total

BKR 0.5 0.92 0.001 0.92
PR 0.2 0.39 0.00006 0.39
GCR 1.1 2.2 0.0003 2.2
HUR 17 30 0.005 30

Table 34

Normalized local and regional collective dose commitments
for iodine releases from the mode] PIR

Normalized
collective

Normalized collective absorbed dose commitment (10'4 man Gy TGH(e) a]'l) effective
dose
Pathway equivalent
Bone . commitment
. Red bone . g . . Remainder
Gonads  Breast marrow Lungs Thyroid 1lining Liver Skin tissues (10-4 man Sv
cells -
[6H(e) a] ")
a/
Direct cloud
irradiation 0.04 0.05 0.06 0.05 0.04 0.06 0.05 0.1 0.02 0.05
Inhalation 0.01 0.04 0.03 0.42 120 0.03 0.02 0.03 0.04 3.7
Ingestion b/ 0.006 0.02 0.02 0.02 84 0.02 0.009 0.01 0.02 2.6
External dose
from ground 0.18 0.22 0.32 0.13 0.19 0.35 0.11 0.27 0.22 0.22
deposits

Resuspension 0.000005 0.00002 0.00001 0.0002 0.07 0.00001 0.00000S 0.00001 0.00002 0.002

}ﬁzﬂlded) 0.24  0.33  0.42  0.62 210 0.45  0.19  0.42 0.3 6.6

a/ Percentage contribution by iodine isotopes to collective effective dose equivalent commitment:

131y 95 o, 1331 5 4, 1357 5 g,

b/ Percentage contribution of each pathway to ingestion doses: milk 90 %; beef 5 %, green vegetables 5 %.
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Table 35

Normalized local and regional collective dose commitments
For jodine releases from the model BUR

Normalized
-4 -1 collective
Normalized collective absorbed dose commitment (10 ° man Gy [GW(e) a] ") effective
dose
Pathway equivalent
Bone : commi tment
Red bone : s : : Remainder N
Gonads  Breast .. Lungs Thyroid 1;:;?2 Liver Skin tissues (10 4 man_Sv
(Gi(e) 2] ")
a/
Direct cloud
jrradiation 3.5 4.4 5.1 4,2 3.8 5.1 4.2 9.8 4.4 4.2
Inhalation 0.91 1.7 1.5 32 3900 1.4 1.4 1.2 1.7 120
Ingestion b/ 0.16 0.55 0.38 0.44 2000 0.36 0.22 0.35 0.50 62
External dose )
from ground 7.2 9.0 12 6.8 7.8 13 5.9 11 8.7 8.7
deposits
Resuspension 0.0002 0.0005 0.0003 0.006 1.6 0.0003 0.0003 0.0003 0.0005 0.05
Total
(rounded) 12 16 19 43 5900 20 12 22 15 190

132 135

131 58 9, 1321 g 001 %; 133117 4; P15 %

a/ Percentage contribution by iodine isotopes to collective effective dose equivalent commitment:

b/ Percentage contribution of each pathway to ingestion doses: milk 90 %; beef 5 %, green vegetables 5 %.




Tatle 36

Normalized local and regional collective dose commitments
Tor particulate releases from the mode] PWR and

Normalized
-3 -1 collective
Normalized collective absorbed dose commitment (10 ~ man Gy [GW{e) a] °) effective
dose
Pathway equivalent
Bone s commitment
Red bone e s : . Remainder _
Gonads  Breast marrow Lungs Thyroid 1ining Liver Skin tissues (10 3 man Sy
cells -
{GH(e) a] )
PUR
Direct cloud
irradiation 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.002
Inhalation 0.04 0.06 0.41 1.4 0.05 0.82 0.1 0.04 0.06 0.27
Ingestion a/ 2.1 1.9 14 1.9 1.9 28 2 1.9 1.9 4.4
External dose
from ground 5.9 7.7 8.3 7.2 6.4 8.6 6.6 9.6 7.3 7.3
deposits
Resuspension 0.001 0.002 0.02 0.04 0.002 0.04 0.004 0.001 0.002 0.009
Total 8.1 9.7 23 1 8.4 37 8.9 11 9.2 12
(rounded) . ’ ' * ’
BWR
Direct cloud
irradiation 0.03 0.04 0.05 0.04 0.04 0.05 0.04 0.07 0.04 0.04
Inhalation 0.93 1.4 10 35 1.3 20 2.8 0.91 1.4 6.6
Ingestion a/ 52 47 350 45 48 680 52 36 46 110
External dose
from ground 150 190 200 180 160 210 160 240 180 180
deposits
Resuspension 0.03 0.05 0.42 1.1 0.04 0.85 0.09 0.03 0.05 0.22
Total 200 240 560 260 210 910 220 270 230 290
{rounded)

