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Assessment of Offsite Radiation Doses
from the Three Mile lsland Unit 2 Accident

EXECUTIVE SUMMARY

Estimates of total, time integrated offsite radiation
doses from the accident at Three Mile Island are summarized in
the table on page v. The most significant doses are from
the release of airborne radicactive noble gases. The
best estimate of maximum potential whole body dose from
noble gases at any offsite location is 76 millirem. The
analogous estimate of cumulative population dose within a
50-mile radius is 3500 person-rem.

Based on techniques used in this analysis, dose
estimates are consistent with the release of about seven
million curies of noble gases in the first one-and-one-half
days of the accident, two million in the next two days and
one million in the next three days, and a relatively small
amount thereafter.

The estimates were made by Pickard, Lowe and Gérrick, Inc.

based primarily on radiation measurements made in the
plant and in the field by Metropolitan Edison and Porter-
Gertz Consultants, Inc., and on meteorological data from
the Three Mile Island weather tower.

EXPOSURE FROM NOBLE GASES

Strip chart records from all noble gas radiation
monitors in the plant ventilation exhaust show no significant
radiation levels during the first three hours of the accident.



Since these monitors are in the most probable pathway for
release, it is concluded that no significant releases
occurred before 0700 on March 28. Shortly after 0700, how-
ever, these monitors, which are designed to read normal

low levels, indicated rapidly increasing radiation concen-
trations. Within a few minutes, they went off scale on the
high side. At about the same time, the in-plant building
area monitors which measure radiation levels inside the fuel
handling and auxiliary buildings began to record increasing
levels from about 1 millircentgen per hour at 0700 to 100
milliroentgen per hour at 0740. At about 0900, the readings
began to increase again and reached about 1000 millirocentgen
per hour at 1000 hours. They continued to fluctuate at high
levels for about four days.

Gamma doses outside plant buildings and offsite were
measured by thermoluminescent dosimeters (TLDs) at 20 stations
located around the plant at distances from 260 to 24,000 meters.
The TLDs were in place as part of the routine environmental
monitoring program when the accident started. They were used
to measure integrated gamma dose over selected time intervals
during the course of the accident.

Measurements from the TLDs and in-plant area monitors
were used to estimate offsite doses from the release of radio-
active noble gases. First, it is assumed, for reasons discussed
in the body of this report, that radiation levels measured by
area monitors in the auxiliary and fuel handling buildings are
proportional to the rate at which airborne gamma activity was
released to the environment. These assumed relative release
rates were combined with contemporaneous atmospheric dispersion
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estimates to calculate gamma doses for the exposure time period
and location of each TLD. Then release rates were adjusted so
that calculated doses best matched the TLD dose measurements.
Once the release rates were defined in this way, they were

used along with the same atmospheric dispersion model and weather
data to calculate doses at all offsite locations out to 50 miles.

EXPOSURE FROM AIRBORNE IODINES

The best estimates of potential maximum individual
thyroid dose from airborne iodine are about 10 millirem from
air inhalation, and 1.1 millirem from drinking milk. The best
estimates of population exposure within 50 miles of the site
due to iodine inhalation and drinking milk are, respectively;
180 and 1100 person-rem to the thyroid.

Air leaving the plant vent was sampled continuously
to measure radiocactive iodine during the course of the accident.
These measurements indicate about 14 curies of iodine-131 were
released from the station vent through April 30th. Airborne
iodine-131 concentrations were also measured at eight offsite
locations. The offsite concentration measurements were compared
with concentrations calculated using measured release rates
and weather data. Both the measurements and calculations were
used to estimate the offsite doses.

Preliminary evaluations of particulate radioisotopes
in airborne effluents indicate that these isotopes did not

contribute significantly to offsite doses.

EXPOSURE FROM LIQUID RELEASES

The maximum individual dose from radicactive materials
in water released from the plant during the course of the
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accident is estimated to be much less than one millirem.
The corresponding population dose from drinking water,
eating fish, and recreational uses of the river is less
than one person-rem.

Analyses of samples from discharged water and the
river indicate that iodina-131 is the only lignificant :
accident-generated 1lotope released f:on ;hnwplant. The
best estimate is that 0.24 curies g.:o”:olngpod,tzqn"yarqgézﬁ
through April 30. :

Samples of river water collected downstream have
shown no increase over normal background concentrations
of radiocactive materials except for four samples. Three
of these are from the Columbia Water Treatment plant, about
17 miles downstream. These three samples were taken within
the first five days after the accident started. They showed
iodine-131 concentrations slightly above detectable levels
but far below allowable limits. Iodine-131 was also detected
just above minimum detectable limits in one sample collected
on April 27 from the Wrightsville Water Treatment Plant
about 16 miles downstream.
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Summary Table
Summary of Estimated Offsite Radiation Doses from the Accident at THI Unit 2

Total Estimated Inteqgrated Dose (7) from Accident

ximum Individua [
(millirem)
Tom ease
Environmental from

Ralease Organ Dispersion Environmental Population Dose Reference Section
Mode Pathway Affected Hodels Mecasurements (person-rem) in Report

Drinking water Thyroid (6) <u.n4‘1' <1.0 Section 3.) & Apx E

Fish ingestion Thyroid (6) <o.oz‘:' <1.0 Section 3.3 & Apx E
o Swimming, boating Whole body (6) <«<0.01'!) 1.0 Section 3.3 & Apx E

and shoreline

activities

Noble gases in plume Whole body 75 76 3500 Section 4.3

Noble gases in plume Skin 5 200 (2) 7170 Section 4.1

lodine inhalation Thyroid(child) 9.8 5.0 180 Section 5.3
Gaseous fodine uptake Thyroid(infant) 4) 1.1 1100 Section 5.3

through cow milk

ingestion

Particulate Lsotope (&} (1] (3 (3) Section 5.3

inhalation or

ingestion
(1) lodine-13]1 was detected in only a few of the water sauples collected and none >f the other sauples. Concentrations

(2)
(3)
1)
{5)
(6)

(7}

used in dose assessments are asswumed to be the minimum detectable level.

No environmental information is available for this pathway.

Preliminary evaluations indicate that particulate isotopes did not contribute significantly to offsite doses.

No estimato from offluent release data Is included since environmental samples give more accurate results (Section 5.3).

Includes 8 and y dose to skin.

Calculations based on estimated releasces and river dilution are consistent with calculations based on
environmental mecasurements.

Poses arc computed for varying time periods to include the dose from more than 99% of the estimated relcased through April 10.




1.0 PURPOSE AND SUMMARY

when a general emergency was declared at 7:24 a.m. on
March 28, 1979, Metropolitan Edison in conformance with the
emergency plan, sent radiation monitoring teams into the field
and initiated an augmented environmental radiation measurement
program. The objective was to provide information for those
who had to make decisions concerning stabilization of the plant
and protection of the public. When this first priority
objective was being well served, an organized effort was
started within the first two days to assemble all pertinent
plant and environmental data as a basis for a more refined
estimate of integrated radiation doses in the environment
as a function of time and location. These dose estimates have
been made and are reported herein. They are based on releases
through April 30, 1979,

The report is divided into three parts: the first evaluates
offsite doses from radioactive liquids; the second, doses from
noble gases; and the third, doses from radicactive iodine and
particulates. A compilation of all pertinent data
is included in the Appendices.




2.0 REFERENCES

The dose estimates reported herein are based primarily
on data from radiation and weather measurements made by and
for Metropolitan Edison Company during the full course of the
accident. Most of the radiocactive releases to the environ-
ment occurred before extensive monitoring programs were
implemented by other groups. For this reason, only a small
portion of the large number of measurements made by other
groups has been evaluated. The data used are sufficiently
comprehensive to support a reasonably accurate assessment of
offsite radiation doses.

Each of the data sources used is discussed in the
following sections.

2.1 Measured Releases

Metropolitan Edison Company operates a program to measure
the radioactivity in liquids and gases released to the environ-
ment from the Three Mile Island plant. The program includes
continuous automatic radiocactivity measurements and periodic
sampling and analysis of all potentially-radicactive liquid
and gas effluent streams. Sample analysis results are used
where available for gquantitative assessments in this report.
Measurements made with automated monitoring equipment are, in
most cases, less accurate and/or less sensitive than those made
by sampling and laboratory analysis.



Liquid Effluent

(7) Radiocactivity Continuous measurements of radiocactivity
fgg:ﬁ?gfat1°" concentration in flowing liquid effluent
streams.
{(8) Liquid
Effluent Flow: Records of operating status, tank

volume changes and effluent flow rates.

Data from these sources is summarized in Appendix C.

2.2 Estimated Release Rates

For periods when measurements of the radioactivity concen-
tration in releases were not available, estimates were made using
radiation levels measured in the environment along with weather
conditions measured at the meteorological tower, and/or radiation
levels measured by the area monitors inside the Unit 2 auxiliary
and fuel handling buildings.

2.3 Meteorclogical Data

Metropolitan Edison Company maintains a meteorological
tower located at the north end of the island to support normal
plant operation and accident control. Data from this tower
were continuously available via redundant sensors before, during
and after the accident. They were used with atmospheric
dispersion models to estimate noble gas releases and to compute
radiation doses due to airborne releases. A description of the
metecrological program is in Appendix A along with tabulations
of data collected during the accident.

2.4 Radiological Environment Monitoring Program (REMP)

For about five years, Metropolitan Edison Company has conducted
an operational environmental monitoring program to evaluate the
radiological impact of TMI station operations by sampling and
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analyzing media from the aquatic, terrestrial and atmospheric

environments in the vicinity of the station (within 5 to 10
miles). In accordance with emergency response plans, the
program was intensified immediately following the accident. A
summary of program results for the period from the start of
the accident through April 30, 1979 is included in Appendix D,
along with a description of the program and a tabulation of
all data collected.

2.5 In-Plant Area Radiation Monitors

Strip chart recordings of radiation measurements in many
areas in the auxiliary and fuel handling buildings were used.
These strip charts are designated HP-UR-1901 and 1902.

2.6 Other References

Many other references were utilized including:
(1) "Mechanical Flow Diagrams, Electrical One Line
Diagrams and General Arrangement Drawings, Three
Mile Island Nuclear Station - Unit No. 2," by
Burns and Roe, Inc., April 1979.
{2) "Population Dose and Health Impact of the Accident
at the Three Mile Island Nuclear Station (A Preliminary
assessment for the period March 28 through April 7, 1979),"
by the Ad Hoc Population Dose Assessment Group,
May 10, 1979.
(3) NRC Regulatory Guide 1.111 for dispersion plume models.
{4) NRC Regulatory Guide 1.109 for environmental pathway
models.
(5) Three Mile Island Unit 2 Fipnal Safety Analysis Report.



(6) "Preliminary Report on Sources and Pathways of TMI-2
Releases of Radioactive Material", Metropolitan Edison
Draft, dated 6/22/79.

(7) "Preliminary Annotated Sequence of Events, March 28,
1979", Metropolitan Edison Draft, dated 6/22/79.
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3.0 OFFSITE LIQUID RELEASE AND DOSES

3.1 Releases

3.1.1 Release Quantities

During normal operations, the two nuclear units at
Three Mile Island Nuclear Generating Station routinely release
small quantities of radioactive isotopes in liquids discharged
to the Susquehanna River in accordance with limits specified by
the operating license. At the time of the accident at Unit 2,
Unit 1 had just been refueled and wastes typical of refueling
operations were being treated and released. From March 28, 1979
to April 30, 1979, these releases included 10.7 curies of tritium
and about 0.3 curies of other radioisotopes as shown in Table 3-1.

The only significant radionuclide released to the river
from Unit 2 as a result of the accident was iodine-131. The best
estimate is that .24 curies of iodine-131 were released from
March 28 through April 30. Most of this was released from
March 31 through April 2 as is shown in Figure 3-1.

Although the release of iodine-131 in liquid effluents
exceeded normal levels because of the accident, all liquid
releases, including this iodine, were within acceptable release
rate limits specified by the operating license. Concentrations
in releases were within limits of federal regulations in 10CFR20.106,
and 10CFR20.303. They did not exceed values in 10CFR20, Appendix B,
Table II, when as the regulation permits, they are averaged over
twenty-four hours (10CFR20.303) or one year (10CFR20.106).

3.1.2 Release Paths

The sources of the iodine-131 in liquid discharges were
the Industrial Waste Treatment System (IWTS) and the Industrial
Waste Filter System (IWFS). These systems which are shown
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schematically in Figure 3-2 are used to filter and, if necessary,
neutralize floor drainage from plant areas having low potential

for significant radiocactive contamination. Following the accident,
small quantities of iodine-131 entered these normally non-
radioactive sumps and were pumped to the IWTS and IWFS. A
schematic diagram showing details of the streams feeding the

IWTS and IWFS is given in Figure 9.3-4 of the Three Mile Island
Unit 2 Final Safety Analysis Report.

The secondary neutralization -tank (Figure 3-2) was not a
source of any radioisotopes in liquid releases. It receives
liquid waste from a system in which raw river water is purified
for use in the plant. Since the system does not process plant
effluents, but only river water, no radioactive iodine would
be expected in it. Analyses of tank contents made during the
course of the accident has confirmed that no radicactive isotopes
from the plant entered this system.

Analyses indicate that the Waste Evaporator Condensate
Storage Tanks (WECST) were the source of essentially all of the
radionuclides from normal refueling operations which were
released to the river including a trace of iodine-131 (about
1% of that discharged from IWTS and IWFS). They were not the
source of accident generated radionuclide discharges. These
tanks are used for hold-up of radioactive liquid waste in normal
operation. They are located in Unit 1, but receive liquid
wastes from both units. They are used to control batch releases
of radioactive liquid wastes to the Susquehanna River in accor-
dance with plant procedures and Technical Specifications and
governmental regqulations. Each batch is sampled and analyzed
prior to release. After release, contents are diluted in the
mechanical draft cooling tower blowdown before discharge to the
river. Releases from these tanks are controlled so that
calculated concentrations at the point of discharge to the river
do not exceed ten percent of maximum permissible concentrations
in 10CFR20, Appendix B, Table II.
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3.1.3 IWTS and IWFS Release Measurements

Prior to the accident, effluents from the IWTS and IWFS
were not routinely sampled and analyzed because the potential
for significant contamination of these systems was low. After
the accident, a program for regular sampling and analysis was
instituted. From March 28, at 0700, through April 30, all but
one of 17 releases from the IWTS and four of 12 from the IWFS
systems were sampled.

The five discharges that were not sampled are shown below:

Source Date Start Stop
IWTS 3/28 0400 0300 -
IWFS 3/31 0140 0430
IWFS 4/01 0130 0534
IWFS 4/01 1521 1915
IWFS 4/02 0515 1110

Concentrations and quantities of iodine-131 released in
these discharges have been estimated from data for subsequent
discharges for which measurements were available. Measurement
of iodine-131 in water samples collected from the Susquehanna
River downstream of the point of discharge (see Section 3.2
below) indicate these estimates are reasonable. Data from
a liquid effluent monitor which operated continuously at the
point of discharge to the river have been used to make upper
limit estimates of concentrations and quantities released in
these discharges. The best estimates and upper limit estimates
are described below.
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It is unlikely that any iodine-131 was released in the
unsampled March 28 discharge from the IWTS. Routine sampling
(grab samples about every two hours) and analysis of contents
of the IWTS and IWFS began on March 29. Samples from the IWTS
on March 29 and 30 indicate no detectable iodine-131 in the
IWTS. In addition, the unsampled March 28 IWTS release was
terminated at 0900, just a short time after release of radio-
active materials to plant areas other than the containment
building. Because of hold-up times in feed stream sumps, and
in the IWTS sump, and because no iodine-131 was detected in
two subsequent samples, it is unlikely that significant quantities
of iodine-131 were released during the March 28 IWTS discharge.
For purposes of estimation, however, the concentration of
iodine=-131 in that release is assumed to be the average concen-
tration of IWTS discharges for the period March 28 to April 2.

A best estimate of the quantities of iodine-131 in the
four unsampled IWFS releases was developed from concentrations
measured subsequently in IWFS discharges. A sample from the
first post-accident IWFS discharge was collected on March 30
but it was misplaced in the sample storage area for several
weeks. When it was analyzed after it was located on April 24
there was no detectable iodine=-131 in the sample. After adjust-
ment of the minimum detectable concentration for radioactive
decay of iodine-131, it was concluded that the concentration in
the IWFS sump on March 30 was at most 5.6 x 1077 uCi/cc. When
the IWFS sump was next sampled on April 7 (for the discharge
starting April 6) the concentration was 3.4 x 1076 uCi/cc.
Measured concentrations in the next three discharges from April
10 through April 16 varied over the range from 3.8 x 10-7 uci/ec
to 7.9 x 1076 uCi/cc. It is assumed that the IWFS sump concen-
tratiun during the four unsampled discharges from March 31 to
April 2 was 2.5 x 106 uCi/ce, the average of concentrations
m2asured in the IWFS sump from April 6 to April 6. On this basis
zie four unsampled releases contained a total of 1377 uCi of
iodine-131.
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FIGURE 3-2

LIQUID RELEASE FLOW PATHS FROM TMI UNITS 1 & 2
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4.0 OFFSITE NOBLE GAS RELEASES AND DOSES

The analyses made to estimate offsite doses from
radiocactive noble gases are discussed below in three
sections. Section 4.1 deals with releases of radicactive
materials from the plant; Section 4.2 with radiation dose
measurements outside the plant and offsite; and Section 4.3
with offsite dose calculations.

4.1 Releases from the Plant

Radiocactive noble gases could have been released to
the atmosphere in leakage from the reactor building, in
steam released from the atmospheric steam dump valves or
in ventilation air from the auxiliary and fuel handling
buildings which is exhausted through the plant vent.
Evaluations of these and other potential sources indicate
that the only significant releases occurred from the plant
vent. These evaluations are summarized in the "Preliminary
Report on Sources and Pathways of TMI Releases of Radiocactive
Materials", dated July 16, 1979 (Rev., 0).

&1L Plant Vent Monitors

Strip chart records from all noble gas radiation
monitors located in the plant ventilation system exhaust
have been examined in detail. They show no significant
radiation levels during the first three hours following the
reactor trip at 0400 on March 28. Since the plant vent was
the pathway for release of noble gases, it is concluded that
no significant releases occurred £rom 0400 to 0700 hours.
About 0700, however, the plant vent monitors increased
rapidly to full scale indicating that releases had started.



The plant vent monitors are desicned to measure
very low levels of radiation during normal operation, and
to give plant operators rapid indication when these levels
increase. They are not desigred to provide information
about releases of the magnitude experienced during the
accident. While they did show when significant increases
started, they went off-scale at too low a level to be useful
in making quantitative measurements. Purthermore, because
of their sensitivity, they stayed off-scale for a number of
days, being affected not only by radiation in vent gases,
but also by radiation from ligquids, gases and/cr deposited
solids in the rooms in which the monitors are located and
by radiocactive materials deposited in the monitoring systems
themselves.

4.1.2 In Plant Area Radiation Monitors

At about 0700, the same time the plant vent monitors

went off-scale, the inplant area monitors inside the fuel
handling and auxiliary buildings began to record incxeqsing
_ levels from 1 millircentgen per hour at 0700 to 100 milliroentgen

per hour at 0740. At about 0900, the readings began to increase
again and by 1000 hours read about 1000 millirocentgen per hour.
They continued to fluctuate at high levels for about four days,
as is indicated on Figure 4-1. One or more of these area moni-
tors continued to read on-scale during the course of the accident.

Strip chart recordings from these monitors provide
information which was used to estimate the relative magnitude
of releases from the plant as a function of time.

Although these monitors respond to airborne radiocactivity,
they also could measure radiation from nearby local scurces
such as ligquids and gases in tanks and pipes, as well as
radiocactive materials cn filter banks. However, area



monitcrs in several different locations responded together
(but at different magnitudes), periodically rising as much
as an order of magnitude to a peak, then returning to an
elevated baseline. This suggests that they were responding
primarily to fluctuations in airborne radiocactivity which
affected all of them in about the same way, rather than to
local sources which would affect each one differently.

After the first day of the accident, upward fluctuations
occurred when the makeup tank was vented, further demonstrating
that the monitors responded to events which released radio-
activity to the building atmosphere. Additionally, grab
samples from the plant vent on March 31 shown on Figure 4-3,
agree well with the assumed noble gas release rates. Thus,
it is inferred that the recorded levels are primarily related
to the concentration of radiocactivity in the building air.

The assumption that area monitor levels are
proportional to release rates also depends on the subsidiary
assumption that the ventilation system exhaust was operated
at a constant flow rate throughcut the course of the accident.
This appears to be true with minor exceptions. Review of
ventilation system operations indicates that either the
auxiliary building fans or the fuel handling building fans
were on at all times after 0900 on March 28, when significant
releases began. The fuel handling building fans were only
off for a one-hour period starting at 0100 on March 29.
Therafore, it is judged that area radiation monitor readings,
as summarized in Figure 4-1, adequately characterize relative
release rates.
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The fuel handling and auxiliary building ventilation
systems each have charcoal filter beds for iodine removal.
Evaluations of iodine inventories on charcocal samples from
these filter banks indicate about four times as much iodine
was collected on charcoal in the fuel handling building
ventilation system as on the auxiliary building charcoal
(see the report entitled "Analysis of the Adsorbers and
Adsorbents from Three Mile Island Unit #2" by Nuclear
Consulting Services, Inc.). Assuming the noble gases were
released in proportion to the iodines, and considering that
the fuel handling building ventilation system operated
almost continuously, it can be inferred that a greater
portion of the noble gases were released through the fuel
handling building to the plant vent. The principal area
monitor (HP-R-3240) used to define the release trend on
Figure 4-1 is located near the filter banks which service
the fuel handling building and, thus, was in a good location
to have responded to the bulk of the releases.

There are openings between the fuel handling and
auxiliary building air spaces and the pressure balance is
such that flow occurs from the auxiliary building to the
~ fuel handling building. Therefore, measurements indicating
that a greater proportion of the releases may have been from
the fuel handling building exhaust system while the source of
leakage was probably in the auxiliary building are not
ngcassariiy contrary to expectations.

The wide fluctuations in area monitor readings suggest
that the sources of noble gas releases were intermittent



and associated with the paths of liquids and gases following
their letdown from the primary system. It does not seem
plausible, based on the available data, that a release of
liquids from the reactor building sump into the auxiliary
building could have caused the observed area monitor responses
since changes in area monitor readings continued long after
"the reactor building sump discharge line was isolated and the
reactor building was at subatmospheric pressure.

4.1.3 Noble Gas Mix

It is assumed for purposes of this analysis that the
"mix" of noble gas fission products released is, with one
exception, the same as that calculated to be in the nuclear
fuel by the ORIGEN computer program. This program computes
the quantities of fission products as a function of time
following reactor trip based on the Unit 2 operating history
prior to March 28, 1979.

Comparisons of the ORIGEN results with measurements of
isotopic mix in samples of gaseous effluent show good agree-
ment except that measured values of Xe-133m were about a
factor of 6 lower than ORIGEN predictions. Following an
evaluation of assumptions in the ORIGEN program, it was

- decided that the measured Xe-133m fraction was more appropriate
and ORIGEN results were modified accordingly. The resulting
noble gas mix versus time is shown in Figure 4-2. Dose cal-
culations which follow are not sensitive to the relative
quantities of Xe-133m which comprises only a small portion of
the mix.
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Isotopic analyses of noble gases found in the plume by
DOE helicopter monitoring teams have also been made. A pre-
liminary analysis made by DOE of a plume sample taken about
12 hours after the accident showed the presence of Xe-133,
Xe-135 and Kr-88 in proportion to ORIGEN predictions. Krypton
would not have been expected if the only major source of noble
gas releases had been iodine decay in the auxiliary building
sump.

The released mix is complicated by the separation of the
noble gas and iodine isotopes during the changes in the
steam-water-air environment in which the isotopes were trans-
ported for days after the accident. Iodines tend to remain
with the liquid phase whereas noble gases remain with the
gaseous phase. Additionally, iodine isotopes decay to produce
many of the noble gas isotopes. Thus, it is not obvious that
the mix in released gases would be like that in the fuel had
there been no fuel failure. Nonetheless, it is judged that
the ORIGEN results represent a best estimate of the mix.

4.1.4 Procedure for Estimating Woble Gas Releases

Assuming the radiocactivity levels recorded by the area
monitors provide a relative indication of the release rate
of noble gases, and are not sufficient to establish the
actual quantities released, an iterative procedure was
developed as described below to estimate noble gas releases:
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(13

Define area monitor indications (R) as a function
of time as shown in Figure 4-1.

Detarmine the relative quantities of each isotope
with respect to the predominant isotope, Xe-=133
using results from the ORIGEN computer program with
corrected values for Xe-133m (Figure 4-2).

Determine the dose equivalence factor using the fol-

lowing procedure, assuming area monitors respond in
direct proportion to noble gas energy levels as follows:

E:ioisi 2 R (1)
where:

Q. = release rate (uCi/sec) of isotope i

E. = gamma energy per disintegration (Mev) of
isotope i

R = area radiation monitor indication (roentgen/hr).

This expression can be expanded for any given time as
follows:

QlEl - 0252 + 0333 P ety s (2)

and, using the relationship of each isotope to Xe-133
from Figure 4-2:
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Values of Ql' the release rate for Xe-133, as a function
of time can be written as:

~ R(t)
Ql(t) = ey (4)

where the dose equivalence factor F(t) is:
F(t) = E, + fz(t)Ez + f3(t)53...fn(t)En (5)

Release rates Qi(t} for other isotopes are then obtained
using Equation (3).

Step 4: Establish a set of trial release rates for each isotope
proportional to Q, (t) computed above and use them
along with the diffusion model to compute gamma
doses around the site perimeter based on measured
onsite meteorological data. These data include
quarter-hourly wind speed, wind direction and vertical
temperature difference from which atmospheric dis-
persion estimates are made as a function of time. A
dose calculation is made for each quarter-hour and
results are summed over the exposure time for each
TLD monitoring station. Input meteorological data
are discussed in Appendix A.

The dispersién model utilizes a finite plume model to
compute gamma dose toc a ground level receptor in
accordance with procedures outlined in NRC Regulatory




Guides 1.109 and 1.111. Downwash in the wake of a
large plant structure is accounted for by using a
"mixed-mode” model which accounts for building wake
effects on the plume when the wind speed is above
certain levels. Atmospheric dispersion models and
input assumptions are described in more detail in
Appendix B.

Step 5: Having computed gamma dose at each TLD monitor site
using the trial set of release rates, the results
are compared with TLD data and tae trial release rates
are adjusted according to wind direction to provide
the best match at each TLD location which had readings
substantially higher than background. This was done
for each of the first four TLD measurement intervals.
Table 4-1 gives the final release rates after adjustment.

The above procedure was used for the period of most signifi-
cant releases during which plant vent noble gas monitors were
unavailable and environmental TLD doses were measurable, starting
on March 28, 1979 and continuing through April 6, 1979.

The initial trial release raes for Step 4 arbitrarily assumed
releases in units of uCi/sec for each isotope proportional to area
monitor readings in roentgens per hour and inversely proportional
to the dose equivalence factor in accordance with Equations (3),

(4) and (5). This gave good correlation between calculated doses
and corresponding TLD measurements except for releases during the
afternoon and evening of March 28, during which time winds were
blowing toward the NNW (see direction arrows on Figure 4-1).
Computed doses at the NNW TLD were a factor of 2 lower than measure-
ments. Consequently, isotope release rates for March 28 from
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1600 through 2400 were increased by a factor of two. Doses
calculated to the ENE were too high. So Qi values were

reduced by a factor of 1.5 on March 29 at 0300 and by a factor of
2.0 on March 29 at 0600. With these adjustments, the agreement
between calculated and meaasured doses was satisfactory for

those locations with relatively high measured doses. During
portions of the 9-hour period of adjustment in the evening of
March 28, some of the area monitors were reading off-scale.

This suggests that the upward adjustment in release rate made for
this time period might have been supported by the area monitor
data had these data been available.

Table 4-2 summarizes results and shows comparisons of cal-
culated and measured gamma doses for each TLD location and
measurement interval prior to April 6. The ratio of predicted to
measured doses was chosen as a simple indicator for comparing
results. In determining release rates, more importance was placed
on matching TLDs with high readings. As a result, for the TLDs
with highest exposure, the ratios are close to 1l.0. Average
ratios for each period are greater than 1.0, which would indicate
that average estimates of noble gas release rates are high.

There is considerable scatter in the ratios for TLDs which measured
very low doses.

Table 4~3 summarizes predicted versus measured doses for
each TLD location over the total period of exposure through April 6,
1979. The ratios of predicted to measured dose are not as
widely scattered for this longer period as they are for the
shorter periods in Table 4-2. The accuracy of calculated doses
is discussed in Section 4.1.6 below.

4:1:.58 Estimated Noble Gas Releases

Using the procedure outlined above for estimating release
rates, the total number of curies of each significant noble gas
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isotope released was calculated for each of the four time periods
corresponding to TLD measurement intervals. The results are
shown in Table 4-4. They indicate about 10 million curies of
noble gases were released through April 30. About 81% of the
total was Xe-133. About 66% of the total was released during
the first day and a half after the accident started. Another
22% of the total was released in the next two days from March
29 at 1700 to March 31 at 1600. On Friday morning, March 30,
a short-term radiation measurement of 1200 millirem per hour
was made by a helicopter stationed above the plant vent.
Although it received considerable attention, the release rate
associated with this measurement did not result in significant
ground level doses as compared with those which had already
occurred.

Figure 4-3 shows the estimated noble gas release rates
through April 30, 1979 versus those derived from laboratory
analysis of grab samples and, after April 22, from continuous
nchble gas effluent monitors.

4.1.6 Accuracy of Calculated Doses

For the time period when all significant noble gas releases
occurred, doses calculated by the procedure described in the
previous section are within a factor of 2 of those measured for
13 of the 16 TLD stations which are 600 meters or more from plant
buildings (Table 4-3). At the other three of these 16 locations,
the calculated doses were 3 to 4 times those measured. For
the time period wher exposures were highest, calculated doses at
11 of these 16 stations are above one millirem. At 8 of the 11
calculated doses are within a factor of two of those measured.

At the other 3, they are a factor of 2 to 6 higher.
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The most significant uncertainties in calculated versus
actual doses are probably due to the difficulty of accurately
accounting for the large influence that turbulent wakes from

adjacent structures may have on dispersion of the plume. This

is especially true since the TLDs with high readings which were
used to calibrate the atmospheric dispersion model are also the
ones at locations most influenced by this turbulence. Some
uncertainties are due to the difficulty of modeling meteorological
conditions conducive to "puddling.”

A study was made to compare doses computed using the chosen
dispersion model with those computed using two other dispersion
models which bound it. The resulting comparisons are shown in
Figure 4-4. One bounding model assumes the plume released from
the plant vent remains elevated, unperturbed by turbulent building
wake effects. The other assumes all releases are trapped in
turbulent wakes behind plant structures so that the releases are
effectively at ground level. The chosen model, on the other hand,
is a mixed mode model which combines both elevated and ground
level releases depending on wind speed. Winds from each direction
travel over a diffzrent set of building configurations. These
differences are not accounted for in any of the models used.
However, the bounding calculations probably encompass these
differences. Appendix F illustrates the estimated effect that the
building wakes have on plume geometry.

In developing the isotopic release rates following the
procedure in Section 4.1.4, emphasis was placed on matching
calculated doses with TLD measured doses in the NNW direction
sector since TLD measurements were highest and the wind was
relatively steady in this direction. Inspection of Figure 4-4
shows that results f£rom the chosen mixed mode model were well
matched with measured doses in this direction.
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Ideally, all measured doses would be within the values
computed by the bounding models. However, as shown in Figure
4-4, some measured values are within the bounds and some are

not. For several directions all three models predict higher
than measured results. Significant mismatches may be due to
low wind speeds and meandering plumes after the first day.
However, offsite doses were relatively low when these con-
ditions existed and significant errors during these times
have a relatively small effect on total time-integrated doses.

The sensors used in the area monitors are G-d tubes which may
under-respond to the predominant isotope, Xe-133. Additionally,
the geometry of the source in the room in which the area
monitors are located may affect the relative dose readings
of these instruments. This response may change with time
as the isotopic mix changes. However, these effects are not
expected to introduce substantial uncertainties in the estimates
of the relative releases.

Uncertainties in TLD dosimetry for relatively high doses
compared to expected background are less than dispersion model
uncertainties and should be considerably less important by
comparison. There is some evidence that the TLDs may have
over-responded to Xe-133 (see Section 4.2 and Appendix G),
however, for the first few days following the accident, other
isotopes for which the TLDs do not over-respond contributed
significantly to the total dose making any correction
for Xe-1313 of less importance.

Additional uncertainties may have been introduced into
the analysis by assuming that release rates corresponded to
area monitor fluctuations. However, during the period of
expected highest release rates, starting on the afterncon of
the first day, winds were fairly steady and it would be unlikely
that combinations of changes in dispersion and release rates
that would maximize dose would coincide in such a manner as
to cause an unrealistic assessment of dose.
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It is conceivable that plume meander during periods of
low wind speeds may have caused "puddling” in such a way that
a volume of the plume passed over a given TLD more than once.
Since the plume model does not account for this behavior,
such conditions could cause errors in the calculated dose.
However, for most of the time during the period of highest
area monitor readings before 0600 on March 29 (see Figure 4-1),°
a fairly well established plume in the NNW and WNW directions
existed. This is illustrated in Figure 4-5 which shows plume
centerline trajectories starting every 15 minutes during the
periods of highest releases on March 28. These trajectories
are developed from weather data measured at the site. They
show the existence of a steady (non-meandering) plume in the
northwestern sectors and do not show any puddling. Further
verification that puddling did not exist during this period has
been sought by studying DOE helicopter data. However, no flights
were conducted during the evening of March 28 when major releases
occurred. Data from ground observation teams are of value only
beyond three miles because during this time the plume was
tracking up the river in areas which were inaccessible to the
ground teams.

4.2 Environmental TLD Measurements

Metropolitan Edison Company conducts a routine environmental
radiation monitoring program including use of stationary
thermoluminescent dosimeters (TLD's) which measure integrated
gamma dose. They are in place at all times at 20 locations as
shown on the map in Appendix D. Most are within several miles
of the plant, but a few are located up to 15 miles awav. These
dosimeters were in place in the field at the time the accident
occurred. Dosimeters in the field were replaced with fresh
dosimeters every one to three days following the acciden:, and




the collected dosimeters were evaluated to determine trends

for dose rate as well as the dose accumulated since the
beginning of the accident. These data represent a comprehensive
measurement of doses due to noble gas releases at the locations
monitored. Table 4-5 provides a summary of significant TLD
mesurements through April 30, 1979. Background has been sub-
tracted as described in the footnotes. No other adjustments
have been made. Additional information concerning the dosimeter
monitoring program is contained in Appendix D.

Shortly after the declaration of an emergency, mobile
monitoring teams were dispatched by Metropolitan Edisen Company.
A police helicopter was used during the early hours of the response
to assist the monitoring teams since the onsite meteorological
tower indicated winds toward the west over the river. These
teams were equipped with instruments which measured dcse
rates from airborne radioactive material (primarily noble
gases with Xe-133 dominant) and with air samplers which were
capable of collecting airborne radiocactive materials other
than noble gases for later laboratory analysis.

From the second day on following the accident, release
rates varied over a wide range and frequent wind shifts occurred.
This combination of events caused radiation levels to fluctuate
rapidly with time at any single location. The emergency
response survey teams had to move from place to place following
the transport of airborne radiocactivity. Because of the
fluctuations in radiation levels and the short monitoring periods
at any one location, data collected by survey teams are not the
best available for the determination of cumulative doses and
they Wwere not used in this assessment except in attempts to




determine when noble gas releases were significantly higher
than baseline values.

Thermoluminescent dosimetry measurements used in this
report are from dysprosium doped calcium sulfate dosimeters
supplied by Teledyne Isotopes. An evaluation of the response
of these dosimeters to the low-energy photons from Xe-133 is
provided in Appendix G. The conclusion of the evaluation is
that the dosimeters did not under-respond to Xenon-133 in field
exposure conditions, and that over-response in the field was
probably no greater than a factor of 1.5.

