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ABSTRACT 
Beginning on March 28, 1979, a sequence of events occurred at the 

Three Mile Island Nuclear Station Unit 2 (TMINS-2) nuclear power reactor 
which resulted in the accidental release of approximately 2.4 x 106 Ci of 
noble gases and 13-15 Ci 1 3 1I. A comprehensive study of this incident has 
been reported by the President's Commission on the Accident at Three Mile 
Island. 

As part of this study, the Technical Assessment Task Group for the 
Commission addressed a series of alternative event scenarios, including the 
potential for a higher release of 13lI. As a continuation of this task, 
this report presents the estimated collective dose to the population within 
50 miles of TMINS-2 from a hypothetical release of 2.4 x 106 Ci of noble 
gases and 1 x 10** Ci l 3 iI by the methodology of atmospheric dispersion 
modeling and population dose estimation through the inhalation, ingestion 
and immersion exposure pathways. 

When 1 3 1I is treated as a particle in its dispersion, the estimated 
collective dose is 2980 person-rem; when treated as a vapor, the collective 
dose is approximately 2140 person-rem. Collective dose per curie of 1 3 1I 
released is calculated to be 0.16 person-rem. 

Comparison of calculated pCi of 1 3 1i per liter of milk (from maximum 
individual dose in isolated sectors) with measured values of pCi of l 3 1I 
per liter of milk yields agreement within a factor of 1.5 to 15 when 1 3 lI 
is treated as a particle. 

When wind speed is reduced to 1 m/sec (accident meteorology) and 
atmospheric conditions are made more stable than those that occurred 
during the March 1979 incident, the collective dose is reduced because of 
rapid fallout of l 3 1i into low population zones close to the point of 
release. 

Expected health effects as a result of this scenario are 0.6 excess 
cancer deaths and 0.36 excess incidents of thyroid disease. These effects 
are too low to be detected above the spontaneous rate of cancer and thyroid 
disease for the population surrounding 1MINS-2. 

1 
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Introduction 

Beginning on March 28, 1979, a sequence of events occurred at the 
Three Mile Island Nuclear Station Unit 2 (TMINS-2) nuclear power reactor 
which resulted in the accidental release of approximately 2.4 x IG6 curies 
of noble gases and 13-15 curies of 1 3 1i to the atmosphere. Investigation 
of this incident was undertaken by many federal, state and private agencies, 
as well as the utility itself. A comprehensive study was also done by the 
President's Commission on the Accident at Three Mile Island3' and its 
associated task groups. 

2 
As part of this study, the Technical Assessment Task Group addressed 

a series of alternative event scenarios for the purpose of determining 
whether the situation was ever close to a more dangerous condition and, if 
so, what would have been the consequences for the general public, the plant 
personnel, and the plant. One of the findings from the study of alternative 
event sequences was that essentially all of the radioactive iodine released 
from the fuel in the TMINS-2 accident was retained in the water in the 
primary coolant system, the containment building, and the auxiliary build-
ing. This was attributed to the chemical reducing conditions existing in 
the water near the fuel at the time of iodine release, the high pH of the 
water, the high chemical activity of iodine, and possibly the presence of 
silver in the reactor vessel. The task group then addressed such scenarios 
as: What if the iodine filters had been in poorer condition? What if 
containment had not been isolated? In all of these cases, they hypothesized 
that the associated health effects would have been insignificant, since the 
amount of iodine released to the atmosphere would have increased very 
.tittle above the actual release. 

As a continuation of the alternative event scenarios, these questions 
are raised: What if the conditions surrounding the 1 3 1I release were 
different? In particular, what if the magnitude of the release were much 
higher? 

At the request of Los Alamos National laboratory and Sandia Laboratory 
/personnel, this report addresses these questions with respect to consequences 
to the general public. Based on actual meteorological conditions and 
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population distribution at the time of the accident, collective population 
dose has been calculated for a large C\» 10,000 Ci) 1 3 lI release using the 
methodology of atmospheric dispersion modeling and population dose esti-
mation through the inhalation, immersion and ingestion pathways. A scaling 
factor of dose per curie of 1 3 1I released will be presented and compared 
with actual environmental measurements by various agencies at the time of 
the incident as well as with dosimetry data obtained by dispersion modeling 
of the estimated Xe-Kr source term as calculated by the Health Physics and 
Dosimetry Task Group"* for the President's Commission. This report also 
includes a discussion of the difference in predicted results due to chang-
ing meteorological conditions (e.g., wind speed and atmospheric stability). 