a/ The pathways contributing to the ingestion dose are: grain 30 %; green vegetables 25%; milk 15 %;
milk products 10 %; root vegetables 10 %; beef 5 %: others § %.
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Table 37

Radionuclides considered for liquid effiuent calculations

from the modeV reactor site, normalized releases and

concentration factors for marine and freshwater media

Freshwater

Normalized Marine concentration factor concentration

) release factor

Radie  [GBa/(GHIe} a)} m® t7h m t7h
R PR GoR  Fish (nt LI el el memis Fish
a0 a0 - 500 10000 10000 10000 10000 10000 300
8o 6.9 90 100 1000 1000 10000 1000 30000 300
80co 30 38 25 100 1000 1000 10000 1000 30000 300
%m 88 - - 2000 5000 100000 10000 1000 1000 1000
8, 82 10 - 1 10 10 500 10 2000 30
Vs, 0.33 0.2 420 1 10 10 500 10 2000 30
1065, - - 1 500 2000 10000 2000 40000 10
110y - 1.2 - 1000 5000 50000 10000 1000 200 3
125, - - 80 500 300 100 10000 100 300 1000
Bl g3 9 - 10 100 100 100 1000 200 30
e 46 9 392 50 30 30 500 30 30000 1000
¥es g0 16 2600 50 30 30 500 30 30000 1000
144c, . - 50 10 1000 1000 10000 1000 30000 1000

Table 38

Parameters for the river model used to assess reactor releases

Suspended Drinking
Section Water Sediment sediment water Fish
velocity velocity load extraction production
- - -3 3 - -
msh)y s qga) @l (rah
1 0.8 0.0002 40 100000 100
2 0.75 0.00015 45 140000 66
3 0.7 0.0001 50 31000 600
Table 39

Normalized collective dose commitments from liquid reactor effluents

discharged into the model river

Normalized
Mormalized collective absorbed dose commitment collective
-4 n -1 effective
Reactor type (10 7 man Gy [SW(e)a] ) dose
and pathway equivalent
Bone . commi tment
Red bone ; Mg Remainder -
Gonads  Breast 3 rrow Lungs  Thyroid 122}?2 tissues (10 4 man_Sv
[GH{e) a] )
PWR
Drinking water
13 0.008 0.02  0.02  0.02 94 0.02 2.8
58¢, 0.56  0.33 0.3  0.29  0.27  0.29  0.79 0.53
60, 1.4 0.70 0.82  0.56  0.49  0.59 3.1 1.6
0s,. 0.009 0.009 1.2 0.009  0.009 2.6 0.21
134 1.2 1.1 1.2 1.1 1.2 1.1 1.3 1.2
137¢ 1.6 1.5 1.5 1.5 1.5 1.5 1.4 1.5
Total 4.8 3.7 5.1 3.5 97 6.1 6.5 7.8