Results of a study made for several directions with highest
exposures to estimate the fraction of the dose contributed by
Xe-133 for the first two TLD exposure periods are shown in
Table 4-6. As noted on the table, the total dose contributed
by Xe-133 is not the same in each direction. This occurs
because the wind direction and relative amount of each isotope
change with time. Relative contributions to the dose from
each isotope also change with distance due to the height of
the pluﬁe above terrain as well as changes in plume dimensions.
No corrections were made in this assessment for possible TLD
over-response to Xe-133.
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4.3 Estimated Offsite Doses

Mathematical models for estimating doses to individuals
and populations normally use known isotope release rates along
with atmospheric dispersion models and meteorological parameters.
However, since atmospheric releases of noble gases were not
monitored, release rates estimated using the procedure in
Sectior 4.1.4 above were used to estimate doses to individuals
at locations not monitored by TLD's and to the population

within 50 miles of the plant. For these calculations, the
atmospheric dispersion model described in Appendix B which had
been previously used only for estimates at TLD locations close
to the plant was extended to a distance of 50 miles in each of
16 direction sectors. Figures 4-6 through 4-9 are isopleths
showing estimated whole body gamma doses to distances of 1, 2, 5
and 50 miles, respectively. These estimates are based on
estimated noble gas release data as well as the atmospheric
dispersion and dose models in Appendix B. Figure 4-10 repre-
sents an isopleth of the beta portion of the skin dose.

4.3.1 Population Dose Estimates

Population dose estimates were computed using the straight-
line dispersion model and site meteorological data to compute
the whole body dose each hour at 10 locations downwind out to
50 miles in the sector in which the wind was blowing. These
hourly doses were adced for all hours in the period after the
accident extending to April 30, 1979 and multiplied by the
population in each of these 10 distances. The estimated 1980
population given in Appendix B was used. .Results of this
analysis indicate that the aggregate whole body dose to the
population within 50 miles (about two million people) was
about 3500 person-rems from noble gases released through
April 30, 1979. This estimate does not consider the effect of
occupancy and shielding due to housing or other structures which

4-17



could reduce dose estimates. Figure 4-11 shows the estimated
population doses as a function of time following the accident.

A similar calculation was made to determine the population
skin dose. For this case the beta contribution was computed
and summed over the population grid and then added to the
whole body population dose. The beta contribution was 3670
person-rems which when added to the gamma dose of 3500 person-
rems gives 7170 person-rems to the skin.

Uncertainties in the population dose calculation are
estimated as follows. First, the population doses were com=-
puted using the bounding dispersion models for ground and
elevated releases discussed in Section 4.1.6 along with the
estimated noble gas releases to obtain 4197 and 3418 person-
rems for the ground and elevated cases, respectively. If the
source term had been overestimated by a factor of 2 using the
ground level release model as discussed in Section 4.1.6, the
population dose would be 4197 # 2 or 2098 person-rems. On the
other hand, if the plume had been elevated resulting in a
factor of 2 underestimate, the population dose would be 3418 x
2 or 6836 person-rems. Thus, the uncertainty estimated in the
3500 person-rem population dose is considered to be within a
factor of +2 based on the atmospheric dispersion model.

There is some evidence that channeling of the plume within
the river and "puddling” due to wind meander at certain locations
may have occurred, however, this is not expected to have a
significant affect on overall population dose calculations.
Restrictions in plume growth in the river valley could result
in less dilution than calculated at ground level at certain
locations over the river at distances beyond several miles.
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However, this effect should not result in significant increases
in population dose because there are generally fewer receptors
in the river valley. Concentrations in a plume cannot increase,
thus if plume reversals or puddling occur within the hour for
which the dose increment is computed, the additional dose would
be less than that assumed to have been delivered in the hour.
If puddling persists for more than one hour, and one population
group is being affected by such a "puddle", the radioactive
materials in the puddle could not affect any other group at the
same time. Thus, no significant increase in population would
be expected. Effects of any puddling that occurred near the
site would have been measured by the TLD's.

4.3.2 Maximum Measured Offsite Doses

Table 4-5 summarizes net gamma doses based on measurements
from the TLD monitoring program. The highest offsite integrated
whole body dose measured at any TLD location through April 28
was 75.8 millirems above background at Station 4Al located
about 800m ENE from the plant. For purposes of this discussion
"offsite" is assumed to be locations greater than 600 meters
£rom the plant that were known to be occupied following the
accident. The accumulated doses measured at the Goldsboro
(Station 12Bl1) and Middletown (Station 1Gl) TLD monitoring
stations over the same period were 11.9 and 9.1 millirem above
background, respectively. There are some uncertainties inherent
in measurements of doses of this low magnitude due to normal
fluctuations in background dose. This uncertainty does not
affect the maximum dose of 76 millirems for which the accident
contribution was substantially greater than fluctuations in
natural background.
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4.3.3 Maximum Calculated Offsite Doses

By contrast, as shown in Table 4-3, whole body dose
calculations at these same TLD monitor locations using the
estimated noble gas releases resulted in doses of 43.3 mrem
800m ENE; 21.5 mrem near Goldsboro on the west river bank;
and 29.9 mrem at Middletown. Inspection of Figures 4-7 and
4-8 shows that the maximum estimated offsite dose was about
75 mrem at several locations in the WNW, NNW and NNE directions.
These estimates are about a factor of two higher than doses
measured by the TLDs in the same general areas reported in
Section 4.3.2 above and are likely to be overestimates.

Since beta radiation from noble gases cannot be reliably
measured in the environment, skin dose due o beta radiation
was calculated based on the noble gas source term developed
using the procedure in Section 4.1.4. The dose mode used is
described in Appendix B. Figure 4-10 shows an isopleth of
estimated skin dose due to beta radiation in the site vicinity.
These values must be added to the gamma dose to obtain total
skin dose. The combined beta plus gamma maximum skin dose is
estimated to be less than 200 millirem at occupied locations
near the site. About 125 millirem of this amount is due to
beta radiation. No reduction in beta dose is assumed for
the protective effect of clothing or for occupancy factors.

The above calculations of maximum dose were made for
locations near the site that were known to be occupied after
the accident. Subsequently, the "Ad Hoc Committee for Dose
and Health Impact of the Accident at the Three Mile Island
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Nuclear Station" reported that an individual had been working
on Hill Island to the NNW for about 9-1/2 hours (from 1000
to 15630 on March 28 and from 1100 to 1500 on March 29).

An additional dose calculation specifically for this
location was made using methodology described herein and the
estimated noble gas releases from Table 4-1 for this period.
Meteorological conditions and dose calculations were updated
every quarter of an hour during the occupancy period. The
total whole body dose was determined to be 23 millirem, which
is considerably below the highest offsite exposures of 75
millirem.

4.3.4 Time Distribution of Offsite Dose

Figure 4-12 shows the whole body dose rates estimated to
have accurred as a function of time after the accident at the
TLD locations near the site. Doses are given for each quarter
of an hour as indicated by the vertical lines for the represen-
tative TLD location in each direction sector. Each line rep-
resents the dose in millirems that occurred during the given
quarter-hour period. As shown, the major portion of the re-
lease travelled to the NNW between 1600 and 2400 on March 28,

4.3.5 Fraction of 10CFR20.106 Maximum Permissible
Concentrations (MPC) for Noble Gas Isotopes

Using the estimated noble gas source term in Table 4-1, a
computer run was made using the best-estimate atmospheric
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dispersion model (see Appendix B) to determine the annualized
fraction of MPC limits in offsite areas occupied after the
accident. The relationship used for this determination is

as follows:

R n
Fraction of annual MPC = Z(XIQJt Z
t=1 i=1

8760

Q.
1L
MPC

where:

X/Q. = atmospheric dispersion coefficient applicable for
hour t (sec/m3)

Qi,t = relcase rate of each isotope i for hour t (pCi/sec)

MPCi = maximum permissible concentration of isotope i

(uCi/m3)
t = hour of release
R = total hours of release
n - total number of isotopes

Figure 4-13 shows an isopleth of results for noble gases.

The concentrations were averaged over a one-year period as
allowed by 10CFR Part 20. Results show that MPC concentrations
would have been exceeded in only a few locations offsite for
noble gases and most of these would have occurred in areas

not occupied after the accident started.
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Page 1 of 4
Table 4-2
Radiological Environmental Program TLD Data from Three Mile Island
(Approximate Period of Exposure 3/28 @ 0700 to 3/29 @ 1600)
Weighted
Quarter Ratio of
Hours Measured Dose~- Calculated Predicted

Hap Distance (1 in this Tima Background Subtracted Gamma Dose to Mea-
Ho. Station {metars) Direction Direction Removed (millirem) (milligem) surcd Dose
2 152 640 N 13 1640 76.96 135.5 1.76
26 1c1 4180 N 13 1445 5.5 (2 17.5 3.18

3 252 1130 HNE 14 17115 27.90 60.0 2.15
5 452 480 ENE 2 1705 17.74 6.0 0.4
13 aal %00 ENE 2 b 30 Sis g
n 41 16100 ENE 2 P 0.00' i 2
6 552 320 E 3 1705 za.ssm 25.0 .85
14 SAl 640 E 3 0900 2.46 7.0 2.4
3 71 14500 se 1 inae : 0.00'? o 4
38 761 24100 SE ) 1 1020 0.00 0.02 =
28 8c1 3700 sse 8 i o.u:z: 307 i

: . -

8 952 640 s 5 1658 6.28 0.0 Lo
19 961 20900 5 1050 : 0.91f2 0.02 0.02
23 1081 1770 ssW 4 1225 2.95(2:3) 5.0 1.70

9 1151 160 2 1650 180.78 (1) -

24 1281 1270 WSH 5 1150 2.53(2) 3.0 1.20
10 1482 640 WNW 16 1215 95,02 140.0 1.47
10 1561 24100 N 9 1330 6.00'2) 0.0 -

11 1651 320 N 36 1645 964.60 1050.0 1.09

17 16A1 640 NN 3 1210 618.40'% $00.0 0.81
Average Ratio 1.713

(1) Direction from plant toward monitorin¢ location

(2) Gross values for these estimates are cnly slightly greater than background
(3) Average of duplicate measursments

(4) Mot evaluated - too close to source and plant structures



(3)
4)

Table 4-2 (continued)

Radiological Environmental Program TLD Data from Three Mile Island
(Approximate Period of Exposure 3/29 @ 1700 to 3/31 @ 1600)

Quarter
Hours Measured Dose~
Distance () in this Time Background Subtracted
Station (maters) Direction Direction Removad (millirem)
152 640 N 8 1335 18.67
icl 4180 N 8 1250 2.76
252 1130 NNE 19 1415 30.60
452 480 ENE 16 1405 117.76
4Al 800 ENE 16 0640 32.26
4Gl 16100 ENE 16 1535 0.76 (2}
552 320 E 4 1400 46.52
5A1 640 £ 1 0655 7.57
7F1 14500 sE 7 0735 0.55¢2)
761 24100 - sB 7 0800 0.51¢2)
8cl 3700 SSE 14 0715 9.92
952 640 s i 1355 23.68
9G1 20900 s 12 0855 0.92
1081 1770 SSW 12 1100 13.79
1151 160 SW 2 1350 101.26
1281 1270 WSW 3 0945 8.66
1452 640 WNW 13 1050 45.95
1561 24100 NW 19 1135 1.43
1651 320 HIW 9 1345 78.97
16A1 640 NNW 9 1045 42.54

Direction from plant toward monitoring location

Gross values for these estimates are only slightly greater than background
Average of duplicate measuraamsnts

Mot avaluated - too close to source and plant structures

Page 2 of
migbuc:
Calculated S‘;ﬁé?ct.a
Gamma Dose to Mea-
pillizem!
23.0 1.23
9.0 3.26
25.0 0.82
45.0 0.38
30.0 0.93
1.5 1.97
24.0 0.51
14.0 1.85
1.5 2.73
0.8 1.56
7.0 0.70
25.0 1.06
1.1 1.20
22.0 1.60
(4) i
13.0 1.50
4.0 0.74
13 0.34
40.0 0.50
23.0 0.54
Average Ratio 1.26



Hap
Mo.

26

13
»n

4

Station

182
icl
282
452

4Al
4Gl
382
5A1

TrL
7G1
[ [}
952

9G1

1081
1181
1asl

1482
15G1
1651
16Al1

Table 4-2 (continued)

Radiological gnvironmental Program TLD Data from Threa Mile Island
(Approximate Period of Exposure 3/31 @ 1700 to 4/3 @ 1500)

Quarter
Hours Measured Dose-
Distance (1} in this Time Background Subtractsd

(matars) Pirection Direction Ramoved (millirem)

640 p 6 1513 0.00?!

4188 5 6 1325 0.88'?
1130 NNE 11 1552 2.17
400 ENE 10 1550 26.06
800 ENE 10 0650 18.81

16100 ENE 1¢ 1640 0.00t2)
320 E 4 1545 24.85
640 E 4 0700 6.82

2

14500 se 26 0735 0.00:2:

24100 SE 26 osos o.uom
3700 88E PP 0720 1.22
640 8 32 1530 j 3.78

20900 8 32 0920 o.on‘:'

1770 55H 6 1107 0.00'?)
160 W 13 1522 41.93

1270 WSW 15 1030 0.00'%
640 Wi 55 1100 8.39

24100 N 19 1205 0.00'?
320 NHW 1520 5,73

640 NNW 1 1055 1.8t

Direction from plant toward monitoring location

Gross values for these estimates are cnly slightly greater than background
Avarage of duplicate measurements

Not evaluated - too closa to source and plant structures

Page 3 of 4

Calculated
Gamma Dose

|-§!11;=-I
7.0
3.0
7.5
13.0

10.0

1.0
11.0
6.0

1.0
0.07

0.02
1.4
4)
4.0

32.0
0.01
2.0
1.0

Average Ratio

Welyhted
Ratio of
Predicted
to Mea-

j.a
2.71
0.50

0.26
0.44

0.68

4.10
2.9



[40 ©00d

TN

13
3

L]

4
is
FL

kL]
23

24

(L)
(2)
3
4)

Station

152
1cl
as2
482

4Al
4Gl
552
5Al

1F1
761
8Cl
952

1081
1151
1281

1452
15GL
1651

Table 4-2 (continued)

Radiolugical Environmental Program TLD Data from Three Mile Island

(Approximate Period of Exposure 4/3 @ 1600 to 4/6 ¢ 1100)

Hours
Distance in this
(matecs) Direction Direction

640 N 13
4180 N 13
1130 NNE 21
490 ENE 12
800 ENE 12
16100 ENE 12
320 E 30
640 E 30
14500 SE 3
24100 34 9
3700 SSE 21
640 -1 12
20900 s 12
1770 SSW 9
160 SHW 11
1270 WSW 12
§40 wiW 24
24100 NW 3
320 HHW 8
640 NNW 8

Direction from plant toward monitoring location

Gross values for these estimates are only slightly greater than background

Averags of duplicate msasurements

Mot svaluated - too close to source and plant structures

Quarter

Time
Removed

1613
1545
1700
1650

0715
1805
1653
0730

0800
0800
0740
1630

0915
1230
1625
1100

1150
1420
1620
1125

Measured Dose-
Background Subtracted
(millirem)

(2)
2)
(2)

0.04
0.02
0.40
6.97

1.56

0.00l2)
14.21

2.15(2)

0.07f2)
0.00!2)
0.84
1.13

0.00l2)

0.4712)
19.90

0.71

0.79'2)
0.00(?)
0.5112)
0.38(2)

Page 4 of 4

Calculated
Gamma Doss
(millirem)

1.5
0.4
1.5
2.0

1.3
0.0
6.5
3.0

0.03
0.02
1.2
1.7

0.05
0.6
(4)
1.5

3.0
0.0
3.0
1.8

Average Ratio

Weighted
Ratio of
Predicted
to Mea-

gured Dogg

37.5
2.5
3.7
0.3

0.4

1.4
1.5




Table 4-3

Radiological Environmental Program TLD Data from Three Mile Island
(Total Period of Significant Exposure 3/28 @ 0700 to 4/6 @ 1300)

TUNISRI0 ¥00d

Weighted
l:o::sd & Ratio of
o n asured Dose- Calculated Predicted
Map Distance in this Background Subtracted Gamma Dose to Mea-
Mo. Station (maters) Direction Diraction (millirem) {millirem) sured Dose
2 182 640 N 40 95.6 167.0 1.75
26 1l 4180 N 40 9.1 29.9 3.28
3 252 1130 NNE 65 61.7 94.0 1.52
s 452 480 ENE 40 168.5 66,0 0.39
13 4Al 200 ENE 40 75.8 41.3 0.57
17 4G1 16100 ENE 0 0.7 2.5 3.57
6 852 320 E 41 9%.1 66.5 0.67
14 SAL 640 E 41 19.2 30.0 1.56
M ¥l 14500 SE 43 0.6 2.5 4.17
is 61 24100 SE 43 0.5 0.9 1.80
s il 3700 SSE 88 12.4 15.7 1.26
] 952 640 8 61 .9 45.7 1.31
19 9G1 20900 -] 61 1.8 1.2 0.67
23 1081 1770 SSW n 17.2 29.0 1.68
9 1181 160 W 28 341.9 (1) -

24 1ap1 1270 WSW 45 11.9 : 21.5 1.81
10 1482 640 WHW 108 150.1 199,0 1.32
i e W W a
2 e poi s 54 1049.8 ; 1095.0 1.04
54 662.47 525.8 0.79
Average Ratio 1.58

(1)

Mot evaluated - too close to source and plant structures



Table 4-4
Estimated Quantities (Ci) of Each Noble Gas Isotope for

Release Periods Corresponding to TLD Measurements
3/28/79-4/30/79

3/28 @ 0700- 3/29 @ 1700- 3/31 @ 1700~ 4/3 @ 1600- 4/6 @ 1400-"

Isotope 3/29 @ 1600 3/31 @ 1600 4/3 @ 1500 4/6 @ 1300 4/30 @ 2400 Total
Xe-133 4.9E6 2.1E6 1.1E6 2.7E5 1.5E4 8.3E6
Xe-133m 1.2E5 3.9E4 1.5E4 1.9E3 0 1.7E5
Xe-135 1.5E6 7.7E4 1.4E3 (i} 0 1.5E6
Xe-135m 1.4E5 1.3E3 0 0 0 . 1.4E5
Kr-88 6.1E4 0 0 0 0 6.1E4

6.6E6 2.2E6 1.1E6 2.7ES 1.5E4 1.0E7

*The last three weeks of the month are combined into one group since the contribution is less
than 1% of the total. The estimated quantity released during this period is based on effluent
measurements.



Station(4'

152
152Q
252
452
4s2Q
552
5520
8c1
8C1Q
9s2
1181
11510
16S1
16510
1452
1452D
4A1
5A1
S5A1Q
16A1
16a1p(2)
1081

(2)

3/28

3/29

76.96
79.66
27.90
17.74
15.42
13.56
12.29
.43
.68
6.28
180.78
144.08
964.60
902.01
86.90
103.14
3.23
2.46
.89
834.19
402.61
4.88

3/29
3/31

18.67
14.92
30.60
117.76
71.02
46.52
36.33
9.92
8.11
23.68
101.26
75.22
78.97
61.05
45.95
0.00
32.26
7.57
5.13
42.54
0.00
13.79

Table 4-5
Three Mile Island REMP Thermoluminescent Dosimeter (TLD) Results 3/28/79—4/12/19(3’

Natural Background Subtracted

3/31
4503

0.00
.74
2.77
26.06
20.73
24.85
20.64
1.22
2,24
3.78
41.93
34.40
5.73
4.67
8.39
0.00
38.81
6.82
4.74
1.15
0.00
0.00

mrad (1)

6.97
4.15
14.21
11.03
.84

113
19.90
13.39

.51
«35
.79

0.00

1.56

2,35

1.50

.38

0.00

-47

0.00
.17

0.00
0.00
0.00
0.00

.05
1.59
1.26
0.00
0.00

.05

TOTAL

96.46
96.18
61.78
169.55
112.25
106.137
86.20
12.96
12.26
35.52
351,135
271.91
1049.83
968.08
142.12
103.14
76.05
21.42
14.30
878.43
402.61
19.35



Station

1081p ‘2!
1281
1c1
7F1
7F10Q
4G1
4G1Q
961
1561
15G1Q
761

3/28
3/29

1.08
2,53
5.51
0.00
0.00
0.00
0.00

A |
0.00
0.00
0.00

3/29
3/31

0.00
8.66
2.76
.35
«31
.76
.26

1.43
.16
«31

Table 4-5 (continued)

3/31
4/03

0.00
0.00
.88
0.00
.74
0.00
.82
0.00
0.00
.18
0.00

4/03
4/06

0.00
.71
.02
.07
.12

0.00
.08

0.00

0.00

0.00

4/06
4/09

0.00
.78
+ 93
J12
.14
21X

.18
+15
0.00
.03

4/09
4/12

0.00
0.00
.07
0.00
<13
0.00
.16
0.00
0.00
.10
0.00

TOTAL

1.08.
12.69
9.31
.74
1.42

1.52
2.01
1.58
1.12

.54



Table 4-5 (continued)

(I’Accutacy is limited to two significant figures, Greater indicated accuracy is
maintained only to minimize cumulative rounding errors. Dose presented represents
gamma dose in tissue near the surface of the body. Natural background contributions,
from Appendix D, Table D-9, have been subtracted from values listed in Appendix D,

Table D-4, which includes natural background. There is some uncertainty associated
with the estimate of the natural background radiation contribution to dose because
natural background radiation dose rates fluctuate to some extent. These uncertainties
may affect uncertainties associated with the doses presented above, which are estimates
of increments above the natural background radiation dose. If the increment is large,
the relative uncertainty is small. But if the increment is comparable to or less than
the natural background dose, the relative uncertainty in the increment estimate is large.
Most of the dosimeters used for the 3/28-3/29 estimates had been exposed for three
months. (Dosimeters at stations 1452, 16Al, and 10Bl had been exposed for six months).
The natural background contribution to the total dose over the three-month period was

in the range of 10-20 mrad. Thus, increments of less than about 15 mrads must be
considered somewhat uncertain. That is, an incremental dose estimated as 5 mrad could
actually have been as low as zero. It could also have been somewhat greater than 5 mrad,
but probably not greater than about 10 mrad. The background contribution during the
three-day exposure periods subsequent to 3/29 was low, in the range 0.25 to l.mrad.

An incremental dose estimated as 0.5 mrad could have been as low as 0. or as high as
about 1.0 mrad. No correction for over-response to low-energy photons has been applied.

(2)Duplicate value for first period. Values used in this analysis are averages of the
two measurements.

(3)No significant exposure from noble gas isotopes was measurable after April 12.

(4)Refer to Appendix D for site maps showing monitor locations.




Direction

NE

ENE

Distance
(meters)

600
600

300
300
600
600
600

Table 4-6

Percent of Total Gamma Dose
Attributable to Xe-=133

Percent of the Total Dose
Over Given Time Period

3-28 @ 0700
3-29 @ 1600

28
36

51
74
65
30
26

3-29 @ 1700
3-31 @ 1600

94
2%
95
90
94
94
94



Figure 4-2
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Figure 4-35

Approximate Tracks of Plume Centerline Starting
Every 15 Minutes from 3/28 @ 1700 through 3/29 2 0600
(Based on TMI Onsite Meteorological Tower Data)
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Figure 4-6

Estimated Whole Body Dose (millirem)
Within a One Mile Radius*

(Period of Record 3/28-4/6)**

’
! Shelley
‘Island

25

e

\
\

*Measured TLD doses over the same time period given in circles
for comparison

**Dose is the total dose from all activity due to the accident
which was released through April 6. This is more than 99% of
all such activity released through April 30.

POOR ORIGINAL



Figure 4-7

Estimated Whole Body Dose (millirem)
Within a Two Mile Radius

(Period of Record 3/28B-4/6)*

*Dose is the total dose from all activity due to the accident
which was released through April 6. This is more than 99% of
all such activity released through April 30.



Figure 4-8

Estimated Whole Body Dose (millirem)
Within a Five Mile Radius

(Period of Record 3/28-4/6)x

*Dose is the total dose from all activity due to the accident
which was released through April 6. This is more than 99% of
all such activity released through April 30.




Estimated

Figure 4-9

Whole Body Dose (millirem)

Within a 50 Mile Radius

(Period of Record 3/28=4/6)

.05

Lancasier

Scale
L——)
10 miles

*Dose is the total do
which was released t
all such activity re

se from all activity due t

hrough April 6. This is more

leased through April 30.
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than 99% of




Figure 4-10

Estimated Beta Dose to Skin (millirem)
Within a Two Mile Radius

(Period of Record 3/28-4/6)"

17.5

12.5

17.5

“*Dose is the total dose from all activity due to the accident
which was released through April 6. This is more than 99% of

all such activity released through April 30.
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Figure 4-11

Estimated Integrated Whole Body Population Dose
as a Function of Time Following the Accident
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Figure 4-12 (continued) 2 of 4 I
Estimated Time of Exposure and Dose
Rate Following the TMI—2 Accident
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Figure 4-13

Estimated Fraction of Annual MPC for Noble Gases
Released After the Accident

(Period of Record 3/28-4/6)*
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ﬁ“\
U‘ 5
1
[}
N\ W !
/47 &
:
. ?Efnt
1 .
A
6
L
L] [ "
$i3e
e .3
5 e
.
\“
.\‘ Scale
1200m

*“Dose is the total dose from all activity due to the accident

which was released through April 6.

This is more than 99% of

all such activity released through April 30.



5.0 OFFSITE IODINE AND PARTICULATE RELEASES AND DOSES
Sl Releases

During the period March 28, 1979 through April 30, 1979,
about 14.1 curies of iodine-131 and 2.6 curies of iodine-133 were
released to the atmosphere from the ventilation systems of Units
1 and 2. The small fraction of the iodine discha:éed from Unit 1
came from Unit 2, probably through the Fuel Handling Building shared
by the two units. Preliminary evaluations of particulate radioisotopes
in airborne effluents indicate that these isotopes are not a
significant contributor to offsite doses.

These estimates are based on analyses of air samples from
the ventilation systems. Air leaving the plant through the
ventilation system is continously sampled for radiocactive particles
and iodine by drawing a small side stream through a filter which
traps particulate isotopes and a treated charcoal cartridge which
traps iodine. The filters and cartridges are changed periodi-
cally and are analyzed in the laboratory to determine radioactive
isotope concentrations in the effluent air. After the accident
started, iodine samples from Unit 2 vent samples (HPR-219) were
collected and analyzed every other day. For the few short periods
when continuous samples are not available from HPR-219, release
rates have been estimated by interpolation from data taken
before and after. These interpolations are supported by analyses
of continuous air samples drawn from the several air streams which
flow into the Unit 2 vent during these periods.

Table 5-1 shows the estimated average release of iodine
versus time f£rom the plant vent throuch April 30, 1979. For
purposes of the dose calculations release rates given in detail
in Appendix C, Tables 3 and 4, have been grouped in periods during
which release rates were reasonably constant. The selected pericds
and release rates are shown in Table 5-1. These periods are typically
about three days long. Shorter time pericds are used during periods
of rapidly changing release rates.

S5=1



5ed Environmental Measurements

In addition to sampling air in the plant ventilation exhausts,
Metropolitan Edison routinely and continuously samples air for
radiocactive iodine and particulates at specified locations both
on and offsite as a part of the Radioclogical Environmental Moni-
toring Program (REMP) described in Appendix D. This environmental
monitoring program also includes sampling of vegetation and milk.
The program was in effect at the time of the accident and has
continued with a higher than normal sampling frequency since the
accident. Appendix D is a tabulation of measured data and a brief
discussion of the program. Results from this program indicate that
iodine-131 was the only radioactive isotope or particulate iso-
tope released in significant quantities. Iodine-131 was detected in
air and milk samples, as discussed below, and was also detected in
some grass samples.

5:3 Thyroid Dose Estimates

Of the particulate and iodine isotopes released, iodine-131
accounts for essentially all the offsite dose. This dose results
from concentration of iodine in the thyroid gland if air containing
iodine-131 is inhaled of if milk from cows which have eaten grass
containing iodine-131 is ingested. Two methods were used to
estimate doses. 1In cases where sufficiently sensitive measurements
of iodine-131 concentrations in air or milk were available, they
were used to calculate doses. Otherwise, measured release rates
and meteorological data were used in the dispersion model described
in Appendix B to calculate concentrations of iodine-131 in air and
milk. The first method was used primarily for assessing maximum
doses to individuals and the second method was used primarily for
assessing aggregate doses to the population within fifty miles.

Where possible, both methods were used and results were com-
pared to aid in determining that the limited number of sampling



points reasonably reflected the maximum dose to an individual and
to aid in assessing the accuracy of the results obtained using the
mathematical model.

5.3.1 Thyroid Doses Based on Effluent Data and Dispersion Model

5.3.1.1 Inhalation Pathway

As a part of the calculation of offsite inhalation doses
from iodine-131, estimates were made of the average iodine-131
concentration in air, at all offsite locations near the plant.
Results on Figure 5-1 show the highest average concentration from
March 28 through April 30 to be 6.6 pci/ms'ahout 2400 meters west
of the plant. If an adult had occupied this lcocation throughout
the accident, the inhalation dose would have been about 7.3 mrem
as shown in Figure 5-2. Because of differences in thyroid size
and breathing rates, the dose to a child would have been slightly
higher, about 9.8 mrem.

The population dose due to inhalation of iodine was
estimated using the release rates and the hourly dispersicn
mecdel to compute inhalation doses at each population grid location
(see Figure B-1 and B-2 of Appendix B). These were then
multiplied by the population in each sector and summed. The total
population dose was estimated to be 180 person-rems to the
population within fifty miles of the plant (about two million
people).

Measurements of airborne iodine-131 concentrations near Three
Mile Island are useful in assessing the uncertainties involved in
estimating concentrations (and dcses) using release rate and
meteorological data with the dispersion model. An illustration of
the magnitude of these uncertainties is given in Figure 5-3, which
compares airborne iodine-131 measured concentrations versus calculated.
Data in this figure are presented in Table 5-2.
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Data in Figure 5-3 suggest that the calculated airborne
iodine-~131 concentration is likely to be within a factor of 4
of that measured. As shown in Figure 5-3, 14 of 23 comparisons
were within this range and calculated values are more likely to
be higher that those measured. The data in Figure 5-3
include all data collected in the REMP from March 28, 1979 through
April 21, 1979, except for Station 8Cl during the period April 3
through April 12 when data were questionable.

Some caution should be used in interpreting the four points
on Figure 5-3 with measured concentrations less than 0.05 pCi/mJ.
These points represent stations at least 20,000 meters from the
plant, and one or more of the three individual samples comprising
the set used to determine a single point contained iocdine-131 at
levels lower than the lower limit of detection. In such cases, the
concentration was assumed to be zero. Except for the four points
under discussion, this assumption does not affect results. For
these four points, however, actual concentrations may have been
somewhat higher than this treatment of measurement results would
indicate. A more accurate treatment would move these points
horizontally somewhat closer to the line of agreement.

It should be expected that (the performance of) the atmospheric
dispersion model is less accurate for calculating ground-level iodine-
131 concentration than for calculatiag gamma doses (Section 4). The
calculated gamma dose is a function of airborne radioactivity con-
centration integrated for significant spatial volumes around the
receptor point whereas the ground level iodine concentration is cal-
culated for a single point. Furthermore, calculated gamma dose does
not depend as heavily on plume height as ground level concentration
does. Thus, for any particular location, the gamma dose calculation
is relatively less sensitive to uncertainties in the determination of

plume height and the spatial distribution of concentration about
the plume centerline.



5.3.1.2 Milk Pathway

Population doses £rom ingestion of milk produced within
£ifty miles were also estimated. These estimates were developed
using detailed cow inventories out to 5 miles. Bevond 5 miles,
county milk production rates were used to estimate cow populations
assuming each cow produces 34 pounds of milk per day. Milk pro-
duciton rates within a 50-mile radius suggest a population of about
300,000 dairy cows. The population density in sectors to the ENE,
E, ESE, anéd SE is about 75 cows per sguare mile which is approx-
imately 2.5 times that in other sectors. There is evidence from
cow population surveys within five miles that stored feed is an
important fraction of the dairy cattle diet. Supporting evidence
was found on page 2.1-4 of the TMI-2 FSAR which shows that in
three counties near the plant only 5 to 10 percent of the land is
used for pasture. At the grass yield (0.7 kg wet/m2) specified
for dose calculations in Regulatory Guide 1.109 (Rev. 1), pasture
grass from 7.5 percent of the land within fifty miles of the plant
could provide only twenty percent of the diet for 300,000 cows
each consuming 50 kg per day. For these reasons and since warnings
had been issued to keep cows in barns during the period following
the accident, it has been assumed in making estimates of doses
due to consumption of milk that pasture grass accounted for ten
percent of the average cow's diet. All milk produced was assumed
to be consumed in the form of fresh milk. Conversion to cheese
and other processed forms would lead to reduction in doses due to
decay of the iodine-131 during processing and storage.

The portion of iodine that was released in organic form
does not deposit on grass. It was measured periodically in the
exhaust vent and found to be at least 50 percent of the total on the
average. This has been taken into account in making the thyroid
jose estimates.




Iodine concentrations in milk were estimated using the
atmospheric dispersion model previously described and iodine uptake
models which are the basis for Regulatory Guide 1.109. Details of

this calculation are shown in Table 5-3. The population dose was
estimated by calculating the average iodine concentration in milk
produced in each sector within 50 miles. The sectors and cow
populations in each sector are shown in Figure B-1l and B-2 of
Appendix B. Results were then multiplied by the amount of milk
produced in the sector and added to determine the total population
dose. Results of these calculations indicated the potential for
population thyroid doses to be 1100 person-rems due to consumption
of milk produced within fifty miles of the plant.

This estimate is likely to be higher than the true population
dose. In a test of the model for three locations at which suitably
sensitive analyses of iodine-131 in cow milk were available, doses
calculated using the model with assumptions noted above were ten
to fifty times those estimated from measured concentrations in milk.
The estimates based on reliable measured concentrations are cer-
tainly more accurate because the model must simulate the process of
dispersion in air, deposition on grass, and transport from grass
to milk, each of which is subject to some analytical uncertainty.

As shown in Figure 5-4, the points at which milk samples
were collected in the REMP are representative of those locations
where highest concentrations of iodine-131 in milk would be expected,
based on calculated iodine-131 concentrations in air. Because of
this fact and because conservative results were obtained in the
test described above, the model was deemed unsuitable for accurate
assessment of maximum doses to individuals consuming milk.

However, this model is considered suitable for assessment of
population doses even though it leads to substantial overestimates.
Measured concentration of iodine-131 in the many milk samples col-
lected within fifty miles of the plant are not useful for making
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a population dose assessment. Measurements of iodine-131 in milk
collected by organizations other than Metropolitan Edison at dis-
tances beyond a few miles indicated no detectable concentrations

for the most part. However, the sensitivities of these measurements
are not sufficient to provide an accurate population dose estimate.

5.3.2 Thyroid Doses Based on Environmental Samples

The above dose estimates have been made independently of
measured iodine concentrations in air and milk. Measurement results
in Appendix D indicate peak iodine levels in goat milk to be less
than 110 pCi/l, with an average from March 28 through April 30 at
any one sample location of about 29 pCi/l. These figures apply
to goat milk collected at location 1Bl (see Appendix D), about
one mile north of the plant. The comparable values for cow milk
are 21 pCi/l peak and 2.4 pCi/l average at location 7B3, 1.4
miles SE. If an infant had been consuming milk produced at these
locations from March 28 through Apri. 30, 1979, his dose is
estimated to be 1.1 millirems from cow milk or 13 millirems from
goat milk. However, as noted in Appendix E, the goat milk is not
now being used for human consumption. Airborne sample results
(Appendix D) indicate that the highest average airborne iodine con-
centration at any location from March 28 through April 30, 1979
was 3.3 pCi/m> which would result in an adult inhalation dose
of 3.7 millirems and a child inhalation dose of 5.0 millirems.
These values are slightly lower than the estimated adult inhalation
thyroid dose of 7.3 millirems and child inhalation dose of 9.8
millirems based on effluent releases and weather data as discussed
in section 5.3.1 above.



