ion Monitoring

TMI Area

|

This report belongs to the INEL Technical
Library. It has been loaned to you, and

you are accountable for it. The library may
recall it after tw weeks for use by another
employee. Please return this report to the
library when it is recalled or when you are
no longer using it.

INEL Technical Library-1F
Report Sectign



mformatlon apparatus, product or process dusclosed Or reprasems that I’t sew

not infringe privately owned rights. References herein to anv speclﬁc soemmercial’
product, -process, or service by trade name, trademark 4F nufacturer, or otharwi
does not necessarily constitute or imply its endorsement, recommendaﬁun, ‘or favoring .
by the United States Government or any ‘agency theraof, The views and opinions of -
authors expressed herein do not necessarlly state or reflect thnsa of the Umted States’"
Government or any agency thereof




GEND-008
Distribution Category: UC-78
TMI Supplement

THE CITIZEN RADIATION MONITORING
PROGRAM FOR THE TMI AREA

Anthony J. Baratta
Barbara G. Gricar
William A. Jester

Published July 1981

Pennsylvania State University
University Park, Pennsylvania 16802

Prepared for EGEG Idaho, Inc.
Under Subcontract No. K-9004
And the U.S. Department of Energy
Under DOE Contucg No. DE-AC07-761D01570






ABSTRACT

As early as the summer of 1979, concerns were expressed by local
officials and citizens around Three Mile Island (TMI) regarding radiation
levels and clean-up operations at TMI. In response to these concerns, the
Departaent of Energy (DOE) requested the Pennsylvania State University (PSU)
and the Pemnsylvania Department of Environmental Resources (DER) to cooperate
with the U.S. Envirommental Protection Agency and citizens in the TMI area
to develop a Citizen Radiation Monitoring Program.

The purpose of the Program was to develop a system for citizens to
independently measure radiation levels in and around their communities.

This report describes the process by which the Program was developed and
operated. It also presents the methods used to select and train the
citizens in making and interpreting the measurements. The test procedure
used to select the equipment for the program are described as are the
results of the testing. Finally, the actual monitoring results are dis-
cussed along with the citizens' reactions to the program.



ACKNOWLEDGMENTS

This project would not have been possible without the support and assistance

of the following organizations:

The U.S. Department of Energy

The Pennsylvania Department of Environmental Resources
EG&G Idaho, Inc.

The U.S. Environmental Protection Agency

The Pennsylvania State University

In addition, the following people deserve special appreciation for their

contribution:

Margaret A. Reilly
Greg R. Eidam
Erich E. Bretthauer
Al Smith

Willis A. Bixby
Willis Corchoron

Special recognition should also be given to the citizens of the TMI area.

ii




CONTENTS

Summary
I. Background
IX. Program Design
III. Training
IV. Monitoring Operatioms
v. Community Assumption of Responsibility
Vi. Results

VII. Recommendations and Conclusions

Appendix A - Monitoring Equipment Test Report

Appendix B - Training Program Outline, Handouts, and Tests
Appendix C - Program Operating Procedures

Appendix D ~ Reporting Forms and Results

Appendix E - Monitors' Responses to Questionnaires

i14



SUMMARY

Following the accident at the Three Mile Island Nuclear Generating
Station (IMI) on March 28, 1979, efforts by the government and the utility
to inform the public about the accident and the clean—up activities were
impeded by a strong public mistrust, created partly by the organizations
themselves and partly by the emotional nature of the events themselves.
Federal, state, and local agencies experienced serious problems of credi-
bility. 1In the face of this public mistrust, alternative methods were re-
quired to provide reliable technical information to the public in a credible
and understandable manner about the consequences of the accident and the
clean-up of the damaged reactor.