Table 39, continued

Normalized
Normalized collective absorbed dose commitment collective
-4 ‘ -1 effective
Reactor type (10 7 man Gy [GH(e)a] 7) dose
and pathway equivalent
Bone . commi tment
Red bone . s Remainder
Gonads Breast MarToW Lungs Thyroid 112}?2 tissues (10-4 man_Sv
[GH(e)} a] )
Fish
131 0.0006 0.002  0.001  0.002 6.7 0.001 - 0.20
8¢, 0.1 0.06 0.07 0.06 0.05 0.06 0.14 0.10
60¢, 0.26  0.13  0.15  0.11  0.09  0.11  0.59 0.30
30, 0.0003 0.0003 0.05  0.0003 0.0003 0.10 - 0.008
134, 0.76  0.68 0.76  0.68  0.72  0.68 0.8l 0.75
137¢¢ 1.0 0.93  0.93  0.93  0.93° 0.93  0.91 0.94
Total 2.1 1.8 2.0 1.8 8.5 1.9 2.4 2.3
External
58Co 0.0014 to all organs and tissues 0.0014
60, 0.033 to all organs and tissues 0.033
134 0.0023 to all organs and tissues 0.0023
137Cs 0.0079 to all organs and tissues 0.0079
Total 0.045 to all organs and tissues 0.045
BWR
Drinking water
131 0.01  0.03  0.02  0.03 130 0.02 - 4.0
60¢q 1.3 0.63 0.75  0.53  0.46  0.55 3.3 1.6
6570 1.0 1.0 1.4 0.88  0.88 1.4 1.2 1.1
89, 0.06 0.06 0.75  0.06  0.06 1.1 1.1 0.49
90, 0.01 0.0l 1.9 1.3 1.3 3.9 - 0.34
134 5.8 5.2 5.8 5.2 5.4 5.2 5.3 5.4
137 5.6 5.2 5.2 5.2 5.2 5.2 5.2 5.6
Total 14 12 16 12 140 18 18 19
Fish
131y 0.08  0.002 0.002 0.002 10 0.002 - 0.29
60¢o 0.24  0.12  0.14  0.10 0.0  0.10  0.62 0.30
6574 1.2 1.2 1.7 1.2 1.1 1.7 1.6 1.4
89, 0.002 0.002 0.03  0.002 0.002 0.08  0.05 0.02
90, 0.0005 0.0005 0.07  0.0005 0.0005 0.15 - 0.01
134 3.6 3.2 3.6 3.2 3.4 3.2 a.7 3.8
137¢q 3.5 3.3 3.3 3.3 3.3 3.2 3.8 3.5
Total 8.8 7.5 8.8 7.5 18 8.1 11 9.3
External
60¢, 0.033 to all organs and tissues 0.033
l34(:5 0.012 to all organs and tissues 0.012
137Cs 0.030 to all organs and tissues 0.030
Total 0.075 to all organs and tissues 0.075
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Table 40

Normalized collective dose commitments for the model PWR, BWR and GCR
on a notional site in the eastern English Channel

Normalized
collective

Normalized collective absorbed dose commitment effective
Rogcto;htype (10'4 man Gy [GW(e) a]-l) cqugszﬁent
and pathway .
Red bone Bone Upper Lower co??ltment
Gonads  Breast marrow Lungs Thyroid lining Targe Targe (10 " man _Sv
cells intestine intestine [GW(e) a] °)
PWR
Fish
Sn 0.29  0.14  0.25  0.11  0.06  0.30  0.72 1.1 0.37
%8¢, 0.48  0.15 0.2  0.071 0.05  0.10 1.7 3.3 0.64
50¢, 4.0 2.0 2.4 1.6 1.4 1,7 1 20 4.9
110m, o 0.45  0.20 0.5  0.22  0.05  0.13 1.6 2.9 0.77
134¢¢ 3.8 3.4 3.8 3.4 3.6 3.4 4 4 4.0
137¢ 8.2 7.6 7.6 7.6 7.6 7.6 8 8.2
Total 17 13 15 13 13 13 28 41 19
Crustacea
5%n 0.29  0.14  0.25  0.11  0.06 0.30  0.72 1.1 0.37
8o 0.28 8.6 0.12 0.04 0.03  0.06 0.9 1.9 0.37
60¢, 1.5 0.73  0.87  0.59  0.51  0.62 3.9 7.3 1.8
110my o 0.11  0.05  0.06 0.05  0.01  0.03  0.37 0.68 0.18
134cs 0.09 0.08 0.09 0.08 0.09  0.08  0.10 0.10 9.5
137¢ 0.17 0.16  0.16 0.16 0.5  0.16  0.18 0.18 0.17
Total 2.4 1.2 1.5 1.0 0.86 1.2 6.2 1 3.0
Molluscs
54, 2.5 1.2 2.1 0.98  0.39 2.6 6.2 9.8 3.2
38¢q 2.8 0.89 1.2 0.42 0.3  0.59 9.9 23 3.8
60¢o 1 5.3 6.3 4.3 3.7 4.5 28 53 13
110m, o 9.4 4.2 5.1 4.6 1.0 2.7 33 61 16
134, 0.70  0.63  0.70  0.63  0.67  0.63  0.78 0.81 0.74
137¢ 1 1.0 1.0 1.0 1.0 1.0 1.2 1.2 1.1
Total 28 13 16 12 7.2 12 79 150 8
Grand tota] 47 28 32 2 21 26 110 200 60