Table &1

Smoothed Icdine Release PRate Data
Used in Dose Assessmencs

Start Date I-131 Release Rate
(yz. mo. @a. hx.) uCi/se=

79032804
79032219
79033022
79040106
79040303
79050319
79040519
79040615
79040706
79040803
79040902
79041018
79041118
79041323
79041410
79041505
79041508
75041518
79041615
79041624
79041716
79041804
790418308
79041914
79042022
79042213
79042304
7904231
79042316
79042406
79042516
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Table 5-2
Calculated Versus Measured Concentrations
of Iodine-131 in Air (pCi/m’)
(3/28/79-4/21/79)

3/28-4/3 4/3-4/12 4/12-4/21
Station Distance Direction Calculate Measured Calculate Measured Calculatec Measured

961 21000 s .98 .22 .09 .02 12 .02
1281 2600 WSW 16.733 8.26 . 7.85 .58 3.66 .21
{(close to
W )
15G1 24000 NW .42 .61 13 0 .26 .02
1S2 640 N 2.43 8.00 1.29 i .33 .32
1c1 4200 N 3.42 3.81 .61 .16 1.23 .16
5A1 640 E 1.73 6.9 1.29 1.72 .83 2.89
771 14500 SE .85 19 .30 iy iad 3
8cl 3400 SSE 4.30 7.39 1.06 * 1.12 .33

* Measurements for each period are based on time-weighted averages of concentration measured as
follows: g ]

Data for 3/28-4/3 are based on samples 3/22-3/29, 3/29-3/31, 3/31-4/3 with 3/22-3/29 results
adjusted to the period 13/28-3/29.
pata for 4/3-4/12 are based on samples 4/3-4/6, 4/6-4/9, and 4/9-4/12,
Data for 4/12-4/21 are absed on samples 4/12-4/15, 4/15-4/18, and 4/18-4/21.
bata for the period 4/3-4/12 at station 8Cl are not included because the data for 4/3-4/9
are questionable.




TABLE 5-3
Calculation of Population Dose From Milk Ingestion

D=tprenleg £ G % Fq*exp (=it

* - ;
N Q¥ (D/Q)y;

"D = population dose (person-rem)
fp = fraction of feed from pasture, 0.1 (see text) |
£ = fraction of organic iodine in iodine release, 0.5 |
. (see text)
Aeff = effective removal constant from vegetation, 49.5 yr_l
Yy = areal vegetation density, 0.7 kg (wet)/mz
Q¢ = rate of consumption of feed by cow, 50 kg (wet)/day
Fm = transfer factor from cow feed to cow milk, 0.006 day/liter
% = milk yielé Zor one cow, 5640 liters/year or 34 lb/day
(from local agricultural statistics)
o, = age weighted milk consumption rate, 137 liters/year-person
Fa = age and consumption weighted ingestion dose factor
for iodine~131, 3.8 E+08 rem-liter/year-curie
Ay = iodine=131 radioactive decay constant, 0.0861 day-l
e = delay time between milk production and consumption, 2 days
Nj = number of cows in sector segment j (see Appendix B)

Qx = iodine-131 release in time period k (see Section 5)

D/Q = deposition parameter (m'z), (see Appendix B)

Unless speéified otherwise above, values for all parameters
are based on values in USNRC Regulatory Guide 1.109 (Rev. 1),
October, 1977



FIGURE 5-1

Estimated Fraction of Annual MPC (Fﬁfc)

for Iodine-131 Starting at 0700 on 3/28/79 thrngy 4/30/79
Within Two Miles uf Tnree Mile Island

.——’-z

.0008

0.001

(1)concentrntions are based on measured release rates and site meteor=-

ological data used with a straight-line dispersion model. MPC is
10CFR20, App. B, Table II, maximum permissible concentration for
iodine-131 in air 1 x 10'10 uCi/cc. Concentration averaced over the
period 3/28 - 4/30 is calculated as follows:

C = FMpc * 1E-10 * 1E12 * 8760 * 1
Eg_i pCi pCi-cc hr o od
m cc uCi-m3 yr hr

C = Fypc * 1100



Figure 5-2

Estimated Adult Inhalation Thyroid Dose (mi}l}rem)
Within Five Miles of Three Mile Island
From Iodine-131 Released at 0700 on 3/28/79 through 4/30/79
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‘DyMultiply by 1.5 to obtain dose to child thyroid

Multiply by 1.3 to obtain dose to infant and teen-age thyroid



FIGURE 5-3

Calculated Versus Measured
Concentrations of Iodine-131

in Air at Three Mile Isiand
Environmental Monitoring Stations
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Figure 5-4

Cow Locations and REMP Milk Sample Points
Within a Five Mile Radius
With Isopleth of Concentration

of Iodine-131 in Air (pCi/m?)

/
Averaged Over the Period 3/28/79-4/30/79

prrc SRR o

-~

Eﬁg Indicates area within five miles with cows

©
®

Indicates goat milk sample point

Indicates cow milk sample point



6.0 CONCLUSIONS

Records from in-plant radiation monitors, the onsite
weather tower and radiation measurements outside the plant
and offsite have been used to estimate the amount of radio-
active materials released during the accident and the con-
sequent radiation doses. A summary of the estimated doses
is given in the table on page v.

From this information, it is concluded that the sig-
nificant releases were about 0.24 Ci of Iodine-131 to the
river (Section 3.0), and 10 million Ci of noble gases
(Section 4.0) along with 14 Ci of Iodine-131 (Section 5.0) in
air exhausted through the plant vent to atmosphere. The
estimates of Iodine-131 releases are based on measurements
of samples taken from liguids and gases just before release.
The noble gas estimate was derived by comparing doses
calculated using an atmospheric dispersion model with
measured doses and adjusting the release rate so that cal-
culated doses best matched those measured.



7.0 RECOMMENDATIONS

The quality and large quantity of data available for this
report make it unlikely that new information will turn-up which
substantially changes the dose assessments reported herein. But,
if sucl information exists it is important to £find it and assess
the effect.

Consequently it is recommended that:

1. The systematic review of new information related
to dose assessments should be continued to identify
and evaluate any important effects it might have
on the dose assessments in this report. This
recommendation applies particularly to a large
body of environmental data collected by govern-
mental agencies in the early days following the
accident. Only a part of this data was available
for the preparation of this report. The recom-
mendation alsc applies to any plant data which
might enable better definiti~n of isotope releases,
particularly noble gas isotope releases.

An important part of the uncertainty in the calculation
of doses from noble gases stems from the limited information
available for characterizing noble gas releases from the accident.
The second recommendation is aimed at improving capabilities
for obtaining that kind of information in the future.

Consequently, it is recommended that:

2. An integrated review should be conducted of all
radiation monitoring programs (including in=-plant
area monitoring, effluent measurements, and
environmental measurements to evaluate the capability
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for determining the nature, the pathways, the fates,
and the impacts of radicactive isotopes which might
be released through plant pathways into the environ-
ment in normal and accident conditions. To be
comprehensive, the review should alsoc consider
predictive capability. The report resulting from
this review should identify modifications which would
improve these capabilities and should include an
assessment of limitations in these capabilities.

If, in the future, it becomes desirable to iﬁprove the
accuracy and reduce the uncertainties in the dose assessments,
the atmospheric dispersion models used couléd be improved.
Experience in doing the dose assessments shows that the focus
of such improvements would be better definition of the effects
of wind direction change, better estimation of the effects of
dilution in the wake of plant structures and better estimation
of plume height. It is unlikely that work in this area would
lead to substantial increases in the dose assessments provided
in the body of this report. However, some decreases might
result.
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THREE MILE ISLAND
METEOROLOGICAL PROGRAM

and

SUMMARY OF POST ACCIDENT DATA



1.0 INTRODUCTION

Meteorological parameters at Three Mile Island are monitored
by redundant equipment on a 150ft tower located at the north end
of the island. The meteorological program was updated in January
1976 to include a new tower and redundant instrumentation. The
tower was in calibration and fully operational at the time of
the accident. Table A-1 summarizes the equipment characteristics
and tower configuration.

2.0 PROGRAM OPERATION

Meteorological data from each sensor are sampled every
ten seconds by a Sperry-Univac mini-computer under control of
software which enables remote access, provides calibration
checks and prints system QC diagnostics. The 10-second values
are then averaged over each 15-minute period, centered on each
quarter hour (i.e., data for the on-the-hour sample are from
7-1/2 minutes before the hour to 7-1/2 minutes after the hour).
The data are stored by the computer at the site for four hours,
at which time data are transferred automatically to a disc file
located at a central computer in a subcontractor's facility in
Rockville, Maryland via telephone line. In the event of a
communications problem or central computer problem, the site
mini-computer can store data for up to three days. 1In addition,
strip charts on site provide backup to the computerized system.
Additional strip chart recorders for key parameters are located
in the control room. Once a month, the data on the disc file
are transferred to two tapes, an hourly tape and a tape con-
taining each quarter hour of data.




2.0 SURVEILLANCE

The site meteorclogical data are checked daily by
Pickard, Lowe and Garrick, Inc. personnel to assure guality.
Other guality checks of the data such as the coincident
plotting of redundant sensors for comparison and an evaluation
of data recovery are done on a weekly basis. Any problems are
referred to Metropolitan Edison's site maintenance personnel
for correction.

4.0 MAIWTENANCE AND CALIBPRATION

The meteorological eguipment are maintained by Metropolitan
Edison personnel at the site according to procedures outlined
in the plant QA program. The meteorological tower has been
calibrated semi-annually by an independent subcontractor
according to a time table s:ecified in Section 4.3.3.4 of the
TMI Unit 2 Technical Specifications. The last calibration prior
to the accident was performed by D. Conning of Technical
Environmental Enterprises (TEE) on September 1-3, 1978. A post-
accident calibration by the same subcontractor on June 4-6, 1979
showed no significant calibration problems, thus, it is con-
cluded that the tower was in calibration following the accident.

5.0 SUMMARY OF DATA FOLLOWING THE ACCIDENT

Table A-2 is a joint frequency table of wind speed and
direction from 100ft versus delta temperature measured between
150ft and 33ft for the period from the beginning of the accident
through the month of April 1979. Figure A-l is a wind rose
from the 100£ft level on the TMI meteorological tower for the
same period as the joint frequency tables. Table A-3 is a



complete compilation of all hourly meteorological data col-
lected following the accident through April 30, 1979. Values
for X/Q for the ground centerline, grounéd average, depletion
and deposition cases at a distance of 600m (the minimum site
boundary) based on the hourly meteorological data are included
in this table. These calculations are made for a ground level
release in the building wake (containment size only) without
taking any "meander factor" into account as recently suggested
in NRC's draft Regulatory Guide 1.XXX titled "Atmospheric

Dispersion Models for Potential Accident Conseguence Assessments
at Nuclear Power Plants".
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Table A-1

TMI Site Weather Instruments

ence for comparison
with other level.

Amblent temperture 33 It

Azoraximale
Feigkt Alove
Tower Dase Sensed Recorded Recorders **
[{{1] Paramelers Parameters Analor Digtial Instrument Nescription
100A Wind gpeed & direction Wind speed L direction Esteriine Angus Model | Varlan-V71 minl- Wind rpecd Is Teledvne
L1112S servo lype compuler with auto« Model 50. 1. Anemomiclers
ic0B Wind speed L direction Wind speed b direction two channel sirip chart | matic transmittal are three cup with a thres-
recorder for each level.] via phone line to hold of 0, (- mph and a dis-
X Accuracy 0. 1% of full dige storage. lance conelant of § 11, Ac-
scale. Eleven inch curacy 120,15 mphor i v,
chart width. whichever I greanr,
. Directinn 13 measared uslep
Teirdvne 20,2, Cilek-2
vanes are used with thresold
ol 0. {* n-ph. 3 distance cone
stant of 3,7 ft, and durpire
ratio of 0.4 at Initial sttack
anzle of 107, Direction ac-
curacy I #2327,
130A Temperature AT 150-3JA R Weslronicn Model Same as above Dual Nesemont platinem 4
MI1lv2, Twelve wire IKTUs Madel 194 NP
1508 Temperature AT 150-33D It channcl Sclectronle {calibration traccable to NBS),
polentiometric dot with 414 L linear iriple
3A Temperature-refer- Amblent temperature 33| printing recorder. * bridges, Accuracy (RSS for
ence for comparison Mtl"cf betler thag system) 15 0, 17F.
with other tovel. 0.3% of full scale.
iip Temperalure-refer=

round level

Rainfall

Ralnfall

Same a3 above

Delfort Madel 5913 welghlzg
raln gauge. Accuracy 1, 2°¢
of [ull scale.

I50A
1508
35CA
1:68

Dew point temperature
Dew poinl lemperature
Ambleat temperature
Ambdlent temperature

Dew point temperalure
Dew polat temperature
Amblent temperature
Ambient temperature

Tamb 340 *Top 340

Tamb 33 “Top 33

Same as above

Samae as abore

EGEG Model 110 SM-
thermoelectiric dew point
system. Accurscy =.3F.

“* All paramelers are coatinuously recorded.




Table A-2
Three Mile Island
Joint Frequency Tables of Wind Speed and Direction from 100 [t

Versus Delta Temperature 150-33 ft

3/28/79-4/30/79
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Table A-2 (continued)
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Table A-2 (continued)
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Table A-2 (continued)
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TENPERATURE DIFFEREMCE .QT. &.0 DEO.F/189 FT

%

u.: 38.8+ TOTAL

[a DL DL LT LoDl o 2 L 1]

----------------

B P Y B e e YD

-----------------

T“.F:F.F-P-Fms
-

ﬂ.'..:ﬁ'“."ﬂ.':.

ﬂ............“.ﬂ'

'l'ﬂ Uﬂ IABLE DIRECTION=

.o--—---.n—-..nnguﬂg
x
-

L LA g i'.'ﬂlﬂ'ﬂ'ﬂﬂﬂn-ﬂg

...-.............th

-
:!!E..u..uaiaizi-'gi

SPEED (PPW)
7.4 1

JOINT FREQUENCY TADLES (totals)
-18.6 =1

84.8 38.8¢ TOTAL

4.5 ~1.8%

3.8
1.8

----------------

-----------------

3ol

CTION

|
3
4

'...--l"-ﬂﬂ-#
-

T4 ‘i
8
Lo g

Tever grRvEn-tRRE

-I
=-==:=:===-:-:z=5;§§

=--.'v-v—.ﬂ-—ﬂlmg

e

0

(X XTI T 1L LT T2 1 o L <
x

EE ek BaE ]

ROOR GRlEAIAL



Legend for Meteorological Data Printouts
Included in Table A-3 Which Follows

Table A-3 consists of 34 pages summarizing the hourly
meteorological data collected from March 28, 1979 through
April 30, 1579. Twenty-four hours of data are included on
each page. The following guide describes data on each page.

Column 1 HR - Hour of the day (1-24). All data that follows
will be for a 15-minute average centered on the hour.

Column 2 R - Release Point - Number 1 will always be used
(for a ground level release).

Column 3 SPD - Wind Speed from 100 £t in mph x 10, i.e.:
53 = 5.3 mph.

Column 4 S - Status Code. 0 = good data; 2 = bad data;
4 = calm wind speed.

Column 5 DIR - Average wind direction at 100ft (indicates wind
from one of 16 sectors)

Column 6 S - Status Code. 0 = good data; 2 = bad data;
3 = unsteady direction; 5 = flat direction.

Column 7 PG - Pasquill-Gifford Stability Category (A-G).

Column 8 DT - Delta Temperature 150-33 ft in °F x 10
(=17 = =1.7°F).

Column 9 S - Status Code. 0 = gooa data; 2 = bad data.
Column 10 XQGCL - X/Q ground centerline case (sec/m3).
Column 11 XQGAV - X/Q ground average case (sec/m3).
Column 12 DELETN - Depleted X/Q (sec/m3l.

Column 13 DEPOSN - Deposition,D/Q (m 2).

Column 114 DSB = Distance at which values are calculated in
meters.



X7Q HOURLY
HR R SPD S
441 5360

€1 560

61 47 0

71 25 0

81 610

91 29 o

101 43 0
111 34 0
121 47 0o
131 57 0
141 8390
15 1 121 @
16 1 101 @
171 93 0
i8 1 88 0
19 1 101 0@
o1 77 0
1.1V 71.9
221 90 @
231 93 0
1 ]

c4

RETURN TO CONTINU

Y

DATA----FOR
DIR S PG DT
N ¢E i
HE O E 6
£ 0E 5
£33 & =3
ENE @ D -6
SSE 3 C -10
Usw 0 A -17
U oA -21
$ 0a-13
S 0 A -12
SSW 0 A -15
S5U @ A -14
ssU 0 0 =7
SSE. 0D -4
SSE ¢ E -2
$SE O € -§
SSE 0 E @2
SSE 0 € 1
SSE 0 E 1
SSE 0 E -1
SSE @ E 8
NUE,

n
S
Q
)
)
L
0
0
0
0
0
0
)
)
L
)
]
"]
0
0
0
?
0
TO

28,
XaGCL
1.65E-04
1.57E-04
1.B7E-04
3.51E-04
8.90E-05
B.O3E-05
6.32E-06
7.99E-06
5.78BE-26
4.77E-96
3.27E-06
2.24E-06
5.37E-05
5.B4E-05
9.97E-05
8.6BE-05
lol‘E-e4
1.24E-04
9.74E-05
9.43E-05
1.04E-04
STOP

Table A-3

1979
XaGav

£.59E-05
5.29E-05
6.30E-05
1.1BE-04
3.81E-05
5.56E-05
8.65E-06
1.09E-05
7.91E-926
6.53E-06
4. 48E"06
3.07E-06
2.30E-05
2.50E-05
3.36E-05
2.93E-05
3.B4E-05
4,17E-05
3.289E-05
3.18E-05
3.52E-05

DPLETN
5.19E-0@5
4.91E-05
5.8BSE-05
1.10E-04
3.54E-05
5.16E-05
B8.03E-06
1.02E-05
7.35E-06
6.06E-06
4.16E-06
2.86E-06
2.14E-05
2.32E-05
3.12E-05
2.72E-05
3.57E-05
3.87E-05
3.06E-05
2.96E-05
3.27E-05

DEPOSH
3.17E-07
3.17e-07
3 . 17E"07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
J.17€E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07

DSB
600
6900
600
602
€600
€09
600
609
600
690
600
600
600
600
600
600
600
600
600
600
600

Page 1 of 34



X/Q HOURLY
HR R SPD §
1-1 619
2:1 42 0
31 440
41 600
S 1 879
61 540
71 29 0
By 29 @
91 28 ¢
6.1 259D
18:1 22 @
12 .30
131 500
141 41 0
151 94 0
161 'S3 @
101 8L @
181 35 %¢@
191 52 @
2o 1 62 0
21 11299
e2 1 16 o
e3 1- 210
e4 1. 31 0

RETURN TO CONTINUE, S T

DATA==~~
DIR S PG
8.9
SE. @
St -0
ESE ©
ESE ©
ESE ©
B0
E 0
ESE 3
NE "3
L, S
SSE 0
SSE ©
s 0
Q

Q

0

0

0

9

Q

3

3

")

N

m

NNU
ENE
NNE
NNE

N
NNU
NNUW

N

E
E
E
E
E
E
D
D
D
E
B
D
D
E
E
E
F
F
F
G
F
E 3F
S G
E

FOR
DT
1
0
-1
-2
-2
0
-1
-4
-7
-7
-1
-11
-7
-9
5
0
9
20
20
20
33
11
21

38

n
S
%]
]
)
Q
"]
Q
"]
Q
0
0
0
")
0
0
)
0
Q
L
0
0
e
°
]
°]
0

AR 29,
XaGCL
1.44E-04
2.09E-01
1.99E-04
1046E’04
1.31E-04
1.62E-04
3.02E-04
1.87E-04
1.94E-04
2.17E-04
3.99E-04
3.3BE-05
1.09E-04
1.32E-04
9.33E-05
1.65E-04
1.72E-04
.3.7BE-04
2.54E-04
2.13E-04
1.77E-04
8-27E_04
6.30E~-04
7.35E-04
STOP

1979
XQGav

4.85E-05
7.05E-05
6.73E-05
4.93E-05
4.42E-05
5.48E-05
1.02E-04
8.02E-05
3.31E-05
9.31E-05
1.35£-04
3.35E-05
4.65E-05
5.68E-05
3.15E-05
5.59E-05
5.80E-05
1.34E-04
9.02E-05
7.56E-05
S5.72E-05
2.93E-04
2.23E-04
2.38E-04

DPPLETN
4.51E-05
6.55E-05
6.25E-05
4.5BE-05
4.10E-05
S5.09E-05
9.48BE-05
7.45E-05
7.72E-05
B.64E-05
1.25E-04
3.11E-05
4.32E-05
5-3?5'05
2.93E'°5
5.19E-05
5.39E-05
1.24E-04
8-37E-°5
?7.@2E-05
5.31E-0¢F
3-72(”?#
EcOTi“O‘
2.21E-04

DEPOSN
3.17E-07
3.17E-07
3.17E-07
3.1?E-07
3.17E-07
3.17E-07
3.17E-07
3.17€-07
3-17E'07
3.17E-07
3.17E-07
3.17E-07
3017E-0?
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07

DSB
600
600
600
600
600
600
600
600
600
600
690
600
600
600
600
600
600
600
600
600
600
€00
600
600
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69
75
60

X7Q HOURLY
HR R SPD S
§1:.29:9

215469

31 2690

41 350

51 260

61 210

4220

81 18 0

91 710

i1 16 ©
111 140
121 26 90
13.40,¢3-@
141 29 9
151 48 0
16 1 45 0
171 3% ¢
181 82 0
191 B7 0
201 55 @
1 "]

1 0

1 0

]

24 1 132

RETURN TO CONTINUE, S T

DATA----FOR
DIR S PG DT
N 3G 4
NHU @ F 25
NU ‘@ G 27
NNE @ G 32
£33 &9
SU 9 G 26
SsSU e F 17
Nr 18
NNU @ E 9
UNw @ D -5
39 -4
S8 '3 0. -9
SE .36 =10
Ssy 3D -8
ESE Q@D -7
£ &8 =1
SE O F 18
ESE ¢ F 10
SE€E O E 7
SSE O F 14
SE O F 23
SE. O F 1%
SE . OF 19
SSU Q9 F 10

M
S
")
")
)
Q
"]
]
]
0
0
0
0
0
0
@
)
"]
0
*]
"]
0
L
0
9
L
0

AR 30,
XQGCL
7.B6E-04
2.BBE-04
8.76E-04
6.51E'°4
8.76E-04
1.9BE-03
6.01E-04
7.35E-04
1.24E-04
3.39E-04
3.88E-04
E-OQE‘94
1.01E-04
1087E-04
1.13E-04
1.95E-04
30395'04
1.61E-04
1.01E-04
2.41E-04
1.92E-04
1.76E-04
2.c0E-04
1.00E-94
STOP

1979
XQGAV

20555-04
1.02E-04
2084E"04
2-115-04
2.84E-04
3.51E-04
2.13E-04
2.60E-04
4.17E-05
1.455-04
1.66E-04
8.95E-05
T.01E-05
8.02E-05
4,.B5E-05
6.5BE-@5
1.20E-04
5.72E-05
3.4QE-05
8.52E-05
6.79E-05
6.25E-05
7.81E-05
3,55E-0F

DPLETN
2.36E-04
9.47E-05
2.64E-04
1.96E-04
20645“94
3.26E~-04
1.98E-04
2.42E-04
3.B7E-05S
1.35E-04
1.54E-04
8.31E-05
6.51E-05
7.45E-05
4.50E-05
6.11E-05
1.12E-04
S.31E-05
3.16E-05
7.92E-05
6.31E-05
S.B1E-05
7.26E-05
3.30E-05

DEPOSH
3.17E-07
3.17E-07
3.17E-07
3.17€E-07
3.17E-07
3.17E-07
3-178-97
3.17€E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17€-07
3.17E-07
3.17E-07
3.17e-07
3.17E-07
3.17E-07
3.17E-07
3.17E'°7
3.17E-07
3.17E-07
3-175-07
3.17E-07

DSB
600
600
600
600
600
6090
600
600
600
600
600
600
600
600
600
600
600
600
600
6090
600
600
600
600
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X7Q HOURLY
HR R SPD S
111240
21 660
31 650
41 36 0
$ 1.
61 370
71 28 0
$1 D
91 520
101 520
11 1 100 0
12 1 100 ©
131124 0
14 1 139 0
1IS1 520
161 67 0
171 62 0
181 40 0
191 360
201 36 @
211 250
221 30 0
231 90
241 23 0

DATA----FOR
DIR § PG DT
Ssu e F 11
wsw @ F 11
Usw 0 E 8
S ©F 14
sU 3 F 21
SSU @ G 42
sU 0 G 29
Usw @ E 3
8 00 -6
sS4 0 A -12
S 6D -4
SU O A ~13
sy @ E -3
WSURBE @
SSUOGE 8
NU O F 1@
NU @G 26
W ef 10
Usu 0 G 26
SSU e G @28
SU O F g2@
SU o0 F 18
SSU @ F 23
NU 0 G 43

M
S
%]
]
0
)
0
0
0
)
0
0
0
0
0
0
")
0
L
0
)
0
0
0
)
0

31,
¥0QGCL
1.07E-024
a - 0@5-94
1.35E-04
3.67E-04
7.78BE-04
6.16E~04
B8.14E-04
2.66E-04
1.04E-04
5.22E-06
S5.43E-05
2.72E-06
7.07E~05
6.31E-05
1.69E-04
1.97E-04
3.67E-04
3.31E-04
6.33E-04
6.33E-04
5.29E-04
4,41E-04
1.47E-03
9.90E-04

1979
XQGAV

3.78BE-05
7.18E-05
4.55E-05
1.3CE-04
2.76E-04
1.95E-04
2.64E-04
8.97E-05
4.47E-05
7.15E-06
2.33E-05
3.72E-06
2.39E-05
2.13E-05
5.69E-05
7.00E-05
1.19E-04
lll?E-°4
2.05E-04
EOOSE-°4
1.8BE-04
1.56E-04
S5.21E-04
3.21E-04

DPLETN
3.51E-05
6.60E~-05
4.23E~-05
1.21E-04
2.56E-04
1.85E-04
2.45E-04
8,33E-05
4.16E-05
6.64E-@6
2.16E-05
3.45E-06
2.22E~05
1.9BE-05
5.29E-05
6.50E-05
1.11E-04
1.09E-04
1.905-04
1.90E-04
10?4E-°4
1.45E-04
4.84E-04
2.98E-04

DEPOSN
3.17e-07
3.17E-07
3.17E-07
J.17E~07
3.17E-07
3.17E~-07
3.17E-07
3,17E-07
3.17E-07
3.17E-07
3.17E-07
3»‘7E‘07
:17E-07
3.17E-07
2.17E=07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17€-07
3.17E-07
3.17e-07
3.17E-07

DSB
690
600
600
609
600
600
600
600
600
600
600
600
609
609
€00
600
600
€00
600
600
600
600
600
600

Page 4 of 34



X700 HOURLY
HR R 5PD S
11 26 0@
g1 .100
31 2009
41 10 0
51 300
61 330
1306
81 140
91 750
i1 65 0
111 610
181719
131 46 0
141 610
151 S0 .0
16 1 39 0
171 45 0
181 790
191 43 0
201 46 0
211 530
ge'1 139 ¢
23 1 109 0
1 -

95

DATA----FOR
DIR S PG DT
S5U © G 46
ESE' 2 G 43
NE © G 31
WNW @ G 29
HHW 3 G 28
K9G 31
sSW 0 F 12
- -3F 12
NU @ F 18
NE O E 4
N OE 1
NNU @ D -5
NNU O C ~-10
NNU 0 D -4
NNU @ D -8B
HNU @0 D -4
ENE @ D -4
9L -2
E O E 1
NE O F 16
ESE 9 F 12
€ ¢E -8
SE O E i
E€SE O &£ -2

A
s
0
0
]
0
0
%
Q
0
0
0
0
0
0
0
2
0
Q
0
2
2
"}
0
2
0

PR i,

XQGCL
8.76E-04
2.28E-03
1.14E-03
2.28E-03
7.59E-04
6.90E-04
7.70E-04
9.45E-01
1.76E-04
1.35E-04
1.44E-04
7.05E-05
5.06E-05
8.90E-05
1.09€-04
1-395-04
1.21E-04
1-25E’04
2-04E-04
c.8BE-04
2.50E-04
6.31E-05
8-65E-05
9.23E-05

1979
XQGAV

EoSdE-04
7.38E-04
3.69E-04
7.3BE-04
2.46E-04
2.24E-04
2.76E-904
3.35E-04
6.25E~-@5
4.55E-05
4,.85E-05
3.02E-05
3.50E-05
3.81E-05
4.65E-05
5.97E-05
5.17E-05
4.23E-05
6.B88E-05
1.02E-04
8.85E-0@5
2.13E-05
2.72E-05
3.12E-05

DPLETN
2.64E-04
6.86E-04
J.43E-04
6.86E-04
2.29E-04
c.08E-04
E-SSE-04
3.11E-04
5.81E-05
4.23E-05
4.51E-05
E-BIE-OS
J3.25E-05
3.54E-05
4.32E—95
5.54E-@5
4.80E-05
3.93E-05
6.39E-05
9.47E-05
8.22E-05
1.98E~-05
2.52E-05
2.89E-05

DEPOSN
3.17E-07
3.17€-07
3.17E-07
3.17E-07
3.176-07
3.176-07
3.17E-07
3.17€-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17€-07
3.17E-07
3.17E-07
3.17E-07

3.17E-07

3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17€E-07
3.17E-07

DSB
600
600
600
600
600
609
600
600
609
609
600
600
600
600
600
600
600
600
600
600
600
600
600
600

Page 5 of 14



N7Q HOURLY
HR R 5PD S
$ 11550
21143 ©
31 1239
4 1 101 ®
S 1 106 ©
61116 ©
71110 @
81 84090
91103 @
0.1 920
11 1 103 ©
121 919
131710
i41 56 @
151 940
16 1 40 0
171900
18 4308
191 42 0
01580
14370
21 22 0
231 3090
241 32 0

DATA----FOR

DIR
ESE
ESE
SE
ESE
ESE
ESE
ESE
E
ESE
ESE
ESE
ESE
ESE
SE
ESE
£
ESE
ENE
ENE
N
N
NNE
ENE
N

QUWUWORODD000DD0DOODODOIOOWM
mmmMmMmMmMmMMmMmMmmMmMmMMmmMmMmMmMmMmmoommmm

PG

DT
=3
=3

VOIS uinuidyaaadbadbaaie

APR 2,

OO0 WNM

XQGCL
5.66E-0S
6.13E-05
7.13E-05
8.6BE-05
5.12E-05
4.68E-05
7.97E-05
1.04E-04
B.S1E-05
9.53E-05
8.51E-05
90 G4E‘-05
1.24E-04
1.57E-04
9.33E-05
2.19E-04
1.49€E-04
2.37E-04
2.09E-04
1.51E~04
2.37E-04
3.99E~-04
2.92E-04
8.745'04

1979
XGGAV

1 .91E'05
2.07E-05
2.41E-05
2.93E-05
2.20E-05
2.091E-05
2.69E-05
3.52E-05
2.87E~-05
3.22€E-05
2.B7E~05
3.25E-05
4.17E-05
5.29E-05
3.15E-05
7.40E-05
5.02E-05
8.00E-05
7.05E-05
5.10E-05
B.0OE-05
1.35E-04
9.87E-05
9.25E-05

DPLETN
1-77E-°5
1.92E-05
2.24E-05
2.72E-05
2.04E-05
1.86E-05
2.50E-05
3.27E-05
2.67E-05
2.99E-85
2.67E-05
3.02E-05
3.87E-05
4:91E-05
2-93E-05
6.87E-05
4.66E-05
7.43E-05
6.55E-05
4,74E-05
7.43E-05
1.25E-04
9017E-e5
8.59E-05

DEPOSHN
3.17E~-07
3.17E-07
3017E-°7
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3-17E“07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3017E-°7
3.17E-07
3.17E-97
3.17E-07
3.17E-07

DSB
600
600
600
600
600
600
600
600
600
600
600
600
600
600

" 600

600
600
600
600
600
609
600
6500
600

Page 6 of 34




X7Q HOTRLY
HR R SPD S
11390
21105 0
3% 720
41 49 0
ol W
&1 839
71 36 0
81 18 ¢
91 103 0
10 1 101 0
11 1 124 0
21 510
131 510
i41 62 0
151 46 0
(¢ % 778
171 40 0
181 96 @
19 1 52 ¢
2@ 1 S51 0
211 68 90
ée 1 2390
231 390
1 ]

490

DATA----FOR
DIR § PG DT
N ¢E &
NNW @ E 6
N g 5
N O E 4
N ©E S
N ©E 5
NNU @ E 4
% 3L &
NU O F 10
NU O F 16
NNU @ E 4
NU @E 9
W eE S
N ok 3
UNU 0 E 5
S$S€ & € 1
MU ©E 1
MNU @ E @
N 0 A -15
NNU @ F 19
NNUQE B
NNE 3 F 14
NE OF 22
5 oK 9

A
S
0
Q
-]
0
@
L
0
0
0
0
0
0
9
0
)
e
9
0
0
9
Q
0
0
0

PR 3,
¥QGCL
2.85E-04
8.35E-05
1.20E-04
1.79E-04
2.74E-04
1.96E-04
3.445'04
4.87E-04
1.28BE-04
1.31E-04
7.07E-05
1-54E'94
1.72E~-04
1-41E-04
1.91E-04
1.91E-04
c.19E-04
9.14E-05
S.ccE-06
2.59E-04
1.29€E-04
5175E‘04
3039E'°‘
2.19E-04

1979
X0GAU

?7.59E-05
3.835"05
4.06E-05
6.04E-05
9.25E-05
3.57€E-05
8.22E-95
1-54E‘04
4.555'35
4.64E-05
2.39E-05
5.19E-05
5.80E-05
4.77E-05
6.44E-05
6.44E-05
7.40E-05
3.08E-05
7.15E-06
9.19E-05
4.35E-05
2.04E-04
1.20E-04
7.405'95

DPLETN
7.05E~-05
2.62E~0S
3.77E-05
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7.99E-06
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1.02E-05
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2.47E-05
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1.53E-05
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1.66E-05
1.77E-05
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DEPOSN
3.17E-07
3.17E-07
3.17E-07
J.17E-07
3.17E-07
3.17E-07
3.17E-07
3-17E-Q7
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.1?E-°7
3.17E-07
3.17E-07
3.17E-07
3017E-97
3.17E-07
3.17€E-07
3.17E-07
3.17E-07

DSB
600
600
600
600
600
600
600
600
600
600
600
600
€00
€00
600
600
600
600
600
600
600
600
600
600
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X7Q@ HOURLY
HR R SPD S
11 28 @
21 65 @
3.5 5219
41 6890
£E1 69 0
61 56 0
71 540
81590
91 680
i0 1 121 0
11 1 126 ©
121117 @
131 118 @
14 1 120 ©
15 1 117 ©
16 1 132 ©
$7.1:153 60
181 1570
19.1 - 97'®
20 1 70 ©
g1 4 55 ¢
ge 1..:41.0
231 30 9
24 1 44 0

DATA----FOR
DIR S PG DT

Ul TR s
$¢€ 0 E @
SELv0 E |
SE. O E e
SE 1 0.E a
ESE @ E 1
ESE @ E.'-3
ESE ¢ €. ~8
$SE 6 £ -3
$SE 0 D -4
S$SE O £ -3
$SE O E . -3
SE:0 D=4
ESE O D ~-4
ESE 0 C -2
ESE O E 1
SE. 9 E1 -3
8¢ ¢E =1
$E O L 1
E OE 4
ESE O E -1
ESE 0 E 1
NNE 3 E 1
S QOE 1

