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ABSTRACT

Population radiation dose commitments have been estimated from reported
radionuclide releases from commercial power reactors operating during 1977,
Fifty-year dose commitments from a one-year exposure were calculated from both
liquid and atmospheric releases for four population groups (infant, child,
teen-ager and adult) residing between 2 and 80 km from each site. This report
tabulates the results of these calculations, showing the dose commitments for
both liquid and airborne pathways for each age group and organ. Also included
for each site is a histogram showing the fraction of the total population
within 2 to 80 km around each site receiving various average dose commitments
from the airborne pathways.

The total dose commitment from both liquid and airborne pathways ranged
from a high of 220 person-rem to a Tow of 0.003 person-rem with an arithmetic
mean of 16 person-rem, The total population dose for all sites was estimated
at 700 person-rem for the 92 million people considered at risk.

The average individual dose commitment from all pathways on a site basis
ranged from a Tow of 2 x 1073 mrem to a high of 0.1 mrem. No attempt was
made in this study to determine the maximum dose commitment received by any
one individual from the radionuclides released at any of the sites.
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INTRODUCTION

The Pacific Northwest Laboratory (PNL) is operated by Battelle Memorial
Institute for the Department of Energy (DOE). This study, sponsored by the
Nuclear Regulatory Commission (NRC} and conducted at PNL, estimates radiation
dose commitments from reported radionuclide releases at 60 commercial power
reactors operating during 1977. This work is a continuation of the study done
for 1975 and 1976 releases (Baker, Soldat and Watson 1977, Baker 1979). In
this study TS in the last, we estimated the population (collective) dose
comnitmentta from both the Tiguid and gaseous releases to four age groups
making up the population residing in the region of the site: infant {0 tol
yr), child {1 to 11 yr), teen-ager (11 to 17 yr) and adult {17 yr and older).

The particular organs of reference in this study are listed in Table 1.

The major pathways by which radionuclides travel from the reactor to the
individual receptors are shown in Table 2. Other possible Tiquid pathways

TABLE 1. Organs Considered in This Study

Organs Affected by Organs Affected by
Airborne Releases Waterborne Releases
Total body Total body
Thyroid Thyroid
Bone Bone
Gl tract GI tract
Liver Liver
Lung

TABLE 2. Pathways Considered in This Study by Which Radionuclides
Travel from Reactors to Persons

Pathways for Pathways for
Airborne Releases Waterborne Releases
Air submersion Ingestion of drinking water
Contaminated ground Ingestion of fish and
Inhalation invertebrates

Ingestion of food crops and
animal products

(a) As used in this report, dose commitment describes the total-body dose
equivalent received over 50 years from intake during the year 1977.



such as direct exposure from waterborne activities (swimming, boating,
shoreline recreation) and internal exposure through ingestion of food produced
using centaminated irrigation water were not included. This was because we
have found from past experience that the doses from these pathways is
genﬁra11y much smaller than the doses from the pathways considered in this
study.

The regional population for which we estimated doses included those
persons estimated to be living in a region between 2 and 80 km around the
reactor sites during 1977. We estimated the numbers of persons by
extrapotating Bureau of Census data for 1970 to 1977. Atmospheric transport
factors (annual average dilution and annual average deposition) were
calculated for the region around each site using appropriate meteorological
data supplied by the NRC's Office of Nuciear Reactor Regulation. To calculate
the doses, we used models approved by the NRC. We incorporated these models
into two small computer codes to expedite the dose calculations involved for
each site.

Site-specific parameters other than releases, meteorology and population
were obtained from environmental statements for the various reactors when
avaitable (Table 3). Such parameter values include the total population
drinking contaminated water, river flow, dilution flow from the reactors (for
sites not on rivers), fish and invertebrate harvest for region, and dilution
factors for drinking water and aquatic foods.

The reactors included in this study, their type, Ticensed thermal power
rating and net electrical output for 1977 are listed in Table 4. Those
reactors which had an operating augmented gaseous radioactive waste system in
1977 are identified in the table., Populations at risk and the dose
commitments derived in this study are also tabulated.