Table 40, continued

Normalized
collective

Normalized collective absorbed dose commitment effective
Reactor type (10_4 man Gy [GH(e) a]_l) equgezient
and pathway commi tment
Red bone Bone Upper Lower -4
Gonads  Breast Lungs Thyroid 1lining large large (10 7 man_Sv
marrow cells 1intestine intestine [GW(e) a] )
B WR
Fish
™ 0.62  0.30  0.54  0.25 0.12  0.65 1.6 2.5 0.81
60¢ 3.7 1.8 2.2 1.5 1.3 1.5 9.7 18 4.5
6521 13 13 18 12 12 18 16 19 15
134, 19 17 19 17 18 17 21 22 20
137¢ 31 29 29 29 29 29, 33 33 3
Total 67 61 69 60 50 66 81 95 7
Crustacea
4y 0.62  0.30 0.5  0.25  0.12  0.65 1.6 2. 0.81
60¢o 1.3 0.65 0.77  0.53 0.4  0.55 3.4 6.5 1.6
6524 1.1 1.2 1.6 1.0 1.0 1.6 1.4 1.6 1.3
134¢ 0.47  0.42  0.47  0.42  0.44  0.42  0.51 0.54 0.49
137¢ 0.64  0.59 0.5  0.59  0.59  0.59  0.69 0.69 0.64
Total 4.1 3.1 4.0 2.8 2.6 3.8 7.6 12 4.8
Molluscs
Sn 5.4 2.6 4.7 2.1 1.1 5.6 13 21 7.0
60¢q 9.8 4.9 5.8 4.0 3.4 4.1 2 49 12
5720 280 270 390 250 250 390 340 400 320
134¢ 3.6 3.2 3.6 3.2 3.4 3.2 4.0 4.2 3.8
137¢ 4.1 3.8 3.8 3.8 3.8 3.8 a.4 4.4 4.1
Total 300 280 410 260 260 a10 390 480 350
Grand total 370 350 480 330 20 480 480 580 420
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Table 40, continued