It should be stressed that the findings of this report are only 
applicable to conditions and the environment at TMINS-2 at the time of the 
incident. Generalization to other postulated accident conditions should be 
made with caution. 

Description of Computer Code 

The primary computer code used for generation of dispersion, deposi-
tion and dose data was AIRDOS-EPA, developed and adapted by staff members 
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of the Health and Safety Research Division at oak Ridge National Laboratory. 
This code uses a modified Gaussian plume equation to estimate both horizontal 
and vertical dispersion of as many as 36 radionuclides released from one 
to six stacks. Radionuclide concentrations in meat, milk, and fresh produce 
for human consumption are estimated by combining the output of the atmospheric 
transport models with U.S. Nuclear Regulatory Commission, Regulatory Guide 1.109 
terrestrial food chain models. Doses to individuals or population groups 
at specified distances and directions from the release point are estimated 
for total body, red bone marrow, lungs, endosteal cells, stomach wall, 
lower large intestinal wall, thyroid, liver, kidneys, testes, and ovaries 
through the following exposure pathways: (1) immersion in air, (2) exposure 
to ground surfaces, (3) immersion in water, (4) inhalation, and (5) in-
gestion. 
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The equation used by AIRDOS-EPA to calculate the concentration of an 
airborne plume as it travels downwind from the release point is: 

2 / 2 

X = exp 
2no (x)0 (x)u y z 

HĜr)] {-[-K̂ r)] 
exp " 2 (oz(x)) | (1) 

where 
X = concentration in air at x meters downwind, y meters cross-wind, 

Q 
u 

oy(x) 
oz(x) 

H = 

and z meters above ground (Ci/m ) 
uniform emission rate from the stack (Ci/sec) 
mean wind ; speed (m/sec) 
horizontal dispersion coefficient (m) 
vertical dispersion coefficient (m) 
effective stack height (physical stack height, h, plus plume 
rise, Ah) (m) 

For long-term releases and population exposure estimates, a form of 
the Gaussian plume model averaged in the crosswind direction (y) is used. 
The 22.5° sector-averaged form of the model with z= 0 (air concentrations 
at ground level) is given by 

x = o . i s A o zu e x p [ - n y 2 ] ( 2 > 

Both equations (1) (with z = 0) and (2) were used for the calculations 
in this report. 

Radiation doses to persons living within 80 km of TMINS-2 as a 
result of the March 1979 incident were estimated using AIRDOS-EPA in 
response to a request by the Health Physics and Dosimetry Task Group for 
the President's commission.5 When a ground-level release was assumed, 
population dose calculations from this code agreed within a factor of 2 
with a population dose estimate derived from 20 thermoluminescent dosim-
eter (TLD) measurements taken at the time of the incident. Because of this 
close agreement with actual measured data, the authors of this report feel 
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that AIRDOS-EPA provides an adequate atmospheric model for investigating 
the consequences of a higher l 3 1I release. 

Input Parameters 

Population Distribution 

The population data used for this report were the 1980 projected off-
site population distribution as presented in the Final Safety Analysis 
Report (FSAR). Although some of the projected population increases have 
probably not occurred, these population figures appear to be the best 
source of data. Examination of aerial maps of the area (compiled during 
the incident) within a two mile radius of TMINS-2 by the Health Physics and 
Dosimetry Task Group3 and an assumption of 2.5 people per house yields good 
agreement with these figures. A few adjustments in the estimates of people 
within a two-mile radius of the plant were made to account for people that 
were known to have been on various islands in the Susquehanna River west of 
the plant (see Appendix A). 

Meteorological Data 

The meteorological data used for these dose calculations were recorded 
at the Three Mile Island meteorological tower, which records data from two 
sets of monitors. Meteorological data were also recorded at the Capitol 
City Airport, which is located about 8 miles upriver from TMINS-2. Tempera-
ture data were used to derive hourly values of the Pasquill atmospheric 
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stability categories. Frequency distribution of the average wind speed, 
wind direction sectors, and mixing height values are described in detail in 
Cotter's report. 

