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POPULATION DOSE AND HEALTH IMPACT OF THE ACCIDENT AT THE
THREE MILE ISLAND NUCLEAR STATION
(a preliminary assassment for ‘tho period
March 28 through April 7, 1979)

and Discussion of Findings

| An interagency tsam from the Nuclear Regulatory Commission (NRC), the
Oepartsent of Health, Education and Welfare (HEW) and the Environmental Protec-
tion Agency (EPA) has estimated the collective radiation dose recefved by the
approximately 2 sillion people residing within 50 miles of the Three Mile Island
Nuclear Station resulting from the accident of March 28, 1979. The estimates
are for the period from March 28 through April 7, 1979, during which releases
occurred that resulted in exposurs to the offsite population. The principal
dose estimate {s based upon ground-level radiation measursments from thermo-
luminescent dostmeters located within 15 miles of the site. These sstimates
assume that the accumulated exposure recorded by the dosfmeters was from gesma
rediation (that {s, penetrating radiation that contributes dose to the internal
body organs). The data were obtained from dosimetars placed by Matropolitan

_Edisen Company before the accident (as part of their normal environmental

survefllance progrem), from dosimeters placed by Metropolitan Edison after the
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accident and covering the pariod to April 6, and from dosimaters placed by NRC
from noon of March 31 through the aftarncon of April 7, 1979. These messurement
progr-s are continuing. The mulu for the period beyond April 7, 1979 have
not booo fully examfned. An wuml dose estimate dwolopod by the Departaent

of Energy un_ing asrtal monitoring that commenced about 4 p.®. on March 28, 1979
ts also included. A varfety of other data helpful in asssssing relatively miner
components of collective dose was also reviewed. |

The collective dose to the total population within a 50-mile radfus of
the plant has beean estimated to be 3300 person-rem. This {s an average of four
separate estimates that are 1800, 2000 3300, and 5300 person-rem. The range
of the collective dose values is dus to different nthods of axtrapolating from
the limited numbar of dosimeter measurements. An estimate provided by the
Department of Energy (2000 person-rem) also falls within this range. The
average dose to an individual in this population {s 1.5 mrem (using the 3300
person-rem average value).

The projected nusber of excess fatal clncin dua to the accident that could
occur over the remafning l1ifetime of the population within 50 miles is approxi-
mstely one. Had the accident not occurred, the number of fatal cancers that
would be normally expected in a population af this oizi aver {ts remaining
1{fetine 1s estimeted to be 325,000. The projected total number of excess health
effects, including all cases of cancer (fatal and non-fatal) and genetic i
health to all future generations, is approximately two. "
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These health effects estimates wers derfved from central risk estimates
within the ranges presanted in the 1972 report of the Advisory Committee on
the Biological Effects of lonizing Radfation (BEIR) of the National Academy of
Sciences. Preliminary information on the recently updated version of this
report indicates that these estimatas will not be significantly changed.

It should be noted that there exist a few members of the scientific comsunity
who believe the risk factors may be as much as two to ten times greater than
the estimates of the 1972 BEIR report. There aiso is a minority of the sclientific
community who believe that the estimates in the 1972 BEIR report are two to
ten timas larger than they should be for low doses of gamma and beta radiation.

The maximum dose that an fndividua) located offsite in a populated irea
might receive is less than 100 srem. This estimate {s based on the cumulative
dose (83 mrem) recorded by an offsite dosimeter at 0.5 mile east-northeast of
the site and assumes that the {ndividual resained outdoors at that location
for the entire pariod from March 28 through April 7. The estimated dose applies
only to individuals fn the immediate vicinity of the dosimeter site. The poten-
tis]l risk of fatal cancer to an individual receiving a dose of 100 arem is sbout
1 in 50,000. This should be compared to the normal risk to that indfvidual of

fatal cancer from all causes of about 1 in 7.

An {ndividua) was identified who hed been on an island (Wil lslamd) 1.1
nfles north=northwest of the sfte during a part of the period of higher exposure.
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The best estimate of the dose to this individual for the 10-hour period he was
on Hi11 Island (March 28 and March 29) {3 37 arem.

A number of questions concerning this analysis are posed and briefly 2nswered
below. More detailed discussions are included in the body of the report.

What radionuclides were in the environment?

The principal radionuclides released to the environment were the radfoactive
xenons and some fodine=131. Measurements made by the Department of Energy in
the environment, measurement of the contents of the waste gas tanks, of the
gases in the containment buflding and the actual gas released to the environment
confirmed that the principal radionucl{de released was xenon-133. Xenon-133 fis
a noble gas (which i{s chemically non-reactive) and does not persist in the envi-
romment. after it disperses in the air. It has a short half-life of 5.3 duys
and produces both gamsa and beta radiation. The risk to people from xenon-133
is primarily froe external exposurs to the gamma radiation, which penetrates
the body and exposes the internal organs.

wWhat were the highest radiation sures measured outside lant buildings?
Some of the Metropolitan Edison dosimetars located on or near the Three

Mile Island Nuclear Statfon sits during the first day of the accident recorded
net cumulative doses as high as 1020 mrem. These recorded exposure readings
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do not apply directly to individuals located offsite. However, the onsite
dosimeter readings were included in the procedure for projecting doses to the

offsite population. This procedure is described in the report.

What is meant by collective dose (person-rem)?

The collective dose is a measure of the total radiation dose which was
received by the entire population within a 50-mile radius of the Three Mile
Island site. It is obtained by multiplying the number of people in a given

area by the dose estimated for that area and adding all these contributions.