It is the purpose of this paper to describe one such approach that was
used to accomplish this task in the area surrounding TMI. Specifically, the
U.S. Department of Energy (DOE), in cooperation with local citizenms, the
Pennsylvania Department of Environmental Resources (DER), The Penmnsylvania
State University (PSU), and the U.S. Environmental Protection Agency (EPA),
undertook the development of a Citizen Radiation Monitoring Program. The
program provided a means for citizens in the TMI area to independently
measure and thereby verify radiation levels, and as a result educate them-

selves about radiation and the radiation levels in their communities.

Background

The most serious commercial nuclear accident occurred at the Three
Mile Island Nuclear Generating Station-Unit 2 (TMI-2). As a result of the
accident, the plant was extensively damaged. Although the reactor is shut-
down, there are large amounts of radionuclides trapped in the containment.
Cleanup and removal of this material is required to allow disassembly of

the damaged reactor.!??

The first step in the cleanup process was the decontamination of the
TMI-2 containment atmosphere, which involved removal of 44,000 curies of
krypton-85 along with smaller quantities of other radionuclides? The pro-

cess was carried out through a purge of the containment. As a result, the

krypton~85 was vented in a controlled manner to the environment.
Prior to the purging, residents of the area were concerned about the

release of the krypton-85 from containment arnd its potential impact on

public health. At public meetings on TMI, residents repeatedly stated

their fears over potential dangers associated with the planned release
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and requested their own radiation detection ly‘tcm to monitor radiation
levels in their communities. As early as five months after the accident
concerned citizens and county officials in Lancaster County (located
less than 2 miles from TMI) initiated inquiries about a system equipped
with remote radiation monitoring capability. The system would measure
radiation levels in Lancaster County independently of measurements by
the Nuclear Regulatory Commission (NRC) and the Utility (Met Ed). This
effort was abandoned after County officials discovered the cost of the
system would be excessive.’

The Governor's Report on Three Mile Island also pointed to the need
for an independent monitoring ptogram.s This report suggested that DER
design and implement a pilot community radiation monitoring program.

In response to these various community requests, the Department of
Energy called together representatives of seven organizations to explore
the feasibility of developing a community monitoring effort. The organ-
izations included the Pennsylvania Department of Environmental Resources,
the Pennsylvania State Universicy, EGE&G Idaho (a DOE contractor charged
with TMI-related research), the Environmental Protection Agency, DOE
representatives, the NRC, the Metropolitan Edison (the Utility). 1In
early March 1980, a decision was made to explore the idea of a Citizen
Radiation Montitoring Program with local county and community Officials.

Program Concept

The primary purpose of the Citizen Monitoring Program was to provide
a source of accurate and credible information concerning radiation levels
in and around TMI to the local citizens. The Program trained local citi-
zens to perform and evaluate radiation measurements and to report their
findings to their communities. The Program was, in essence, an independent
routine radiation surveillance program operated by the local citizenry.

Based on discussion with local officiala.)twelve communities were
selected to participate in the Program. These communities are identified
in Figure 1. Drawing on previous contacts that DER had with many of the
communities, DER, DOE, and PSU representatives visited first county and
then local township officials to solicit input and support for the Program.

Local officials from each of the twelve communities were then asked
to nominate three to five citizens to participate in the Program. Fifty-
one vere nominated. These individuals were placed in a comprehensive
three~veek training program described later.
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Program Management

A technical working group (TWG) consisting of representatives from DER,
PSU, EPA, and EG&G was organized to oversee development and operation of the
Monitoring Program. The purpose of the TWG was to develop the necessary
procedures and structure for Program implementation, conduct the training,
and manage the Program during the operational phase. The TWG provided
periodic briefings to local community leaders, the NRC, the Utilaty, and

the press about the status and activities of the Program.

Equipment Selection

Once the Citizen Monitoring Program was conceived, several major
decisions had to be made. One of these involved the selection of the equip-
ment to be used for the actual monitoring. There was considerable disagreement
among TWG members about which radiation monitoring system should be used.