To investigate further the effects of changing meteorological con-
ditions on the collective population dose, AIRDOS-EPA was also run with 
slow wind speeds (1 m/sec) and stable atmospheric conditions secondary to 
the runs made using meteorological conditions as they existed during the 
incident. 
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Source Term 

Radionuclides released during the TMINS-2 incident entered the atmo-
sphere from a vent stack located atop the auxiliary building adjacent to 
the Unit 2 containment building. At that time, approximately 2.4 x 106 Ci 
of noble gases (thought to be primarily 133Xe, ,35Xe and 08Kr> and 13-15 Ci 
1 3 1I were emitted. Other gases in the core inventory at the time of reactor 
shutdown decayed out during the first few hours, making an insignificant 
contribution to the collective dose. 

For the purpose of this report, the total noble gas release was dis-
tributed among 16 wind direction sectors by assigning each estimated hourly 
release to the wind direction sector reported for that hour. In addition, 
approximately 1 x lO*1 ci 1 3 1l was released at the rate recorded by strip 
chart recorder HP-UR-1902 attached to radiation monitor HPR-3236, which was 
located near the probable point of radionuclide release to the atmosphere 
at TMINS-2.^ Table 1 shows the amount of radioactivity released into each 
sector, broken down by radionuclide. 

Questions have been raised regarding the behavior of 1 3 11 during and 
after its journey to the atmospheric release point, its behavior was 
not contradictory to anything known about iodine, but quantitative predic-
tion is difficult if not impossible. Molecular or elemental iodine is the 
main form leading to volatility, but it is so highly reactive that it can 
form methyl iodide and possibly other organic iodides in the environment, 
as well as react with dust, etc., to form particulates, resulting in more 
rapid fallout of the radionuclide than when it remains in a vapor phase. 

Since it is not well known whether the 1 3 11 that left the plant was in 
a gaseous or particulate form, 1 3 1I source term was treated both as a vapor 
and as a 5.0 JJm particle, at the request of the contracting agency. 

Other Input parameters 

A series of variables that are independent of the radionuclides in the 
source term were also used as input to the code. A list of these can be 
found in Appendix B. Applicable dose conversion factors are listed in 
Appendix C. 
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Table 1 

Radionuclide Release Data Supplied to AIRDOS-EPA (Ci) 

Sector Compass* 
Direction 

,33Xe 1 3 5Xe 0aKr I 31 'I 

1 N .220 X 106 .928 X 10* .232 X 10* .154 X 10* 
2 NNW .569 X 106 .240 X 10 s .599 X 10* .219 X 10* 
3 NW .196 X 10 6 .824 X 10" .206 X 10* .537 X 10 3 

4 WNW .257 X 10 6 .108 X 10s .271 X 10* .499 X 10 3 

5 W .140 X iofc .588 X 10* .147 X 10* .130 X 10* 
6 WSW .397 X 10s .167 X 10" .418 X 103 .522 X 10 3 

7 SW .417 X 105 .175 X 10* .439 X 103 .190 X 101 

8 SSW .418 X 10S .176 X 10* .440 X 103 .365 X 103 

9 s .271 X 10 s .114 X 10* .285 X 10 3 .167 X 103 

10 SSE .749 X I05 .315 X 10* .789 X 103 .481 X 103 

11 SE .596 X 105 .251 X 10* .627 X 10 3 .225 X 103 

12 ESE .347 X 10S .146 X 10* .365 X 10 3 .688 X 102 

13 E .447 X 105 .118 X 10* .471 X 103 .379 X 103 

14 ENE .543 X 105 .228 X 10* .571 X 103 .377 X 103 

15 NE .780 X 10* .328 X 10* .821 X 103 .335 X 103 

16 NNE .356 X 10* .150 X 105 .375 X 10* .806 X 103 

Ttotal 2.23 X 10* 9.41 X 10* 2.35 X 10* 9.98 X 103 

*Wind "toward". 
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Results 

The total body population dose (person-rem) to individuals within 50 
miles of TMINS-2 from the release of 2.4 x 10® Ci of noble gases and approxi-
mately 1 x 10*' Ci 1 3 11 over a period of 19 days is shown i: Table 2. The 
average individual total body doses within 50 mi of the plant when 1 3 1I is 
treated as a vapor and as a 5 ym particle are 0.99 n.dn and 1.38 mrem, 
respectively. A summary of population doses to various other organs of 
interest are listed in Appendix 0. 

In a Gaussian plume model, such as AIRDOS-EPA, it is possible to scale 
these collective population doses up or down depending on the quantity of 
radionuclide released since the dose is directly proportional to the source 
term. Therefore, the collective dose per curie of l 3 1i released when 
treated as a vapor and as a 5 pm particle, excluding the noble gases, is 
0.09 person-rem and 0.16 person-rem, respectively. 