Normalized
collective
Normalized collective absorbed dose commitment effective
Eigc;gghﬁgse (10™% man Gy [GK{e) a) ) ig:i?%ig:t
Red bone . QDQE Upper Lower -4
Gonads  Breast marrow Lungs Thyroid lining . ]argg . largg (10 " man _Sv
cells intestine intestine [GMH{e) a] °)
G CR
Fish
60¢o 3.0 1.5 1.8 1.2 1.1 1.3 7.9 15 3.7
30 0.33 0.3 55 0.33  0.39 120 1.7 6.1 10
106p, 0.02  0.01  0.01  0.01  0.01  0.01  0.23 0.66 5.4
125, 6.1 2.1 4.6 1.3 0.96 20 48 130 14
B 150 140 160 140 150 140 180 190 170
137c¢ 1300 1200 1200 1200 1200 1200 1400 1400 1300
144c, 0.004  0.001 0.009  0.0006 0.0005 0.13 2.2 6.4 0.51
Total ~ 1500 1300 1400 1300 1400 1500 1600 1700 1500
Crustacea
80¢ 1.1 5.3 0.63  0.43  0.37  0.45 2.8 5.3 1.3
30g,. 0.14  0.14 20 0.14 0.4 42 0.62 2.2 3.6
106g, 0.33  0.29 0.31  0.29  0.29  0.29 5.2 15 1.2
125, 0.15  0.51 6.1  0.03  0.02  0.49 1.2 0.34
134¢ 4.0 3.6 4.0 3.6 3.8 3.6 4.4 X 4.2
137¢ 27 25 25 25 25 25 29 29 27
184, 0.02  0.006 0.04  0.003 0.002 0.06 11 3 2.5
Total 33 34 50 29 30 72 54 %0 39
Moliluscs
60, 8.1 a. 4.8 ) 2. 3.4 0.00002 41 10
90, 0.91  0.91 130 0.91  0.91 260 3.9 14 23
106¢,, 12 10 1 10 10 10 190 530 43
125, 0.37  0.13  0.28 0.08  0.06 1.2 3.0 7.7 0.86
134¢s 30 27 30 27 29 27 3 35 )
137 180 170 170 170 170 170 190 190 180
184c, 0.20  0.06 0.45  0.03  0.03  0.64 110 320 26
Total 230 210 350 210 210 470 530 1100 310
Grand total 1700 1600 1800 1600 1600 2000 2200 3000 1800




Table 41

Radionuclides discharged to the atmosphere from fuel reprocessing plants 1975-1979

82, 822, L1, L6]

Activity released (TBq)

Particulate Isotopic composition of particulate release
Year Energy release (total B)
[GW{e) a]
B Mg By totata Total g 905y 106, 129p 131 134 134,
WINDSCALE (United Kingdom)
1975 3.2 444 44000 0.0028 0.070
1976 3.2 444 44000 0.0019 0.13
1977 2.1 296 33000 0.0010 0.28 0.041 0.0059 0.0026 0.23
1978 1.8 222 4.1 26000 0.00089 0.34 0.048 0.0078 0.0026 0.015 0.027 0.24
1979 2.5 290 3.5 35000 0.0010 0.31 0.009 0.003 0.006 0.03 0.025 0.24
1975-1979
Normalized relg?se .
TTBq (GWfe! a) '] 133 1.8 14000  0.0006 0.088
LA HAGUE (France)
1975 1.6 3.3 20000 5.9 10713 0.0006
1976 0.84 1.8 13000 7.4 10_7 0.0003
1977 1.8 11 25000 1.1 10_6 0.0001
1978 2.1 4.1 29000 1.1 10 0.0001
1975-1979
Normalized re1g?se -7
[{TBq (GW[e] a) '] 3.2 14000 1.9 10 0.0002
MARCOULE (France)
1975 0.24 4.4 3700 8.1 1077 0.001
1976 0.22 4.4 3500 6.7 10_6 0.001
1977 0.32 2.8 4400 3.2 10_¢ 0.0092
1978 0.83 63 11000 1.7 10 0.0093
1975-1978
Normalized re]gfse -6
[TBaq (GW[e] a) ] 46 14000 4.0 10 0.002
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Table 42

Radionuclides released to the aquatic environment

from fuel reprocessing
[B2, B2Z, L1, L6]

Activity released (TBq)

Year Total B
{othe 3 90 106
Total « than 5“) H Sr Ru
WINDSCALE (United Kingdom)
1975 85 9065 1400 466 762
1976 60 6771 1200 381 766
1977 46 7129 910 427 816
1978 68 7124 1050 597 810
1979 62 4100 1200 250 390
1975-1979
Hormalized relg;se
{TBq (GW[e] a) °] '
25 2671 450 166 277
LA HAGUE (France)
1975 0.49 1180 75 829
1976 0.37 714 40 555
1977 0.67 765 33 73 540
1978 0.51 1092 728 140 801
1975-1978
Hormalized relgqse
(TBq (Glfe} a) ']
0.32 592 272 52 430
HARCOULE (France)
1975 0.019 42 0.93 33
1976 0.011 23 0.41 20
1977 0.013 30 117 0.37 27
1978 0.013 35 270 0.88 25
1975-1978
Hormalized re]g?se
[TBq (G[el a) ']
0.035 81 337 1.6 65