Since the system would be first utilized during the controlled release of the
krypton-85 from the containment, the decision was made to test the various
systems for ease of operation and sensitivity to krypton-85. The Pennsylvania
State University tested twelve instruments currently available for radiation
monitoring.

The instruments tested included a Reteur Stokes pressurized ionization
chamber, a Learsiegler ionization chamber, a Kimmel plastic scintillation
detector, Eberline HP 260, HP 210, and HP 27 GM probes, and an Eberline PAC-46
Proportional Counter with AC21B beta probef Each instrument was immersed in
a tent containing krypton-85 at a concentration of approximately 67 x 10-7 uCi/ee
or 22 times the unrestricted allowable concentration of 3 x 3.0_7 uCi/cc of
10 CFR20, Appendix B. The most sensitive device was found to be the
Eberline PAC-4G with the AC21B beta probe. The HP 210 and 260 GM probes were
found to also have a sensitivity to the beta radiation from krypton-85. The

least sensitive were the various ionization chambers.

Because of its ruggedness, the HP 260 probe with a Ludlum ratemeter was

chosen for the Program. The minimum measured krypton-85 sensitivity for this

-7
probe was about 1 x 10 "uCi/cc. Since GM tubes are sensitive to gamma radiation

in addition to beta radiation, it was decided to also equip each monitoring
site with a Learsiegler ionization chamber (LSI), which is sensitive only to

gammas. Use of the two instruments allowed measurement of both beta and gamma
radiation levels and dose.
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Training
The training program was designed to introduce participants to basic

concepts about radioactivity and to equip them to make radiation measurements
and to interpret the results. As expected, it was found that the participants
had little or no formal training in nuclear science or radiation detectiom
fundamentals. Most were high school educated and employed in a non-technical
position.

To accomplish the needed education, the training program was divided into
two parts. The first part provided a fundamental course in nuclear science.

It consisted of lectures on nuclear and atomic structure, fundamentals of
radioactivity, natural sources of radiation, interaction of radiation with
matter, fundamentals of gas-filled detectors, radiation dose units, and the
biological effects of radiatiom. Also included in this part of the program was
laboratory work in radiation, its interaction with matter, radiation protection
and health physics, and counting statistics. The second portion of the trair-
ing program provided specific training for the monitoring task. It comnsisted
of lectures on the TMI accident, krypton-85 disposal methods, and gaseous

plume dispersal. Hands-on experience with the radiation detection equipment
was provided throughout the program. Table 1 provides an outline of the

course topics.

The training program was structured in this manner to allow the partici-
pants to be conversant in radiation terminology and capable of not only record-
ing but interpreting and explaining the results as well. In this way, the
citizen monitors could interpret the results for others in their communities,
thereby providing a more credible source of information for the residents
than government reports.

The training was accomplished in an ll-session, 36~hour course. The
course was taught at the Middletown Campus of PSU located about 5 miles from
TMI. 1In addition, the participants attended a one-day laboratory session at

the Breazeale Nuclear Reactor located on the PSU University Park Campus.

Program Operation

Once the training of the residents was complete, the Program began to

collect data on a regular basis. Each of the twelve communities operated

a station equipped with a gamma sensitive Learsiegler lonization Chamber and
a beta sensitive Ludlum GM detector
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The radiation levels were recorded on strip chart recorders. Each
day the participants examined the charts and recorded high, low, and average
readings for the day on forms developed specifically for use with the Program.
The forms from each of the twelve communities were collected daily by a DER
representative. DER personnel reviewed the data, summarized it, and distributed
the results to the press, NRC, EPA, and twelve communities involved, and
other state and federal agencies.

During the period from May 23, 1980 to June 28, 1980, the data7 consisted
of background radiation levels in and around the area. This pre-purge data
was used to establish baseline data for background levels at each of the
monitoring sites.