Comparison with Measured Data 

Approximately 62% of the dose to the thyroid from this incident is by 
the ingestion mode and 35% by the inhalation mode. 1 3 ll follows a well-
known pathway from air, to vegetation, to dairy animals, to milk, to the 
population. Thus, we would expert that frenh milk is an important source 
of l 3 1I, and that ingestion would be the primary mode of intake. The 
authors, therefore, chose to check the validity of AIRDOS-EPA collective 
dose estimates per curie of 1 3 II released by calculating maximum individual 
dose from a 15 Ci 1 3 lI release, as occurred during the March 1979 incident:, 
to persons living in the general area of the local dairies near TMINS-2 
(see Appendix E), and converting these doses to pCi of l 3 1i per liter of 
milk ingested by these individuals (using the dose conversion factors 
listed in Appendix C and the assumption that each individual ingests approxi-
mately 112 liters of milk per year). These numbers were then compared with 
actual milk sampling data acquired during the incident. 

1 3 1I measurements were performed by many agencies during and af* jr the 
incident, with each technique showing various levels of sensitivity.^"*0 

The majority of measurements were made by direct gamma counting, with most 
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Table 2 

Summary of Estimated population Doses to Total Body 
by Sector Resulting from the Release of 2.4 x 10s Ci of Noble Gases 

and 1 x lo" Ci n i I , Including % Contribution of 1 3 11 
to the Total Dose 

Sector Compass* 
Direction 

Number of 
Persons 

Total Dose from Gases + 
(person-rem) 

1 3 1 j 

(a) (b) (c) (b) 
1 N 98,425 565 (56.6) 447 (45.2) 
2 NNW 77,858 630 (69.2) 374 (48.2) 
3 NW 162,267 400 (29.7) 299 ( 5.2) 
4 WNW 106,277 242 (36.1) 184 (16.0) 
5 W 96,229 220 (71.4) 126 (49.4) 
6 WSW 50,221 47 (65.3) 28 (41.1) 
7 SW 81,611 26 (47.9) 16 (16.2) 
8 SSW 140,808 74 (36.8) 50 ( 5.6) 
9 s 229,370 66 (48.9) 40 (14.9) 
10 SSE 141,201 96 (62.9) 61 (41.6) 
11 SE 70,570 23 (55.2) 19 (45.4) 
12 ESE 233,336 27 (41.5) 21 (27.4) 
13 E 173,341 69 (60.1) 55 (49.4) 
14 ENE 250,668 71 (34.9) 56 (17.6) 
15 NE 153,903 108 (28.9) 92 (16.7) 
16 NNE 97,034 316 (22.4) 271 ( 0.9) 

Total 2,163,119 2,980 (54.0) 2,140 (40.0) 

* 

Wind "toward". 

as a 5 pm particle, 

contribution of 1 3 lI to the total dose. 
( c ) l 3 lI as a vapor. 
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agencies reporting a minimum detectable activity of 20 pCi of 1 3 1i per 
liter, plus or minus 10 pci/1. Closer attention was paid to radiochemical 
analyses, when performed, as 1-2 pCi/1 minimum detectable activities were 
quoted. Thirty-four reported >'iresults for six sector quadrants were averaged 
for comparison with predicted measurement. The results are shown in Table 3. 

From this table, it appears that treating 1 3 1I as a particle results 
in better agreement with measured data. This is understandable since, even 
though 1 3 1i may have been released from the stack as a gas, it would form 
complexes and/or attach to dust particles, because of its high reactivity, 
thereby following a particulate dispersion model more accurately than a 
gaseous model. 

Effects of changing Meteorological Conditions 

It is well-known that the radionuclide concentration in air is inversely 
4 

proportional to the wind speed. In order to investigate the effect of a 
slow wind speed and stable atmospheric conditions on collective dose, 
AIRDOS-EPA was run with a wind speed of 1 m/sec and a deposition velocity 
of 1 cm/sec for a 5 ym particle size, which are considered to be worst-
possible conditions by AIRDOS-EPA during an accident situation when actual 
meteorological data are not available. The wind direction chosen was 
toward the NW (Sector 3), which encompasses most of Harrisburg, Pennsylvania, 
a high-density population zone. The 1 3 1i source term was dispersed over 
Sector 3 using the wind direction and frequency distribution as it occurred 
at TMINS-2, which kept the plume in Sector 3 for 3.4% of the 19-day release 
period. Pasquill^ described six atmospheric stability categories ranging 
from A (very unstable) to F (very stable). Categories D, E, and F were 
chosen for these runs. Table 4 summarizes these results. 