SITE-DEPENDENT PARAMETERS

The section entitled Site Summaries gives the location (including
latitude and Tongitude) for each reactor site and the estimated 1977
population within 2 to 80 km arcund the site. This population is derived from
the 1970 census by extrapolation to 1977. 1In addition, the location of major
metropolitan centers within 80 km are listed along with their 1977
extrapolated populations. The populations of the Standard Metropolitan
Statistical Areas (SMSA) are given where applicable., Next, the average
production rates of vegetable crops and animal products are given for the area
within an 80-km radius based upon the statewide average. This production has
been reduced for sites on Takes and seacoasts to account for the presence of
the body of water. An animal grazing factor is estimated for each site
location. This factor accounts for the fraction of the year during which
grazing animals such as mitk cows and beef cattle graze on fresh pasture in
the region around the site. After average production rates are given, the
Tocation of the meteorological station used in the acquisition of diffusion
climatology data is indicated, along with the percent data recovery and period
of record.



TABLE 3. Environmental Statements for Power Plants
Inctuded in This Study

Site Docket
Number Reactor Site Number Date Remarks
1 Big Rock Point £s{a) not available
2 Brown's Ferry 1, 2, 3 Jul 71 ES published by Tennessee
Valley Authority
3 Cooper Station 50-298 Feb 73 Draft ES
4 Dresden 1 ES of Oresden 2, 3 used
4 Dresden 2, 3 50-237, 50-249 Nov 73
5 Beaver Valley 1 50-334 Jul 73
6 Humbo1dt Bay ES not available
7 LaCrosse 50-409 Jun 76 ODraft ES
8 Millstone Point 1, 2 50-245, 50-336 Jun 73
9 Monticello 50-263 Nov 72
10 Nine Mile Point 1 50-220 Jan 74
11 Oyster Creek 50-219 Dec 74
12 Peach Bottom 2, 3 50-277, 50-278 Apr 73
13 Pilgrim 1 50-293 May 72
14 Quad Cities 1, 2 50-254, 50-265 Sep 72
15 Yermont Yankee 50.271 Jul 72
16 St. Lucie 50-335 Jun 73
17 Brunswick 1, 2 50-324, 50-325 Jun 73 Draft ES
18 Duane Arnold 50-331 Mar 73
19 J. A. Fitzpatrick 50-333 Mar 73
20 E. I. Hatch 50-321 Oct 72
21 Arkansas 1 50-313 Feb 73
22 Conmecticut Yankee 50-213 Oct 73
{Haddam Neck])
23 Fort Calhoun 50-285 Aug 72
24 H. B. Robinson 50-261 Apr 74
25 Indian Point I, 2 50-247 Sep 72 ES of Indian Point 2 used
26 Salem 50-272, 50-311 Apr 73
27 Kewaunee 50-305 Dec 72
28 Maine Yankee 50-309 Jul 72
29 Oconee 1, 2, 3 50-269, 50-270 Mar 72
50-287
30 Palisades 50-255 Jun 7?2
3l Point Beach 1, 2 50-266, 50-301 May 72
32 Prairie Island 1, 2 50-282, 50-306 May 73
33 R. E. Ginna 50-244 Dec 73
34 San Onofre 1 50-206 Oct 73
35 Surry 1, ? 50-281 Jun 72 ES of Surry 2 used
36 Three Mile Island 1 50-289 Dec 72
37 Turkey Point 3, 4 50-250, 50-251 Feb 72 Draft ES
38 Yankee Rowe ES not avajlable
39 Zion 1, 2 50-295,50-304 Dec 72
40 Calvert Cliffs 1 50-317 Apr 73
41 Cook 1 50-315 Aug 73
47 Trojan 50-344 Jan 73 Draft ES
43 Rancho Seco 50-312 Mar 73
44 Crystal River 3(b) 50-302 May 73
45  Davis-Besse(D) 50-346 Mar 73
(a) Environmental Statement
{b) Added for 1977



TABLE 4. Reactor Characteristics and Population Total Body Dose Commitments, 1977