Ta

ble 43

Isotopic composition of liquid effluents

from the Windscale reprocessing plant

T0Z, B22]

Radionuclide

Annual discharge (TBq)

1977 1978 1979
354 1.8 1.4
4 0.22 0.037
55¢e 2. 1.8
60¢o 1. 0.52
63y 1.5 0.18
552n 0.037 0.022
895, 9.9 7.5
90, 427 597, 250
957, 92 82 60
By 203 148 98
3¢ 179 a3
103, 8.5 5.8
106p,, 816 810 390
110mp o 0.33 0.033
125, 29 14
129, 0.11 0.074 9.12
134¢¢ 594 404 280
137 4480 4090 2600
144., 152 106 83
152¢, 10 3.7
158g, 38 1.9
155g, 7.8 4.0
Uranium 10936 {(kg) 6000 (kg)
237y, 0.60 0.33
238, 12 12
2394240, ) 3 ' 27
281, 981 1773 1500
281y, 3.6 7.9 7.9
282¢p, 0.55 0.37
2434244, 0.33 9.15
Electricity production
from fuel reprocessed
[GH(e) a) 2.1 1.8 2.5
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Table a4

Population distribution around the Windscale reprocessing plant

and meteorological characteristics of jts location

METEOROLOGICAL CHARACTERISTICS

Pasquill weather category

Quantity Dry Rain

A B C D E F c D
Frequency (%) -1 0.3 4.5 12.1 63 5 4.6 1.7 8.4
Wind speed (ms ) 1 2 5 5 3 1 5 5

Depth of mixing
layer (m)

2000 2000 1000 1000 200 200 1000 1000

Distribution of wind direction frequencies (300 sectors):
0.091, 0.089, 0.096, 0.11, 0.098, 0.069, 0.049, 0.034, 0.056,
0.10, 0.11, 0.094

Stack height: 100 m (effective) '

POPULATION DISTRIBUTION

Distance (km) 0 -1 1-25 2.5-6 6-12,5 12,5-17.5

Population
Cumulative

36 230 1100 12000 17000
35 220 1400 14000 31000

Distance (km) 17.5-60 60-150 150-375 375-900  900-2700

Population
Cumulative

71000 20000000 36000000 110000000 82000000
74000 21000000 57000000 170000000 260000000

Table 45

Averaged local and regional normalized

whole-body absorbed dose commitments from tritium and carbon-14
discharges to the atmosphere from lindscale (United Kingdom)

Normalized
collective absorbed whole-body
dose commitment

Radio- -1
nuclide Iman Gy (GW'e] a) °)
ingestion Inhalation Total
3y 0.30 0.049 0.35
14¢ 0.69 0.0001  0.69




Table 46

Collective dose commitments from atmospheric annual discharges from Windscale {United Kingdom)