APR
S
0
0
%)
%]
o
0
0
9
0
Q
0
0
%)
%]
%]
0
%)
0
%)
0
%)
0
Q
]

26,
XQGCL
J.13E-04
1.35E-94
1.24E-04
1.29E-04
1.27E-04
1."7E-04
1.035 04
1.49E-04
1.29E-04
4,49E-05
6.96E-05
7.50E-05
4,60E-05
4.52E-05
7.50E-05
6.64E-05
5.73E-05
5.59E~05
9.04E-05
1.25E-04
1.59E-04
2.14E-04
2.92E-024
1.99E-024

1979
XaGAv
1.06E-04
4.55E-05
4,17E-05
4.35E-05
4.29E-05
5.29E-05
5.48E-05
5.02E-05
4,35E-05
1.92E-05
2.35E-05
2.53E-05
1.97E-05
1.94E-05
2.53E-e5
8.845-95
. 93E‘05
1-895‘05
3.05E-05
4.23E-05
5.38E-05
7.22E-05
9.87E-05
6.73E-05

DPLETH
9.22E-05
4.23E-05
3.87E-05
4.04E-05
3.99E-05
4.91E-05
5.09E-05
4.66E-05
4 - 048—05
1.?95-05
2.18E-05
2.35E-05
1.83E-05
1.80E-05
e+ 35E-05
2.98BE-05
1.80E-05
1.75E-05
2.83E-05
3,.93E-05
5.00E-05
6.71E-05
QOITE-QS
6.25E-05

DEPOSN
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17€-07
3.17€E-07
3.17E-07
3.17E~-07
3.17E-07
3.17E-07

DSB
600
600
600
600
609
609
600
609
600
600
600
600
600
600
600
600 .
600
600
600
600
600
600
€09
600
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X/Q HOURLY
HR R SPD S
i1 3.0

21 630

31559

A4 320

g1 0.¢

61 28 0

71 46 0

81 240

91 22 0

i1 16 ©
11153 @
121 930
13159 6@
141 47 o
15 1 101 ©
16 1 101 ©
17 1 102 ©
18 1 135 0
19 1 82 @
201 9 0
211 730
eg 1 49 0
231 690
b °]

DATA----FOR
DIR S PG DT
S (0 E 1
8. .98 =Y
SSE 0 E ")
SE' @k 0
$E O E 1
L3 & -1
ESE 0 E -2
ENE 3 E -2
ME - 3 E =8
Ak B Gl
NU O E -1
N O E -1
N 0 E 3
NN @ D -4
NU Q@ E -3
UNW @ E =2
WNU @ E -1
B Q. E- -2
NU 0 E ")
UNU @ E 0
W e0E @
NNW @ E 8
N @ E e
NNU © E 1

A
5
%
0
)
L
0
0
0
0
0
)
0
Q
9
0
0
0
Q
0
Q
0
*]
0
0
0

87'
XaGCL
2.411E-04
1.39E-04
1.59E-04
2.74E-04
2.92E-04
3.13E-04
1.91E-04
3.65E-04
3.99E-904
3.39E-04
1-655-94
9.43E-05
1.49E-04
1.15E‘04
8.68BE-0S
8.6BE-05
8.60E-05
6.50E-05
1|°7E-04
9.64E-05
1.20E-04
1.79E-04
1.27E-04
9.85E-05

1979
XQGAV

8.22E-05
4,70E-05
5.38BE-05
9.25E-05
9.87E-05
1-°GE“B4
6.44E-05
1.23E-04
1.35E-04
1.45E-04
5.59E-05
3.18E-05
5.02E-@5
4.95E-05
2+93E-05
2.93E-05
2.99E-05
2.19E-05
3.61E-05
3.25E-05
4.06E-05
6.04E-05
4-295-05
3.33E-05

DPLETN
7.64E-05
4.36E-05
s . GOE-OS
8.59E-05
9.17E-05
9.82E-05
5.98E-05
1.15E-014
1.25E-904
1.35E-04
5.19E-05
2.96E-05
4¢BGE-°5
4.60E-05
2.72E-085
2.72E-05
2.70E-05
2.045-05
3.35E-05
3.02E-05
3.77E-@5
5.61E-05
3.99E-85
3.09E-05

DEPOSH
3.17E-07
3.17E-07
3017E-07
3.17E-07
31707
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17e-07

DSB
600
6¢€0
600
600
600
600
600
600
6€0
600
600
600
600
600
600
600
600
600
600
600
600
egoen
600!
6001
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X-Q HOURLY
HR R SPD S
il il T
21 760
31 550
41 320
51 47 0
61 120
74 190
81 260
91 800
1061 S0 0
111 29 @
121 390
131 390
141 340
151 340
16 1 56 0
171 49 @
18 1 137 0
19 1 107 0
20 1 135 0
211 122 0
221 870
231132 @
24 1 113 0

RETURN TO CONTI

DATA----FOR A
DIR S PG DT S
NNUW 0 F 19 ©
NNU @ E e 0
NNE @ F 11 @
N OE 8 @

SE 0. F 285 0
sU 0 F 19 0
UNW 3 D -7 0
&30 ~290
NNW @ A ~-15 @
N 0A-210

U 3 A~-170

Usw @ A -18 ©
N @A -16 ©

NNU © A -1B ©
$- 0 -850

Su 0D -7 0
SSUPE -209
NNU @ E -1 0
NU ©E 00
UNU @ E -3 0
NN OE -390
NU @E -2 9
N @ E -3¢
NU @ E -39
NUE, S TO

PR 28,
XaGCL
3.08BE-04
1.15E-04
2.41E-024
20745‘04
2.B1E-04
1.10€E-03
E-BGE'04
2.09E-04
3.46E-06
5.43E-96
9.37E-06
6.96E-06
6.96E-06
7.99E-06
1.60E-04
9.69E-05
1.79E-04
6040E-05
8.20E-05
6.50E-05
7.19E-05
1.01E-04
6.64E-05
7.76E-05
STOP

1979
XQGAV

1.09E-04
3.92E-05
8.52E-05
Q-ESE-QS
9.98E-05
3.91E-04
1.22E-04
8.95E-05
4.65E-06
7.44E-06
1.28E-05
9.54E-06
9.54E-06
1.09E-05
6.34E-05
4.15E-05
6.04E-05
2.16E-05
3.77E'05
2.19E-05
2.43E-05
3.40E-05
2.24E-05
2.62E-05

DPLETH
1.01E-04
3.62E-05
7.92E-05
8.59E-05
9.27E-05
3-636-9‘
1.14E-04
8.31E-05
4,32E-06
6.91E-06
1.19€E-05
8.B6E-06
8.B6E-06
1.02E-05
6.365E-05
3.86E-05
5.61E-05
2.01E-05
2.57E-05
2.094E-05
2.25E-05
3.16E-05
E-OBE-05
2.435‘05

DEPOSN
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.1?E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17€-07
3.17E-07
3.17€E-07
3.17E-07
3.17E-07

DSB
600
600
600
600
600
600
600
609
600
600
6900
690
600
600
600
600
600
600
600
600
600
600
600
600
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X7Q HOURLY
HR R SPD S
1 1 1000
211130
3118590
41173 0
51 117 0
61 117 @
71 104 0
81 119 o
91109 0
10 1 125 ©
11112990
12 1 104 @
131115 @
i41 78 0
151 78 @
161 70 0
171 66 @
iB1 64 0
19 1 77 ©
e 1 42 0
et 1 360
e 1 51 0
231 55 ¢
c4 1 46 0

DATA----FOR
DIR S PG DT
UHY 0 E -1
uhiw @ E -2
UHW @ E -2
NU ©0D -4
N O E -3
N @D -4
N @D -7
NU © B -11
NHU @ A -15
NJ 0 A -14
N Q0 A -14
N 0 A -1B
NU © B -11
U o0C -10
U @A -13
U @A -15
g 0D =7
UNUW @ E -3
UNU @ E 1
U @0F 13
U @F 20
UNU 0 E 6
WNU © E 3
WNU o E 9

A
S
0
0
Q
"]
"]
0
0
0
0
0
0
0
@
)
e
0
Q
0
9
0
Q
0
)
e

29’
XQGCL
8.77E-95
7.76E-05
7.02E-05
3.14E-05
7.50E-05
4.G4E-BS
5S.22E-05
8.80E-06
2.49E-06
2.17E-06
2.11E-06
2.61E-06
9.11E-06
2.99E-05
3.48E-06
3.8BBE-06
9.698-05
1.37E-04
1.14E-04
J.15E-04
3178E“04
1.72E-04
1.59€-04
1.91E-04

1979
X0GAV

2.96E-05
2.62E-05
2.37E-05
1-345-05
2.53E-05
1-996“05
2.24E-05
8.72E-06
3.41E-906
2.98BE-06
2.8BBE-06
3.58BE-06
9.92E-06
2.07E-05
4.77E-06
5.31E-06
4,15E-05
4.63E-05
3.84E~05
1.12E-04
1.34E-04
5.8B0E-05
5.3BE-05
6-445-05

DPLETN
2.75E-05
2.43E-05
2.20E-05
1.25E-05
2.35E-05
1.85E-05
2.0BE-05
B.09E~-0@6
3.17E-06
2.76E-06
c.6BE-06
3.32E-06
8.38E-06
1.92E-05
4.43E-06

'4.94E-06
3.B6E-05
4.30E-05
3.57E-05
1.04E-04
1.24E-04
5.39E-05
5.00E-05
5.98E-05

DEPOSN
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.,17E-07
3.17E-07
3017E-07
3-175—9?
3.17€-07
3.17€E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07

DSB
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
600
6090
620
600
600
600
6Q0
600
600
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X/Q HOURLY
HR R 5PD 5§
1'1.:31:0
23149
31 6 4
4.1.:21.@
5119 @
61 17 @
Y | 99
81510
9 1::27-0
161 7 0
110509
12\ 74 0
134 61 0
141 90 0
15129 0
16 1 52 0
17 1 115 ©
181 940
191 59 9
201 'S5 @
i1 .33 @
22 1 123 ©
231 77 0
24 1 125 @

DATA----FOR
DIR § PG DT
U e E 8
NNU 3 F 18
S 9F 24
Usu & F 22
U 3E 6
S G 27
SE- 3. E =1
N O A -15
NNU 3 B -11
$ 3813
SSE @ A -14
SU o A -24
S 0 A ~14
SU 0 A -16
N 38 -11
usw e p -9
Ssu oD -5
SSU @ E )
S5U @ E 6
SSU @ F 25
$ 0E S
NU @QE 3
NN @ E 0
NNUW @ E 2

]
S
0
o
o
0
0
e
0
9
e
0
Q
Q
0
%)
0
0
9
0
0
0
%)
?
0
0

PR 30,
XaGCL

2.B3E-04
90455—04
1.48BE~03
6-305-04
4.62E-04
1.34E-03
9.74E-04
5.33E-086
3.88E-05
1.01E-05
5.43E-06
3.67E-@6
4.45E-06
3.02E-06
3.61E-05
1.04E-04
4.7EE-35
9.33E-05
1-49E-94
c.41E-04
2.66E-04
7.13E-05
1.14E-04
7.02E-05

1979
XQGAY

9.55E-05
3.35E-04
S5.24E-04
2.23E-04
1.56E-04
4.34E-04
3.29E-04
7.29E-06
3.84E-05
1.38E-05
7044E-96
5.03E-06
6.10E-06
4.13E-06
3.58E=05
4,.47E-05
2.02E-05
3.15E-05
5.02E-05
8.52E-05
8.97E-05
c.41E-05
3.84E-05
2.37e-05

DPLETN
B.87E-0S
3.11E~04
4-87E“04
c.07E-04
1.45E-04
4,.03E-94
3.06E-04
6.77E-06
3.57E-05
1.28E-05
6.91E-06
4.67E-06
S.66E-06
3.8B4E~-26
3.32E-05
4.165-05
1.8BE-05
2.93E-05
4.66E-05
7.92E-05
B.33E-05
2.24E-05
3.57E-05
2.20E-05

DEPOSHN
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17€E-07
3.17E-07
3.17€-07
3.17E-07
3.17E-07
3.17€-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E-07
3.17E~-07
3.17E-0?

DSB
600
600
600
600
600
600
600
600
600
600
600
600
600

600

600
600
600
6090
600
600
600
600
600
600
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Figure A-1

Three Mile Island Wind Rose*
100Et Level
(Period of Record 131/28/79-4/30/79)
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(Distance between sywbols
represents percent of time wind
speed is in the given speed category)

*Spoke points in direction wind is coming from
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APPENDIX B

ATMOSPHERIC DISPERSION AND

DOSE ASSESSMENT MODELS



1.0 INTRODUCTION

Two atmospheric dispersion models have been used to com-
pute doses based on gaseous releases during the accident. For
whole body gamma dose, a finite plume model was used, and for
thyroid and skin dose, a Gaussian dispersion model was used
which computes ground level concentrations. Both are sector
average models appropriate for releases of duration more than
a few hours. Input data such as terrain elevations and popu-
lation were common to both models as discussed below. These
models are commonly used throughout the nuclear industry for
dose assessment and are documented in the appropriate NRC
regulatory guides as discussed below.

2.0 ATMOSPHERIC DISPERSION MODEL FOR CALCULATING GROUND LEVEL
CONCENTPATIONS

The Gaussian plume model is used to compute ground level
concentrations of nuclides for assessment of all doses other

than those due to gamma radiation. Since releases occurred over a
relatively long period of time (days rather than hours), the sector
average version of the diffusion equation given as Eguation (3) in

Regulatory Guide 1.111 is used, along with corrections for wakes
and elevated releases as discussed below. This model is referred
to as the "best-estimate” model in the main body of the report.

2.0 GENERIC CORRECTION FrACTORS

Since releases from the plant vent may be influenced by
the turbulent wakes of adjacent large structures at the site,
doses were evaluated using a combination of both elevated and
ground level (in the building wake) models in accordance with
the "mixed mode" approach given in Section C.2.b of Regulatory
Guide 1.111. Most releases were made from the plant vent which
has characteristics given in Table B-l. During low wind speeds,
the plume will be lofted somewhat due to the momentum of the
exiting gas. However, for most wind directions, air flow
streamlines will result in some lowering of the plume as it

b=l



travels downwind. Therefore, no increase in plume height was
assumed Zor the momentum jet. The building wake correction
given in Eguation (9) of the same regulatory guide is also
used for releases trapped in the building wake. The fraction
of time that the plume is treated as & ground level release is
given by Equations (7) and (8) of Regulatory Guide 1.111.

Ak detailed study of plume-wake interactions was under-
taken for this analysis by James Halitsky. Halitsky's method,
which is detailed in Appendix F, considered the interaction
of the vent plume with cavity-wake flows generated by the
containment structure and the entire reactor building complex
for a 157.5° wind. Plume rise due to jet momentum and stream-
line curvature was accounted for. The fraction of time that
the plume should be treated as an effective ground level
release was calculated for several wind speeds. A comparison
between Halitsky's values and those used here (Regulatory
Guide 1.111) is given in Table B-2. It is seen that the
Halitsky method predicts a much smaller fraction for the
effective ground release. It is concluded that the Regulatory
Guide values used above produce c¢onfiguration for winds
traveling in the NNW direction.

4.0 FINITE PLUME MODEL FOR GAMMA DOSE

All gamma dose calculations were made uéing the finite
plume model described in detail in NRC Regulatory Guide 1.109,
Section C.2, and in greater detail in Appendix B of the zame
guide. Solution of the "I" functions in the model utilize the
computer subroutine given in Appendix F of Regulatory Guide




1.109, attributed to J. Hamawi. A "finite plume" model is
useéd for gamma dose because it accounts for the actual
dimensions of the plume which is important for obtaining
realistic gamma dose calculations.

5.0 SKIN DOSE

Dose to the skin was computed in accordance with the pro-
cedure outlined in Regulatory Guide 1.109 and Equation (11)
therein. Contributions to this dose from both beta and gamma
radiation are accounted for. Skin dose factors for each
isotope are given in Table B-1 of the Regulatory Guide.

€.0 THYROID DOSES

Thyroid doses can occur due to inhalation or ingestion of
iodine. To assess inhalation doses the dispersion values (X/Q)
obtained using the model diicussed in Section 2.0 above were
used each hour in Equation (13) of Regulatory Guide 1.109 for
estimating inhalation dose. Thyroid doses due tc ingestion
of milk were computed using Equation (14) of Regulatory Guide
1.109.

7.0 CALCULATION PROCEDURE

Source term (Q) values (release rates of each isotope)
for each type of release are established for each hour for use
in the dispersion egquation. Meteorological data averaged over
sequential 15-minute intervals are used along with the source
terms to compute the dose for each 15-minute period. Then
the total dose is computed by summing over the period of



interest. Population doses were made using hourly averages

Zor ten distances (corresponding to the terrain and population
tables) in each of sixteen direction sectors. Isopleths
(contour lines of egual dose) are then drawn through the grid
of computed values.

8.0 INPUT DATA

Plant characteristics, population data, meteorological
instrument descriptions and other data used as input to the
model calculations are given in Tables B-l, B-3 and B-4, and
Figures B-1 and B-2.



TAELE B-1

INPUT DATA FOR DISPERSION MODELLING

METEOROLOGICAL DATA

Parameter

Winéd speed -

Wind direction -

Stability -

cz(dispersion coefficient)

Site Specific Data

Terrain height
Population distribution
Cow population distribution

Plant Specific Data

Vent Height
Vent exit diameter
Vent exit velocity

Building Height for compu-
tation of Z,, the effective
dispersion coefficient

Characteristics

Measured at 100 £t, used uncorrected
for ground releases and adjusted
exponentially to 160 £t for elevated
releacses

Measured at 100 £t

Based on at 150-33 £t and PG (A-G)
dispersion categories in accordance
with Regulatory Guide 1.23

Based on PG curves, limited to 1000m

See Table B-2
See Figures B-1 and B=2
See Table B-3

160 £t
3.0 m
9.1 m/sec
170 £¢



Table B-2

Fraction of Time that Plume is an
£fective Ground Level Release

Fraction of Source as GrounB Level Release

Values Used Here

Wind Speed USNRC Regulatory Values Calculated by
(mph) Guide 1.111 Halitsky* (Appendix F)
10 0.06 0.0
. 35 0.18 0.01
20 0.43 0.04

*The Halitsky analysis calculates the fraction of the time-
averaged vent plume that can be treated as an effective
ground release. This is equivalent to the fraction of time

that the instantaneous plume can be treated as an effective
ground release.
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Table R-4

Estimated Milk Cow Population within 50 Miles of TMI 1
Distance Irom Plant (miles)

Direction 0 -1 1-2 2 -3 3 -4 L Wk S - 10 10 - 20 20 - 30 30 - 40 40 - %0
s 0 0 0 0 0 444 1767 2943 4140 5310
SSW 0 0 0 1] 28 444 1767 2943 4140 5310
SW ] 0 4] 0 0 444 1767 2943 4140 5310
HWSW 0 0 0 1 0 444 1767 2943 4140 53l0
W 0 0 0 0 0 444 1767 2943 4140 5310
WNW 0 0 27 37 1 444 1767 2943 4140 5310
NW 0 0 0 0 0 444 1767 2943 4140 5310
NNW 0 0 0 0 444 1767 2943 4140 5310
N 0 0 0 70 0 444 1767 2943 4140 5310
NNE 0 0 1 0 0 444 1767 2943 . 4140 5310
NE 0 0 20 148 0 444 1767 2943 4140 5310
ENE 0 42 0 0 221 1110 4417 7357 10,350 13,270
E 0 39 0 40 0 1110 4417 7357 10,350 13,270
ESE 0 0 25 124 37 1110 4417 7357 10,350 13,270
SE 0 33 0 0 231 1110 4417 7357 10,350 13,270
SSE 0 0 0 0 0 1110 4417 7357 10,350 13,270
A Data for area within 5 miles from Metropolitan Edison survey.

Data from beyond 5 miles calculated from county milk production data, pro-rated by the factor
of the county area falling within 50 miles of the plant. Results indicated a fairly uniform
population density, over wide areas, so averages were used where appropriate by conversion

to cow population density assuming 34 lb/day.
The total number of cows is approximately 320,000.
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APPENDIX C

EFFLUENT MONITOR DATA

Measﬁred Liquid Effluent Releases
Measured Noble Gas Releases

Measured Iodine Releases from TMI-2

Measured Iodine Releases from TMI-1
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TABLE C-1
LIQUID EFFLUENT RELTCASES OF IODINE-131
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TABLE C-1 ‘
EFFLUENT RELEASES OF IODINE-131
(3/28/79-4/30/79
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LIQUID EFFLUENT RELEASES OF IODINE -131
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ThABLE C-1

LIQUID EFFLUENT RELEASES OF IODINC -131
(3/28/79=-4/30/79)
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Table C-2
RADIOGAS RELEASES THI 11 (From Grab Sample -
GCamma Spec.)
STATION VENT = g
SAHPLE TIKE TOTAL DAY
FROM T0 CFHM CC/SEC U Ci/CC U Ci/SEC SEC CURIES C1/DAY

4-19-79 4-19-79 : s 4-19-79
1218 2400 6.52 Eth 3.08 E+7 5.3 E-5 1.63 E+3 £.21 EG 6.86 F+1 | 1.41 Fi2
4-19-79 4-20-79 4-20-179
2400 2400 6.10 E+4 2.88 F+7 5.3 E-5 1.53 E+3 8.64 F+4 1.32 E¥2 | 1.32 B2
4-20-79 4-21-79

2400 1230 7.2 E+4 3,40 E+7 5.3 E-5 1.80 Z+3 4.50 E+4 8.10 E+1
G=L1-79 a=Z1=-79 .

1230 1645 7.2 E+4 3.40 F+7 .2.34 E-5 7.96 E+2 1.53 E+4 1.22 EH

4-21-79 4-21-79 4-21-79
1645 - 2400 7.2 E+h 3.40 E+7 1.90 E-5 6.46 F2 1.89 E+4 1.22 E#1 | 1.05 E42
4-21-79 4-22-79 ;

2400 0815 6.47 E+h 3.05 E¥7 1.90 E-5 5.80 F+2 2.97 E+4 1.72 B

4-22-79 4-22-79

0815 0930 6.47 E+h 3.05 E+7 8.75 E-6 | 2.67 E+2 4.50 E+3 1.20 E+0

4-22-79 * 4-22-179 ; : 5 , 4-22-19
0930 2400 6.47 E+h 3.05 F+7 5.27 -6 1.61 E+2 5.22 E+4 8.39 E+0 | 2.68 Eil
4-22-79 4-23-79 4-23-79
2400 2400 5.80 E+4 2.74 E47 5.27 E-6 1.44 E+2 8.64 E+4 1.25 E+1 | 1.25 E#
4-23-79 4-24-79

2600 1525 6.76 E+h 3.19 Et7 5.27 E-6 1.68 E+2 5.55 E+h 9.33 E40

4-24-79 4~24-79 4-26-79
1525 2400 6.76 E+h 3.19 E+7 2.35 B-6 7.50 E+1 3.09 E+h 2.32 B0 | 1.17 EN
4-24-79 4-25-79 piAanis S o b 6L-2%-19




' STATION VENT

RADIOGAS RELEASES THI 11

(From Grab Sample -
Gamna Spec.)

page two

T Xe 133
! ! SAHPLE TIKE TOTAL DAY
FROM T0 CFM CC/SEC U Ci/CC U Ci/SEC SEC CURIES CL/DAY
4-25-79 4-26-79 .
2600 0945 bor2 E+3 4.25 BV 2.35 E-6 9.99 £l 3.51 E+4 3.51 10
4-26-79 4-26-79 : 4-26-179
0945 2600 9.02 Eté 4.25 B+ 1.41 E-5 5.99 E+2 S.13 E+4 3.07 B4 | .43 BN
4-26-79 . .| 4-27-79
2400 1355 8.30 E+b 3.91 E+7 1.41 E-5 5.51 E+2 5.01 E+4 2.76 £V
4-27-19 4-21-10 : 4-21-79
1355 2400 ' - 8.30 E+4 3.91 E+7 8.57 E-4 3.35 E+4 3.63 E+4 1.22 E+3 | 1.25 B4
4-27-79 4-28-79 : 4-28-79
%00 2400 8.80E+ 4. 15647 8.57E-4 3. SUE+h 8.64EH 3.06E43 | 3.06E1)
4-28-19 4-29-79 : 4-29-79
' 2400 . 2400 7. 70+ 3.63E+7 8.57E-4 1. 11E44 8.6AEH 2.69643 | 2.69E43
4-29-79 4-30-79 4-30-79
2600 2400 7.85E44 3. 70847 8.57E~4 3. 16+ 8. GAESA 2.73431 | 2.73E0




Station Ven®

XENON RELEASES THI II

Eberline iiPR 219 Remote Readout

page three

AVER. FLUW
AVER. OVER RATF. SNHPLE TINE TOTAL
FROM 1 DAY CFM CC/SEC U Cci/cc Ci/SEC SEC CURIES CL/DAY
NA 4/20/19 NA 2.92F +7 2.3E -5 6.7E -4 NA NA 57.97
NA 4/21/79 NA 3.96E +7 3.7E -5 1.47E -3 NA NA 127.0
NA 4/22/19 NA 3E +7 6.55E -5 1.97€ -3 NA NA 170.21
NA 4/23179 NA 2.7E +7 1.05E <4 2.84E -3 NA .NA 245.78
NA 4/24/79 NA 3.1E 47 1.2E -4 3.72E -3 NA NA 321.41
NA 4/25/19 NA 3.93E +7 1.3E -5 5.1E -4 NA NA 44 .06
NA 4/26/79 NA 4.3E +7 7.5E°-5 3.2E -3 NA NA 276.48
NA 4/27/19 NA 4.03E +7 7.13E -5 2.9 -3 NA NA 250.56
NA 4/28/19 NA 4.04E +7 1.28E -4 5.2E -4 NA NA 44.53
NA 4/29/79 NA 4.17E +7 8.22E -5 3.43E -3 NA NA 296.15
NA 4/30/79 NA 3.99E +7 3.76E =5 1.5 -3 NA NA 129.6
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Table C-3
RADIOIODINE RELEASES THI 11

page one

: SANMPLE TIWE TOTAL
FROH 10 * CFI CC/SEC U Ci/cc U Ci/SEC SEC CURIES C1/DAY
3/28/79 3/28/79 < :
0400 1900 B.2E + 4 J.87E +7 . (4.0) 5.40E + 4 (0.22) {0.35)
f
3/28/79 3/30/79 : 3 ‘
1900 1700 B.B3E +4 4.17E +7 5.4E -7 22.5 1.73E 45 3.90 1.95
- 3/30/79 4/1/79

i 2200 0670 B8.92E +4 4.21 E +7 6.4E -8 2.69 1.15E 45 0.31 0.2}
4/1/79 443/79.
0600 0315 8.9E +4 4,.20E +7 2,3 -7 9.66 L.63E +5 1.57 0.83
4/3/79 cA4/3/79 :
03415 1995 - 9.1E +4 4.29E +7 5.36E -8 2.30 5.70E +4 0.1 0.20
4/3/719 4/3/79 ! 3 '
1905 2232 9,1E 44 T |4.29E 47 1.6E =7 6.86 i 1.24E +4 n.09 0.59
4/3/79 4/5/79 a 3
2232 1830 9,1E +4 4,29E +1 1.7E =1 729 1.58E %5 1L.15 0.63
4/5/719 " “4/6/79 o ; > i
1830 1516 9.1E +4 4.29E +7 1.CE -8 0.4) g 7.48BE +4 0.0} 0.04
4/6/19 4/1/79 : |
1516 0600 9.1E +4 4.29E +7 Lost*es (3.7) 5.3J0E +4 (0.18) (0.32)
4/7/79 4/8/719 .
0600 0245 9.1E +4 4.29E +7 1.6E =7 6.86 7.47E +4 0.51 0.59
*Flow ratles determined from charl| records (+70 CFM for sekvice bldg.)
“#No reldase point djta. Auxiliary and fuel hapdling buildling reloaankratea used.

AR I atar o lated— I
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HPR-219 ' ' RADIOIODINE RELEASES THI 11
' STATION VENT  ° )
" 1-131
; ' " : SAHMPLE TIKE TOTAL
FROH 10 I lcrm CC/SEC U Cijcc U Ci/SEC SEC CURIES | c1/mAx
!
4/8/79 4/9/719 | i
0245 0425 94.TE +4 4.29E +7 2,968 -7 12.70 9.24E +4 1:17 1.10
7 *
4/9/19 4/10/79 g ;
0925 1608: 9.1E +4 4.29€ 47 1.08E -8 0.46 1.11E 45 0.05 0.04
aslos79  |as11/79 i
1608 1840 9,.1E +4 4.29E 47 2.96E -8 1.27 9.55E +4 0.12 0.11
/11779 | 4/13/%9. A !
1920 2315 9.1E +4 4.29E +7 5.22E -8 2.23 1.87E 45 0.39 0.19
4713719 | 4714779 i
2315 1030 9.1E +4 4.29€ 47 . (4.15) 4.05E +4 {0.17) (0.36)
4/14/719 | 4714779 T i
1300|1400 9.1E +4 4.29E 47 3.4E -7 14.6 3.6E 43 0.05 1.26
47147719 | 4714779 &
1030 1915 9.1E +4 4.29E +7 1.41E -7- 6.05 3.15E +4 0.19 0.52
a/14779 | d/15/79 : 4 - ‘
1915 0522 9.1E +4 4.29E +7 1,54E -7 ol 4 3.64E 34 0.24 0.57
4/15/79 | a/15/79 . b
0522 0804 9.1E +4 4.29E 47 2E -7 8.58 9.72E 43 0.08 0.74 3
4715779 | 4715779 ' |
10804 1802 - *48.2E +4 | 3,9E 47 4E -7 14.0 3.6E 44 0.51 1,22
I*Interpol teci—-a'ionlt r was not in| operation bechuse of insthllation of [the new eberl{ne l!lullittﬁr with
the Cy-1130 SAI silv¢r Zeolite captridgye and ﬂllm charceal.
Eyp—la pped—at—0566—12H4——Fto ‘ 0 CFA whdre it -
- remained pven after fan was restafted. ; it 2
' e Sl | |
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1PR-219 RADIOIODINE RELEASES THI II
STATION VENT
I-131 .
Sy SAHPLE TIE TOTAL

FROH I CFM CC/SEC U Ci/cc U Ci/SEC SEC CURIES CL/DAY
4/15/79 |4/15/19 35 :

1802 2140 8.2E #4 1.9E +7 1.78E -7 6.9° 1.3E +4 0.09 0.54

; =

4/15/79 |4/15/79 5

2140 2346 B.2E 44 3.9E +7 1.46E -7 5.7 7.6E +4 0.05 0.6
.4/15/79 | 4/16/79

2346 0400 8.2E +4 3.9E 47 1.6E =7 6.24 1.57E 44 0.099 n.54
4/16/79 |[4/16/79 e ¢

0408 075 : 8.2E 44 3.9E 47 - - 1.39E -7 5.5 ' 1.38E +4 0.076 0.40
4/16/79 |4/1 : : :

0453/ 1{52/79 8.2E +4 3.98 +7 1.2E -7 4.68 1.44E +4 0.067 0.40
4/16/79 | 4/16/79 sk i y ;
1156 1550 8.2E +4 3.9E +7 9.56E -8 3.7 1.4E _+4 0,05 0.32
4/16/79 | 4/16/79 I ;

1556 1810 0.2B +4 1.9E +7 2.91E -7 ]11.35 8.04E 13 0.09 1,08
4/16/79 |"'4/16/79 [ Rl I :

1810 2356 8.2E:44 3.9E +7 1.59 -7 6.2 2.2F 44 0.13 0.78
1/16/79 | 4/11/79 * :

23156 0402 6.4E' +4 3.02E +7 1.01E -7 3.os ! 1.44E +4 0.04 0.26
4/17/79 | 4/17/79 _ :

0402 0835 6.4E +4 3.02E +7 9.7 -8 2,93, 1.64E +4 0.05 0.05
*Change due to filtefs belng exchhnged in huxuliai-y Buildinjy Filter anm. Flow redu]ced to 19,750

CFM . 2440 4/16. ¢ r : '
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HPR-219 ‘ | RADIOIODINE RELEASES THI Il
. STATION VENT |
I-131
: : SAHPLE TIKE | ToTAL ‘

FROH 10 CFi CC/SEC U ci/cc U Ci/SEC SEC CURIES Ci/vAY
4/117719 |4/11/79 i '

0835 1226 6.4E +4 3.02E +7 8.4E -8 2.54 1.32E +4 0.03 0.22
4/17/79 | 4/11/79 N 4/17/-1500

1226 1634 | é.{z 43 )2.88E 47 8.G6E -8 2.5 1.1E +4 0.03 0.2)
4/17/79 - | 4/17/79 i

1640 1946 6.1E +4 2.08E +7 2.0E -7 5.76 1.12E +4 0.06 0.49
4/17/19 | 4717/719 (4/18-02130)

1958 2387 6.5E +4 3.06E +7 1.5 -7 4.59 1.44E +4 0.07 0.40
4/17/79 | 4/18/79 ;

2357 0405 6.5E +4 3.06E +7 1.74E -7 5.32 1.44E +4 0.08 0.48
4/18/79 | 4418779 _

0405 0550 6.5E +4 3.06E +7 2.78E -7 8.51 6.3E +3 0.054 0.74
4718779 | 4/18/79

0550 0800 6.5E +4 3.06E +7 2.28 ~% 6.72 7.8E +3 0.052 0.58
4718779 | 4718779 '

0800 0945 TE +4 3.3E 47 9.88E -8 3.3 GE +3 0.02 0.29
4/18/79 | a/18/79

0950 1200 71E +7 3.38 +7 6.41E -8 2.02 7E +3 0.014 0.17
.4/18/179 4/18/79

11204 1647 ° 7.3E #4 3.44E +7 4.38E -8 1.5 1.7E +4 0.03 0.13
T‘ T

*Reduction because pe filter (2dx cFM Aux) :44& Fil)
y oy
| |
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HIPR-219
STATION VENT

./

RADIOIODINE RELEASES THi 11

[-131

page five .