Bniling Water
g

Electric Reactor
Licensad Energy Augmented Population Average Individual
Thermal Generation Radinactive Dose Commitment Total Body Dose
Power 1977 Waste System [Person-rem) PopuTation Commitment
Site Unit _Type [Mu] (TW-nrelad (1977 Ciguid Air Tofar At Risk . imrem}
Arkans as 1 e e 5.10 . 1.5 0.09 1.6 1.6E5 9.7E-3
Beaver Yalley 1 PWR 26482 2.87 - 0,017 0.18 0.40 3.7E6 1.15-4
Big Rock Point 1 A 240 D.361 Na 2.3 0.28 2.6 1.3E5 2.0E-2
Brown's Ferry 1 EWR 3293 5.04 fes
2 BwR 3293 6.73 Yes
3 BWR 3293 5.B5 Yes

Brown's Ferry TOTAL a7 1r.12 0.55 2.7 3.z 6.7E5 4.9E-3

Brunswick 1 EWR 2436 2.5¢ No
2 SWR 2438 2.44 Yo

Brunswick TOTAL G577 4,96 (1. 066 h.3 6.4 1.9E% 1.4-7

Calvert C1iffs 1 PR zrot 4.88 -
2 FWR 2700 4.594 -

Calvert Cliffs  TOTAL 5400 9.42 1.7 0.7 1.9 Z2.AER 7.8E-4
Cook 1 PR 325G 4.79 - 73 0.063 73 1.1E6 ?1E-7
Cooper Station 1 BWR 2381 4.54 Yas __dl 0.017 0.017 1.8E5 9.76-5
Crystal River 1 PWR 2452 a4.04 - 0.0472 n.014 0.021 2.2E5 9.58-5
Davis-Besse ? FWR 7r? 0.43 - 14 0.0ngz2 14 1.9E6 f,0E-3
Oresden 1 BWR 00 0.694 No

é BWR 2527 3.583 No
3 BWR 2527 5.19 No

Dresden TOTAL 5754 g.41 ] 180 140 f.4E6 ?.RE-7
CGuane Arnold 1 BuR 1658 9.32 Yes 0.0076 0.30 0,31 5.7E5 5.4E-4
J. A, Fitzpatrick 1 EWR 7436 3.89 Yes 0.015 G.54 0.56 R.3ES b 7E-4
Fort Calhoun 1 Pwit 1420 2.92 - n.29 0.044 0.313 7.5ER 4.5E-4
R. E. Ginna 1 PR 1520 .03 - 0.082 0.056 0.14 1.2E6 1.26-4
Haddam Neck 1 PR 1825 4.01 - n.23 2.2 2.4 3.4E6 7.3E-4
E. I. Hatch 1 BwWR 2436 3.7 Yes 35 0.095 35 7.8E5 1.3E-1
Humboldt Bay 3 BWR 220 o] Ne n.oma -—- 0.0027 1.1E5 2.4E-E
indian Point 1 PWR 615 0 -

? PUR 2753 5.21 -
] YR 2760 5.5 -

Indian Point TOTAL 6113 13.72 0.88 12 13 1.6E7 2.0E-4
K ewaunee 1 PuR 1650 3.58 - 1.9 0.021 1.9 6. DES 1.2E-3
LaCrosse 1 BWR 16% 0.0893 No 7.8 1.6 9.4 3.3E5 2.8E-2
Maine Yankee 1 YR 2440 5.14 - 0.0042 0.010 0.014 5.7E6 7.5E-5
Millstone Point 1 2R 7011 4.82 Na )

2 PR, 2560 4,34 -
T

Millstone Paint TOTAL 4571 9.16 0.024 220 220 2,586 a.8(-7
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TABLE 4 {contd)

BWF 1670 1,57 fes
BlF 18580 Z.95 Ne
PiF Zhal 3.54 -
PWR 2568 3.83 -
PWR 2560 5.24 -
7704 1.3:
BWR 1930 3.25 Na
PR 2530 5.08 -
BWR 3292 4.02 Yes
BWE 3791 4.77 Yes
B5RE a.79
BWR 1448 2.65 Yes
PR 1518 1.69 -
PWR 1514 .62 -
kloki 7.31
FlR 1650 3.71 -
PR 1650 1.38 -
3300 7.59
EWR 7R11 3.52 Ves
2WE 7511 4,37 You
507 7.89
R 2ire 3.498 -
Fuk 2200 4.23 -
PWR 2360 5.4 -
PWR 1318 7.06 -
PWR 1347 2.33 -
PR 244] 5.02 -
2R a4l 446 -
4R77 .48
PWR 2536 5.46 -
FPuH 3411 (.49 -
FR 2200 4.47 -
FWR 2200 387 -
4400 .14
ElH 1583 1,54 Vg
Pl [ L.03 -
PR 3250 .02 -
BT 3250 5,25 -
BHOG _11.31
746
5.5
4.0