Since 1 3 1i w a s treated as a particle for these calculations, it is 
expected to fall out rapidly close-in to the plant because of the stable 
atmospheric conditions and slow wind, speed. The majority of the population 
in Sector 3 resides from 30-50 miles away from the plant, thereby being 
minimally affected by a large release of 1 3 1I at slow wind speeds into 
their sector. 
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Table 3 

Summary of Comparison Between Predicted and Observed Levels 
of 1 3 1I in Milk Resulting from a 15 Ci 1 3 1I Release at TMINS-2 

Sector Distance 
(mi) 

Avg. Measured 
Activity 

Max. Measured 
Activity Predicted Activity 

(pCi/1) 

(a) (b) 
2 9 12.51 18 0.83 3.51 
4 5 1.34 22 0.82 2.01 
5 15 2.31 16 0.07 0.75 
9 12.5 1.60 30 0.01 0.11 
11 1 21.75 33 1.17 11.64 
13 2 5.56 23 4.10 5.50 

(a)i3i I as a vapor. 
(b)i3i I as a 5 Jim particle. 
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Table 4 

Total Body Dose in Sector 3 
With Various Wind Conditions and Atmospheric Stabilities 

for a 1 x 101* Ci i n I Release 
(noble gases not included) 

.. . , . Collective Dose _ , . . Meteorological Conditions (person rem) Population 

As they existed during the 
TMINS-2 incident: 121 162,267 

TMINS wind direction and 
frequency distribution; wind 
speed = 1 m/sec, stability 
category = D: 

TMINS wind direction and 
frequency distribution; wind 
speed = 1 m/sec, stability 
category = E: 

TMINS wind direction and 
frequency distribution; wind 
speed = 1 m/sec, stability 
category = F: 

63 162,267 

42 162,267 

11 162,267 
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Discussion 

Sources of Error 

Although the predicted activity of l 3 1I in milk agrees, within a 
factor of 1.5 to 15, with measured 1 3 1I concentrations, there are a number 
of areas where sources of error can influence the calculation of collective 
dose per curie of 1 3 1I released by atmospheric dispersion modeling. AIRDOS-
EPA does not take into account the effects of topography on dispersal of 
tho source term, which can be an important consideration since TMINS-2 is 
located in a river valley surrounded by rolling terrain. Building wake-
effects were also not considered. 

The question of the chemical composition of 1 3 lI as it left the plant 
12-14 

is a difficult one that has been addressed by many individuals. 
Table 2 shows that 131I, when treated as a particle, results in a more 
conservative estimate of collective dose, than when it is treated as a 
vapor. Also, Table 3 shows better agreement with measured data when 1 3 1i 
is treated as a particle. It is, therefore, reasonable to assume that even 
if the iodine was released as a gas, it probably turned into a particle 
soon after its release due to its high reactivity. It is important to note 
that collective dose estimates cure dependent upon the chosen particle size, 
since that is what determines dose conversion factors to be used. 

For the purpose of these calculations, it was assumed that 100,000 
milk cows grazed within 50 miles of TMINS-2. Woodard's report^ lists 
320,000 milk cows in the area, but states that farmers were advised to keep 
their cows inside for the duration of the incident. He estimates that 
pastures accounted for only 10-20% of the cows' diet. This discrepancy can 
interject error into the calculation of dose due to ingestion of l31I, the 
largest contributor to total collective dose. 

Health Effects 

Risk estimates, as stated in the Report on the Biological Effects of 
16 

Ionizing Radiation (BEIR Report) are based on a linear dose-effect re-
lationship. Although not universally accepted, the authors of this report 
derived potential health effects from a large hypothetical l 3 1I release 
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from the BEIR estimates (without endorsing the linear hypothesis) because 
it is more conservative than the linear-quadratic or threshold hypotheses. 

The 1972 BEIR Report estimates that the excess cancer mortality risk 
from total body irradiation is 2.0 x 10 ** cancer deaths per person-rem of 
annual exposure. Since AIRDOS-EPA is designed to estimate annual-average 
dose even though based on a 19-day release, we can calculate the expected 
number of cancer deaths from a 1 x lO* Ci , 3 1i and a 2.4 x 10f Ci noble 
gas release at TMINS-2. If we assume a 3.0 x 103 person-rem collective 
dose, based on a 5 pn particle size for 131I, we would expect 0.6 excess 
cancer deaths to result from this scenario. The estimated cancer mortality 
from natural radiation background in the TMI area is 54 cancer deaths. 
This incident would result in an increase of 1% in the mortality for that 
population group. 