The purging of the TMI-2 containment began on June 28, 1980 and continued
through July 11, 1980. Each day the charts were checked for readings above
background. Positive readings on the Ludlum GM detection system and none
on the LSI system indicated the presence of krypton-85 in the area. Such
indications occurred at a minimum of one station on 10 of the 12 days during
the purging] Krypton-85 was detected at least once at 10 of the 12 statioms.
The data for the purge period is summarized in Table II. This data is generally
consistent with data produced by other organizations during the purge.

Evaluation

A questionnaire to the participants and interviews with local community
leaders, the participants, and state and county officials suggested that the
Program was successful in developing a credible source of information. The
Program provided simple, yet technically accurate, information on radiation
levels in each cowr.aunity in a manner that was accepted by the residents. 1In
fact, the Mayor of Middletown recently stated that this Program was one of
the most significant activities that helped alleviate tension during the

krypton-85 purging.

Recommendation

While overall, the program was deemed successful, a number of problems

were noted and should be corrected. These problems and the action needed to

resolve them are as follows:

°The Program should encourage community input into and responsibility

for the design and implementation. That is, local officials and
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DAY TIME
5 rs
J. Laboratory Experiment 1.5 hou
" Counting Statistics Laboratory
7 K. Citizen Radiation Meonitoring Program 1.5 hours
1. Purpose
2. Organization
3. Equipment
4. Procedures
.. Three Mile Island Unit-2 1.5 hours
1. The Accident
2. Proposed Methods of Cleanup
8 M. Supervised Area Monitoring 3 hours
9 N. Supervised Area Monitoring 3 hours
10 0. Final Exam 1.5 hours
P. Discussion of Community Radiation 1.5 hours
Monitoring Results and Observations
11 Q. Meteorological Considerations 1.5 hours
1. Introduction and Definition of Terms
2. Atmospheric Conditions Affecting
Dispersion
R. Assignment of Personnel to Local Monitoring 1.5 hours
Teams
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MuniciEalitz

Londonderry
Flizabethtown
West Donegal
Conoy

East Manchester
York Haven
Newberry
Coldsboro
Fairview
l.ower Swatara
Middletown
Royalton

Table II

7
Summary of Community Monitoring Data for the
Reactor Building Purge (6/28/80-7/11/80)

CMP Station Locations

Integrated
Total Skin Dose Max Skin Dose
Azimuth Distance (mi) (mrem) (mrem)
40° 1 0.105 0.056
90° 6.5 0.015 0.015
100° 7 0.011 0.011
160° 2 0.036 0.015
170° 7 ND ND
175° 3 0.041 0.037
245° 4.5 0.003 0.003
270° 1.5 0.004 0.004
285° 7 ND ND
3353 2.5 0.006 0.006
3500 2 0.030 0.0l4
355 2 0.087 0.025
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citizens should participate in the initiation and planning of the
Program as well as in its implementation. Such participation will
increase the likelihood that the Program is responsive to community
needs, promote community understanding of what the Program is trying
to achieve, and facilitate eventual transfer of responsibility for

the Program tec the community once it is operational. Implementation

of this recommendation involves efforts by the sponsors to build such
participation into the Program design from the outset.

®Considerable reliability problems occurred with some of the instru~
mentation. To avoid these problems in future programs, a comprehensive
environmental and reliability program should be undertaken to identify
reliable i{nstrumentation suitable for such programs.

oAnong the participants in the Program there was a clear lack of under~
standing regarding the basics of radiation, radiation effects, and
radiation detection. Insofar as the participants are representative

of residents near a nuclear power plant, there appears to be a need

for increased educational efforts in areas surrounding such facilities.

°Some difficulty was encountered regarding the specific role assignments
of the organizations comprising the TWG. To minimize this problem in
future programs, time and effort should be devoted to team development
activities, with particular emphasis on clarification of roles and
coordination mechanisms. Similar team development should be conducted
with the monitoring team from each community to encourage a cooperative
spirit and to insure that the monitoring work was distributed evenly
among the participants.