tb) Pressurized water reactor

fc) Beiling water reactor

td) Indicates dose combitment 0,001 persan-rem,
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Various site-dependent factors associated with the waterborne pathways
are presented next. For lake and ocean sites, we used the average dilution of
plant effluents for the year 1977 specified by Decker (1979). For river
sites, the average annual river flow is tabulated. This flow was used in
place of a dilution flow from the plant to account for dilutions of liquid
releases at the locations of probable intake of drinking water and aquatic
food catch, Any exceptions to this scheme have been footnoted. WNext is shown
the estimated 1977 popuiation utilizing drinking water drawn from supplies
containing diluted effluents from the site., These are shown with an estimated
dilution factor where applicable. Fish and invertebrate catch data taken from
the respective plant environmental statement, when available (see Table 3},
are listed next, along with estimated dilution factors for the lake and ocean
sites.



RESULTS

This report consists of a summary of values used for site-specific
parameters at each site, as explained above, and the results of population
dose commitment calculations. The population dose commitments are presented
in two tables facing the page summarizing site-specific parameters for that
site. These tables include both Tiguid and airborne pathway dose commitments
for the several organs of reference for each age group investigated. They
also include the dose to the whole population which includes all age groups.
The airborne population do?e commitments for each of 160 segments partitioning
the region around the site a) were divided by the population residing within
that segment to derive an average individual dose for that segment. These
doses are summarized as a histogram showing percent of the population
receiving a given dose level for each site. The fractional population dose
from the liquid pathway was not determined in this manner, because the NRC
does not at present take into account the location of individuals exposed via
this pathway, except those exposed through ingestion of drinking water.

Population dose commitments estimated for both the liquid pathways and
airborne pathways varied widely over the 45 sites (60 reactors) studied. The
total dose commitments {from both pathways) varied from a high of 220 to a Tow
of 0.003 person-rem. The arithmetic mean for the dose from liquid pathways
was 3 person-rem and the mean for the dose from airborne pathways was
12 person-rem (see Table 4).

Releases from Monticello, Rancho Seco and Dresden resulted in the
smallest doses from liguid pathways {zero, zero, and near zero,
respectively). This was because no liquid releases were reported for
Monticello and Rancho Seco, and the receiving waters for the Dresden site are
contaminated with Chicago sewage to such an extent as to severely 1imit use of
this water for drinking or fishing. The Targest liquid pathway doses to the
total body caiculated were 37 person-rem at Dconee and 35 person-rem at
Hatch. These doses resulted primarily from the radioactive cesium (Cs-134 and
Cs-137) released by these plants,

The lowest total airborne pathway dose to the total body was estimated
for Palisades (0.0015 person-rem); while the highest were at Millstone Point
(220 person-rem) and Dresden (180 person-rem). The major contributors to
these doses were the noble gases: Kr-88 and Xe-135. The total population
dose commitments from all sites for 1977 were estimated to be 160 person-rem
via 1iguid pathways and 540 person-rem via the airborne pathways {Table 4).
Compared to 1976, the "liquid dose" is higher (160 vs. 82}; and also, the "air
dose" 1is higher (540 ys. 390).

We should point out here, however, that the doses estimated in this study
are extremely low compared to an average annual background dose of 0.1 rem,

{a) See Appendix for definition of segments.



and they are well within all limits. Even the highest site average individual
dose commitment of 0.13 mrem (Table 4) from one site (Hatch) is well within
any national Timits,

Figure 1 shows graphically the wide range of the airborne population dose
commitments for the reactor sites. The median, upper and lower quartiles and
upper and lower octiles for the distribution of doses calculated for each of
160 segments are indicated for each site. Figure 2 is a histogram for all 45
sites taken together. We can see from this plot that about 25% of the total
population at risk {92 million) would each receive a dose commitment of
between 0.0003 and 0.001 mrem. Ng can see further that less than 0.5% receive
a dose which is Tess than 1 x 107 mrem. Although not discernible from the
plot, less than 0.01% received a dose of between 3 and 10 mrem. There were no
average dose commitments greater than 10 mrem. However, no attempt was made
in this study to estimate the maximum dose commitment received by any one
individual from the radionuclides released at any of the sites.