; SAHPLE TIME | TOTAL
FROM 10 CFi CC/SEC U Ci/cc U Ci/SEC SEC CURIES C1/DAY
4718779 |4/18/79 : : :
1650 1823 7.3E +4 3.44E +7 4.36E -B 1.5 5.4E 3 0.01 0.13
4/18/79 | 4/19/79
2347 03158 8.4E +4 AE +1 8.50E -0 3.4 1.35E 44 0.05 0.30
4/19/79 | 4/19/79 | ;
0358 0000 7.4E +4 3.49E +7 5.83E -8 2.03 1.45E 44 0.03 0.18
4/19/19 | 4/19/79
0803 1210 7.4E +4 3.49E +7 - 4,9 E -8 1.7 1.48E 44 0.03 0.15
/19,19 | 4/19/79
1212 1355 7.4.E 47 3.49E 47 1.4E -8 0.5 5.6E +3 0.003 0.04
4/19/79 | 4719779 oy
1355 1725 - 7.4E +4 3.49E +7 1.28 -7 4.19 1.26E 4 .05) 0. 362
4/19/79 | 4/19/79 ! ‘
1728 2025 7.4E +4 3.49E +7 1.24E -7 41.32 1.06E 44 0.046 0.37
4/19/79 | 4720779 - .
2025 0001 7.4E +4 3.49E +7 8.8E -0 3.1 1.3 E +4 0.04 6.2
4720779 | 4720779
0001 0351 6.4E +4 3.02E +7 2.58E -7 7.79 1.44E 44 0.11 0.67
4/20/79 | 4/20/79
0351 0021 6.4F +4 3.02F +7 1.97€ -7 5.94 1.GF 44 0.1 0.51
4720779 | 4720779 ] |
0821 1105 6.4E +4 3.02E 47 1.9 -7 5.7 9.2E 43 0.05 0.5
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Hrr-219
STATION VENT

w/

RADIOIODINE RELEASES THI 11

1-131

page s&)

, : SAHPLE TIME | TOTAL _
FROM 10 CFH CC/SEC U ci/cc U Ci/SEC SEC CURIES C1/PAY
4720779 | 4720779
1105 1300 5172E +4 2.7E +7 2.08 -2 | 7.6 6.9E +3 0.05 0.66
4720779 | 4720779 ||,
1300 1620’ 5.72E +4 2.7E 7 1.1 -7 | 2.97 1.2E +4 0.041 0.26
4720779 | 4720779
1620 2019 6.3E +4 3E +7 sepinila 1.44E 44 0.04 0.26
4720779 | 4720779
2023 2404/ 6.3JE +4 3E +7 1.37E =7 4.1 6E +3 0.03 0.35
4720779 | 4721779 :
2249 0317 6.3E 37 3E 47 6.72E -8 | 2.02 1.44E +4 0.03 0.17
4721779 | 4721779 . ;
0320 0402 6.3E +4 IE +7 4.08E -8 | 1.2 2.5E 43 0.03 0.10
47217719 | 4721779 S
0404 0819 8.9E +4 4.2E +7 2.77€ =8 | 1.2 1.53E 44 0.02 0.10
‘4721779 | 4721779 : . :
0819 1201 8.9E +4 4.2E +7 3.44 -8 | 1.44 1.32E +4 0.02 0.12
a/21719 | as21y79 7 :
1204 1624 8.9E +4 4.2E +7 3.64E -8 | 1.53 1.56E +4 0.02 0.13
a7217719 | 4721779 _
1628 2017 ° 8.9E +4 4.28 +7 2.88E -8 | 1.2 1.37E +4 0.02 0.10
14721779 | 4722779
2018 0103 5.9E +4 2.8E +7 6.83E -8 | 1.90 1.7E +4 0.03 0.16
|
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HPR-219 RADIOLODINE RELEASES THI 11
STATION VENT .
1-131
SAHPLE TIVE TOTAL
FRON 10 CFH CC/SEC U Ci/cc U Ci/SEC SEC CURIES C1/PAY
4/22/79 4/22/19 ' ;
0105 0441 6,56 +4 3.1E +7 4.93E -8 1.5 1.3E #4 0.02 0.13
4/22/79 4/22/19
0447 0804 6.5E +4 3.1E +7 4.74E -8 1.9 1.2F +4 0.02 0.13
4/22/19 4/22/19
0807 1229 6.5E +4 3.1E 47 4.89E -8 1.5 1.6E +4 0.02 0.13
4/22/719 4/22/19
1230 1621 6.9E 44 3.IE +7 - 6.9E -8 2.2 1.4E +4 0.03 0.19
4/22/79 4/22/19
1624 2024 5.8E +4 2.7E +7 1.14E -7 il 1.4E 44 0,04 _0.21
4/22/19 4/22/719 I : :
2036 2130 5.8E +4 2.7E 47 1.12E ~7 3.0 3.2E 43 0.001 2.26
4/22/719 4/23/79 ,
213 0004 5.8E +4 2.7E 47 8.82E -8 2.4 9.2E +3 0.02 0.21
4/23/719 | 4/23/19 : :
0007 0406 S.8E +4 2.7E 47 6.7 -8 1.8) 1.43E +4 0.03 .16
4/23/19 4/23/79
0158 0758 5.0E +4 2.7E +7 3.75E -8 1.02 1.44E 44 0.015 .09
4/23/19 4/23/79
0801 1201 ¢ 5.8E +4 2,7E +7 3.85E -8 1.04 1.44E 44 0.015 .09
4/23/79 4/23/19 :
1223 1614 5.8E +4 2.78 47 1.42 =7 3.78 _1.J9E +4 0.05 o ¥ p SIS
[ )
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HPR-219
STATION VENT

RADIOIODINE RELEASES THI 11

-/

page eight

1-131
: ! SAMPLE TIME | TOTAL
FRON 10 CFH CC/SEC U Ci/cc U Ci/SEC SEC CURLES C1/vAY
4/237719 (4723779 5.8E +4 2.7E +7 2.22 -8 0,6 1.4E +4 0.008 [o0.05
1617 2010 :
4723719 |4/23779
2014 2156 5.8 +4 2.7E +7 6.3E -8 33 6.1E +3 0.01 0.15
47237719 |4s24/79
2159 0015 5.8E 44 2.7E +7 4.8E -8 1.31 B.46E +3 .01 L1
4/24/79 | 4/24779 :
0004 0404 5.8E 44 2.7E +7 5.8E -8 1.59 1.44E +4 .023 .14
4724779 | 4724779
0408 0637 5.8 +4 2.7€ 47 6.0E -8 1.62 8.9E 43 0.014 |o0.140
1724719 | 4724779 . i et
0612 0813 6.88E +4 3.2 47 2.% -8 .94 5.46E 43 .005 .081
47247719 | 4724779
0815 1215 7.34E 44 3.46E 47 1.9 -8 - 0.66 1.44 44 | 0.01 0.057
4724719 |-4/24779 ,
1217 1600 7.12E +4 3.36E +7 1.08g -8 L9 1.34E +4 .005 .03
4/247/19 | 4724779 .
1600 1955 6.0E +4 3.2E +7 4.9€ -8 3¢ B b 0.14
4724719 | 47257719
| 1958 0001 - 6.8E +4 3.2E +7 2.5E -8 0.8 1.4E +4 0.01 0.07
' 47257719 | 4725779
0004 0512 6.8E +4 3.2E +7 1.54F -8 0.5 1.85E +4 .009 0.04
, el | | K
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P RADIOIODINE RELEASES THI 11
STATION VENT
1-131
SAHPLE TIME TOTAL
FRON 10 CFH Ce/SEC U cizce U Ci/SEC SEC CURIES | Ct/vav

Dipbehichi s/2s/79 BIIE + 4 1.99E + 7 1.36E -8 0.5 S.88E + 3 0.003 0.046
0520 0658 .
4/25119 4125179 ;

! I8 - ) BE + & 0.00 0.046
i ko 8.75E + 4 4168 + 7 1.3€ -8 0 1.BE 9
ke &/23/19 8.83E + 4 4.16E + 7 1.82E -8 0.76 1.4E + & 0.01 0.065
1200 1555
M3/TS 4125119, B.OE + & 8.2E 4 7 1.2E -8 0.5 1.52E + & 0.008 0.043
1557 2010
4125119 4/26/79 8.9E + 4 4.2E + 7 1.1E -8B 0.46 1.44E + 4 0.007 0.04
2011 0013
4/26/19 4126179 B.9E + 4 428 +.7 1.1E -8 0.462 1.33E + 4 0.006 0.04
0016 0157
ki A/26/79 B.9E + 4 4.2E + 7 J.am e 0.3 1.45€ + 4 0.004 0.026
0400 0802
4726119 |- :4/26/79 9.29E + 4 4GB + 7 8.6E -9 0.38 1.5E + & 0.006 0.3
0805 1220
w29 A/26/19 9.9E + & G4BT 7.3E -9 0.32 1.IE+ & 0.004 0.07
1220 1558
4126119 4/26/19 9.1K + 4 AIE 4 7 1.1E -0 0.46 1.1E + & 0.01 0.005
1606 1917 -
4/26/79 4121179 B.78E + 4 AOGE + 7 1.4E -8B 0.58 1.76E + 4 0,01 0.05
1913 0006
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o ' RADIOIODINE RELEASES THI II : :
. STATION VENT
1-131
!
' ; ‘ SAMPLE TIKE TOTAL
FRO 10 o | CC/SEC U Cci/cc U_Ci/SEC SEC CURIES | Ci/pAY
4121119 4128179 '
- i ‘ B.IE + 4 1.92E + 7 9.4E -9 0.37 8.8E + 4 0.033 0.032
4120179 4/28/79 8.3E 4 4 .92 +7 3.06E -9 0.12 2.8E + 4 0.003 0.01
0042 0830
&/28/9 20428 8.83E+4 | 4.178 47 9.3E -9 0.39 2.84E + 4 0.01 0.0%
0832 1625
4/28/79 4129179 B.BIE+ 4 | 4.17E + 7 8.9E -9 0.37 2.76E + 4 0.01 0.012
1645 0025 ;
4129719 4130479 B.45E +4 | 3.99E + 7 1.4E -8 0.56 8.52E + 4 0.05 0.048
0028 0008
4110719 /1119 7.848+ 4 - | 3.7E+.7° 1.3E -8 0.48 8.64E + 4 0.04 042
0010 0010 '
siu—_mm. 133
" Interpulated values for peklods between Jbove periods 0.66
Total | 14.00
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i ; Table C-4
; | RADIOIODINE RELEASES Till I
! RMA -8 ' ’ ;
STATION VENT UNIT £1 i
I At
1 i SAHPLE TIME | TOTAL

FROM 10 [ ] CC/SEC U Ci/cc U Ci/SEC SEC CURIES Ci/DAY
1/27/19 3/30/79 4

1610 2215 9.6 Et 4.53 E+7 4.2 E-9 0.19 2.81 E+5 n.053 0.016
3/30/79 3/31/79, -

2215 1110 9.6 E+4 4.53 E+7 2.1 E-9 0.104 4.65 E+h 4.8 E-3 8.98 E-1
3/31/79 4/2/19

1110 1820 9.6 E+h 4.51 EV7 1.14 E-9 0.05 1.98 E+5 9.9 E-3 4.32 E-3
4/2/79 4/3/79 ’

1820 1500 9.6 E+4 4.53 F+7 1.79 E-10 8.11 E-3| 7.44 E+4 6.03 E-4 7.0 E-4
4/3/79 4/9/19 :

1500 ° 2006 ° 9.6 E+h 4.53 E+7 2.2 E-11 9.97 E-4 5.37 F+5 5.4 B-4 B.6 F-%
4/9/19 4/12/79

2006 1335 9.6 E+y 4,51 E+7 4.4 E-11 2 E-3 2.36 E+5 4.7 F-4 1.7 E-4
4/12/79 4/12/79

1347 1417 9.6 E+h 4.53 E+7 2.7 E-10 1.2 BE=2 1.8 E+3 2.1 E-5 1.0 E-3
4/12/19 4/15/79

1417 1910 9.6 E+4 4.53 F47 1.5 E-9 0.07 2.77 E45 0.02 0.006
&/15/79°\ 4/16/79

1910 1000 9.6 E+h 4.51 EV7 5.3 E-9 0.24 5.34 F+h 0.013 0.021
4/16/79 4/18/79 :

1000 1445 9.6 E+4 4.53 B4 1.33 E=9 0.06 1.90E S 0.011 0.005
4/18/79 4/19/79

1449 1735 1.03 E+5 4.86 E+7 1.3 E-9 0.26 9.64 EH4 0.00g 0.005
§/19/19 4/20/79 ;

1735 1525 ° 7.4 E+h 3.49 F+7 3.38 E-10 0.012 7.86 F+4 0.001 0.001




= () ./
= page two
RADIOIODINE RELEASES Till 1
RMA - 8 »
Statfon Vent Unit I =
SNAPLE TIKE TOTAL
FROM 10 CFM CC/SEC U _ci/ce U_Ci/SEC SEC CURIES | ci/oAY
4/20/79 4/21/79 g :
1525 1313 7.4 E+4 1.49 E+7 2.75 E-10 0.01 7.8 Et4 0.0008 0.0009
4/21179 4/21/19
1313 1630 7.4 E+4 3.49 E+7 5.7 E-10 0.02 1.18 E+4 0.0002 0.002
4/21/19 4/22/79
1630 0649 7.4 E+4 3.49 E+7 3.44 E-10 0.012 5.15 Et4 0.0006 0.001
41221719 5/23/79
0649 1537 7.4 Ed4 3.49 E+7 1.5 E=10 0.005 1.18 E+5 0.006 0.0004
4123779 af24/19
1537 1330 8.7 E+h 4.1 E47 1.4 E-9 0.057 7.80 E+4 0.0045 0.0049
4/24179 4/25/79
1330 1349 8.7 E+4 4.1 E+7 1.9 E-10 0.008 8.75 E+4 0.0006 0.0007
4/25/79 4/26/79 :
1349 1219 8.7 E+h 4.1 E+7 1.3 E-10 0.005 8.1 E+4 0.0004 0.0004
4/26/179 4121179
1219 1738 8.5 Eth 4 E+7 4.1 E-11 1.6 E-3 1.05 E+5 1.72 E-4 1.38 E-4
6/21/19 4/28/19
1744 1342 8.5 E+h 4 E+7 1.27 E-11 5.1 E-4 7.2 E+4 4 E-5 4 E-5
.4/28/79 4/30/79
1345 0130 8.5 E+4 4 E+7 1.13 E-10 4.52 E-3| 1.2D E+5 5.3E-4 3.9 E-4
Total 0.13142
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PROGRAM DESCRIPTION

Metropolitan Edison Company has been conductins an
operational Radiological Environmental Monitoring Program (REMP)
in the environs of Three Mile Island Nuclear Station (TMINS)
for nearly five years. The program includes sampling and
analysis of media from the aguatic, terrestrial, and
atmospheric environments to enable evaluation of any radiological
impact from TMINS operations. This program is managed by
Porter-Gertz Consultants, Inc. Most analytical work is performed
by Teledyne Isotopes, but a substantial fraction of the total
analytical work, 10 percent or more, is performed by Radiation
Management Corporation. The latter work represents replicate
or split sample analysis to provide independent gquality assurance
for the Teledyne Isotopes' results. The guality assurance aspect
of this program is considered a key feature.

Three other elements of the program are considered

particularly important:

l. Environmental data (meteorology, hydrology,
demography, etc.) specific to the site were used
extensively in designing the program, particularly
in determining sampling and monitoring locations,
so that sensitivity of the program for detecting
radiological impact was optimized.

2. State~of-the-art monitoring and analysis techniques
are used to maximize the sensitivity of the program.
The use of sophisticated technigues has been reduced
to routine practice as a result of the experience
gained over the five-year operating period.

3. A solid five-year data base has been accumulated for
comparative use.



The fcllowing summary description of the routine
operation REMP is extracted from the 1978 Annual Report
prepared by Teledyne Isotopes. A description of expansion cf
this program for the emergency operation REMP, is given in
Appendix E.

1

In the operational phase of the REMP, radiocanalytical
data are collected for comparison to that generated in the
preoperational phase. Differences between these two periods
are compared to determine whether any station effects exist
based on the magnitude and fluctuations of radiocactivity levels
determined in the preoperational phase.

Objectives

The objectives of the operational radiological environmental

program are:

1. To fulfill the obligations of the Radiological Environmental
Surveillance sections of the Environmental Technical
Specifications for TMI-1 and the Preoperational Program for
TMI-2.

2. To determine whether any statistically significant increase
occurs in the concentration of radionuclides in critical
pathways.

3. To detect any buildup of long=-lived radionuclides in the
environment.

4. To detect any change in ambient gamma radiation levels.

5. To verify that radiocactive releases are within allowable limits

and that TMI-1 operations have no detrimental effects on the
health and safety of the public or on the environment.

1

Metropolitan Edison Company Radiological Environmental Monitoring

Report: Three Mile Island Nuclear Station: 1978 Annual Report,

January 1 through December 31. Teledyne Isotopes, Westwood, N.J.

IWL-5590-443 1579.
D=2
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In order to meet the stated objectives, an appropriate
operational REMP was developed for Metropolitan Edison Compnay prior
to plant operation. Samples for the operational REMP were taken from
the aguatic, atmospheric, and terrestrial environments. Samples of
various media were selected to obtain data for the evaluation of the
radiation dose to man and important organisms. Sample types
were based on (1) established critical pathways fcr the trans-
fer of radionuclides through the environment to man, and (2)
experience gained during the preoperational and initial
operational phases. Sampling locations were determined from
site meteorology, Susquehanna River hydrology, local demography
and land uses.

Sampling locations were divided into two classes--indicator
ané control. Indicator stations are those which are expected to
manifest station effects, if any exist; control samples are
collected at locations which are believed to be unaffected by
station operations. Fluctuations in the levels of radionuclides
and direct radiation at indicator stations are evaluated with
respect to analogous fluctuations at control stations, which
are unrelated to station operations. Indicator station data are
also evaluated relative to background characteristics established
prior to station operation. Additional samples beyond those
required by the Environmental Technical Specifications were
collected and analyzed and were designated as management audit
samples.




The analysis of samples and the analytical dzta generated
during the program were routinely evaluated by the TI precject
leader who is the liaison with Metropolitan Edison Company
personnel. Further review of REMP design and analytical
data are performed by TI and the Metropolitan Edison Company
professional staff in light of current regulatory trends and
operating experience.

Table D-1, D~-2 and D-3 and Maps D1, D2, and D3 present
information on the Three Mile Island Nuclear Station operational
REMP. Table D-1 explains the sample coding system which
specifies sample type and relative locations at a glance.

Table D-2 gives the pertinent location and sampling information
for individual sampling locations, which are shown on Maps
D-1, 2 and 3.

Operation After March 28, 1979

After the accident, the emergency REMP was started. This
program is described in Tables D-10 and D-11.



Table D-1

Sampling Locations

Sample Identification

Metropolitan Edison identifies samples by a three-part code. The
first two letters are the power station identification code, in this case
TM. The next one to three letters are for the media sampled.

Green Leafy Vegetables

Al = Air lodine FPL =

AP = Air Particulates ID =  Immersion Dose (TLD)
AQF = Fish M =  Milk

AQP =  Aquatic Plants RW = Precipitation

AQS = Sediment SK = Surface Nater

E = Soil v = Fodder Crops

FPF = Fruit MG = Milk (Goats)

The last four symbols are a location code based on direction and
distance from the site. Of the last' four symbols, the first two.represent
each of the sixteen angular sectors of 22} degrees centered about the
reactor site. Sector one is divided evenly by the north axis and the
other sectors are numbered in a clockwise direction; i.e., 2 = NNE, 3 =
NE, 4 = ENE, 5 = E, etc. The next digit is a letter which represents the
radial distance from the plant:

4-5 miles off-site

5-10 miles off-site
10-20 miles off-site
L.T. 20 miles off-site

On-site location

0-1 miles off-site
1-2 pmiles off-site
3-4 piles off-site

Dw>»Wn
TaTmm
T B |

The last number is the station mumerical designation within each
sector and zone; e.g., 1, 2, ...

The location perticns of these codes (i.e. 151, 3A1, etc.) are
shown in the attached table along with more detailed information and a
map coordinate number used to designate the individual samples in the
analytical results tables,
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Tahle D-2
RADIOLOGICAL ENVIROWMENTAL MONITORING PROGRAM SAMPLING LOCATIONS
SAMPLE LOCATION MHAP
MEDIUM CODE NO. - DESCRIPTION®
ALAP,ID - 182 2 0.4 mile N of site, N, Weather Statlon
11 252 3 0.7 mile NNE of site on light pole in middle of North Bridge
10 452 H 0.3 mile ENE of site on top of dike, East Fence
1o 552 6 0.2 mile E of site on top of dike, East Fence
10 952 8 0.4 mile S of site at South Beach of Three Mile Islend
10 1151 9 0.1 mile SW of site, west of Mechanical Draft Towers on dike
10 1451 10 0.4 mile WNW of site at Shelly's Island picnic area
(] 1651 11 0.2 mile NNW of site st gate in fence on west side of Three Mile Island
AQP,AQS 1A2 12 0.7 mile N of site at north tip of Three Mile Is)and
ID 4l 13 0.5 mlle ENE of site on Laurel Rd,, Met. Ed. pole F668-0L
Al AP, 1D, RW SAlL 14 0.4 mile E of site on north side of Observation Center Building
AQP,SW 9A2 15 0.5 mile S of site below Diccharge Pipe
1D 16A1 17 0.4 mile NNW of site on Kohr Island
M 48} 18 1.1 miles ENE of site, west of Gringrich Road
FFLH 581 19 1.0 mile E of site on Peck Road
FBL .M 783 20 1.6 mlles SE of on east side of Conewago Creek
AQF AQP AQS , SW 981 21 1.5 miles S of site, nbove York llaven Dam
10 1081 3 1.1 miles S5¥ of site on south beach of Shelly's Islend
AP, 1D 1281 M 1.6 miles WSW of site adjacent to Fishing Creek
AQF 1681 25 1.1 miles NNW of site below Fall Island
ALAP,ID 1c1 6 2.6 mlles N of site at Hiddletown Substation
W 1c3 27 2.3 miles N of site at Swatara Creek
AL AP, 1D, RW sC1 8 2.3 miles SSE of site
PL A 14C1 29 2.7 nlles WNW of site near intersection of Routes 262 and 392
@ ¥ BE1 3o 4.1 miles SSE of site at Brunner Island
1,AP,ID, AW 7F1 34 9 mlles SE of site at Drager Farm off Engle's Tollgate Road
sw 15F1 35 8.7 miles NW of site at Steelton Municlpal Water Works
LM 61 36 2 miles NNE of Hershey on Rt. 39 llummelstown
10 4G1 » 10 miles ENE of site at Lavn - Met. Ed, Pole FJ1813
10,5% 761 is 15 miles SE of site at Columbia Water Treatment Plant
AP,ID 9G1 39 13 miles S of site in Met, Ed. York Load Dispatch Statien
LAP 1D, W 15C1 40 15 miles NW of sito st West Falrview Substation
sw 8c2 43 2.3 miles SSE of site - York Haven liydro
SShes 10A1 “ 0.8 mile SS¥ of site
c=—HN 181 45 1.2 miles N of site - along Rt, 441

THNR

® All distances are measured from a point that iy midway between the Reactor Bulldings of Units One and Two




Analvsis
AL g

Gross alpha

Gross heta

Gamma
Spectroscopy

TVHISII0 ¥00d

Sample
MHedium

Al

AQF, AQP
AQS,FPL,FTF

M, S™

Table D-2
RADIOLOGICAL ENVIRONCNTAL MONITORING FROGRAM

SAMPLE COLLECTION AND ANALYSIS METHODS

Sampling
Method

quartcrly composite
of weekly, continuous
air sampling through
filter paper

continuous weekly
alr sanpling
through [ilter paper

according to sampling
site, various compositing
frequencies

monthly and quarterly
composites of weekly,
continuous air sampling
through filter paper

cont inuous weekiy
alr sampling
through filter
paper

grab sample

according to sampling
site, various compositing
frequencies

grab sample

according to sampling
site, various compositing
frequescics

Sasple
Site
Collected

1} weeke of
filters per
saspling

site

(~ 3600 Cu.M.)

1 filter
(v 280 Cu.M.)

4 liters

4 wecks or

13 weeks

of fllters

(~1100 or 3600 Cu.M.)

1 cartridge
(v 280 Cu.M.)

8 liters
4 liters

2k

4 liters

Frocedure
Manual
Nusher

032-114

032-10

042-5

042.5

042-5
042-5

042-5

052-2

Frocedure
Abstract

sasple is leached
with nitric acid,
filtercd, and
evaporated onto
plancheite, Low Level
gas flow preporticnal
counting

lew level pas flew
propertienal coumting

sarple I8 evaperated,
residue transfersed te
planchette, and
activity oeasured by
lox level counting

high resolutier Sc(li)
gamma isotepic
analysis

Same

hater is converted
to hrdrogen, Methane
added, and cmmted
in 1 liter
proportional counter
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TABLE D-4 ; ;
p— Thermoluminescent. Dosimetry Data
Regular Btntionu - Rea::ltl i:} Hllll-roontgenﬂlhour TLD'S
Q - Milli-radsa/hour e x(x) = Duplicates
(Milli-roentgens)(.955) = milli-radn INCLUDES BACKGROUND
Ma 0 12721 3720T 3/31=F J3-F W/G=T 4/9=-1 hj12-1 L/15-1 W/10- ¥ Wj21-%  W/2h-
] pesel or s B““""’_lgfefi l;‘}e«i '3431' /3 :.52 !459 uﬁe h;ls l.fu’s I.fa;E ur:m h?an
2 §| N. Veather Station 162 |0 007 b.ohs. | .0.hhk |0.099 10.000 | 0.018 |0.00h |o.00k | .0.004°] 0,023 0,000 | 0.008 _
.3 Yo hatien Satien 18520.10.008 p.oh3_|0.3m [ 0.017[0.001 |o0.012 [0.011 |o.011_[o.010_|0.011 }0.008 § 0.009
3 || ¥. Bridge 252 10.006 0.020 | 0,722 | 0,046 [0.011 | 0.009 |0.00h |0.002 | 0.002 |0.006 |0-005 } 0.007
5 |+ Top of Dike ° ~52 " [0.006 13.016 | 2.757 | 0.381[0.108 | 0.022 |0.009 |0.002 | 0.004 | 0.006 |0-008 | 0.006
5 §* Top of Dike - h32Q lo.0o7 Jo.o1h |1.507 | 0.288)0.064 | 0.01k |0.013 |0.010 |o.012 |o0.010 0.008 [ 0.009
6 |+ Top of Dike 582 0.006_p.o1h_}1.098 | 0.363)0.211 | 0.081 |0.037 0,006 }0.000 } 0.008
-6 §'| Top of Dike 552Q |0.007 _J0.013 | 0.817 |0.287_|0.158 | 0.064 |0.030 0.012 [0.007 | 0.010
20 ¢ Palmouth-Collina Sub 61 [0.005 jo.v06 | 0.233 |0.02h [0.018 | 0.013 |0.007 0,006 |0.010 | 0.005
28 ¢ Falnouth-Collins Bub 0c1Q |0.006 [0.006 | 0.184 [0.036 [0.015 | 0.008 |0.010 0,007 |6.007 | 0.000
8 J+| 8. ™ML 952 |0.008 j0.011 | 0,581 |0.062 |o.02h | 0,018 |0.00k 0.007 |0.000 § 0.007
9 | MOCT 1181 |0.008 0.100 |2.h31 |o.61h [0.297 | 0.11h |0.015 0.010 10.011 § €.009
9 §v|_MOCT _1181Q}0.008 0.080 |1.720 |0.479 0.19% | 0.073 |0.01h 0.012 |0.011 } o.01h
11 ful W. Boat Dock 1651 |0.008 0477 | 1.903 |0.095 |0.022. | .0.013 |0.009_ 0.000 |0.010" | 0.011
11 [ N. Boat Dock 16510J0.008 fo.h21 | 1.400 |0.076 [0.017 | 0.012 [J.011 [0.013 [0.012 | 0.011 |0.012 § 0.011
10 f§u| Shelley ° 1052 |¢.030(.034))| 1.047 |0.132 |0.022 | 0.011 |0.007 |0.002 Jo.002 | 0.006 |0.007 § 0.005
u| Laurel Rd KA1 |o.007 Jo.009 |o0.757 |0.57% [0.031 | 0.009 |0.009 |0.007 lo.00k | 0.00B |0.007 }§0.006
! u| Observ. Center 5AL lo.006 jo.009 |0.180 |0.108 [0.0h2 | 0.018 |0.031 [0.002 [0.00h 0.006 |0.00T | 0.006
| Observ. Center 5A1Q |0.008 Jo.007 | 0.120 |0.073 |0.028 | 0.018 [0.02k ]0.008 [0.010 | 0.009 |0.009 }§ 0.009
w| Kohr Island 16A1 |«—.207(.103)3 0,909 |0.02h J0.011 | 0.009 |0.007 |0.002 Jo.00k | 0.005 10.010 § 0.005
w] 5. End Shelley 10BL |4~ 009(.008)-3 0.319_Jo.004 _Jo.015 | 0.011 |0.007 |0.007 lo.0ok | 0.008 |0.013 § 0.007
% n| Goldsboro Air Station § 12Dl |5 006 |o.007 |0.205 |0.002 [0.018 ]0.018 |0.004 |0.002 Jo.002 | 0.005 |0.010 | 0.005
n| Middletown Sub IC1 0.006 [0.009 |0.068 |o.020 J0.007 | 0.009 |0.007 |0.00k Jo.ook | ©0.005 |0.007 § 6.007
n| Drager Farm TF1 15,010 [0.011 |o0.024 |0.007 [o.011 |0.013 |0.009 |0.009 Jo.011 |0.009 |0.011 § 0.010
(SD [#|_Droger Farm TF1Q |0.011 J0.011 | 0.018 |0.031 [0.012 | 0.013 |0.012 |0.01h [0.013 |0.013 |0.013 § 0.0
_RTE 2h1 461 0,008 }0,008 |0.026 |0.000 l0.009 ] 0.01) 0,00k |o.00k Jp.00k |0.007 |0.013 } 0.006
< RTE 21 561Q |0.009 lo.008 |0.014 [0.020 [0.009 | 0.011 |0.010 |0.010 j0.010 |©.013 |0.008 § 6.010
N. York Sub 961 10.008 10.010 |n 011 lo.aoo lo.009 | 0.011 l0.009 |o.007 lo.0o7 | ©.008 |0.008 § 0.007
0 W. Fairview 1561 |o.008 lo.008 |o0.0h2 }0.600 J0.007 | 0.011 |0.007 |0.007 J0.009 |0.007 [0.000 | 0.007
40 fn| W. Fairview ~156199.009 Jo.008 | 0.02% |6.011 |0.009 | 0.008 |0.009 [0.010 |0.010 |0.012 |0.009 | 0.009
30 Columbia 161 1o.010 lo.ox2 |0.022 Jo.499 Jp.011_|0.132 |0.009 l|0.007 Jo.011 | 0.011 (0.01k § 0.C10
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... X_(X) = Duplicate_
Teledyne ilesults in milli—roentgens
RMC (Q) Results in milli-rads
The Total Error is 1 sigma

TLD'S
NET EXPOSURES
INCLUDES BACKGROURD

y 21/18 = " 12727/70 - % ! o I % ! £

. Pege 2 of_5 . lglafqu ]/2;/4 '3/29 - 3/31 3/31 - 4/3 " W/3 - b/6 u/6 - |
2N, Weather Station 152 97.9 ¢1.9 |20.0¢ 3.h |-0.1 ¢ 0.1 [0.6 ¢ 0.1 |[1.h ¢ 1.0
1| N. Veather Station 152Q 95.7_* 5.0 |15.25 ¢ 2.63 |1.286 # 0.1s [0.01 ¢ 0.1h | 0.85 ¢ 0.05 _
3| N. Bridge 252 TN TE NI 32,52 5.6 |3k +70.6 |0.9 ¢ 0.2 |0.6 ¢ 0.1
sf Top of Dike —hgZ | i 35.5 ¢ 0.3 [12h.3 2327 |26.0 ¢ 9.1 7.9 ¢ 2.3 | 1.6 ¢+ 0.2
3| Top of Dike hs2q 31.h + 1.6 |71.35 £°13.0 |21.27 ¢ 6.60 | h.68 ¢+ 0.36 | 1.04 + 0.07
*| Top of Dike 502 e 130,94 3.3 I wei3innig '106.7 ¢ 5.3 -B5.5 ¢ 5.0 160 ¢t 1.6
?] Top of Dike 552Q (i 277 _* 4.0 36.652 0.8 21.16 *+ 3.11 u sh ¢ 2.37 | b.7Th ¢ 0.94
%] Falmouth-Collins Sub ficl 13,0 0.3 D267 s 16 1017 82y f103 2 eN 10 0.8
*| Falmouth-Collins Sub fciq 12,6.¢t0.6. | 8.36+0.97| 2.63 & 0,17 |1.11 % 0.08 |0.65 & 0.11
) 5. TMI 9s2 s Y et R v N (R P W SO (ST SN N o S T O B O RO
u| MDCT 1181 216.0 #2h.1 [107.1 ¢+ 12.7 |b5.0 ¢ 15.2 P1L.O0* + 7.3 |B.5 & 2.6
wl MDCT 1181Q) 168.5 * 15.6 | 75.71t 12.7. |35.22 ¢ 3.32 |Ih.2 ¢ 1.1 |5.h7 ¢ 0.50
| N. Boat Dock 1681 i nkl 210808 1°83.7 £17.5 1 7.0 ¢ 0.7 J1.5 ¢ .0.3 ]1.0 % (0:]
1| _N. Boat Dock 1051Q 61.6 +12,2 | 5.59 ¢ 0.96 |1.26_+ 0.25 [0.88 + 0.10
| Shelley T R B B AR T B AL LT 3.5 ¢ 0.h |0.8 ¢ 0.3
w| Laurel Rd hAL 20.2 ¢ 1. 3 311.3 + 8.6- |§1.h * B.5 |2.2 ¢ o0.h |0.T ¢ 0.0
1] Observ. Center SAL 18.6 ¢ 1 8:3 4 2.8 O I s e e R R e A
1 QObserv. Center 5A1Q 16.1 * 1. 3 5.5 ¢ 1.0 5.24 ¢+ 0.90 |2.0 2 a6l 1.28° ¢+ 0.10
w Kohr Island 16AL [—— 907.7¢h9. h(h53.4412.2)»] b5.1 ¢ 2.1 | 1.7 ¢ 1.1 [0.9 & 0.1 [0.T ¢ 0.1
w| 5. End Shelley 10B1 e———np.6+ 3.5(36.6:1.3)—| 14,9+ 0.9 | ok ¢ °0.3 J1.1 ¢ 0.2 |gp8 + 0.1
n| Goldsboro Air Station 12B1 16.3 $0.9 9. ¢ 1.6 I B o e e R T
u| Middletown Sub 1C1 20.1 $1.3 aos gy Ly¥kia ek fes t oix feis ee
n| Drager Farm F1 2h.] ¢ 1.8 1.1¢ 0.1 | 0.5 ¢ 0.5 |0.9 ¢ 0.L |1.0 # 0.1
1] Drager Farm 1F1Q 23,3 %0.5 0.80£0.15° 1.52 ¢+ 0.20 [0.90° ¢ 0.0h]0.97 ¢ 0.11
| RTE 2h1 LGl 178891 140062 0.6 '* 0.2 Jo.6 ¢+ 0.1 |O.T ¢ 0.0

du RTE 2h1 hc1Q 17.7 $0.1 0.64:0.11 1.43 £+ 0,09 |0.69 * 0.07]0.75 ¢ 0.08
»| H. York Sub 901 21.3 % 1.h 1.k * 0,1 Jo.1 ¢ 0.2 Jo.6 ¢ 0.1 Jo.9 ¢ 0.2
w| W. Fairview 1501 18.h s 2.0 1.9 ¢ 0.3 |-0.7 ¢ 0.1 J0.5 ¢ 0.0 0.8 ¢ 0.1
w| W. Fairview 15019 17.6_20.6 1.1440,12 0.77 ¢ 0.07 |0.6B. t 0.16 |0.61 * 0.09
»|_Columbia 01 25.0 ¢ 0.6 1.0¢ 0.1 1-0.5 ¢°'p.0 |0.8 £ 0.0 1.1 * 0.2
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Teledyne Regults in milli-roentpgens
RMC (Q) Results in milli-rads
The Total Error ias 1 sigma