Since the 1972 BEIR Report, there has been renewed interest in radiation-
induced thyroid disease rather than mortality, because the mortality rate 
from thyroid cancer is extremely low. Risk estimates for incidence of 
thyroid disease approximate four cases per 106 persons per year per rem for 

17 
doses up to 1,000 rem, as stated in the BEIR III Report. From Appendix D 

if the collective thyroid dose is 9.0 x 101* person-rem from a 1 x lO1* Ci 
1 3 lI release with 5 pm particle size, an excess of 0.36 cases of thyroid 
disease would be expected, as a result of this incident. 

Conclusions 

A Gaussian plume computer code (AIRDOS-EPA) was used to estimate 
the collective dose to the population within 50 miles of 1WINS-2 from a 
hypothetical release of 2.4 x 106 ci of noble gases and approximately 
1 x 101* Ci I31I. When 1 3 1I is treated as a particle in its dispersion, 
the estimated collective dose is approximately 2980 person-rem (of which 
54% is due to 13!I); when treated as a vapor, the collective dose is 
approximately 2140 person-rem (of which 40% is due to I). Comparison 
of calculated pCi of 1 3 1I per liter of milk (from maximum individual 
dose in isolated sector grids) with measured values of pci of l 3 1I per 
liter yields agreement within a factor of 1.5 to 15, when l 3 1I is treated 
as a particulate, leading the authors to believe that dispersion of a 
particulate more closely approximates the incident as it occurred in 



15 

March 1979, and that. AIRDOS-EPA is an adequate dispersion model for this 
study. Collective dose per curie of 1 3 1I released is calculated to be 
0.16 person-rem. When meteorological conditions are changed from those 
that occurred durin the incident (wind speed reduced to 1 m/sec and 
stable atmospheric conditions) the collective dose decreased because of 
rapid fallout of 1 lI in low population zones, close to the plant. The 
population dose from the scenario presented in this report is too small 
fc . .y significant health effects to be realized. 
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Appendix B (cont'd.) 

Projected 1980 Population Distribution, 0-10 Miles -
Thre'~ Mile Island Nuclear Station, Unit 2 

Sector Wind 
Direction 0-1 1-2 

Distance (miles) 
2-3 3-4 4-5 5-10 

1 N 1.9 212 3,970 3,772 415 11,840 
2 NNW 1 1 1,240 942 1,921 16,632 
3 NW 1 1 64 41 1,177 29,482 
4 WNW 1 106 253 197 235 11,823 
5 W 1 369 36 331 571 7,155 
& WSW 1 273 117 796 237 2,961 
7 SW 1 104 181 562 219 4,297 
8 SSW 1 98 584 217 752 6,883 
9 s 1 1 136 817 1,317 12,190 

10 SSE 88 197 117 78 43 3,840 
11 SE 6 94 67 203 395 2,095 
12 ESE 6 36 149 214 236 2,809 
13 E 42 60 39 137 552 10,431 
14 ENE 58 55 186 461 262 1,567 
15 NE 42 134 271 428 186 2,246 
16 NNE 55 75 169 480 373 11,223 

rotal 324 1,816 7,579 9,676 8,891 137,474 
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Appendix B (cont'd.) 

Projected 1980 population Distribution, 10-50 Miles -
Three Mile Island Nuclear Station, Unit 2 

Sector Wind 
Direction 

Distance (miles) Sector Wind 
Direction 10-20 20-30 30-40 40-50 Total (0-50) 

1 N 12,663 9,005 8,941 47,588 98,425 
2 NNW 26,482 10,517 7,256 12,866 77,858 
3 NW 99,593 9,308 9,970 12,630 162,267 
4 WNW 70,460 14,188 5,333 3,681 106,277 
5 W 21,769 35,025 10,370 20,602 96,229 
6 WSW 5,882 7,996 8,948 23,010 50,221 
7 SW 11,801 19,931 25,536 18,979 81,611 
8 SSW 31,917 44,031 18,596 37,729 140,808 
9 s 111,002 14,648 13,477 75,781 229,370 
10 SSE 44,204 10,774 15,097 66,763 141,201 
11 SE 20,152 10,000 10,600 26,958 70,570 
12 ESE 34,339 124,988 27,822 42,737 233,336 
13 E 18,853 62,028 42,445 38,754 173,341 
14 ENE 10,205 14,757 45,445 177,672 250,668 
15 NE 39,726 38,979 9,546 62,345 153,903 
16 NNE 18,240 6,826 14,478 45,115 97,034 

Total 577,288 433,001 273,860 713,210 2,163,119 
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Appendix B (cont'd.) 