Were the radiation measurements adequate ic detzrmine population health
effects?

The extensive environmental monitoring and f.ud -aupl..g were adequate .o
characterize the nature of the radionuclides releaszr ang the concentrations
of radionuclides in those media. The measurements performed bv Department of
Energy (aerial survey) and Metropolitar. Edison and Nuciear Rer ;iatory Comuis-
sion (ground level dosimeters) are sufficient to characterize the magnitude of
the collective dosea and thcrefore the lang-term health effects. However, a
single precisa value for the collective dose cannot be assigned because of the

limited number of fixed ground level dosimeters deployed durina the accident.
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How conservative were the collective dose estimates?

In projecting the collective dosa from the thermoluminescent dosimeter

exposures, sevaral simplifying assumptions were made that ignored factors that

are known to reduce exposure. In each case, these assumptions introduced signif-
icant overestimates of actual doses to the population. This was done to ensure
‘_i that the estimates erred on the high side. The three main factors that fall

into this category are:

{1) No reduction was made to account for shielding by buildings when people

remained indoors.

(2) No reduction was made to account for the population known to have
relocated from areas close to the .uclear power plant site as recom=
mended by the Governor of Pennsylvania, or who otherwise left the

area,
(3) No reduction was made to account for the fact that the actual dose
absorbed by the internal body organs is less than the dose assumed

using the net dosimeter exposure.

vhat is the contribution of beta radfation to tha total dose?

Beta radiation contributes to radiation dose by inhalation and skin absorp-

tion. The total beta plus gamma radiation dose to the skin from xenon-133 s
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estimated to be about 4 times tlie dose to tha internal body organs from gamma
radiation. This additional skin dose could result in a small fncrease in the
total potential health affects {(about 0.2 health affect) due to skin cancer.

The increase in total fatal cancers over that estimateu for external exposure
from gamma radiation alone would be about 0.0l fatal skin cancer. This contribu-
tion would be considerably decreased by clothing The dose to the lungs from
inbatlation of xenon-133 for both beta and gamma radiation {ncreases the dose

to the lungs by 6 percent over that received by external exposure.

What radionuclides were found in milk and food and what are their significance?

[odine-131 was detected in milk samples during the period March 31 through
April 4. The maximum concentration measured in milk (41 pCi/liter in goat's
milk, 36 pCi/liter in cow's milk) was 300 times lower than the level at which - &
the Food and Orug Administration (FDA) would recommend that cows be ramoved
from contaminated pasture. Cesium-137 was alsc detected in milk, but at concen-
trations expected from residual fallout from previous atmospheric weapons testing.
No reactor-produced radioactivity has been found in any of the 377 food samples

collected between March 29 and April 30 by the FDA.

wWhy have the estimates of radiation dose changed?

The original Ad Hoc Group estimate of collective dose (1800 person-rem)

presented on Apri! 4 at the hearings before tha Senate Subcommittee on Health
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and Scientific Research covered the period from March 28 through April 2. The
data used for this estimate were obtained from preliminary results for
Matropolitan Edison offsite dosimeters for the perfod March 28 through March 31
and preliminary results for NRC dosimeters for Apri) 1 and 2, On April 10,

the estimate of 2500 person-rem presented to the Senate Subcommittee on Nuclear
Regu'lation by NRC Chatrman Hendrie included the time perfod from March 28 through
April 7. The data base for this estimate fncluded additional NRC dosimetry
results for April 3 through 7. The Ad Hoc Group's preliminary report of April 15
stated a value of 3500 person-rem for the time period from March 28 through

April 7. This value resulted from better information on the dosi{meter measure-

ments and an improved procedure for analyzing the measurements.

The current report states an average value of 3300 person-rem (with a range
¢f 1600 to 5300 person-rem) for the time period from March 28 through April 7.
Addftional dosimetler data were available and belter methods were used to determine
the collective dose. Also, the onsite dosimeter measurements are all included

in the analysis.

The original estimate of maximum dose (80 mrem) to an individual presented
on April 4 increaced to 85 mrem fn the April 15 praeliminary report as a consequence
of adding the contribution from April 2 to April 7. This estimate has now been
revised slightly to 63 mrem, which {s presented as less than 100 mrem so a»

not to fmply more precision than this estimate warrants,

001126




T

5
B

X P

o o S

bum

S

New information on dosimeter readings on or very near the site was received
after the initial analysis. [t was also learned that an individual was present
on one of the nearby islands (Hill Island) for a total of 10 hours during the
period March 28 to March 29. The best estimate of the dose which may have been
received by the individual is 37 mrem. The text includes a range of dose

ectimates for that individual.

Will these estimates of dose change again?

The dose and health effects estimates contained in this report are based
on the dosimeter results for the period March 28 to April 7, 1979. There still
remain some questions concerning interpretation of the dosimeter results. For
example, the best values for subtracting background from the Nuclear Regulatory
Commission dosimeters have not been determined. Recently available data from
additional dosimeters exposed during the March 28 to April 7 period hive been
reviewed briefly, but could not be included in the calcu'ations in time for
this report. The actual contribution to collective dose from the period after
April 7, if any, has not been fully asseséed. Therefore, the numerical dose

values may be subject to some modification.

The Ad Hoc Group feels that these factors represent only minor corrections
to the present estimates. 11 any case, none of the above refinements should
cause an increase in any of the current estimates that would alter the basic

conclusion regarding the health impact due to the Three Mile Island accident.
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