It should be noted that we have been comparing dose commitments
calculated in this study with annual background. This comparison is not quite
exact, since these dose commitments are those total-body doses received from
the year's {1977) effluent release, over 50 years of a person's lifetime.
However, most of the dose commitment calculated here is delivered in the first
year, so the comparison is reasonably valid.
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APPENOIX

MODELS

The calculational models used were primarily those given in the NucTear
Regqulatory Commission's Regulatory Guide 1.109 (1977). Computer programs were
written to use these models to generate population dose commitments for four
age groups. The percentages of the population comprising the four age groups
were 1.44%, infant; 16.0%, child; 11.7%, teen-ager; and 70.9%, adult
(Population Estimates and Projections, 1975}. Where possible, the
site-dependent parameters were taken from the environmental statements issued
for each reactor (Table 3}. The generic parameters used for this study such
as consumption rates, occupancy factors and holdup times are given in
Table A-1 and A-2 below. It should be noted that generic consumption rates
for aquatic foods and inhalation rates are taken from Regulatory Guide !.109
(1977). Biocaccumulation factors and terrestrial food transfer factors were
taken from Regulatory Guide 1.109 (1977). Dose commitment factors for the
four age groups were taken from Hoenes and Soldat (1977).

TABLE A-1. Generic Consumption Rates and Occupancy Factor? gsed for
the Study of Average Members of the Populationia

Pathway Infant Child Teen-ager Adult

Fruits, vegetables and 0 200 240 190
grain (kg/yr)

Milk (&2/yr) 170 170 200 110
Meat and poultsy (kg/yr) 0 37 59 95
Fish (kg/yr)tb 0 2.2 5.2 6.9
Invertebrates (kg/yr) 0 0.33 0.75 1.0
Drinking water {2/yr) 170{c) 260 260 370
Inhalation {m3/yr) 1400(d) 3700 8000 8000
Air submersion and 0.5 0.5 0.5 0.5

ground irradiation
occupancy factor

Regulatory Guide 1.109 (1977)

Both fresh- and saltwater

Assumed to be equal to milk consumption
Same as for maximum individual

L L P

{a
(b
{c
(d

A-1



TABLE A-2. Holdup Times Between H?rvest and
Consumption of Foods(2

Food Holdup Time (days)
Frui?s grains and vegetables 14
Milk (D) 4
Meat (D) 20
Aquatic foods (fish and invertebrates) 7
Drinking water 1

(a) Regulatory Guide 1.109 (1977)

(b) Value given is time after milking or slaughter. For the portion
of the time animals were fed stored feed, an additiornal 90 days
was added to the holdup time.

RELEASES

The doses were estimated using the m?asured releases as reported by the
site operators for 1977 (Decker, 1979).{a} These releases include all
radionuclides specified by the NRC to be measured and reported by the
operators of all commercial nuclear power plants. Radionuclides given as a
combination of parent-daughter isotopes such as Y/Sr-90, Zr/Nb-95, Ba/La-140,
1/Xe-133 and Pr/Ce-144 were divided evenly between the parent and daughter.

The radionuclides used in this study, along with their half-1ives, are
given in Table A-3. Note that the "+D" after some of the nuclides indicates
that the decay energy of the daughter is included with the parent. Thus,
whenever a parent nuclide release is specified, the result of the dose
calculation will be as though an additional equilibrium amount of the daughter
nuclide is specified. The daughter nuclide itself will be included separately
if it can be released independently of the parent and/or if it has a
relatively long half-life.

METEORDLDGY

When more than one set of meteorological (joint frequency) data were
available for a site, the one which appeared to be the most reliable was used
to generate atmospheric transport factors, Factors were calculated for 16
compass points, and ten radii from 2 to 80 km (see Table A-4) using the NRC
computer program X0QDOQ (Sagendorf 1977).