List of Input Values for Radionuclide-Independent Variables 

Time delay—ingestion of pasture grass by animals (hr) 
Time delay—ingestion of stored feed by animals (hr) 
Time delay—ingestion of leafy vegetables by man (hr) 
Time delay—ingestion of produce by man (hr) 
Removal rate constant for physical loss by weathering 
(per hour) 
Period of exposure during growing season—pasture 
grass (hr) 
Period of exposure during growing season—crops or 
leafy vegetables (hr) 
Agricultural productivity by unit area [grass-cow-
milk-man pathway (kg/sq. meter)] 
Agricultural productivity by unit area (produce 
or leafy vegetables ingested by man (kg/sq. meter) 
Fraction of year animals graze on pasture 
Fraction of daily feed that is pasture grass when 
animals graze on pasture 
Consumption rate of contaminated feed or forage 
by an animal in kg/day (dry weight) 
Transport time from animal feed-milk-man (day) 
Rate of ingestion of produce by man (kg/yr) 
Rate of ingestion of milk by man (liters/yr) 
Rate of ingestion of meat by man (kg/yr) 
Rate of ingestion of leafy vegetables by man (kg/yr) 
Average time from slaughter of meat animal to 
consumption (day) 
Fraction of produce ingested grown in garden of interest 
Fraction of leafy vegetables grown in garden of interest 
Period of long-term buildup activity in soil (years) 
Effective surface density of soil (kg/sq. meter, dry 
weight) (assumes 15 cm plow layer) 
Vegetable ingestion ratio-immediate surrounding area/ 
total with area 
Meat ingestion ratio-immediate surrounding area/ 
within area 
Milk ingestion ratio-immediate surrounding area/ 
total within area 

0.0 
0.2160 X io4 

0.3360 X 103 

0.3360 X 103 

0.2100 X 10" 

0.1440 X 104 

0.2880 X 104 

0.2800 

0.1760 
0.5000 

0.1000 

0.1560 X 102 

0.200 x 10 
0.8500 X 10 
0.1120 X 103 

0.8500 X 102 

0.1800 X 102 

0.2000 X 102 

0.1000 X 101 

0.1000 X 101 

0.1000 X 101 

0.2150 X 103 

0.0 

0.0 

0.100 x 10J 
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Appendix B (cont'd.) 

Minimum Fractions of Food Types from Outside Area 
Listed Below are Actual Fixed Values 

Minimum fraction vegetables ingested from outside area 
Minimum fraction meat ingested from outside area 
Minimum fraction milk ingested from outside area 
Inhalation rate of man (cubic centermeters/hr) 
Buildup time for radionuclides deposited on ground 
and water (days) 
Dilution factor for water for swimming (cm) 
Fraction of time spent: swin.ming 
Muscle mass of animal at slaughter (kg) 
Fraction of animal herd slaughtered per day 
Milk production of cow (liters/day) 
Fallout interception fraction-vegetable 
Fallout interception fraction-pasture 
Fraction of radioactivity retained on leafy 
vegetables and produce after washing 

0.1000 x 10 
0.1000 x 10 
0.0 
0.967 x 106 

0.3650 x 103 

0.1524 x 103 

0.1000 x 101 

0.200 x 103 

0.3810 x 10^ 
0.1100 x 10^ 
0.2000 
0.5700 

0.1000 x i o ] 

Computed Values for the Area 

Total population 
Total number of meat animals 
Total number of milk animals 
Total area of vegetable food crops (square meters) 
Total meat consumption (kg per year) 
Total meat production (kg per year) 
Total milk consumption (liters/year) 
Total milk production (liters/year) 
Total vegetable food consumption (kg per year) 
Total vegetable food produced (kg per year) 

2,163,119 
100,000 
100,000 
0.100 x 10 22 

0.1379 x 10' 
0.2781 x 101 

0.1817 x 101 

0.4015 x 10! 