TLD'E

NET EXTOSUIES
INCLUDES BACKGROUID

Page 3 of 5 h/9-h/12 hf12-h/15 K/15-L/18 ' 4/18-21 ' uf21-h/2h hyay-hy2t
2| K. Weather Station |30y 0T T 00 06 | 0.3+00 | 1620k | 07802 | 0702,
3| R. Weather Station 1529 | 0,01 ¢ 0.10 | 0.72:0.08 0.73£0.11 0.7740.11 0.61:0.13 0.83+0.1h
o| W Bridge THZ |0V 0.3 | o2 0.8 |To.2202 |0bs0.h | 0.hs0.1 | 0.6¢002
W Top of Dike 1w 1 0.6:02 | 0.2270.5 0.3 ¢ 0.1 0.h £ 0.4 0.6 ¢ 0.2 0.5 ¢ 0.2
3| Top of Dike _I572Q°| " 0.96£0.03 | 0.65¢0.13 0.88:0.09 | 0.69:0.12 0.63:0.08 0.83:0.07
*| Top of Dike 952 | 27409 | 0.220.5 | 0.420.1 0.4 ¢ 0.4 0.6 ¢ 0.1 0.7 2.0,2
’| Top of Dike _u8eq 1 2.2 + 07| _0.87%0.5 0.7620.06° | 0.79:0.1h 0.5520.15 0.09+0.10
*|_Falmouth-Collins Eub § 6C1L | o.h : 0.2 0.1 0.5 0.2 ¢ 0.2 0.h ¢ 0.k ‘0.7 ¢ 0.2 0.5 ¢ 0.2
"l Falmouth-Collina Sub 6C1Q | 0.6520.1h 0.57+0.08 0.60+0.0h 0.h7£0.02 0.h720.12 0.80£0.05
1 S, THL 952 1 ohs0.1 | 03205 | 03201 Jo05s0b 106202 | 06202
wl MDCT 1151 | 1.1 + 0.1 0.6 ¢ 0.5 0.6 ¢ 0.2 0.7 ¢+ 0.h 0.9 ¢ 0.2 0.8 & 0.2
| _MDCT 1151Q8 0,99:0.22 0.93:0.06 1.0420.07 0.083:0.11 0.0620.20 1.27£0.13
u| N. Boat Dock 1681 | 0.6 ¢ 0.3 0.6 ¢ 0.5 0.6 ¢ 0.2 0.6 ¢ 0.k 0.0 ¢ 0.2 1.0 ¢ 0.3
| N. Boat Dock 16519 0.60:0.19 0.91 $0.10 0.88:0.06 0.72£0.06 0.9210.03 0.9940.15
13| Shelley 152 | 0.3 ¢ 0.2 0.1 ¢ 0.5 0.2 ¢ 0.1 0.h ¢+ 0.k 0.5 ¢ 0.2 0.5 ¢ 0.2
»w| Laurel Rd AL 0.6 ¢ 0.2 0.h ¢ 0.7 0.3 % 0.1 0.5 ¢ 0.h 0.5 ¢ 0.2 0.6 ¢ 0.2
11| Observ. Center AL | 2.2 ¢ 1.0 0.2 $0.5 0.h ¢ 0.2 0.h + 0.4 0.5 ¢ 0.1 0.6 ¢ 0.2
*| Observ. Center SA1Q | 1.76£0.16 0.57£0.03 0.75:0.03 0.62:0.06 0.67£0.16 .| 0.9120.5
w| Kohr Island _16AL | 0.4 ¢ 0.4 0.2 ¢ 0.5 0.h £ 0.3 0.3 ¢ 0.4 0.7 ¢ 0.2 0.5 ¢ 0.2
»| S. End Shelley 10BL | 0.6 ¢ 0.3 0.h & 0.5 0.4 ¢ 0.1 0.5 ¢ 0.k 0.9 % 0.2 0.7 ¢ 0.2
n] Geoldsboro Air Station 12BL 0.3 ¢ 0.3 0.1 ¢ 0.5 0.2 £ 0.1 0.3 ¢ 0.b 0.7 ¢ 0.4 0.5 & 0.2
1l Middletown Sub AC1 | 0.6 ¢ 0.3 0.3 & 0.5 0:3270.3 0.h ¢ 0.4 0.6 * 0.2 0.6 ¢ 0.2
1 Drager Farm 1FL | 0.7 ¢ 0.2 0.5 * 0.5 0.8 * 0.2 0.6 + 0.4 0.8 ¢ 0.1 . 1.0 £ 0.2
u| Drager Famm TF1Q | 0.96£0.03 0.87£0.13 1.0440.10 0.87+0.04 0.90£0,10_ 1.3240.03
| RTE 241 401 | gl sp02 | 0.3%0.5 0.4 ¢ 0.2 0.5 ¢ 0.h 0.9 & 0.2 0.6 ¢t 0.2
| RTE 261 §61Q | 0.81 ¢ 0.11 | o0.70:0.12 0.8040.06 | 0.9020.16 0.5420.09 0.9420.11
»| N. York Sub 9G1 | 0.6 ¢'0.3 0.5 ¢ 0.6 0.5 ¢ 0.2 0.5 ¢ 0.h 0.6 % 0,1 0.7 ¢ 0.2
w| W. Fairview 1561 | 0.4 & 0.3 0.5 ¢ 0.7 0.6 ¢ 0.3 0.5 ¢ 0.h 0.6 ¢ 0.2 0.7 ¢ 0.2
w| W, Falrviev 15619 0.62:0.08 0.7140.10 0.81 ¢ 0.11 | 0.79£0.20 0.6L20.11 0.02%0.09
w| Columbia “ 161 | 0.7 ¢ 0.2 0.l ¢ 0.5 0.8 0.2 |0.7¢t0.k 1.0 ¢ 0.2 1.0% 0.2
:—m_ e} — ] ====fl - —




.
- ——

|

G AVVAWNRNw

NN

Ywwoee

- —— o —

TLD'S
pge 4 of 5 EXPOSURE TIMES
Sipling Locetion Locu. ¥ Time 1 Elpd. ' Time VEipd. | Time | Flpd. |Time IElpd. 'Time | Flpd. 'Time ¥
Code _\Col 3/39 lirs. fol. lirs. Col.h/3_lirs, ol /6 %m&,&&ﬂ’—m
$|_N. Weather Station 152 | 16ho | hh.92 1335 173.63 | 1513 | 73.00 | 1613 |7h.53 | 18k5 | 72.83 | 1935 }
1 _H. Weather Station 152Q. o R U e R e R R T e
3| W. Bridge _252 1715 [ h5.00 (115 |73%62 | 1552 | 73.13 | 1700 f7h.55_| 1933 _|12.73 | 2007 |
o| Top of Dike 52171705 | h5.00 [1ho5 |73.75 | 1550_| 73.00 | 1650 |78.58 | 1925 |712.63 | 2003 |
3| Top of Dike ~hs2q
o| Top of Dike 552 | 1705 | hh.92 | 1hoo | 73.75 | 15h5 | 73.13 | 1653 |7b4.58 | 1928 | 72.65 | 2007
-'l_Top of Dike __}_5829 2%
*|_Falmouth-Collins Sub 6C1 | 0930 | h5.75. | 0715 _[12.08 | 0720 | 72.33.|_0140Q |76.25 | 1155 |67.%2 | o120 §
*| Fanlmouth-Collins Sub 8ciq .
wl 5. TMI 952 | 1655 | Wb.oo | 1355 |73.58 | 1530 | 73.00 | 1630 |74.55 | 1903 | 72.78 | 1950
ul MOCT 1151 } 1650 | k.00 {1350 |73.53 | 1522 | 73.05 | 1625 |14.52 | 1856 |72.82 | a9hs §
v| MDCT 11514
3] N. DBoat Dock 1651 | 16h5 | hk.oo | 1345 |[73.58 | 1520 | 73.00 | 1620 |7h.55 | 1853 |72.78 | 19h0
1| N. Boat Dock 16514
w| Shelley - 1052 | 1215 | 6.58 | 1050 |72.17 | 1100 | 72.85 | 1150 |76.h2 | 1615 |67.17 | 1125
» Laurel Rd YAL | o920 | 5.33 |o6ho |72.17 | 0650 | 72.42 | o715 |71.80 | 0703 |71.87 | 0655
»| Observ. Center SAL | 0900 | L5.92 |0655 |72.08 | 0700 | T2.50 | 0730 |T1.h2 | 0GS5 |72.25 | O710
- 'Y _Observ. Center 5A1Q
»| Kohr Island 16A1 | 1210 | 46.58 | 10hS  |72.17 | 1055 |72.50 | 1125 |76.67 | 1605 |67.17 | 1115
» 6. End Shelley 10B1 | 1225 | h6.58 [1100 |72.12 | 1107 |73.38 | 1230 [75.88 | 1623 |67.20 | 1135
u| Goldsboro Air Station | 12PL | 1350 | 45.92 |o9h5 |72.75 | 1030 | 72.50 | 1100 |76.67 | 1540 |67.25 | 1055
n| Middletown Sub 1IC1 | anus5 | %6.08 |1250 |72.56 [ 1325 |7h.33 | 1545 [64.B3 | 0835 |B80.17 | 1645
»| Drager Farm 1FL 10955 |h5.67 {0735 |72.00 | 0735 |72.%2 | 0800 |77.00 | 1300 (77.00 | 1800
J- Drager Farm 1F1Q ;
»| RTE 2b1 hor | 18610 | b5.h2 |1535 |73.08 | 16h0 | 73.h2 | 1005 [66.k2 | 1230 |78.83 | 1920
w| RTE 2h1 hG1qQ
f] . York Sub 901 | 1050 | 46.08 |0855 |72.42 | 0920 |72.25 | 0935 [77.00 | 1h35 |69.h2 | 1200
nl W, Fairview 1561 [ 1330 | 16.0oB |1135 [12.50 | 1205 |7h.25 | 1h20 [75.17 | 1730 |63.50 | 0900 |
| W. Falrview 15619 ! »
»| Columbia 761 | 1020 |33.67 |0800 |[72.13 | 0808 |71.87 | oBoo [77.30 |1318 |[76.95 | 1815
n
— —ee e ———— ——— —
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TLD'S

Pages of .2 EXPOSURE TIMES
i Locn, VTime | EIpd.l Time I EIpd. 1 Time | T 7 T I TPY L . i
Gampling Location Code 4Col /A2  Nra.gol h/1% e, Col.A/18 i *o'if:awe s e F;!p;g Lot
i|_N. Weather Station ~162 | 1935 | 671,92 | 1530 |15.50 | 1900 | 68.17 | 1510 | 79.33] 2230 | 08.17 J.l;lu?)-r
3| N. Weather Station 1B ST SRR RO i
o| W Bridge 17282 | 017 | 67.80 | 1610 |75%67 | 1950 | 67.08 | I35 | "B0.62| 2332 |ga.h2 | 1557 §
| «| Top of Dike “h52 15003 | 67.95 | 1600 |75.67 | 190 | 66.17 | 1550 | 79.63| 2328 | 88.37 | 1550
3| Top of Dike h52q T : =
*| Top of Dike 562 | 2007 | G7.97 | 1605 |75.67 | 1945 | 60.13 | 1553 | 19,53| 2325 | 88.47 | 1553
'l Top of Dike 552Q Sl .
s|_Falmouth-Collins Sub_ | 8¢l | 0720 | 72.00 | 0720 |77.50 | 1250 | 6.2 | 0715 | 71.92| 0710 | 96.83 | 0800 | e
+| Falmouth-Collins Sub | 8C1@| |
w 5. TMI 952 | 1950 | 67.92 | 1545 |75.50 | 1915 | 68.08 | 1520 | 79.h2| 2245 | 88.20 | 1h57
u| MDCT 1151 | 1945 | 67.92 | 1580 |75.47 | 1908 | 68.12 | 1515 | 79.u2| 2oko | 88.12 | 1WAk
vl MDCT 11819
ol N. B. .t Dock 1651 | 1940 | 67.92 | 1535 |75.50 | 1905 | 67.92 | 1500 | 79.62| 2237 | 88.12 | 1uhk
10 N. Boat Dock 161:11Q ' ‘
» Shelley - 1652 | 1325 | 71.20 ] 1037 |77.5%7 | 1605 | 66.58 | 10ko | 71.95| 1037 | 96.30 | 1055
w| Laurel Rd EA1 | 0655 | 72.00| 0655 |T1.hW2 | 1220 | 66.58 | 0655 | 71.92| 0650 | 96.92 | O7h5
v| Obscrv. Center SA1 | o710 | 71.92 | 0705 |77.50 | 1235 | 66.50 | 0705 | 71.83| 0655 | 97.00 | 0755
 Observ. Center " SA1Q
» Kchr Island 16A1 | 1115 | 71.28| 1032 |77.47 | 1600 | 66.58 | 1035 | 71.95| 1032 | 96.30 | 1050
o] S. End Shelley 10B1 1135 | 71.15| 1okh |77.h3 | 1610 66.58 | 10u5 72.08] 1045 | 96.33 | 1105
u| Goldsboro Air Station | 12BL | 1055 | 71.25| 1010 |77.50 | 1565 | 66.52 | 1010 | 71.92] 1005 | 96.k2 | 1030
s Middletown Sub 1C1 1645 | 68.1T7| 1255 T71.00 | 1200 | 72.92 | 1255 81.00] 2155 | 87.17 | 1305
¥ Dra{;cr Farm TF.‘. 1000 61-55 0735 17-'0 1305_ _55'30' 6'35 _11_83 0125 96.18 0[]12
| Drager Farm TF1Q 5l
n| RTE 2Ll W01 | 1920 | 66.75| 1B05 |76.42 | 2030 | 67.83 | 1620 | 70.50| 1450 | 95.h2 | 1h15
»w| RTE 2Ll Lc1Q i
»| N. York Sub 961 | 1200 | 69.17| 0910 |77.33 | 1430 | 66.08 | 0835 | 72.00| 0035 | 96.50 | 0905
1?- W. Fairview 1561 0900 Th.ﬁ 1140 TT_.EZ—_TWS_ 66.61 1]_!]5 12.00 J]_hs 96.17 1155
| W. Fairview 1501Q i
ol Columbia 701 | 1815 | 61.70| 0757 [77-55 | 1330 | B6-%Z | o755 | 7i.97] o753 | 9653 |foses |
" i
— _— . — — — i — ———————
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s TABLE D-5 Milk £

X = result by radiochemistry

= Milk

(X)= result by gamma spec. Iodine - 131 (pCi/2)
5 1 R 1 T T L T T 1

Page lof4 | Sample 3/29 3/30 3/31  W/1 W2 W/3 WW WY u/6
1
" Alvine Farm_ by | <q2 | - | 85 | uA | 2.6 | 1o | «.b | <. | _0.64
5 = 7 b6 E)
3| Becker Farm o w2t - Inne b= 3.8 | 2.1 | 0.07 | 0.72 | 0.25|
. (18.6) |
| Becker Farm 183Q | .3 - 19 T Lo 1126 n.ks
L1}
: AR
wl Conley Farm el | 2.7 - " 2.9 - i - & =
" 5
v Fisher Farm 14Dl - - - 2.5 = 2.0 1.9 0.5h 0.4h9
1oy
")
" Oellig Farm 201 | ©.2 - l1<0.3 |<0.3 [<0.3 |<0.3 |<«0.b J<0.2 |<o0.2
1
»| Hardison Farm Bl | 1.1 - 27,0 {120 | 29.0 | - 12.0,11.0 -
: (59.0) (48.8) §26.5) | (30.h)] 6,6) (<o i
n
13} 2
[}
4
I”l \
bl
E
|»!
: |
1 I



—greem -

Tt o

= Mep Loc

20

36

b5

X = result by rndidche'n{sf.ry
(X) = result by gamma spec. Milk
Todine - 131 (pCci/L)
Effective h/18 - ho zmlgul Hnll 504 t.o ench sample :
i I I T I  § 1 oifiji 7 ||
Page _2_or 4 ampm l:lm Wi W32 413 Wik h/15 L/16  W/17 L/18 W19  hW/20 h/21 Il
- SUSRE RS M St
| Alvine Farm | Wp1_ | <0.3|<v.2 | <0.3 |l0.2F_[<0.1 | <0.2 | 0.39 | 0.3h_|0.59_| 0.54 | 0.35 | ©.27 _
3
——— P el PR RS e il e L
3| Becker Farm 103 (07N TN T 5 1 1.8 | 0.9h | 0.571 | 3.h 3.7 5.6 6.6 3.1
L]
'| Becker Farm ™| 2h | 1.6 | b | 1.8 2.3 12 [s2 |k |ns [ 7.8 |b.b
]
- R d Ll
l.' ]
| TR )
vl Fisher Farm 14Dl - <0.3 <.3,0.8% - 0.73 |0.26 |0.27 <0.2 K 0.1 |[<D0.2 <0.1 <0.3
"
w| Oellig Farm 201 | <0.3 | <0.2 |<0.3 <0.3 | <0.2 |<0.1 [<0.2 | <0.2 |<0.2 [|<0.2 | <0.2 :
17
-
" Hardison Farm 1Bl | 4.2 | 6.0 3h.0 § 10.0) .2 | 8.0 | 3.3 | 13.0 - - -
o (b7.1) (28.4)
n
]
T
24 P,
n
"
Ll
!:
i)
!;' — =——____;__ﬂ_=%t====
! | :




|

X = result by radiochemistry

(X) = result by gamma spec.

k0 gm/gnl ‘Rall503 t6 each sample

Milk

Iodine - 131 (pci/t)

k2 Map Loc

v — ——— —

o

R el
"

e s =
e —

: e 1 T 1 ECTE, JINEIESRL v
Page 3of 4 Sample /22 /25 , W/26 (W/27 h/2B. /29 5/3
]
| Alvine Farm _kp)_| <0.2 <0.ky |'<0.2 | <0.2_|<0.k__[<0.h <0.2
' 04 [
L e TR | R il R UREER
s| Becker Farm 0.57 | ¢ 0.h2 | 0.86 | 0.49 |<0.5 | 3.6 AT
- B Y
"l Becker Farm 1.7 T 0.5 |<0.5 |<0.7 |<o.4 | k.5 1.6
»
3 il R
0
11 e RN
5 Dl
ul Fisher Farm 0.31 0.77 | 2.1 - |.89<.5<0.3 -
144 A\ -—
| Oellig Farm <0.2 0.2 _|<0.2 |<0.3 |<0.5 0.5 <o
w Hardison Farm - welbostl »or el 3. -
& (97.6) [(60.8) | (16.8)| (28.9) |(50.8)
n
| L
3
o
—— e e ——— —————1




e w T

TASEEYI=TT

'x = result by radiochemistry
(X) = result by gammn spee. Milk
Iodine - 131 (pCi/1)
g 40 gm/gal HalS0y
3 T i 1 ey ¥ ! T T 1 i | eneigient AnsinmET
g FPage lof 4 Sample 5/% .~ 5/5 5/6 5/1 5/8 . 5/9  s5/10 5/11 512 513  SHh 5/
X ' H e
82 Mivine Farm_____ | W | <0.3 |<0.2 |<0.5 |<0.3, |<0.3 |<0.3_| <0.3 |<o.h [<o-h [<o.k |'<0.3 | <03
] )
20§+ Becker Farm ECESEIRENEINICSBVIFTEEY I BV BYE Y BT Y
L]
20§ 7| Becker Farm Rl i las 1S3 b3 feales s s ias | av] 2.5 065
L]
: BT i fil i
X
n — el sl
1] 7 IFIpUFEE
~-|"| Fisher Farm ] 1401 | <0.2 |<0.2 | <0.2 | <0.3 | 0.72| 0.65| 0.3 | <0.b | 0.h3|<0.h |<0.3 } <0.h
)
36" Oellig Farm 201 | <0.3 | <0.2 <0.3 | <0.5 | <0.3 | <0.3 [|<0.3 <0.5 | <0.h | <o 5 0.4 <0.h
"
"
L5i Hardison Farm 1B1 | 35.0 - 19.0 | 1k.0 13.01 9.7 16.0 17.0] 16.0 | 6.9 6.k 7.1
b
3 R
7
th
i~
kil
o
l_l
=
t
" @i 5 : =
|




s TABLE D-6 pHliels i
+Componite began 4/10 Mr{:;‘nr't.lc;\;rl;nt{izh - ?ir Iodine
t -
*Composaite began 2/28 g ‘pcifm:’ Joding=131)
v F3721-1 3/29- ¥ 37311 W3 V6= T 0/9- ¥ G/i2-T W/153 G/10-1 Wj21- ) hjoh- ¥ 2/2
pege _}_of 2_ Statlon3/29 4 3/31 , /3 , W6 _, b/9 ., W/12 , W15 , /18, /21 , L/l /3
2 '] _North Weather Station } 152 10.033 | 0.17 | 0.035 |0.043 Jo.058 | 0.057 | 0.058)] 0.030 lo.001 | a0 lo.067. ) 0.0
1 ]
271-3 Falmouth Sub. 81 |<0.002] 0.0304 0.013 [ 4.17| - "|'0.220s| 0.071| 0.028 [0.069 | 0.076 |0.03 | 0.03u__ .
1 . s
144 | _Observation Cntr._ SA1 | 0.025| 0.21|0.026 M'_g;ohm 0,028 ] 0.160 | 0.040 | 0.0k40 |0.039 § 0.053
; ;
bOf o] West Fatrview E 1561 | 0,035| 0.12 | 0.032 |0.039 | 0.047 |o.0k1 | 0.047)] 0,042 |0.074. | 0.07h |0.060 | 0.035
L]
34§ | Drager Farm w §_TF1 | 0,065 0,19 | 0,084 |0.07h | 0.110 |0.006 | 0.070]0.069 |0.1h0 | 0.1ho |0,09 0.913.
341+ Drager Farm § TF1Q | c.12hY 0.155 0.202 |o.0h | 0.06 [0.04 | 0.05 |o0.0h | 0.09 | 0.08 |0.051 § 0.033
L
- 5 |I
26jv] Middletown % § 1c1 j0.039*| 0.2k |0.035 |0.0Mk ]| 0.06 |0.065 | 0.047 |0.0k1 | 0.110| 0.060 |0.053 | 0.039
}26 u| Middletown 1c1q |o0.12k* | 0.212 [ 0.10% | 0.0 | 0.06 |0.03 0.05 }0.03 0.09 | 0.05 | 0.0y § 0.030
1 i
2h§”| Goldshoro Afr St.n!.],'gn 1281 |o,049* | 0.22 |0.038 lo.oh5_ | 0.038 |o.061 | 0.053|0.027 | 0.089 | 0.073 |0.053 § 0.051
|3 w| Hortk York Sub. 91 Jo.o3k* |0.20 |o.05 [0.030 |0.0u8 |o.oh6 | 0,038 {0.029 | 0.069 | 0.058 |0.052 | o0.ou2 ||
! 2f"| North Wenther Station 152 0.h68 |22.6 ]0.110 [0.317 ]0.36h |0.b12 | 0.346 |k 0.07 | 0.611]0.963 | 0.253 ,s_q_,g_hg___“
I
28{"t Falmouth Sub. 8cl |<o.02120. | 1.39 |<5.22 o 0.1524 0,449 | _0.057] 0.172 |0.086 | 0.050§ <0,17-
10
155- Observation Cntr. - 5A1 1< 0.02 |20.3 |0.279 | 3.87 |0.666 | 0.627 | 0.197 | B.39 | 0.082 |0.105 <0,027 f 0.6M7
L}
Iho E’ West Falrview 1501 |€ 0.03 | 1.83 |<n.02k |kn.0LT } <0.052]| <0.01 | 0.065 k 0.0h |< 0.07 F0.065 |<0.078
14] .
34§"| _Drager Farn ﬁ 7F1  |< 0.04"| 0.266] 0.155 | 0.090 | 0.039| 0.205 [<0.03 | 0.39 | 0.233 }0.061 |<0.065
34| Drager Form E TF1Q |< 0.02%|_0.09 |<0.09 |0.08 |<0.07 | 0.09 |0.07 0.17 | 0.09 [0-078 |<0.051
l.l =1 "
264" _Middletovn = 1 ac |o.082*| 12,7 Jo.051 {0,167 |0.202 0,098 [0.381 k 0.06 | 0.069 | 0.10% [©.035 <
26wl Middletown 2 ] c1q |o.05* | 9.8 [<0.05| 0.1 | 0.15 |<0.07 | 0.15 |<0.06 | 0.12 | 0,049/«.068
!
2hjn 12B1 10.295%] 23.9 1.0.06810,366 | 0.607] 0,675 10,462 {<0.06 | 0,168 { 0.1301<0,046]
139 Eh TOTK gub, 1901 Kk 0.02* O.I03| 0.355 < 0.037) 0.0h81< 0.0k | 0.0611<0.0% l< 0.06 |<0.0511<0.037
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38
35
35
48
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Note: Composite samples are tnken at BE1l and 0C2

Map Locaticn

Water TRITIUM
*Indicates Finished (Treated) Water pci/ 2
—— Indicnten Composite
; LB T 1 ; i T I [ I T I | L
Pige 2 of -2 Sumple  2/208 /7 3/21 3/29  3/30  3/31 /1 Lf2 L/3 h/h WS h/

3| _Swatara Creck 1c) 110 <120 | 110 | <100 | 106

. i €120 _

r_' Swatara Creck 1c3Q i i B <260 | 161 | <ok f <263
' .

- ——* — - Y B - - NS — -

M _Brunner Island _ BE1L i) ¥ =1=350 | <120 | 220 B0 1160 %330 R i19Q
| _Brunner Inland HE1* 130 ~+ <130 | 100 <120 170

]

*l Brunner Island OE1Q -+ <211 + <268 +4- 1715

" .Brunner Islaml FIQF - 234

.

*| Columbia Water Plant 161 e 130 —4<200 | 320 | 190 | <130 | 100 | <120 | 100
i1} N

"l _Colunbia Water Plant f§ 7619 @11 | 190 | <268 | 175 | <307 || <286
L"

3|  Steelton Water Vorks J 15F1* 170,140 <110 | <150 110 110 160 210

i |

» Steelton Water Works §15F1Q* <211 <217 | <268 | 349 | <27h § 258

11]

" __YHGS 8¢c2 —t 260 110 | 180 | 290 590 | <110 2u0 || 100

11

»__YHGS 8c2q <265 <265 +<273 |<217 | <268 | <27k | <27h || h2B

19| 3 .

u| " Discharge Pit - 1051 119,300| 500 500 | 100 120 | 150 100 || <130

1| A

"  Discharge Pit 10516 16,900 | <265 218 | <307 <203 | <27h <307 { <292

18

- York 9G2* Lyo | 180 | <130 | 130 k2o {_1ho

"°

n|  York 9G2Q* <281 <281 | <211 |<217 510 |<27h | <307 § 223

mn

" _Haltwood/Safe Habor - 150

0
F""—‘* — ==l==: et




fup Location

n
—d

35
UL
L8

88 8% 3'

TABLB D-7 Water Sample I1-131
Note: Composite samples arc token at BEl end OC2 Water IODINE-131 il ;
*Indicntes Finished (Treated) Wnter T pci/g (}) = lg:gig E Fﬂi’éﬁ"&%ﬁé
— Indicaten Composite Y,Y = Normal sample, Sodium Bisulfite adde:
3 % 1 G : —
Page _1lof 4 _ Sample  2/28° 3/1° 3/21° 3/29 3530 331 ' Wy W2 W3 WM W5 W
3| Swatara Creck 1c3 < ¢ “<0.2 1 <0
e e i eI (PR IRl R P el 0.2 |<0.2 | <0.2 } <0.c .
| _Suntarn Creck 1C3Q G M T ":6,3— <0.h <0.h <0.3
: R bR B
3| _Brunner Island _ BEL_ e V1T T 402 |<0.2 |<0.5 | <0.1 |<0.2 | <0.2 | <0.2
*|__Brunner Island BE1* <0.2 —4-<0.2 | <0.1 <0.3 <0,?
k]
* _ Brunner_Inland 8F1Q 1 <0.2 4 <0.2 $<0.3 I
| .Brunner Ialand BEIQF = B =
<
" —<0,u_
*| _Columbia Water Plant 701 R T T T0.k | 0.72 | 0.66 | <0.2 |<0.3 | <0.2 f “<0.3
(L :
"| _Columbis_Water Plant §_761Q 0.88 | 0.63 | <0.3 |<0n | <0.3 || oW
"
-
»|  Steslton Water Works | 15F1% At 2] <n.2 <02 <0.2 | <0.2 <0.2 <0.3
(1]
E ‘
" Steelton Water Works H# 15F1Q" <0.2 |<0.2 <0.2 | <0.h <0.h <0.3
"
U _YHGS 8c2 —+<0.1 <0,2 |<0.2 |<0.2 | <0.2 |<0.2 | <0.2 | <0.3
C
wl __YHGS 6c2q + <0.7 1<0.3 4.4 |<0.2 | <0.3 |<0.5 | <0.0 || <0.k
0
"l __Discharge Pit 1051 <05 | 0,50 62.0 | 43.0 | 0.713{<0.2 | <0.1 || 5.9
T T73.7 | ToT-]
__Discharpe Pit 1051Q <0,1 0.62 +11.52.% 48.6 1.13 | <0.6 | <0.6 T3
(71.) | (5h.) : R
York 962" <0.3 <0.2 | <0.2 |<0.1 <0.2 <0.h
| York 9G2Q* <0.3 <0.2 | <0.2 <0.2 | <0.3 ] <0.h <0, h <0.2
__linltwood/Safe Habor - <0 iy
Pt et e e — -~ =m¢== ———#m '=.""—'H




RS et i ai
S ————
pes
2 Note: Composile samples are tnken al OFEl and 0C2 Water IODINE-131 oS PN PR
§ *Indicates Finished (Treated) Water pci/ &) i R:::ilt b; specee ,::
el oss oSl el Y = lloruu.l uutple, Sodium Bis l‘lte adde
L T n - =
%) Poge 2of 4 Semple. BT WA b/ ' W10 W1 W12 | W30 WM W15 ' WA6 D WAT
27(1 1| _Suatara Creek Bip L B T e ‘_<_t_i_.‘7 <0.2 | <0.5| <0.3 | <0.3 | <0.2 | <0.3 | <0.3 |<0.3 0.2 Bl
?
27 P_‘ Swantara Creck 1039 <0.2 | <. ii ':U.h__ ___gO_.E_ ; <0-|| -;BT <0.3 i <0.2 <0,Z’—- -<D.5 _-_S_Q,,l, -__.<D_._'l_..._.,..
i .
30§ *|_Brunner Islana __ § OE1 | <0.2 | <0.3 | <0.3 | <0’3| <0.2 | <0.2 |<0.2 | <0.3 | <0k |<0.2 | <n.3 fo.3<0.3_
30f¢] Brunncr Inland RIS <0.2 | <0.3 | <0.3 | <0.2 | <0.1 | <0.2 |<Q.3 <0.3 | .<0.2 | <0,5 <Q.h [1<0.2}<0.2 .
L]
L]
isg & I
. \J
384 *| _Columbia Water Plant 61 | <0.2 | <0.3 | <0.3 | <0.2 | <0.3 | <0.2 |<0.2 | <0.k | <0.2 | <o.h | <0.3 | <0.3
" 5
381"} _Columbis Water Plant { 761q | <0.2 | <0.5 | <0.4 | <0.3 | <0.4 | <0.5 ]|<0.3 | <0.2 | <0.2 | <0.h | <0.3 }| <0.3 __
(3
35§| Steelton Water Works R15F1* | <0.2 | <0.3 | <0.2 | <0.3 | <0.3 | <0.3 |<0.2 | <0.4 |<0.2 | <0.h | <0.3 <0.3
L1} l
35['"| _Steelton Water Works J1S5F1Q*| <0.2 | <0.h | <0.6 | <0.3 | <0.5 | <0.3 }|<0.3 | <0.2 | <0.2 | <0.3 | <0.3 <0.3
|
+h8 ’__’__mcs Bc2 | <0.2 | <0.h | <0.2 <0.2 | <0.5 | <0.2 |<0.2 <0.5 | <0.h <0.3 | <0.h <0.5
"
LBjY  YHGS 8c2Q | <0.3 | <0.5 | <0.3 | <0.5 | <0.b | <0.4 }<0. <0.3 ]|<0.2 | <0.3 ]| <0.2 <0.3
» ; -
»l _Discharge Pit 1051 6.3 | <0.3 | <0.2 PR U R i N T 3 2.3 | <0.3 6.6*9_,5# h,7,u.9
12 2
A"l _Discharge Pit 10519 1:3 0.8 | @©.6 k.5 4.6 0 Sl A 1.9 3.6 1.7 }10.0 S.1
1 (11.) (5.8) (3.4) ] (3.3) (11.) § (7.8)
" York 962" | <p.3 | <0.5 | <0.4 | <0.2 | <0.2 |<0.2 |<0.3 | <0.2 ]<0.2 | <0.3 |<0.5 <0.3
el
i'_’_ York_ 962Q* | <0.3 | <0.h | <0.4 <0.h | <0.4 | <0.5 |<0.2 <0.3 |<0.3 | <0.4 | <0.3 <0.b
L]
"l __lioltwood/Snfe Hahox = Je
3
—;' -——-—==J




e — ———r—— = = — = s
9

L

'3' Note: Exzs::eus:ulp::::e;r-(elrtnk:nd?twll::: and BC2 :3:?; 10DINE-131 £ aite b cadiehantis
o1 e g e iyt Ss (x) = Result by gamm spe

nJ —_r = s
s — 1 . . . . " B R

i Dl SOmPIC ys19 4 W/20 4 Wf2L W22, /23 W/2h W25 /26 W21 , W/2B , /29 . /¥

27} | __Swatara treck 163 [ <0.3 | 0.1 |v0.2 | <0.3 |<0.3 |<w.2 |<0.1_|<0.3 [<0.2 |<0.h J}<0.3 ] <0.3

L
27§ | __Swatara Creek 4 1e3q | 0057 [<0.F |<0.3 | <0.37 | 0.3 |«0:2 |'<0.3 |<0.3 [<0.27 | 0.7 ; <00 f 0.