(a) Very short-lived isotopes such as Kr-90, 91, 93, 94, Xe-139, 140, 141, 143
and Rb-88M; those not likely to be produced; and those which were
daughters whose decay energies were accounted for in the dose factor for
the parent were not included in the dose.

A-2



TABLE A-3. Radionuclides Considered in This Study

Decay Constant Decay Constant

No. Nuclide (1/sec) No. Nuclide (1/sec}
1 H-3 1.78E-09 43 Nb-97 1.57E-04
2 Be-10 1.37E-14 44 Mo-99+D 2.92E-06
3 C-14 3.83E-12 45 Tc-99M 3.19E-05
4 N-13 1.16E-03 46 Ru-103+D 2.02E-07
5 F-18 1.05E-04 47 Ru-106+D 2.17E-08
6 Na-22 8.44E-09 48 Ag-110M+D 3.19E-08
7 Na-24 1.28E-05 49 Cd-115M 1.80E-07
8 Ar-41 1.05E-04 50 Cd-115 3.60E-06
9 Sc-46 9.58E-08 51 Sn-125+D 8.31E-07

10 Cr-51 2.89E-07 52 Sh-124 1.33E-07

11 Mn-54 Z2.57E-08 53 Sb-125+D 8.06E-09

12 Mn-56 7.47E-05 54 Te~132+D 2.47E-06

13 Fe-55 8.14E-09 55 Te-133M+D 2.09E-04

14 Fe-59 1.80E-07 56 [-131+D 9.97E-07

15 Co-57 2.97E-08 57 [-132 8.42E-05

16 Co-58 1.12E-07 58 1-133+D 9.25E-06

17 Co-60 4,17E-09 59 1-134 2.20E-04

18 Ni-57 5.35E-06 60 [-135+D 2.92E-05

19 Ni-63 2.20E-10 61 Xe-131M 6.69E-07

20 Ni-65 7.64E-05 62 Xe-133M 3.61E-06

21 Cu-64 1.52E-05 63 Xe-133 1.57E-06

22 in-65 3.31E-08 64 Xe-135M 7.56E-04

23 Zn-69M+D 1.39E-05 65 Xe-135 2.10E-05

24 As-76 7.32E-06 66 Xe-137 3.01E-03

25 Br-82 5.44E-06 67 Xe-138+4D 8,14E-04

26 Kr-83Mm 1.04E-04 68 Cs-134 1.07E-08

27 Kr-85M 4,31E-05 69 Cs-136 6.17E-07

28 Kr-85 2.05E-09 70 {s5-137+D 7.31E-10

29 Kr-87 1.52E-04 71 Cs-138 3.58E-04

30 Kr-88+D 6.89E-05 72 Cs-139+D 1.24E-03

31 Kr-89 3.64E-03 73 Ba-139 1.39E-04

32 Rh-88 6.53E-04 74 Ba-140+D 6,28E-07

33 Rb-89+D 7.61E-04 75 La-140 4 ,78E-06

34 Sr-89+D 1.59E-07 76 La-141 4.97E-05

35 Sr-90+D 7.58E-10 77 Ce-141 2,47E-07

36 Sr-91+D 2.03E-05 78 Ce-144+D Z.83E-08

37 Sr-g2+D 7.11E-05 79 Eu-152 1.69E-09

38 Y-90 3.01E-06 80 Eu~154 Z.55E-09

39 Y-91M+D 2.32E-04 81 W-187 8.06E-06

40 Zr-95+D 1.22E-07 82 Th-232+D 1.57E-18

41 Zr-97+0 1.14E-05 83 Np-239 3.42E-06

42 Nb-95 2.29E-07
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TABLE A-4. Radius Intervals and Midpoints for
Airborne Dose Calculations (km)

Interval Midpoint
2 -3 z.5
3 -4 3.5
4 -6 5
6 -9 7.5
9 - 14 11.5
14 - 20 17
20 - 30 25
30 - 40 35
40 - 60 50
60 - 80 70

The X0QDOQ program generates four sets of atmospheric transport factors:

e average annual atmospheric dilution factors which are not corrected for
cloud depletion or radicactive decay

o dilution factors which are only corrected for decay assuming a 2.26-day
half-Tife

e dilution factors which are corrected for depletion and for decay assuming
an 8-day half-life

e relative deposition per unit area.