®Because the media were already receiving reports from other government
agencies and the utility, they were reluctant to report the results of
the Monitoring Program. As a result, some news outlets did not report
the program's findings. To alleviate this problem, the media should be
better advised as to the significance of the effort. In additiom, they
should be invited to participate early in the design, development, and
operation of such programs.
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INTRODUCTION

This report describes the Citizen Radiation Monitoring Program,
designed to provide an independant and credible source of information
about radiation levels to citizens in the communities adjacent to the
Three Mile Island Nuclear Generating Station (IMI). The Program was
the first of its kind and represented a unique effort to foster citizen
confidence in public information.

I.BACKGROUND
Aftermath of the accident at Three Mile Island

The most serious commercial nuclear accident in the world occurred
at (TMI) on March 28, 1979. This event, coupled with a number of other
compounding technical and human errors, created a nuclear emergency which
culminated in an estimated, release of 2.5 million Curies of radiocactive
gases into the atnospheref The President's Commission on the Accident at
TMI identified no immediate or expected long-term physical health effects
to the citizens from the accident? They did identify an immediate short
term psychological health effect. In addition, the potential danger
associated with the crisis was substantial{

Following the accident, large quantities of radionuclides remained in
the containment building and reactor core. Removal of these materials will
require extensive cleanup and decontamination efforts over the next several
years. The first major step in the cleanup effort required decontamination
of the reactor containment building atmosphere. The technical consensus
favored controlled purging of the radicactive krypton-85 to the atmosphere,

The NRC staff concluded that the purging would not endanger the health
and safety of the pub11c3 However, much of the public did not totally
accept this conclusion. The lack of acceptance stemmed from public mis-
trust of the utility and of the federal, state and local agencies involved
in regulacing and monitoring the clean-up. This feeling of distrust can
be attributed to (1) a lack of basic scientific and technical knowledge
about radiation among the public and (2) the belief among many citizens
that initial reports about the accident were deliberately misleading. For
example, the Report of the Governor's Commission on THI: attributed the
psychological stress associated with the accident to a lack of credible



scientific information on which residents of the area could rely. Such
stress is exacerbated by general lack of understanding among the local
population as to what radiation is, how to measure it, and what health

effects can be expected from exposure to it. Attempts by the NRC,

Metropolitan Edison (Met Ed), the utility which operates TMI, to provide

information to pecople about safety had been largely ineffective and at

times had antagonized people living in the area. The NRC's own special

inquiry group concluded.
It's clear to us that the public misconception about risks
associated with the actual releases measured during the acci-
dent, as well as about the risks associated with nuclear power
plants generally, has been due to a failure to convey credible
information regarding the actual risks in an understandable
fashion to the public. We believe substantial efforts are
necessary to provide such informationi

Public mistrust such as this originates from perceptions that activities

of the NRC and Met Ed were solely motivated by their self-interest without
consideration for the community.

Community Requests for Monitoring

As early as August of 1979 concerned citizens and county officials
in Lancaster County (directly east of TMI) initiated inquiry to the
Lancaster County Emergency Management Director about a remote radiation
monitoring capability for measuring radiation levels. They sought a system
for Lancaster County which would have been independent of measurements
made by the NRC and Metropolitan Edison. In the fall of 1979 they sought
and received technical assistance from the Pennsylvania Department of

Environmental Resources (DER)i but they abandoned their efforts after dis-
covering that such a system would cost the county over $100,000.

A separate, but similar initiative was launched by the Mayor of
Middletown, a borough of 10,000 people located four miles north of ™I,

In a letter to President Carter, the Mayor requested that an independent

monitoring program be established by a government agency other than those
already related to TMI. As a follow-up to this letter, residents of
Middletown traveled to Washington, D.C. to meet with their congressman to

express their desire for credible information about TMI and radiation levels
in the area.

In February, residents of Lower Swatara, just north of
Middletown,

lodged a similar request for a community monitoring program
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with the Governor of Pennsylvania.