- : ; L
308l _Brunner Islana | BE1 |<0.2 |<0.2 |<0.§ |<0.3[|<0.2 [<0.2 T|<0.5 |<.g.2|0.37 |<0.3 f<0.2 feo.h
m l“. Brunner Island ¢ EEI ‘O-l' <0.3 "o-h ‘0-3 <0v3 <0.2 <0-r ‘-5'-3 <0.2 <0.2?2 <Q0.2 “0.3

L

_I
- .' o i e P

: o
38{ *| _Columbia Water Flant 761 |[<0.2 |-0.2 |<0.1 [<0.h [<0.2 |<0.2 " |<0.2 |<0.2 |<0.3 | <0.3 [<0.3 f “o.h T

"

18{"|_Colunbia Water Plant | 7019 | <0.3 |<0.3 [<0.3 |<0.3 |<0.3 |<0.3 [<0.3 |<0.3 |<0.2  |<0.3 |0.3 f§<0.3

354" _Steeclton Water Works J15F1* | <0.2 |<0.2 |<0.2 <0,5 |<0.h |<0.2 <0.1 [<0.5 |<0.h 0.3 |%0.2

354" __Steslton Water Works §15F1Q")<0.3 |<0.3 |<0.2 <0.3 |<0.,2 |<0.3 |<0.2 |<0.3 |<0.3 <0.2  [%0.3

L) ;:-._ums 8c2 |<0.h }<0.3 |<0.3 |<0.3 |<0.3 |<0.2 |<0.2 |<0.2 [€0.2 <0,2 [|<0.2
(L

xafl _ycs 8c2q |<0.3 |<0.3 |<0.2 |<0.3 |<0.3 [0.2 |<0.3 |[<0.3 [0.2 |<0.3 [0.2
»
" _Dii_c_hgf‘, Pit '1%1 ‘1.3'6 5&,5-51-5.1-8‘ et ) 1.“ - 5.2 ‘|<-2 ".<-3 i, .98 [~ 1.5 et | 1.1 "" -‘F
” *
»l __Discharge Pit 1051Q |h.1 5.8 1.5 2.0 M3 BT R 4 R 2.2 o9
T (3.6) (i-i) (6.9) |(h.3) g

York 9G2* |<0.2 J<0.2 [|<0.3 ]<0.3 J<o.h k0.3 |<0.2 |<0.2 k0.3 |<0.2 J0.h

<0.3 <0,3 [<0.3 kKO.5 <0.2 |<0.3 Fo.k <0.3 |<0.3

<0.Y <0,2 1<0.3 | < 1<0.2 <0.h

s k- Yon a | o e | o 2 2 1 nholen.1 1<0.72




<l . G — e
o]
pe:
®§ TNote: Composite samples are taken at HEL and 0C2 Water IODINE-131
g
“ *Indicates Finished (Treated) Wnter rei/e X = result by rediochemistry
@ g X} = ' " gamma spec
2 W T I 1 T T f T e T T | i
Page b of _4 Sample  5/) SI2SER SN T8 506 511 5/8 " 5/9 5/10 © 5/11 5/1
21fs] SvataraCreck B IOV |<o.h | 0.3 | <0.h | <06 ] <0.5 | <0.2 | O8] 0.2 ] 0.3 | 0.2 | @2 | <0k
k|
21§+ Svatara Creek 1630 f <ok | <0.5 | oot | o1 |05 0.5 | 0.6 | <0.5 | 0.6 | <0.2 | 0% | <0k
1 1 i W e HETERETE
" el W s Sl = M=
308 % Brunner lsland OFl | <0.3 <0.9 | 0.3 <0.h | <0.3 | <0.3 <0.3 | <0.5 | <0.5 <0.2 | <0.3 <0.%
308+ Brunner Island TTORIF <027 | <ol h TN T <0 SO0 [T <o.k | <0.5 | <0.5 | <0.3 | <0.5 | <0.5
¥
- ot
f o Sl i
- iy
381 *| _Columbia Water Plant 761 | <0.h | <0.5 | <0.3 |<0.3 | <0.3 | <0.h | <0.h | <0.& | <0.5 | <0.h |<0.3 | 1.3
Ll
b - drshesial,
3881 _Columbia Water Plant § 7619 [<0.3 | <0.3 | <0.3 l<0.b <0.3 |<0.3 | <0,b | <0,3 | <0.5 0.3 1 <03 LG
i1]
| :
35{"{ Steelton Water Works §15F1* |<0.2 <0.5 | <0.h |<0.2 <0.3 | <0.3 | <0.k | <0.k | <0.3 <0.3 | <0.5 0.1
LU
350" Steelton Water Works §15F1Q*| <0.3 <0.3 | <0.2 |<0.3 <0.3 | <0.4 <g.h | <0.5 | <0.% <0.2 | <0.6 0.8
L
&8 g YHGS 8c2 |<0.3 <0.4 | <0.h |<0.5 <0.4 | <0.5 <0.h | <p.5 |<o.5 <0.k | <0.5 <0.h
. 1L +
‘la W __YHCS 8c2q | <0.5 <0.3 | <0.2 |<0.3 <0.4 | <0.3 <0.3 | <0.4 |<0.3 | <0.h | <0.6 <0.h
™ __Discharge Pit -10S1 2.2 2.7 | <0.h |<0.3 1.5 J<o.h | <0.3 ] 053] o0 67| 0.5 | 7.2 | <0.h
= ;
™ Discharge Pit 10819 | 2.1 3.9 | <0.4 | <0.5 2.0 | <0.5 | <0.5 | <0.5 | 0.1 | <0.7 | 6.2 1.k
14 (5.h)
‘il York 9a2% |<0.5 | <o.b | <0.k |<0.3 | <0.3 | <0.3 | <0.3 | <0.3 |<0.3 | <0.% |<qo.k | <o.h
! 1 York 962" |<0.3 | <0.3 |<0.3 ]<0.3 | <0.3 | 0.6 | <0.h | <0.3 [<0.3 | <0, | <V.0 <0.1
L]
i vl
e R e e e F 762 leoc Jlecoh lcok lco.3 1 <012 l<co® | <cn.a 1l <n.2 len.? le0.h lecns B <o b
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3 ; TABLD D-8
- Hote:  Uomposite samples are taken at BF1 and 8C2 Wnter GROSS DETA
§ ¥indicates Finished (Treated) Water pCci/L
::. —— indicaten Composite
¥ ¥ 1 i
F1 Page lor g Sample  2/200 3/7  3/21 3/29 ' 3/30 331 W1 | W2 | W3 W /s W6
274 *| _Swatars Creek 13 " R R 3.0} 2.6 | 5.6 }§ N7 @
¥
2714 *|_tvatara Creek 1639 i i S IR o <2.95 | <3.21| hso | 326 i
L}
300 *| Brunner Tslana | BE1 i S S % N T W YR YR T
Jo§ | Brunner Ininnd T BELY 2.7 -+ 2.k <1.0 |<1.0 <1.0
#
10§ | Brunner Isinnd BE1Q +<3.3 + 3.00 +5.35
30§ » Brunner Islnnd DEIQY T<3.5 ]
Ll
388 | Tolumbia Water Plant 761 2.0 2y Fad 38 tes L aN 3y Ny
2}
:m;_ﬂqhﬂ_bii Water Plant 1619 2.6 |<3.) 2.13 | <3.21 <3.21 3.09
1
; . ]
354" Steelton Water Works §15F1* 2:1.3:M 3.2 3.9 1.7 28.0 L.5 1.9
135§ Gteelton Water Works | 15FIQ* 3.3 l<3.3 |c2.95 |<3.21 | 2.2 }§ <3.55
i 14
E"a ] YHGS 8c2 —1-3.7 3.3 3.1 <10 ) 1.Y 3.3
AL
:"5 w THGH Rt —5.17 F<2.09 + 3.0 [<3.3 | 2.05|<3.21 |<3.21
L
; " Discharge Pit 1041 h.3 6.2 | &.7 [0 Gl o 0 I O
¥
' Discharge Fit 1051Q —-18.1 |<2.89 33.0 | 23.8 k2.95 |<3.21 | 2.67
o
"l York _ 9G2# 2.0 1.0 2.1 3.3 2.7
o)
vl York _962q" <2.89 2.05 | <3.3] <3.3 | <2.95]<3.21 |<3.21
vl Holtwood/Safe Hnbor a 2.0
. 1 |.| 1 \_ 1




. 1 A
| — 1 === i
: S —
st
.é Note: Compousite smmples are taken at OF1 amd Be2 Wnter CROSS BETA i
3 *Indicates Finished (Treated) Walor pCi/e
é W g L PR R S | T I I 1 1 ' I 1 i
Page 2of 4 Sample  4/7 W8  h/9 /10 /11 W12 W23 WAk /15 W6 W17 h/18
2Tf__Swatara Creek W51 39 ) 3.0 | 1.0 T 03 1 33 Lah [ 32119 [2.6 [h3 Y B
: ol HELE R
27§ | Svatara Creck Jes ass| wz |30 |72.8 | 3.6 3.0 |<3.0 |<3.0 |2 |<3.3 | <3| 3.3
1
RN i, g i Uit §
308 Brunner Island OV F 3.9 Bk .0 3.0 h.3 7.8 - A e 6.1 b | 2.4 #3.4] 2.9
300+ Brunner Isinnd UKL*}] 5.9 |<1.0 |<1.0 1.9 1.h - 1.9 1.3 2.2 <1.0 2.3 j1.3[|0.0
k]
-|
-' g - e | ——— — —— - — m
; i
38 *| Columbin Water Plant 6L | W8 | 2.8 | 3.1 2.h | 3.1 | 2.5 4.9 | b7 |3.0 13

38¢"| _Columbia_Water Plant 1019 Vsyg 2. 13,1 12.6 lels]  fe3.0 - S Il 00 e e W <3.3

35{v|  Steelton Water Works §15F1% 1.9 |<0.9 2.h <1.0 1.9 2.6 2.5 2.7 2.2 2.1

350""| _Steelton Water Works §15F1Q*| .78 | 2.2 2.5 3.1 3.5 8.0 <3.0 |<3.0 <3.0 <3.3

LB __YHGS 8c2 | 2.5 3.6 |.2.0 2.3 1.6 2.6 By laxe 2.9 2.0
"

L8j»  YHGS BC2Q J<3.55 | 3.4 | b9 2.3 §<3.0 l<3.0 1<3.0 |<3.0 Kk 3.9 l<3.3
" Discharge Pit 11051 3;0 5.0 |3.0 ¥ il - R e LY -0 Y . 1.3:11.9
Y
"l__Discharge Pit 10519 | 08,78 | 6.5 5.2 5.4 § 7.8 J<3.0 - M 8.5 ]<3.3
34 .
™ York 9c2* | 2.3 120 l1.5 T B 2.3 122 2.9 | 3.5
I: York 9G2Q"* |<3.55 | 3.0 |'2.5 |<3.1 | 3.6 3.0 |<3.0 |<3.0 |<3.0 |<3.3




We- % N s tassiios

35

Lg

148

Note: CUcmponite samples are taken at OR1 and 0C2 Water ROSS BETA
"Indicates Finished (Treated) Wnter pCi/e
BRI il ] ! T I T T 1 T 1 T i
Page _Jof a4 Swmple W19 W20 hj21 W22 /23 W2k W/25 C b/26  W/21 W/2B - W/29 K
. _Gwatarn Cveck - F O] 2.7 ) 28 F s g3 a8 L3y l26 e faani e s kNG
L_! Suatara Creck . 1c3a | <29 1'<3.3 <33 <3.1 | 2.7 79 2.5 h.h 8.1 |<3.3 2.9 <3.1
1 -
M _PBrunner Island R BE1 | 2.7] 3.9 | 2.2 —_3__1+ 2.6 | 3w [ $ 3k 3.5 -2-:;_)— 2.0 | 3.8 2.9
‘| _Brunner Island BEI*| 1.9 |<1.0 |<1.0 3.9 |<1.0 |<1.0 1.8 <0.9 1.4]<1.0 4.8 1.h <0.9
) |
|_ML W. shore 0.5 mi.8.f on(2] | 5.0
| TMI W. shore 1.5 mi.5.] 9BL 2.0 “
[
3| _Columbia Water Tlant | 761 | 2.9 | 3.1 | 2.8 | 2.1 | 2.9 | 1.6 | 5.3 | 3.8 | 3.0 |3.1 WY R
Ll
"l __Columbia Water Plant 1019 | 2.4 2.96 |<3.3 <3.1 2.8 |<3.3 2.4 h.6 h.h 2.9 <3.3 <3.1
(L)
| Steelton Water Works | 15F1° 2.3 h.2 1.9 2.5 1.7 1.9 .5 |<1.0 2.0 3.0 2.0 1.h “
»a
" Steelton Water Works J15F1Q*| <2.9 | 2.71 |<3.3 |<3.1 | 2.7 |<«3.2 |<3.3 | 2.6 | 3.9 3.2 0 Fieda 3 L3l ||
"y
vl yHs gzl 2.1 139 122 Ly bgh i Fasfam 1 123 1Y 2.0 1.6 I
"y I
" __YHGS 6c2q 2.8 |<3.3 }<3.3 2.6 3100 €33 o he3. 3 L2t ] <%0 NS ] €331 ) 432
q .
W Discharge Pit 081 | 2.0 | 6. 12.5 | 2.8 | 7.6 |7.9. | 2.9 | 3.3 | 1.2 | h.6 | 3.1 3.8 |
bl
HE! —Discharpe Pit 1051Q | 4,99 | 10.9 | 2.45 | <3.1 1.7 9.0 o:2 6.7 3.6 6.h 2.5 <3.1
19
{F
" _York 9G2* | 1.8 2.2 |1 2.1 1.1 ] 2.2 | 2.2 1.2 11. 2.8 | 2.2 3.3 2.0
" !
"l_Xork 902q* | <2.9 <3.3 |<3.3 <3:): }<3.1 2.8 2.3 |<3.0 3.h |<3.3 <3.3 <3.1
"
"
..1 3 :
b TG2 3.0 | 2.2 ) by 2:8:1:k.3.:0:3.5 3.1




[+ FUEEIR S i _— e ==
S
E Note: Composite samples are taken at DE1 amd 8C2 Water GROSS BETA
3 *Indicates Finished (Treated) Waler pei/e
i === ===
- o T | s Sl A
=] Page _bof _a Swple. S/1 . 5/2  S/3  S/h . 5/5  5/6 S/IT | 5/8 | S5/9 5/10 ' S/ 5/
21§y Swatarn Creck L WCX | 2.6 | 2.6 | 9.7 | 3.6 | 3.5 | 2.8 ] 2.5 ] 1.9 1 2.6 1 2.5 | 2.7 ] .0
3 TN ] R R
27| Swatara Creck My [ jas el 22 v as b2l | sef 27 | <32 ] 5.0
! : - -_....u' — - - ween oo c—— . R -
30§ *__ Prunner Island it .Y SR ol 90 S e~ 5 T Bl 2 8.6 .6 3.0 | 3.1 2.2 3.2 3.2 2.h | 2.1
30§+ Brunner Islnnd —0elF| 2.5 [<i.0” |T2.3 <10 €10 [<1.0 | 3.0 f<1.0 | 2.2 [T1.9 | 1.6 | <L.0
-I
. Sk = — ——
38§ | Columbia Water Plent 6L | 2.5 | 1.9 | 2.k h.2 ~ 3.0 2.5 | 5.2 2.6 | 2.3 TR NE S
4 " ll
38"} —Columbin Water Plant § 761Q | <3,3 }<3.3 <3.3 2.2 1 2.7 13.b 4.0 |<3.0 | <3.0 | 2.5 3.1 61
. L1
A » s
35§ Steelton Water Works J15F1* | 1.6 | 2.5 | 1.8 2.7 | 3.0 | 2.0 | g 1.3 | 1.9 | <.0 2.2
i
'3509] Steelton Wnter Vorks BISFIQP| <3.1 |<3.3 |<3.3 |<3.0 | 3.6 | 3.9 | 2.6 |<3.0 |<3:0 | 2.2 | 1.7 | <21
19 2
u8{"|__yncs 821 27 129 |1k | 28 |28 118 |ea.0 123 Jea0 ] 2.6 | 2 [ 1.5
N .
b8{»| YHGS 802Q |<3.1 |<3.3 [<3.3 |<3.0 | 2.2 | b.2 2.7 |<3.0 | <3.0 | 3.3
= .
v 1"|__DPischarpge Pit 1081 6.5 | 1.1 2.3 e 2.2 2.1 e 2.0 1109
m
»|  Discharge Pit 1051Q | <3.3 | 6.1 | 3.1 2.9 | 10.9 | 2.6 2.6 |<3.0 | <3.0 | 3.h
] s
i 9c2* | 1.h 2.3 1.h 1.9 2.2 X1 2.1 1.9 2.6 2.1
} 14
l " York 9G2Q* | <3.3 [<3.3 [<3.3 <3.0 |<3.0 |<3.h 3.8 J<3.0 <3.0 |<3.2
1 "
il
N - -
i %&: 2. 2.8 2. 2.5 3.3 5.1 3.4 2.1 2. 2.0
. - iRt e e e R




APPENDIX D

TABLE 9

TLD BACKGROUNDS

AVE 197
mP./30.4 Days = 2¢&

CONTROL TLD's

LOCATION mR/mo.

TE1 8.32 ¢

3 4G1 6.38 2
9G1 6.76 2

15G1 6cdl 2

7G1 10,1 -2

INDICATOR TLD's

152 5.61
282 4.76
4s2 5:59
582 5.39
8C1 4.17
952 6.11
1182 8.54
1452 6.71
1651 9.58
4Al1 5.58
3Al 5.32
16Al 5.0
10B1 5.99
12B1 4.53
2 1C1 4.75

T 10 0 1R

4.84
2.92
3.64
3.32
.2

2.42
1.80
3.38
3.56
1.96
3.34
10.3
10.2
eV
2.68
2.88
5.8

7.52
2.54
2.26



Table D-10

Emergency REMP

The Doergency RDDP requires, iz addition to all operatione) REEP proce-
dures, ac incressed se=zlisg and analysis freguency and the addition of aew
analyses aad sa=pling locations. The sable belowv describes the Zzergeacy REDP
vhick started on March 29, 1575. . :

- .

Ho. of No. e : s = e

Indicator Eackground Se=pling .1
Madis locations Locations Frecuency : Analyses
Alr Particulates 5 3 Evezy 3 dmz Gross beta, ga—a 5]
air Jodine 53 ’ 3 Erez:rkB d.lys Padioicdine
Su=face/Driankiag Water 5 2 Gross bete, radicics
Effluezt Vater p 2 0 Trizii=, ga== spec
Precizitation 2 2 M Av:._nbh ‘Ga==a spec.

(rain vazer) 3
Fishes p Weekly Ge=mz spec, stroati;
Agqustic Plants 2 1 Weekly (12 zvailable) Gaz=a spec.
Aguatis Sedimant 26 1 Weekly Ga=ca spec, strostid
~ Milx k 3 Dally Radicicdine, ga=—a2

Vegetaticn & 3 Mogthly Radioiodize, ga==a
Sofl B k b Monthly Gaz=a spec.
¥isc. Foodstuffs ' 1 As An.ﬂ.ublez Gar=a spec.
TLD 15 5 Every 3 days Dose rate

A
.

The listed anzlyses ere perforzed on each sazple and are additiopel to thuse performed in
the operationzl RI2P2.

Serpling pericds were from 3/26-3/31, 3/31-L/3, aad every three days the:u..‘&x- until
L/2L/79. As of L/2L/79 sa=ples zre collected veskly.

3 isdicetor loceticn wves edled oo 4/22/75.

=

Se=pling vas dsne o 3/25, 3/31, and dally therealter.
Precipisation vas collected c2 3/31, L/5 and L/27.

MLk i3 not elveys aveliable Zyc= a goat fers due to {ts use Dy nevborn goats.

- O W

Iocludes pouliry, “eel, egss, pork, and grz=e 17 avallsble.




Table D-11

22-8ite Tuerpensv Pediclopicel Environms=cp! Moniteorinmg Prosme=

As of Mey 33, 157%

Media

Alr Perticulates

Adr Jodize
Surface/Drisking
Fater

Effluent Water

Precipitation

. Fishes

A &ic Plamts

Aquatic
Sedinent

20333

.

¥ise. Food Stulls
puds]

2 nis devel, i2

Conmionl
Freguezcy

Momthkly

Semi-
Anp

Stmi- .
Azaually

(July & Octobder)

Semi-

Anzuelly
(July & October)

Weekly

As Available

ually
(July & Octoder)

Anelvses

Gross Bete
Radioiodize

Radiciodine
Gross Beta
Tritic

Ga=ma Spec

Badiciodine
Gross Beta
Tritive

Cazma Spec

Radioipdine
Gross Beta
Tritiuz

Gar=a Spec

Strontium

Casme Spec
Gazzma Spec

Ge==a Spe:

Redioioiize
Gax=a Sjpez

Gaz=z Spec
Dose Rase

Sa=ples ere collezte? only if eveilable.

Ana.laf;el
Frezusscy
Zack Sexple
Esct Sa=ple
" Fach Sexple

Veekly Cozposite
Veekly Ce=pesite
Veekly Coxposite

Eazh Sa=ple

Each Sexsple

Each Sa=ple

Each Sexpie

Esek Sexple
Zach Spmple
Each Sexple
Zach Sarple

A.etiona

Level

. Ingiestor >1CX Bazkeon

0.9 pCi/z>. :

X 7 S i
Indicater >10X Backgor
20,000 pCi/2

Iadieator 10X Zackgmeon

2 pCiNn

Indicatar >1CX Zackgor
20,000 pCL/1

Indicator »1CX 2ackgest

Isdicater >10Z Backg o

Indicetor 10X Beckg—o
Indicator 210X Backgron

Indicator »10X Backgra

5 pCifl
Indicator »10X Backgmo

Izéicator »10X Backze

exseeded, by confirmed amalyses, results In the izplementation of the more

intense su-velllazce progoes f3- that mediz anéd location as described iz Tedble 2, until
the radicactivity levels are belov the actics level for three successive sacples.

Qally 1f sufficient =ilk is svallzble.

econtinues t> bde zaintaiined per Table 1.

One cilk loeatioz (goet far= &t 1E1) is in excess of the action level and vill be sacpled

The norzal cperationel Radiolecgical Eavironzental MNonitoring Progra=z required Yy the ZTS
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APFENDIX E

INTERIM REPORTS ON TMI OFFSITE

EMERGENCY RADIOLOGICAL MONITORING PROGRAM -

PORTER-GERTZ CONSULTANTS, INC.

Report Description Date
PGC~-TR~171 May 10, 1979

PGC-TR-172 June 7, 1979



Parter-Gertz Consultants, Inc.
76 RITEHOUSE PLACE
ARDMO=E Fa. 19003

PGC-TR-171
: Revision 1
215296 2353

CLe

JNTERIM REPORT ON THE THREE MILE ISLAND

] CRCET CAL
ENFiEﬁﬁ%zNuIL Mo !UE!Y\E PROGRAM

May 10, 1979



= RefioiIsicel Namitering .- APPOsiiX D

INTROSUCTION 3

This interir report reviews the enzlviical results for san>les teken
preinzident end asneraily through mid-Anril, fo= surfeze and drinkinc water,
precipiscsion, 2ir particuletes, anc riscellaneous foo2 preducts, ang cen-
erally throuch the end of forfl %or milk, 2ir fodine, and TLOs. This re-
gort then notes those samole types and anelvses which are recortazhle under
Unis 2's Environmantzl Techniczl Specificitions, eng provides 2 radiologicel
dose cssessment,

tetraoolitan Edison Comany (Mat £2! hes been conductine @ routine oo~
e-ztionz] Radiolonical Envirorn=ental Monisao=inz Proarem (RENP) ir the en-
virons of Three Mile Isiand fuclear Stetion (T1IN3) sinze June 5, 1974, the
critsicolicy dete for Unit 1. This prosre~ involves semzline end 2nelyzine
the eourtic, terrestrial, end atraseheric environments a2long established cri-
tizal p2thweys in crder to evaluete any rediologice) imoect czused by the oo-
erztion of TIINS. A eomn)ese descripifon of the coerational REME ray be found
in the 1375 Annuel Renortii), On March 22, 1579 2here wes zn inzident 2t THINS
Unit 2 vhich caused the zczfdente] anZ fntermittently continuing relezse of
scme radicactivity to the environment ir escess of that releises durinc norma)
cperations. Thus the coerztional REM® {ntensified and becams the Offsite Em-
ergency RENP,

The Emeraency REM® reauires, fn 2ddition to 211 onergticne! REMP proze-
dures, on increased seroling end enrlysis freguency and the addition of new
enzlyses and seraling lozzticns. The teble balow describes the Emergency REMP
which stzrted on March 29, 1579,

Ho. Of Yo, Of
Indicztor Deckground Szrzlina

Vedis Loseticns Locations Frezuency An2ivses!

Air Pertizulates 5 k! Every 2 days? fiross bete

Ri= ledine s 3 Every 3 deys? Redigiodina
Surfece/Urinting Uzcer 53 2 Dafly* Gress betz, radiciodine,
Effluent Liater 1 0 Cafiy {tri:fum.

Preci=fzation 2 2 As Availables oamTh spec.

Fishes 1 1 Veekly Ga—: soec, strontium
Fauatic Flanis 2 1 Feeliy (if aveilable) Farm: spec.

hauatic Sediment 2 1 Veekly Gar=y spez, strontium
I s 4 1 Dafly Ragiofodine, carms spes.
Vesetetie- & 1 Fonthly Radgiciodine, garma spe:.
Soil 4 1 lonthly Gar=z spec.

Niss. Foeosssuffs? 1 1 ks 2vzileble Garmx spec,

TLD 15 5 Every 3 cays? Dost rate

1The 1isted enalyses zre performad on cich samole end ere adgitfonal o thasze performed in
the onercitone) RE“P,

25eraling periods were from 3/29-3/31, 3/31-4/3, end evary thres days therczfter.

Yan indicetor location was agded on 4/22/7%.

*Saraling wvs done en 3/20, 3721, end cefly thereafter.

5?re:|jizat1nn vt collected on 3/31 anmd 4/5.

‘Hflt iz rat elvays aveilable fros & cozt ferm due tc ils use by nocha=n esats.

TinzluZes saultey, bee’, enqs, pork, and came 17 available,




RESULTS

ks this is an interim report final results 2re not yet available for all
samples or analyses.

Air Particulates

During the first quarter of 1975 oross beta activities of air particulate
samples ranged from <0.002 to 0.0% pCi/m® and averaged 0.026 pCi/m3 with no in- -
dividuzl location beinec unigquely high or low. Post incident air particulate
sarmole gross beta activities through 4/15 ranged from <0.002 to 0.84 oCi/m3® and

averaged 0.12 pCi/m?® with tha observed activities appearing randomly distributed
between indicator and backeround locations.

Since the qross beta activities increased after the incident but appear ho-
moqeneosusly distributed at all locations, it is rzasonable to infer that this

increase was due to thz natural sprisg rezinout phenomenz and not TMINS. A sim-
ilar increase was observed in 1978(1),

Rir lodine

No air radioiodine was detected at any location in the first quarter of
1579. Post incident analyses of air iodine samoles through 4/27 noted iodine-
121 activities ranging from <0.02 to 23.9 pCi/m3. Iodine-133 was also found
on occesion with the highast activity beino 4.82 pfi/m3. The distribution of
observed values was such that locations closest to THINS or in known downwind
directions had the highsst radioiodine levels.

Since air radioiodine w2s not detected in any of the preincident samples
in the Tirst quarter of 1979, and since postincident samples show increased
radioiodines, it is reasonzble to infer that the observed radioiodine levels
were dus to TMINS aazseous releases, Additional information concerning these

2ir radioiodine levels is supplied in the Reportable Occurrences section of
this report.

Surfacze/Drirkino Hater

Surface and drinking water samoles for the first quarter of 1979 had: no
detectabie redioiodine, no carma emitting radionuclides greater than the mini-
mum cztectzhle ievel, aross beta activities ranging from <1.0 to 6.0 pCi/1 and
2veragina 3.6 pCi/1, and tritium levels ranging from 110 to 2690 pCi/1 and av-
er2ging 279 pCi/1. Anzlyses of postincicdent samnles throuvah 4/13 found: three
positive radioiodine results (0.4, 0.72, and 0.66 pCi/1) with the remainder be-
ing below the detectable 1imit, no gamma emitting radionuclides except for low
levels of naturally occurring potassium-40 and radium-226, tritium levels rang-
ing from <100 to 810 oCi/1 znd averaqing 170 pCi/1, and gross beta levels rang-
ing from 0.9 to 7.8 pCi/1 and averaging 3.0 pCi/l.

Based on the pre and post incident radioanalyvtical results it seems rea-
sonzble to conclude that the incident at TMINS had no effect on surface or
drinliing water quality.

Effluent Vater

First quarter 1979 preincident effluent water samples had tritium activities




ranging from 310 to 19,300 pCi/1 and no éetec:ab?e radioiodine or aarma emit-
ting radionuclides. Postincident samples throuch &£/13 had tritium levels rang-
ing from 100 to 2820 pCi/1, fodine-131 levels rencing from <0.1 to 62 pCi/],
and no other detectable germa emitters. The levels of radioiodines, based on

the surface and drinking w2ter results, 2oparently had no discernible effect
offsite.

Precinitation

First quarter 1979 preincident precipitation sample analvses found: gross
beta activities ranging from 1.5 to 5.6 pCi/]1 with 2n averace of 2.8 pCi/1,
tritium activities less than 250 pCi/l, no detectable radioiodine, and the pre-
sence of no detectable gamma emitting radionuclides except for low levels of
naturally occurring beryll{um-7. Postincident anaiyses of precipitetion through
4/5 found: gross beta activities ranaing from 2.9 to 93 pCi/l1 (this value was
2t a backoround location ~14 miles Nil.of TMINS) and averagina 19,5 pCi/1, tri-
tium levels ranging from 100 to 160 pCi/1 &nd averaging 138 poCi/1, no gamma
emittine radionuclides except for one positive result for natur;11y occurring

gnqyiéjﬁ?-T and no detectable radioiodine except Tor one positive result of
<1:pCi/s

The increased qross beta levels found, due to the occurrence of hich values
a2t both background and indicator locations, is probably due to sprino rainout
vhile the one positive low level radioiodire result m2y be due to TMINS.

Milk

Analyses of preincident first quarter 1979 milk szmples found no detect-
2ble radioiodine, expected levels of naturally occurring potassium-40, and low
levels of fallout cesium-137. Analysis of postincident milk samples through
4/25 found no chanoe in the potassium-40 or cesium-137 levels, but an increase

in the milk radioiodine contont was found and two milk samples contzined mea-
surezble quantities of radioxenon.

The postincident radioiodine levels in cow's milk through 4/25 ranced from
<0.1 to 21 pCi/]1 with an averace of 1.1 oCi/1. The higher values were found at
the indicator locations during the first post incident week and have been stead-
ily decreasing since. lo detectable radioiodine was found in samples from the
control location. Postincident radioiodine levels throuagh 4/17 in goat's milk
(1 location 1.imile N of THINS) ranoed from 1.1 to 41 pCi/1 and averaged -~

13 Ftill These levels peaked on 3/30 and 4/12 and have slowly declined after
each pezk.

The increases of milk radiciodine, b2sed on their times and places of oc-
currence, are in 211 1ikelihood due to TMI!NS gaseous releases. Additional in-
formation concerning these milk radioiodine levels is suinied in the Reportable
Occurrences section of this report.

TLDs

The average gamma immersion dose rate arcund THMIKS, due to non-THMINS pro-
duced radioactivity, &s measured by the fourth quarter of 1978 TLDs, is approx-
imately 0,172 mR/day with extremes of 0.115 to 0.247 m"/day denending on loca-
tion. The oostincident TLD results throuch 4/28 did show a marked increase in
the qamra irmersion dose rate at some close-in offsite locations. The highest



offsite values, which occurred immediately postincident, peaked at anproximately
10 m?/day for thz period 3/29-3/31. These high values occurred within a2 mile

of the site and the dose rate decreased to backoround levels some five miles
from the site. The offsite camma immersion dose rate quickly decreased with
time such that by &/3 211 offsite locations ware essentially 2t normal am-

bient background lcvels.

Subjective analysis of the TLD datz would thus indicate that the transient
and slightly increased dose rate found just offsite was caused by TMINS and
thzt this increcse was not apparent 2t distances of {ive or more miles.

Qther Samnles

Two of six orass samples showed low but detectable levels of radioiodine
which could have been due to TMINS.

Anzlyses of poultry, beef, eggs, and soil showed the presence of naturally
occurring or fallout radioactivity only. MNo significant differences were found
betwzen indicator and background results for these samples.

PEPORTABLE OCCURRENCES

Table 3.2-4 of the THINS Unit 2 Envircnnental Technical Specifications(2)
reguires that non-routine ooerating reports be filed with the Nuclear Reoula-
tory Commission for those sample types whose average quarterly radioactivity
levels exceed the Tisted values. These levels warz exceeded in the first quar-
ter of 1979 (samoles taken from Jznuary 1 - March 31) by fodine-131 in milk
and air. These occurrences are discussed below.

Jodine-131 In Milk

The reporting level for iodine-131 in milk is 3 pCi/1. This value was
exceeded 2t locations 783 (covi's milk) and 151 (coa2t's milk) where the res-
pective quarterly averaces were §,.42 and 8.58 pCi/l. Prior to the March 28
incident no redioiodine was detectable in a2ny milk samples from these loca-
tions; the reporting level was exceeded cue to one positive result at 783 on
3/31 (21 pCi/1) and two positive results at 181 on 3/29 and 3/30 (1.1 and 41
pCi/1). Based on radiofodine levels in ezriy April (second quarter) samoles

:t islzike1y thzt only location 1B! will have reportable levels of radioiodine
n milk.

The potentizlly highest radiolonicz] dose to an infant's thyroid from
drinking one liter of milk per day from these locations for those days when
positive results were found in the Tirst quarter, assuming no physical decay
and usina the cose model and values in reference 3 is calculated below. These
c2lculated doces would also approximate the total infant thyroid dose to this
infant for the Tirst quarter of 1579.

Milk from 783: (21 pCi/1)(1.39%10-2 mrem/pCi incested) = 0.29 mrem
Iilk from 1B1: (1.1 pCi/1 + 41 pCi/1)(1.39x10-2 mrem/pCi ingested) = 0.59 nrem

Indine-131 In Air

The reporting level for airborne iodine-131 s 0.9 pCi/m3. This value was
exceaded 2t 5 sampling lozations duc to elevated zir jodine concentrations in |
sarales taken postincident. No radioiodine was found in semples for the first




quarter, taken prior to March 2E. The loﬁetions. their samplina periods, av-
erages, ang peak values which occurred from 3/289 to 3/31 are listed below.

Quarteriy
Lozation Average Peak Value Samplinc Periods
152 1.68 pCli/m3 22.6 pCi/m3 WHeskly from 12/27 to 3/29/7S
B8C1 - 1.58 pCi/m3 20.1 pCi/m3:} and 3/29 to 3/31/7%
5A1 1.48 pCi/m3 20.3 pCi/m3
1281 T 12.1 pCi/md 23.9 pCi/m3 2/28 to 3/25/75 2nd 3/29/79 to 3/21/7°%
1C1 4.27 pCi/m3 12.7 pCi/m3 1/10/7% to 1/17/79, 2/28/7% tec 3/29/7%9,

and 3/29/79 to 3/31/79

The airborne radioiodine levels have, in general, been steadily decrezsing

in April such that only location 5A1 may be reportable for the second quarter
of 1979.

The radiological dose implications to the maximum adult's thyroid from be-
ing 2t lozation 1281 (Goldsbero, PA) for the entire 72 hour period (3/29 - 3/31)
using the dose model and values in reference 3 is calculated below. This cal-
culated dose would also approximate the maximum total adult thyroid dose for
the first quarter of 1579,

At 1281: (23.9 pCi/m3)(66 m® of air inh2led/3 deys)(1.49x10-3 r-ex/pCi inhaled)
= 2.4 mrem

THCIDENT IMPACT ASSESSMENT

A mothod whereby the radiolooical impact of the March 28, 1979 incident
2t TMINS can be assessed is to consider the potential radiological dose to in-
dividuals in the population at larae th2t could have been exposed to TMINS ra-
dioeffluents from the tirme of the incident. The dose models znd values used
agre found in references 3 and 4. This is the method used here for the follow-
ing pathuays: waterborne (drinking water, eating fish, swimming, boating 2nd
shoreline activities), drinking milk, inh2lztion cf radioiodine, and qamma im-
marsion cose as mezsured by TLDs, Each of these pathways and the resultant
doses for the noted time periods follow.

taterborne Pothwavs

Dose rates for the maximum and averace individual have bein calculated and
reported for the periods 3/28/79 - 3/31/79 and 4/1/79 - 4/7/79 5). The results
of these czl¢ulations have bheen excerpted from the referenced report,

It should be noted that the calculated doses are extremely low and no dif-
ferent from those thz2t would be received from the naturz] radiation environment.

Milk Ingestion Pathway

Location 783 had the highest postincident concentration of radioiodine in
cow's milk vhich averaged 2.5 pli/1 for the time period 3/26/79 - &/25/79.
Thus the potential maximum thyroid dose received by an infant drinking one liter



of this milk per day, assuming no physical decay of iodine, is:
(1 Viter/day)(28 days)(2.5 pCi/1){1.39x10-2 mrem/pCi ingested) = 0.57 mrem

This is 2 very low dose and redpresents 2 very sm211 additional dose incremznt,
sinze a typical infant would receive aporoximately 7.8 mrem to the thyroid
over this same time period due to naturaliy occurring radioactivity.

The gsat's milk at location 1B1 averaged 13 pCi/1 for the time period
3/28/79 - 4/17/79. Thus the potential maximum thyroid dose received by an in-

fant drinking one liter of this milk per day, assuming no physical decay of
iodine, is:

(1 Viter/day)(20 days){13 pCi/1)(1.39x10-2 mrem/pCi ingested) = 3.6 mrem

however, most to 211 of the goat's milk productiorn is being used to suckle new-
born kids or for environmental sample$ and thus therz is 1ittle to no human ex-
posure via this pathway(6).

Inhalztion of Radiciodine

The closest offsite location, 5A1 the observztion center, had an 2ir ra-
diofodina concentration which for the period 3/22/79 - 4/27/79 averaged 3.2
pCi/m3. 1f an individual were to have been at this location for this entire
time period they could have received a2 thyroid dose of:

(21.9 =3 of 2ir inhzled/day)(30 doys)(3.2 pCi/m2)(1.49%x10-3 mrem/pCi inhaled)
= 3.1 mrem,

which is low. It represents an approximate 38% increase over natural background
exposure levels for the same time period.

The closest ponulation center was Goldshoro, PA (location 12B1), where
the 2ir radioiodine concentrztion averaned 2.4 pCi/m3 for the period 3/28/79
- 4/27779. Thus 2 resident cof Goldsboro, if they were not indoors for this en-
tire time period which is quite unlikely, could have received a2 potential thy-
.roid dose of:

(21.8 m? of air inhaIedlday)kBG days) (2.4 pCi/m?)(1.49x10-3 mrem/pCi inhaled)
= 2.4 nrem,

vhich is low and represents an approximate 38% increase over natural background
.exposure levels for the same timz perfod. .