averaged between 1975 and 19/9

Collective Collective absorbed dose commitment (man Gy)
effective
Pathway dose Red bone Bone Remainder
equivalent Gonads Breast marrow Lungs Thyroid  1ining Liver Skin tissues
commitment cells
{man Sv)
CLOUD
85¢r 0.26 0.0s8  0.078  0.095  0.074  0.065  0.095  0.074 19 0.078
DEPOSIT
137¢ 1.1 0.87 1.2 1.4 1.1 0.97 1.4 1.0 1.4 1.1
INHALAT ION
H 0.3 0.13 0.3 0.13 0.13 0.13 0.13 0.13 0.13 0.13
239, 0.11 0.00074 - 0.0043  0.02 - 0.059  0.012 - -
240p,, 0.10 0.00068 - 0.0084  0.018 - 0.054  0.011 - -
2l 0.08 0.000095 - 0.0056  0.00052 - 0.075  0.016 - -
238p,, 0.04 0.00022 - 0.0015  0.0071 - 0.019  0.0041 - -
129 0.007 - - - - 0.24 - - - -
137¢4 0.006 0.006  0.005  0.006  0.0056 0.005  0.005  0.0054  0.0041  0.005
Total 0.47
INGESTION
3 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78 0.78
134 0.13 0.13 0.11 0.13 0.11 0.11 0.11 0.13 0.11 0.086
137¢ 1.1 1.1 0.98 0.98 0.98 0.98 0.98 1.1 0.98 0.76
14 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
90gyp 0.24 - - 1.3 - - 2.8 0.0096  0.0096  0.0096
129 0.34 - - . - 1 - - . -
Total 4.4
GRAND TOTAL 6.2
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Table 47

Collective absorbed dose commitments for average releases between 1975 and 1979

into the Fastern Trish Sea from Windscale {United Kingdom)

and into the Fastern English Channel from La Hague (France)

Collective absorbed dose commitment (man Gy)

Pathway
Gonads Breast Rigrgg:e Lungs Thyroid I?g?ﬁg Liver L?ﬁ:;sl?;ge
cells
WINDSCALE (United Kingdom)
Fish
1374 270 250 250 250 250 250 250 270
Mollusc and crustacea
106p, 8.7 7.4 8.1 7.4 7.4 7.4 - 180
Fish, crustacea, mollusc
90s,. - - 25 -, - 54 - -
Molluse
239, and 240p, 0.024 - 0.16 - - 2 0.42 0.50
241p, 0.46 - 2.7 - - % 5.9 2.3
Total By 280 260 290 260 260 350 260 650
a 0.024 - 0.16 - - 2 0.42 0.50
Collective effective dose equivalent commitment: 311 man Sv
LA HAGUE (France)
Fish
137¢s 9.5 8.8 8.8 8.8 8.8 8.8 8.8 9.5
Mollusc and crustacea
106g,, 20 17 19 17 17 17 - 880
Mollusc
239y and 240p, 0.005 - 0.036 - - 0.42 0.09 0.11
241p
u
Total (3% 30 26 28 26 26 26 11 890
a 0.005 - 0.036 - - 0.42 0.09 0.11
Collective effective dose equivzlent commitment: B84 man Sv




Table 48

Local and regional collective effective dose equivalent commitments
for normai1zea discharges from the model reprocessing facility

to atmospheric and marine environments

Normalized Normalized collective
release effective dose
Radionuclide equivalent commitment

[TBg (GHle} a) 'l [man Sv (GHfel a)™']

ATMOSPHERIC
3H 60 0.1
4¢ 0.4 0.2
85 10000 0.03
905, 0.0007 0.006
129, 0.0002 0.004
238,239.240Pu 0. 00001 0.002
Total 0.3
AQUATIC
137CS 7 0.4
lOGRu 10 0.
90, 2 0.02
129, 0.04 0.008
238,239.240p, 0.5 0.0006
Total 0.7

Tabie 49

Representative annual effective dose equivalents
to most expased individuals
from reprocessing LUR fuel at the model facility

Annual effective
Radionuclide dose equivalent

(uSv)
ATMOSPHERIC
3y 5
14 10
85Kr 5
9OSr 2
129, 2
a emitters 1
Total 25
AQUATIC
305, 2
106p,, 50
137 150
129, )
a emitters 0.5

Total (rounded) 200

323



Table 50

Summary of normalized releases of radionuciides of global significance
and of the corresponding collective etfective dose equivalent commitments

Hormalized
collective effective dose equivglent
Radio- Hormalized commitment "man Sv (GW'e] a) !
nuclide release
T8 Integration time (a)
dosd -1, 1 2 4 6 8
(6rfe’ a) ' 10 10 10 10 10
3 640 0.015 0.02 0.02 0.02  0.02
8- 11000 0.9 1.9 1.9 1.9 1.9
14 17 3 10 70 110 110
129, 0.0 - 0.02 0.2 28 560