0.3148 x 10 
0.7160 x 10 

8 
21 
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Appendix C 

Dose conversion Factors for 131I 

Inhalation 
(xlO-1* rem/VtCi) 

Particle(a) Gas(b) 

ingestion (a) 
(xlO * rem/yci) 

Total Body 
Stomach Wall 
lower Large In-
testinal Wall 

Lungs 
Kidneys 
Liver 
Ovaries 
Red Bone Marrow 
Endosteal Cells 
Testes 
Thyroid 

8.41 
.88 

0.48 
1.16 
1.99 
2.35 
0.56 
2.74 
3.06 
0.32 

16,000 

9.75 
3.74 

1.51 
57.70 
1.86 
2.54 
1.48 
3.77 
3.44 
1.34 

16,900 

9.08 
1.14 

0.53 
2.86 

2.15 
2.45 
0.61 
2.94 
3.32 
0.35 

18,000 

( From NUREG/CR-0150; ORNL/NUREG/TM-190, Vol. 1; G. G. Killough, 
D. E. Dunning, Jr., S. R. Bernard, J. C. Pleasant; Estimates 
of Internal Dose Equivalent to 22 Target Organs for Radio-
nuclides occurring in Routine Releases from Nuclear Fuel-Cycle 
Facilities (June 1978). 

(t>)From NUREG/CR-1962, Vol. 1; 0RNL/NUREG/TM-433/6; K. F. Eckerman, 
M. R. Ford, S. B. Watson, Internal Dosimetric Data and Methods 
of ICRP-2, Vol. 1, Committed Dose Equivalent and Secondary Limits 
(Feb. 1981). 



Appendix D 
Summary of Population Doses (Person-rem) to Various 
Organs of Interest from a 2.4 x 106 Ci Noble Gas 

and 1 x lO1* Ci (5 urn particle size) 131I Release to the Atmosphere at TMINS-2 

Sector 
Wind 
Direction Population 

Total 
Body 

Red 
Bone 
Marrow Lungs 

Endosteal 
Cells 

Stomach 
Wall 

Dower Large 
Intestinal 
wall Thyroid Liver Kidneys Testes Ovaries 

1 N 98,425 565 733 500 851 436 340 19 ,030 438 432 589 274 
2 NNW 77,858 630 795 564 913 500 390 26 ,320 497 490 671 295 
3 NW 162,267 403 551 349 654 292 229 7 ,543 302 270 402 210 
4 WNW 106,277 242 324 211 3 83 173 140 5, ,452 183 180 243 125 
5 W 96,229 222 283 199 325 176 136 9, ,683 174 17 3 239 101 
6 WSW 50,221 47 61 42 71 37 29 1, ,919 37 37 50 22 
7 SW 81,611 26 35 23 41 20 15 780 20 20 27 13 
8 SSW 140,808 74 103 64 121 54 42 1, ,736 55 55 76 36 
9 S 229,370 66 88 58 103 50 39 1, ,953 50 50 68 32 
10 SSE 141,201 96 124 85 143 75 58 3, ,686 75 74 101 45 
11 SE 70,570 23 30 20 35 18 14 778 18 18 24 11 
12 ESE 233,336 27 37 24 43 20 16 687 21 20 28 13 
13 E 173,341 69 90 61 104 54 42 2, 447 54 53 73 33 
14 ENE 250,668 71 100 60 119 50 38 1, ,533 52 52 72 34 
15 NE 153,903 108 151 92 180 76 59 1, ,901 79 78 108 53 
16 NNE 97,034 316 440 271 526 223 175 4, 557 233 230 311 165 
Total 2,163,119 2,996 3,943 2,624 4,612 2,258 1,758 90, ,005 2,286 1,825 3,083 1,461 
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Appendix E 

Maximum individual Dose at Specific Sector Quadrants 
Due to a 15 Ci 1 3 lI Release at TMINS-2 

Sector Compass Distance from Maximum Individual Dose (Rem) 
Number Direction Plant (mi) Total Body Thyroid 

2 NNW 9 1.19 x 10"5 7.09 x 10~4 

4 WNW 5 6.61 x 10"6 4.05 x 10~4 

5 W 15 2.52 x 10"6 1.51 x 10~4 

9 S 12.5 7.89 x l o " 7 2.30 x 10"5 

11 SE 1 3.71 x 10~5 2.35 x 10~3 

13 E 2 1.79 x 10~5 1.11 x 10"3 