Residents of Middletown, PA (location 1C1) were potentially exposed to an
averaoe air radioiodine concentration of 1.3 pli/m3 for the time period 3/28/79

- 4/27/79. Thus a2 Middletown resident could have received a potential thyroid
dose of:

(21.2 m? of 2ir inh2led/day)(30 days)(1.3 pCi/n3)(1.49x10-3 mrem/pCi inhaled)
= 1.3 mrenm,

which is low and represents an approximate 16% increase over natural background
exposure levels for the same time period.



Garmz Immarsion Dose

The gammz immersion dose, total externzl exposure, is calculated for the
period 3/28/79 - 4/28/79 at locations 441 {north of the observation center on
Laurel Poad - the hichest chserved offsite location vhere people would likely
be) and 1281 (Goldsboro, PE) and 1C1 (Middletown, PA) close in population cen-
ters. The results were converted from milliRoentcens to millirem by multiply-
ing the cbserved values by 0.955 and 2ssuming an RBE of unity. The calculated

potential totel absorbed doses are thus 37.5 mrem at 4Al, 7.4 mrem at 12B1,
and 5.2 mrem at 1Cl.

The average normal backaround exposure rates for these locations for the
same time period is approximately 4.5 mrem based on data from the last quarter
of 1978. Therefore the potentizl increment2]l exposure dose caused by TMINS

fg; this time period is: 33.0 mrem at 4Al, 2.9 mrem 2t 12B1, and C.7 mrem at
1C1.

DOSE SUMYARY

Based on the data presented and evaluated in this interim report the fol-
lowing doses can be calculated and conclusicns dravm concerning the radiolooi-
c2l impact of the March 28, 1972 incident a2t TMINS.

Dose Surmary - Tot21 Daces

Dose: mrem per time period

Medio - Pathuay Tim2 Period Covered Fax Indivicdual Avq Individual
Drinking Water 3/28/79 - £/13/79% 6.9E-4 4.1E-4
Eating Fish 3/28/79 - &4/13/79 1.7E-5 1.9E-6
Swimming 3/28/79 - &£/13/79 1.7€-7 7.1E-9
Bozting 3/28/79 - &4/13/79 8.5E-8 3.6E-9
Shoreline 3/28/79 - &/13/79 5.7E-7 2.4E-9

Air lodine Inhalation 3/29/79 - 4/27/7¢° 3.1 3.22/1,33
lodine in Cow's Milk 3/29/79 - 4/25/7° 9.7E-1% 4,3E-15
Irmersion Dose 3/22/79 - 4/28/79 37.56 7.42/5.23

1At Jocation 5A1

24t location 12B1 (Goldsboro)

3At location 1C1 (Hiddletown)

“From location 783 for the infant thyroid

Spased on average for all locations for the infant thyroid
64t location 4A1

CONELUSTONS

1. There wa2s no detectzble increase in the radioactivity levels of
surface or drinking water.

2. Sm211 increases of radiofodine, which would result in negligible
radiolonical doses to the general population, were found in milk,
precipitation, air, and qrass which probahly were due to THINS
gaseous radioefflucnts.

3. The offsite environmental dose rate, as measured by TLDs, did in-
crease within 2 five mile radius of TMINS for 2 few days post in-
cident.



an

b

d &. The resultant potential incremental radiolocical doses to the

general population for all pathways considered were generally
less than & millirem and 2s such would b= less than the dose
that would be received from a transcontinental plane flight.
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pose Calculations Fer The Period 2/28779 - 2/31/79

Neclides Found and Their Concentratiens

Location Nuzlide 2nd Concentration
TH-S¥-CEY H-3 = 235 pliNl 1-131 not detected y spec = <'1OL
T=84-707 H-3 = 1E5 pCiN 1-131 = 0,35 pCiN Y spec = <MDL
TH-SH-952 no activity detected

Susquehanna Niver -3 = 218 pCi/l 1-131 = 0.23 pCiN1 y spec = <ML

Dose Celczulatiens - Doses Calculated For The Exposure Period

Dase: mrem/exnosure neriod

Pathwav Lecation  Radionuclide Orecan Hax, Av,
Individusl Individual Min-rem
Drinking keter TM-SH-5E1 H-3 Whoie 2.3E-4 1.68-4 ~ 3.4E-6
body :
Orinkinc Hater TM-SH-76) H-3 Whole 1.6E-4 8,5E-5 . 9,5E-4
: body
Arinking Yater THM-SW-761 I-121 Thyroid 5.2E-3 3.1E-3 3.1E-2
Eeting Fish River H-3 §231e 5.5E-6 6.3E-7 -
: .
Eating Fish Piver 1-131 Thy=oid 1.3E-3 1.5E-4 -
Swirming River H-3 Hhole 0 0 -
body
Seimming River 1-131 Thyroid 1.7E-7 7.1E=§ -
Boatinn River H-3 Whole 0 0 -
body
Boating River I-12) Thyroid 8.5E-8 3.6E-0 -
Shoreline Piver E-3 Whole 1] 0 -
bodv
Skoreline River 1-131 Thyroid 5.72-7 2.4AE-0 -

Conclusion

The dozes calculated zbove 2re extremely low and no di“ferent from those that
would be received from natural radiztion.



Dase Calzulasions For The Pesind 4/1/70 - £/7/79

':!ides Found and Their Concentra<tions

Lozation Nucléde and Concentrztion
T¥-SH-8E1 H-2 = 140 pCi/1 1-131 ot detaczted v Sosc = <MDL
TH-SK-761 H-3 = 179 pCi/1 1-131 not detected vy sSpec = <MDL
TH-Si-9h2 H-3 = 224 nCi/1 1-121 not detected vy soec = <M"DL

v Spec = <ML .

Susquehanna River H-3 = 184 pCi/1 1-131 not detected

Cose Caleulasinne - Doses Caleculated For The Exoosure Per{od

Dase: mrem/cxposure neripd

ax. AV,
Pathuay Lecation Radiosnuciide Oroan  Individual individuel Man-rem
Drinking Vater TH-SY-BE1 H-3 linale 2.5E-4 1.52-4 3.78-€
body
Oriaring Water  TM-34-7G1 H-3 th:h 3,2E-4 1.98-4 1,982
dv
Oririing Kater TM-SH-9G2 H-3 Hhole &,0E-4 2,4E-4 3.0E-3
body
Eztinz Fish River H-3 HWnole E.6E=6 e.05.7 -
body
Swirming River k=3 °  thole e 0 -
body
Boating River H-3 Wnole 0 0 -
AR body
Shoreline River H-3 Hhole 0 1] -
body
Conclusion

The dosas calculated above arc extremely lTow and no different from those that
would be received from natural radiation.
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Introduction :

Metronolitan Edison Commany has been conductinc an intensive 0ffsite Emercency Ra-
diolonical Environmental Monitorinc Proagram in the environs of Three Mile Island hu-
clear Station since March 28, 1972. This intensive program, throush Aoril 30, 1979,
required: daily samles of drinking and/or surface water at 7 locations, effluent water
at 1 location, and milk at 5 local dairy farms; samples every 3 days at £ air particu-
late and air iodine locations, and 20 TLD lozations {became weekly on April 28, 197%);
and samples as available of precipitation 2t 4 locations, fishes at 2 locations, acuatic
plants and sediment at 3 locations, vecetation and soil at 5 locations, and miscellaneous
foodstuffs at 2 locations. This interim reoort reviews the radioanalvtical results of
analyses on these samnles, except TLDs, and evaluates the potential impact portrayed
by these results from March 28, 1975 through April 30, 1979 or scme prior date based on
results availability.

Waterborne Pathwavs
Surface and Drinkinn Hater

AT water samples were analyzed for radioiodine, tritium, and oross beta activities,
as well as by gamma spectroscony. Seven samples, 1 upstream and 5 downstream, had very
Tow positive results for radioiodine (all <1pCi/1) while a1l other samples had no detec-
table radioiodine. Tritium and aross beta activities were at normal ambient levels for
all samples and no reactor produced radionuclides were found. The dosimetric implica-
tions of these results are found in the appendix to this report.
Effluent Water

ritium lTevels ranaed from 100 to 3690 pCi/1 throuch April 21, 1979; fodine-131 levels

ranged from <0.1 to 62 pCi/1 throuch April 30, 1972; no camma emitters other than ijodine-
131 and on 2 occasions cobalt-58 were found. The levels of radioactivity found, based on
the surface and drinking water results, had no discernible effect offsite.
Fishes - Aquatic Sediment - Aauatic Plants

Analyses of fishes found only naturally occurrinn potassium-40 and occasional low
levels of fallout cesfum-137. Analysis of sediment samoles found normal levels of na-
turally occurring radionuclides and on occasion low levels of cobalt-52, cesium-134, and
manganese-54, Ho aquatic plants were found.

Airborne Pathways

Gross beta analyses of airborne particulates found typical background activities at
all locations at all times. Radiofodine analyses found activities ranging from <0.02
to 23.9 pCi/m3. The distribution of these values was such that locations closest to
Three Nile Island had the hinhest activities. The dosimetric imolications of these re-
sults are in the appendix to this report.

Terrestrial Pathways
Milk

Knalyses of cow's milk noted radioiodine levels ranging from <0.1 to 21 npCi/1 and nor-
mal background levels of cesfum-137 and potassium-40, The hioher radfoiodine results
vwere found immediately post-incident and have been decreasing. The dosimetric fmplica-
tions of these results are in the appendix to this report. Analvses of ocoats milk found
radioiodine levels ranging from 1.1 to 110 pCi/1 and normal backeround levels of cesium-
137 and potassium-40. It should be noted that most to all qoat's milk production was
used to suckle newborn kids and thus there was little to no human exposure via this pathw
Rainwater

ritium, aross beta, and gamma soectrometric analyses found normal anbient activities
and naturally occurring radionuclides only. Radioiodine analyses found detectable acti-
vities (2.1 and 1.2 oCi/1) in 2 indicator samnles for the period March 31 - April 5, 1979
no other samyles had detectable levels of radioiodine.
Other Samnles

Two of G nrass samples had low but detectable levels of radioiodine (0.033 and 0.053
pCi/q); no radioiodine or reactor produced radionuclides were found in sofl, poultry,
beef, eqas, or ocame.
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Information On Potential Padiolocical Doses For The Noted Pathwavs And Periods

waterborne Pathwavs

Location

TM-SW-BE]

TH-SH-7G1

TH-SH-76G2

TH-5W-962

Susquehanna River
South of NI

Period

3/28-4/21
3/28-4/30
3/28=4/12

3/29-4/21
3/29-4/30
3/289-4/10

Not available
4/22-4/30
lot available

£/1-4/21
4/1-4/30
4/1-4/9

3/29-4/21
3/25-4/30
3/258-4/12

Nuclide

and Averace Concentration*

L
-t L)
w
—

LI}
- L)
(¥ ]
—

¥ ¥
- LD
W
—

L]
— L

-(-'-:!: - X A e o e XT o
w
[

168 pCiN
lione detected
None detected

160 pCiN
0.28 pCiN
lione detected

0.3 oCi/1

170 pCiNN
lone detected

165 i/l
0.26 pli/NN
Hone detected

*For purposes of averagino values at or below the detection 1imit were consicered
to be the value of the detection limit.



Haterborne Pathways (continued)

Pathway

Drinking Hater

Eating Fish
Swimming
Boating

Shoreline

Location

TH-SH-BEL
THM-SH-761
TH-5H-7G1
T-5H-76G2
TH-S4-96G2

River
River

River
River

River
River

River
River

Append §x
(2)
Radionucl ide Orqan
-3 Whole body
-3 thole body
I-131 Thyroid
1-131 Thyroid
H-3 Whole body
-3 t'hole body
1-131 Thyroid
-3 Hhele body
1-131 ‘thole body
n-3 Vhole body
I-131 Whole body
H-3 thole Lody
1-131 Khole body

PGC-TR-172
6/7/719
Dose: mrem/period
Hax imum Average
Individual Individual Man-rem
8.5E-4 5.1E-4 1.3E-5
0.1E-4 4.BE-4 4,.8E-3
3.6E-2 2.2€-2 -
4.4E-2 2.6E-2 -
7.5E-4 4 .5E-4 5.6E-2
1.9€-5 2.1E-6 -
1.3E-2 1.4E-3
0 0
1.6E-6 6.7E-D
0 0
7.9€-7 3.3E-8
0 0
5.3E-6 2.2E-8 -
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M{lk Pathwev (cow's milk onlv)
~ Radionuzlice and Averape :

Lozation Concentration Perignd (Oraen Dose: rrem/per
TH-M-753 1-131 = 2.2 pliN 3/28-4/30 Infant Thyreid 1.1
A11 lozetions 1-131 = 1,1 pliNl 3/25-4/30 Infant Tnyrcfd 0.5
Inh21ztion of Redioiodine
Loc:tion Aversne Concentration Period Orozn Jose: rrem/per
TH-AI-5A1 2.93 pCi/m} 3/22-4730  Adult Tnyroid -
TH=-A1=-1CY 1.21 pCi/m? 3/22-4/30  Adult Thyroid 1.5
TH=-A1-12E1 2.25 pli/m? 3/22-4/30  Adult Thyroid 2.%
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ATMOSPHERIC DISPERSION ESTIMATES FOR TMI UNIT-2
VICINITY OF PLANT STRUCTURES

By
James Halitsky, PhD




Introduction

Near fielc dispersion of effluents from the Uait 2
reactor vent stack is affected by building interference with
the wind stream because the stack top is close to, and lower
than, the top of the containment structure. This analysis
develops the jet plume in the curved flow field surrounding
the reactor building in a 157.5° wind (toward the NNW) with
atmospheric stability E for a range of wind speeds that
plausibly existed during the period of highest release from
1700 through 2400 on March 28, 1979.

The analysis employs potential flow equations to establish
the local flow field around the containment (reactor building)
structure, and the overall flow field around the piant complex
beyond the containment. The stack jet plume is assumed to
rise through the curved flow fields according to the Briggs
(1977) equation for momentum jets, with warpage according to
the local flow field streamline angle. Dispersion around the
warped centerline is calculated according to the Halitsky (1966)
jet plume model.

The potential flow eqguations are those for unifrom flow
encountering a stationary ellipsoid of revolution or elliptic
cylinder, derived from stream functions for translating
ellipsoids and cylinders in a stationary fluid given in Lamb
(1934). The eguations are applied to the Three Mile Island
configuration by fitting an ellipsoid of revolution to the
containment structure and its cavity, and an elliptic cylinder
to the building wake and its cavity. The two flows are treated



independently, with plume rise initially controlled by the
ellipscid but passing to the cylinder at a distance where
streamline curvature due to the ellispoid becomes small and
the elliptic cvlinder £low takes over.

The rationale for this approach is that building cavities
have roughly elliptical cross sections which can be construed
as solid objects for the purpose of estimating streamline
patterns external to the objects. Evidently such estimates
are poor close to the surfaces of the real building where
local irregularities perturb the field, and immediately down-
wind of the cavity where wake velocities are low. However,
if the stack jet has sufficient initial rise to reach a region
of relatively unperturbed flow (except for curvature induced
by the ellipse), the potential flow approach gives an estimate
of plume warpage that seems realistic and can provide guidance
for correlation of plume behavior estimates with radiocactivity
measurements.

Physical Configuration

Figures F-1 and F-2 show the general arrangement of Units 1
and 2 and three of the four cooling towers, as estimated from
drawings and an airplane view of the site. The top of the
vent stack lies to the east of the containment structure,
about 13ft from the exterior cylindrical surface and 10ft
lower than the top of the dome.

The stack operating characteristics are:




D = diameter = 9,.B4%¢t

(=]
“o = emission velozity = 29,.E5ft, sec
To = emission temperature = ambient
hs = 158.8Bft above grade

Atmospheric Conditions

The wind speeds used in this analysis will be referred
to the 100ft anemometer on the onsite meteorological tower
located to the NNW of the reactor buildings. Using a power
law with an exponent of 0.5 for E stability, the wind speed
at stack top is

u (ft/sec) = 1.407 u_(158.8/100)°*5 = 1.260 u, (1)
where

w = 100ft anemometer wind speed (mph)

The analysis will be made for u_ = 5, 10 and 15 mph.

t
Plume Rise

Plume centerline elevation above ground with zero buoyancy
flux is given by Briggs (1975) Equation 45 as

hp = +( )1/3( 0)2/3“”1/3 i



h, = stack height = 158.8f¢t

& = 3

Em 1/3 + uolho . (3)
Figure F~-3 shows centerlines calculated by Equation 2.

Maximum plume rise in a stable temperature gradient is
given by Briggs (1969) Equation 4.28 as

=22
(o Do 1 (4)
hpmax = ﬁzﬁs—_ s176
where
g_ 28
s - Ta "o_z' (5)
2
g = 9,81 m/s
'I‘a = ambient temperature = 293°k
2% = 0.02°K/m £
53" . K/m for E stability

Substitution of these values in Equations 1 to 5 gives Table F-1.

Plume Centerline Warpage

The following potential flow equations apply to both
the ellipsoid of revolution and the elliptical cylinder:
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p = (yz + 22)1/2 (p=z for elliptic cylinder)
k = ae

-]
n

!D =
tan w
a =
b =

Vl-(b/a)z

l/e = value of [ at obstacle surface

= z/y

major radius of elliptical'obstruction

minor radius of elliptical obstruction

coordinate origin at center of ellipse

.
y e
. -
¢ .

downwind distance

lateral distance

vertical distance

a characteristic parameter, constant along an

ellipsoidal or cylindrical surface confocal
with the obstruction

The following equations apply only to the ellipsoid:

o 26D

Fa5

(6)

(7)

(8)

(9)

(10)

(12)

(12)




y' = normalized stream function

The following equations apply only to the elliptical cylinder;

vo= Earfe- -0 [s- -‘—’c‘/zﬁz] + £ (15)
p = (A28 o (16)

Plume centerline warpage around the ellipsoid caused by streamline
curvature was found by treating the plume in discrete sections,
starting at the stack. The calculation procedure was as follows:

(1) Start at stack top with coordinates X0 ¥y0 zl.

(2) Calculate §, at Xy, ¥y, 2y using Equation 6.

(3) Calculate Wy at Xyv Y90 24 using Equation 1l.

(4) Calculate w'l at xl,yl, zy using Equation 12.

(5) Assume an increment Ax.

(6) Calculate (9 and w'z at xz-x1+Ax and Py = Py (”1'”2"
1f tpe flow field is curved, w‘z will not be equal
to ¢'1 and point 2 will not lie on stream surface
', .

)



(7) Iterate on Pas holding X, constant until ¢!, is
acceptably close to y' 1" Point 2 is now on the same

streamline as Point 1.

(8) Calculate incremental undeflecied plume rise th_ over
&x by Equation 2 and add to the final z, obtained by
the iteration procedure of step 7.

(9) sStart calculation over again with initial coordinates
Xor Yoo T, ¥ &hp.

The procedure was the same for the elliptical cylinder except

that Equation 15 was used in Step 4, and the starting point in
Step 9 was the terminal point of the ellipsoid calculation.

Selection of Cavity Ellispoid and Cylinder

There is no precise way to select representative ellipsoids
and cylinders in given configurations. For the containment
ellipsoid, guidance was taken from the smoke photographs of
the EBR-11 cavity in Figure 5.23 of Halitsky (1968), which
showed a cavity length about 2 to 2.5 diameters measured from
the containment centerline, a cavity height about egual to
the dome height, and a cavity width about equal to the con-
tainment diameter. Additionally, consideration was given to
the departure from sphericity of the containment dome, the
collar at the base of the dome, and the projection of the
containment above an effective grade at the elevation of the
‘reactor building roof. These considerations led to selection
of major and minor axes egual to 127.3 and 90.0ft, respectively,



and placement such that the top of the ellipsoid was at the
same elevation as the top of the dome ané the downwind end
of the ellipsoid was located 164.6£t from the center of the
containment.

The proportions- and placement are shown in Figure F-4.
Tne cavity length is 164.6/69 = 1.19 diameters from the con-
tainment center, which is shorter than the EBR=11 cavity
length, but consistent with the smaller projection of the
containment above effective grade. The minor radius is a
compromise between matching the dome plus collar and
exaggerating the cylindrical base, with greater emphasis
placed on the former,

The elliptical cylinder was chosen to correspond to the
lee cavity of the reactor building complex. Figure F-5 shows
the estimate of the cavity shape, based on experience in
observing cavities by wind tunnel modeling. In the plan
view, the cavity starts at the lateral curves of the building
complex and closes some 700ft downwind of the center of the
complex. A vertical section through the stack (Section A-A) shows
the cavity starting at the roof of the auxiliary and fuel
handling building and terminating at the ground.

The region of influence of the ellipsoid was assumed t5
extend to 300{t from the stack, at which point the influence
of the elliptical cylinder was assumed to dominate. Accordingly,
the center of the ellipitcal cylinder was placed at x = 300ft
and the major and minor axes scaled from Section A-A were
680ft and 98ft, respectively.



In actuality, flow over the lee cavity is three-dimensional,
not two-dimensional as implied by use of a cylindrical cavity,
and would be better represented by an ellipsoidal cavity with
unegual longitudinal, vertical and lateral radii. Unfortunately,
a potential flow solution is not available for this case. ©0f
the two available solutions (ellipscid with egual minor radii
or elliptical cylinder) the latter is preferable because the width/
height ratio of the lee cavity is large.

Figure F-6 shows the warped plume centerlines in E stability
for tower wind speeds u, - S, 10 and 15 mph, calculated as
above. The effect of lee cavity was assumed to terminate when

the vertical streamline deflection at plume elevation decayed
+o 1 £t in 500ft.

Plume centerline elevations at various distances from
the stack are tabulated in Table F-2.

Plume Dispersion About Centerline

The Halitsky (1966) jet plume model envisions an initial
region extending from Station 0 at the stack orifice to
Station 1 at the end of the undiluted core, a second region
from Station 1 to Station 2 where jet velocities decay to a
small value (end of jet), and a third region downwind of
Station 2 where plume expansion is controlled by atmospheric :
turbulence. Figure 10 of Halitsky (1966) gives the normalized
distances sllno and sz/no along the plume centerline to Stations
l and 2, and the normalized plume radii leno and Rz/no at
those stations as a function of velocity ratiom = uoluo.



The jet plume up to Station 2 anéd the simple plume beyond

Station 2 are linked by the assumption that the simple plume
o and L= at Station 2 are each egual to 0.4R2. The factox
0.4 was arrived at by eguating the contaminant mass flux in
the jet plume (with its assumed conical concentration dis-
tribution) to the flux in the simple plume (with its assumed
Gaussian distribution), i.e.:

Q= _/B;xotl - r/R)2nrdr = ux, 2ro
0

y°z (17)

which yields °y°z = 32/6. At Station 2, °y'°z'°2 resﬁlting in
oznn//a-o.mz.

The approximation ¢ = 0.4R is useful in visualizing
Gaussian plumes because the conical distribution provides a
finite plume boundary whereas the Gaussian plume boundary is
indefinite.

Beyond Station 2 the plume is assumed to expand at the
rate inherent in the Pasquill-Gifford curves as given in
Turner (1969). The average rate for the first 100 meters may
be found by dividing the ordinate of the appropriate curve
at x = 0.1 km in Turner Figures 3-2 and 3-3 by 100. Thus,
for Stability D,

8, = 0./%|g 1 xm = 8.0/100 = 0.080
a, = 0,/%|o 1 ym = 4.6/100 = 0.046

Applying these expansion rates along the plume centerline
(rather than along x), we obtain beyond Station 2

F-10



p = (he = h)/o, (21)

where
hc = height of cavity above grade
The trapped fraction fc is then obtained from Turner (1969)
Figure A-3 where P is the ordinate and fc is the abscissa.
The remaining fraction is retained in the plume. Table F-3
shows the parametric values obtained by scaling Figure F-6.
The concentration field may now be treated as the sum
of a building wake plume with source strength fco and an

elevated plume with source strength pr and- centerline heights
as given in Table F-2,

F=12
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Height of Plume Centerline Above Grade (feet)

Table F-2
Plume Centerline Heights

Distance from u, =5 mph
stack (ft) Unwarped Warped
100 216 211
166 226* 216
300 226 216
728 269 184
1000 281 143
1500 299 132
1918 311 131

*Final rise according to Equation

Ul 10 mph
Unwarped Warped
186 188
199 186
212* 167
218 123
227 114
233 113

u, mph
Unwarped Warped
176 173
184 163
193 137
196 92
202 51
205* 94



> S O

Table F-3

Plume Cavity Intersections

distance to max penetration
cavity height

plume centerline height
vertical diffusion noefficient

see eguation (21)

source fraction in building
wake

1l - £ = source fraction in
elevated plume

ut=10 mph

S00£ft
50ft

138ft
36.7£f¢
-2.40
0.01

0,99

ut=15 mph

900£ft
50£ft

1085
34.1f¢t
=173
0.04

0.96



Figure F-1
Plant Phvsical Configuration
Three Mile Island Station
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Figure F-2

Detailed Diagram of Unit #2 Physical Configuration
Three Mile Island Station
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Figure F-3
Undisturbed Plume Centerlines
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Figure F-4

Unit #2 Containment Cavity Dimensions
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APPENDIX G

RESPONSE OF TELEDYNE DOSIMETERS
TO XENON=-133



Introduction

As described in Section 4.0 in the main body of this
report, TLD readings were used along with metéorological data
to estimate the total gquantity of noble gases released.
Therefore, the response of these TLD's to noble gases is
important to the conclusions reached. For this reason,

Dr. Hoyt Whipple was reguested to stﬁdy the theoretical
response capabilities of the Teledyne (Teledyne Isotopes, Inc.,
westwood, New Jersey) TLD's. This appendix presents the
results of Dr. Whipples' analysis. At the time this report
was prepared, there were no definitive field or laboratory
test results available to demonstrate the response of Teledyne
TLD's used in the environmental monitoring program.

Release of Noble Radioactive Gases

The estimates for the release of noble radiocactive gases
(Table 4-4 of Section 4.0) indicate that xenon-133 constituted
74% of the total during the first 33 hours and nearly 100% of
the total thereafter. Thus, attention is centered on xenon-133.
However, during the first 33 hours, xenon=-135 constituted 23%
of the total, but because of its short half-life (9.14 hours)
dropped to insignificance thereafter.

Radiations Emitted by Xenon-133 and Xenon-135

The radiations emitted by xenon-133 and xenon-135 are
presented in Table G-1. It is evident that for xenon-133
the dominant photon radiations are 0.08 and 0.03 Mev, and



that the maximum electron energy is 0.0l Mev. The table
also shows that the 0.25 Mev gamma is the dominant photon
emission from xenon-135 and that the maximum electron energy
is 0.91 Mev.

Teledyne Dosimeter

The thermoluminescent dosimeter (TLD) used by Metropolitan
Edison Company for routine environmental measurements is the
Teledyne Isotopes device of the so-called "current design".
This device contains a TLD element which is a teflon matrix
containing 25% by weight of Cnsoqzny. The TLD element is
4.45 cm long, 3.18B cm wide and 0.038 cm thick. It is sealed
in a thin, black plastic holder, which is fitted front and
back with a layer of copper 0.056 cm thick.

Sensitivity of the Teledyne Dosimeter to Beta Radiation

The copper layer in the dosimeter has a thickness of
0.056 ecm x B.92 g/cm3 = 0.5 g/cmz, which is sufficient to stop
completely all beta particles with energies less than 1.2 Mev,
Since neither of the principal noble gas isotopes has an energy
approaching this value, it may be concluded that the dosimeter

is insensitive to the beta radiation from these isotopes.

Sensitivity of the Teledyne Dosimeter to Photon Radiation

The measured response of the Teledyne dosimeter to filtered
X rays is given in Figure G-1. The thecoretical response of
this dosimeter has been calculated by the equations which follow.



where:

R
nm

[+

Rm/R

m.6

-ux
Do /Dm

Ra/Ra.G

By # e ¥/ (g * u,)

response, relative to muscle, normalized to
Rm at E = 0.6 Mev

response relative to muscle

response, relative to air, normalized to Ra at
E= 0.6 Mev

response relative to air

value of Rm at E = 0.6 Mev

value of Ra at E = 0.6 Mev

E(1-e” 1Y), for the unshielded TLD
E(l-e "m®), for muscle

photon energy, Mev

total attenuation coefficient for copper, cm *

energy absorption coefficient for Caso4, cm'1

energy absorption coefficient for muscle, cm'l

energy absorption coefficient for air



x = thickness of copper shield = 0.056 cm
Yy = thickness of the TLD element = 0.038 cm

z = thickness of a unit volume of tissue = 1 cm

Both the measured and calculated responses are plotted
in Figure G-l. The agreement between the measured and cal-
culated curves is not good. The agreement could be improved
by assuming a copper shield about twice as thick as the
0.056 cm shield which was used, but this would push theory
too far. A likely explanation for the lack of agreement
between theory and measurement is the spread of X-ray energies
about the stated nominal values. The theoretical curves change
rapidly with small -changes of gamma energy throughout the range
of 0.03 to 0.1 Mev and, as a result, the measured response is
critically dependent on the mix of photon energies used in this
range. '

Present interest in Figure G-1 is in the responses at the
photon energies emitted by xenon-135 and xenon-133. The
response of the Teledyne dosimeter to the 0.25 Mev gamma of
xenon-135 is, at most, 5% greater than that of the ideal
dosimeter. The response of the Teledyne dosimeter to the
0.03 Mev X rays of xenon-133 is essentially zerc. The 0.056 cm
copper shield transmits only 0.005 of this photon energy. Thus,
even though the TLD material responds vigorously to this energy,
50 little reaches the TLD element that the response is only
about 6% that of the ideal dosimeter.



The response of the Teledyne dosimeter to the 0.08 Mev
gamma of xenon-133 is, according to Figure G-1, between 2.1
and 2.9 times that of the ideal dosimeter. For the reasons
given above, the calculated response at this energy is probably
better than the response measured with X rays. The best
estimate for the response of the dosimeter to 0.08 Mev gamma
rays is 2.7 + 0.2.

The following example illustrates the above conclusions.
Consider 1‘Ci of xenon-133 at a distance of one meter from
the Teledyne dosimeter. Neglect the beta radiation (which will
not reach the TLD element) and the attenuation of the photon
radiation in the intervening air. The actual dose rate at the
position of the dosimeter is

Mev R/hr 1 m from 1 Ci Number/dis R/hx
0.08 0.038 G.37 0.014
0.03 0.088 0.47 0.041

Total 0.055

Thus, the ideal dosimeter would read 0.055 R/hr at this point,
but the Teledyne dosimeter will read 0.014 x 2.7 + 0.041 x
0.06 = 0.04 R/h:, which is about 73% of the actual dose rate.
It is interesting to note that a Teledyne dosimeter exposed
at the National Bureau of Standards to a xenon-133 source,
read 79% of the actual dose, implying a response somewhat
greater than the 2.7 deduced above,



The Teledyne dosimeter appears to have the following responses

neglecting attenuation, relative to an ideal dosimeter.

xenon-lBﬁ beta response = 0
0.08 Mev gamma

0.03 Mev X rays

response = 2.7 to 3
response = 0,06
response = (
response = 1.0

xenon=-135 beta
0.25 Mev gamma

Immersion Exposure

An immersion dose calculation (dose to air) at the center
of a spherical source of uniform Xe-133 concentration in air
was made for a dosimeter with an assumed response to the two
Xe-133 photons as shown above. The calculation was repeated
assuming an ideal (or true) response to obtain the ratio of
expected TiD response to true response. Results for spheres
of several radii are given below:

Radius of Ratio of Expected
Sphere TLD Dose to

= True Dose

10° 0.695

10t 0.739

sx10% 0.894

102 1.001

103 1.070

104 1.070



It is shown that the TLD's woulé trend toward an under
response for extremely small radii. However, in actuality,
as discussed in Section 4.1 of the main report, plumes were
often not at ground level near the plant and thus, the dosimeter
was not often immersed. Thus, it is shown that the preferential
attenuation of the 30 Kev photon relative toc the BO Rev in-
creases the ratio up to a radius of 100 meters. Similar cal-
culations for elevated plumes are discussed below.

Exposure to Elevated Plume

For the case where the plume is above the receptor, the
impact of the selective attenuation of the 30 Kev photon is
greater. To simulate the dose from a continuous plume of
radiocactive gases, a calculation assuming a line source in
air was made for several plume heights. Ratios of expected
TLD response to true dose using the TLD response factors of
0.06 and 2.8 for 30 and 80 Kev photons, respectively, are
shown below.

Déstance from Ratio of Expected
Line Source to TLD Dose to
Recevtor True Dose
10t $.11
5x10% 1.49
mfi 2.22
10 2.80



These results show that as the 30 Kev photon is preferentiazlly
attenuzted with increasing iouzce height the relative weight
of the TLD response to B0 Kev photons increases. The net
effect is an increase in response as shown in the above table.

At certain TLD monitoring stations around the site, gquality
assurance dosimeters supplied by RMC (Panasonic UD-2005 thulium
doped calcium sulfate dosimeters) were in place along with the
Teledyne dosimeter. Inspection of the response cuive for the RMC
dc-imeter indicates essentially a flat response (i.e., no over=-
response) through energies below the 30 Kev Xe-133 photon energy.
Thus, the RMC dosimeter results are considered to provide results
near the true value. A comparison of the measured responses is
shown below as ratios of Teledyne to RMC responses,

Ratio of Teledyne to RMC Dosimeter Results®

Before Accident :
Monitor Through March 29 € 1700 March 31 e 1

Location March 29 € 1600 March 31 € 1600 April 3 @ 15
1s2 0.97 1.25 =

452 1.15 1.66 1.26
582 : 1.10 1.28 1.20
BCl - 1.22 -

1151 1.26 1.35 1.22
1651 1.07 1.29 1.22
5A1 = 1.47 1.44
Average T 1.3¢6 1.27

*Tabulated values are ratios of net exposure (millirocentgen)
after subtraction of transit and natural background exposures,
but without any correction for energy response. Values are
not included if net exposures weére less than 5 milliroentgen
because of high uncertainties associated with low doses.

(I’Inltrumentntion for Environmental Monitoring, Radiation, LBC-1
Volume 3, May, 1972 (upaated periodically).
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The results cf the theoretical calculations and measure-
ments above are consistent. The Teledyne TLD's probably would
respond adeguately to immersion in a large plume, However,
for most periods after the accident, the plume was
aloft about 50 meters near the TLD's with highest readings.
Thus, it is more appropriate to consider the elevated line
source calculations. Here it is noted that for a 50 meter
plume height, the over-response is calculated to be 1.49. The
trend of this calculation is not inconsistent with ratios
derived from comparisons of RMC and Teledyne measurements shown
in the above table, which alsoc show Teledyne over-response
averaging 1.36 to 1.27 during the second and third periods
when the "mix" was almost all Xe-133, There could be a nuqber
of explanations for the small observed over-response during
the first period. A probable explanation is that the higher
energy photons from other isotopes that existed in the mix
only during the first period dominated the source response.
Over-response is limited to lower energy photons.

Conclusions

The Teledyne dosimeters over-respond to 80 Kev and under-
respond to 30 Kev photons. The net effect depends strongly
on the source receptor gecmetry. From the plume geometries
encountered in this situation, it is unlikely that the Teledyne
dosimeters under-responded. Furthermore, it is unlikely that
they over-responded by a factor of more than 1.5 for field exposure
geometries., Any significant over-response at TLD locations

G=-9



near the plant (within one mile) would have occurred after
the first day, when releases were not as important in
estimating maximum doses or population doses.

G=10
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Table G-1
Radiations Emitted by Xenon-135 ané Xenon-133

Mean Energy

Per Particle Mean Number Per
Type (Mev) Disintegration
xenon-133: () gamma 0.38 0.0002
0.08 0.37
X rays 0.03 0.47
0.004 0.0B
beta. 0.10 0.98
0.075 0.016
internal con. elect. 0.08 0.11
0.04 0:.53
Auger-electrons 0.03 -0.06
0.003 0.49
Xenon-135:{2) gamma 0.61 0.03
0.25 0.97
beta 0.91 0.97
0.55 0.03

(1) MIRD Pamphlet No. 10, p. B3

(2) Lederer, et al, Table of Isotopes, 6th ed, 1968, p. 283
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