Tabie 51

Collective effective dose equivalent commitments

from high-Tevel waste disposal per unit electrical energy generated

for different fuel cycles

i

Normalized collective effective dose
commitment Iman Sv (GHTe! a)

equivalent

1

LIR HWR

DISPOSAL OF UNREPROCESSED FUEL
Uranium content of fuel

Migration time 10° a 62 300
Higration time 105 a n 170
A1l other elements
Migration time 10° a 27 10
Migration time 10° a 200 280
Total (rounded) (10° a) 89 310
(10° a) 270 £50
LIR FBR HIR HIR
(Plutonium
recycle) Uranium Uranium Uranium

Plutonium Thorium Thorium

DISPOSAL OF REPROCESSING WASTES
Uranjum content of fuel

Migration time 10° a 22 0.8 130 22 1.1
Higration time 10° a 23 1.1 72 120 6.0
A1l other elements
Migration time 106 a 9 18 6 14 24
Migration time 10° a 27 51 45 140 110
Total (rounded) (10° a) 31 19 140 36 25
(10° a) 50 52 120 260 120




Table 5

Summary of normalized collective effective dose equivalent commitments
to the public from nuclear power production

Normalized collective effective
dose equivalent com@itment
[man Sv (GW[e] a) "]

LOCAL AND REGIONAL CONTRIBUTION
Mining
Radon 0.5 Total 0.5
Milling (excluding releases from tailings)
Uranium, thorium, radium 0.015
Raden 0.02
Total

<

.04
Fuel fabrication

Uranium 0.002 Total

Reactor releases
Atmospheric
- Noble gases
Tritium
Carbon-14
Iodines
Particulates (caesium, ruthenium,
cobalt)

o

.002

|
[==] OO O
— 8oou1m

Total 4.1
Aquatic
- Tritium
- Other (caesium, ruthenium, cobalt)

oo
[oX =)
N &>

Total 0.06
Fuel reprocessing
Atmospheric
- Tritium 0.1
- Krypton-85 0.0
- Carbon-14 0.2
- a emitters 0.0
Total 0.3
Aquatic
- Caesium 134, 137 0.4
- Ruthenium-106 0.3
- Strontium-90 0.0
- a emitters 0.0
- lodine-129 0.0

Total 0.7
Transportation 0.003 Total 0.003

TOTAL for operations in the nuclear fuel cycle 5.7 man Sv [Gl(e) a]'1

Complete and incomplete normalized
collective effective dose equivalent
commitment -1
[man Sv (GW[e] a) 7}

Integration period (a)

T LTI AT LT RN
GLOBAL CONTRIBUTION
FROM OPERATIONS IN THE
NUCLEAR FUEL CYCLE
Tritium 0.015 0.02 0.02 0.02  0.02
Krypton-85 0.9 1.9 1.9 1.9 1.9
Carbon-14 3 10 700 1100 110
Todine-129 : 0.02 0.2 28 560
TOTAL (rounded) 3.9 12 72 140 670

WASTE DISPOSAL
(assuming LWR fuel
reprocessed and plutonium
utilization in LWRs and FBRs)
Mill tailings (radon) a/ 0.25 0.25 250 2800 2800
(uranium) B/ 460 460 460
High-level wastes - - - 30 30

a/ Assuming radon emanation continued at the same rate as at disposal
with 2 m earth coveging.

b/ Assuming that at 10° a the tailings are eroded into fresh water,

then marine environments.
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Table 53
Annual per caput doses from the continued generation
of nuclear electric power to the year 2500

Year
1980 2000 2100 2500

Annual projected nuclear generation [GN(e) a] 80 1000 10000 10000
Annual collective effective

dose equivalent (man Sv) 500 10000 200000 250000
World population 410° 100 4pl0 10
Annual per caput

effective dose equivalent {uSv) 0.1 1 20 25

Percentage of average exposure
to natural sources of radiation (%) 0.005 0.05 1 1
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