These factors were used to estimate the dose from airborne releases using
methods similar to the NRC GASPAR program {Eckerman 1976). Except for the two
additional sites, the transport factors used this year were the same as those
used for the 1976 estimates. The assumptions used in the calculation of these
transport factors were as follows:

e 50-m source height with no correction for plume rise or building wake
effects

e semi-infinite ¢loud model with sector-average, Gaussian-plume dispersion
s no correction for terrain height variation,

Since information about height and locations at each site for the
releases given in Decker (1979) was unavailable, a single generic height of
50 m was used at each site for the release point. Because the heights and
Tocations of reieases are uncertain, estimates of dose to persons living
within 2 km of the site could be in serious error; only persons }iving between
2 to 80 km from the site were included in the dose estimates.



POPULATION

The population distribution within 2 to 80 km around each site was
determined by using a computer program and data base derived from the 1970
census. The program and data base were developed by the Department of
Commerce and subsequently adopted by the Environmental Protection Agency (EPA)
for gse with population exposure problems (Athey, Tell and Janis 1974, Hill
1977).

The population data base used was an edited and compressed version of the
1970 Census Bureau's Master Enumeration District List with Coordinates. It
contains housing and population counts for each census enumeration district
and the geographic coordinates of the population centroid for each district.
Using a modified version of the EPA program and the data base, the population
in each of the 160 segments around each site was estimated from a distance of
2 to 80 km. The populations for 1977 were estimated using the "net increase"
factors by state over the population values for 1970 as given in Statistical
Abstract of the United States, 1978 {Table 12).

FOOD PRODUCTION VERSUS FOOD CONSUMPTION

The total food production for the region within 80 km around each site
was the product of the NRC state-wide productivity figure for each state and a
site productivity factor. At some sites this total production may be more or
less than the total consumption; i.e., population times average individual
consumption (see Table A-1 for generic consumption rates). When production
was more than consumption for a site, it was assumed that all persons in the
2-t0-80-km region ate contaminated food; when production was less than
consumption, it was assumed that diTution would occur because uncontaminated
food would be shipped intoc the area from outside. Thus, the calculated doses
for a particular food type were reduced in proportion to the ratio of
production <+ consumption (production/consumption < 1}.

The dose to persons outside the 80-km 1imit from food shipped out of the
region, in the case of production being greater than consumption, is not
included in this report because it is concerned only with the dose within the
80-km radius. These production/consumption factors are given as footnotes to
the tables showing airborne dose commitment in the Site Summary section for
reference,

ORINKING WATER

The population between 2 and 80 km of each plant site exposed to drinking
water contaminated with released radionuclides was generally obtained from the
environmental statement (ES)} for the plant. For all sites located on salt
water, it was assumed that no dose was received from drinking water. The
consumption rates used are given in Table A-1 for drinking water.
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The radionucTide concentration in the drinking water consumed by a
population downstream from a site was usually estimated assuming 100% mixing
of the plant effluent with the river. For lakes, an overall dilution factor
was estimated from dilution factors given in the ES for each population center
along the shore (within 80 km) which consume the contaminated lake water.
These individual factors were weighted by population and averaged to obtain an
effective dilution factor for the total population exposed to contaminated
drinking water.

AQUATIC FOOD

Wherever possible, the fish-catch data from the plant ES was used to
estimate aquatic food consumption rates for the population in the region.
When this data was not found in the ES or was considered unrealistic, the
generic values of Table A-1 were used.

The average radionuclide concentration of the waters in which this food
was harvested was estimated assuming an additiomal dilution over the effluent
flow from the reactor. For rivers, it was assumed that the fish were caught
in waters in which the plant effluent was completely diluted. For lakes, an
additional factor as given in the ES was used; when none was given in the ES,
a generic value of 0.0l was used. For ocean and bay sites, a geperic value of
0.001 and 0.002 was used for fish and invertebrates, respectively, if the ES
yielded no values for these parameters. Invertebrates were not assumed to be
caught in sufficient quantity at freshwater sites (river and lake) to affect
the population dose and therefore were not included in the dose calculation.
Any exceptions to these genera) guidelines are explained in the footnotes to
the individual site summaries.
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