The Governor's Report on Three Mile Islunf'llno pointed to the need
for an independent monitoring program. Specifically, the Report recom-
mended that the Pennsylvania Department of Environmental Resources design,
implement and supervise a pilot community radiation monitoring program to
ensure local officials and residents of having quick access to information
on environmental radiation levels.

There were additional requests for an independent monitoring capab-
ility from frustrated and anxious citizens at ™I information meetings
held by the Department of Environmental Resources in February 1980 and at
a public hearing held by the NRC on March 19, 1980, in Middletown, Pa.

The requests were epitomized by one citizen who exclaimed: I want a moni-
toring device in wy yard and for my neighbors.s The purpose of the NRC's
public hearing in Middletown was to present and receive comments on the
NRC's Environmental Assessment for Decontamination of TMI's Unit 2 Reactor
Building Atmosphere.’ Instead, what resulted was a vivid demonstration of
the community's lack of confidence in information from the government,

and in particular from the NRC. Comments from two citizens at the meeting
convey the community's skepticism:

Citizen 1l: Why should we (sic) believe you when you've made such

collossal mistakes already? '

Citizen 2: We are facing questions which have not been faced else-
where. When are we going to get some credibility? I
want to believe you, but I don't.

Ironically, there was so little communication between government officials

and public at this meeting that an announcement by the NRC that the govern-

ment was already pursuing a community monitoring program fell on deaf ears.
1I.PROGRAM DESIGN

Concept of the Citizen Radiation Monitoring Program

During February and March of 1980, in part as a response to these
various community requests, the U.S. Department of Energy (DOE) convened a
series of meetings among representatives from seven organizations to discuss
the 1dea of a community monitoring effort around TMI. The organizations
included the Pennsylvania Department of Environmental Resources (DER), The
Pennsylvania State University (PSU), EG&C Idaho (contractor for DOE), The
Environmental Protection Agency (EPA), DOE, The Nuclear Regulatory Commission



(NRC) and Metropolitan Edison (Met Ed). During these meetings the con-
cept of the Citizen Radiation Monitoring Program was developed. The
purpose of the proposed Program was to provide a source of accurate and
credible information about radiation levels to citizens who live close
to TMI. This information would permit citizens to make informed and
independent judgments about the salety of radiation levels in their com-
munity and to verify radiation levels measured by existing state and
federal agencies. The Program was to be in essence, an independent rou-
tine surveillance program operated by local municipalities. Sponsoring

organizations for the Program included the U.S. Department of Energy,

the Pennsylvania Department of Environmental Resources and the Pennsylvania

State University. To achieve its purpose, six characteristics were
built into the design of the Citizen Radiation Monitoring Program.

(1) The Program provided an independent, community-based source

of information. Radiation measurements were made and dis-
seminated by local citizens themselves. Data was not derived

from government agencies or the utility, in whom some residents

had little trust.

(2) The Program provided simple, but technically accurate information.

The instruments were sensitive to radiation levels well below

the limits of safe exposure to the public. To minimize confusion

and the need for technical conversions, measurements were re-—
ported in units that already had public currency in the area.
(3) The Program offered an immediate source of information. Radia-
tion level measurements were available to any citizen around
the clock at a public site in each township.
(4) The Program was educational. During the three-week training
course the citizen monitors learned enough about radiation

and its effects to enable them to interpret the measurements
they received in the field.

(5) The Program ereated a forum for dialogue among scientists,

citizens, and‘government officials on technical aspects of

r} ‘] r3
policy decisions. The dialogue which occurred in the classroom

permitted the citizen monitors to air their concerns and to

hear alternative explanations supported by factual information.



(6) Most importantly, the Program offered a credible source of
information. Its credibility derived primarily from the fact
" that the citizens themselves made direct measurements of radi-
ation levels and could report their findings directly to their
neighbors. The data was not filtered through any other organi-
zations for interpretation or modification. A second contri-
bution to the Program's credibility is the fact that the organi-
zations who sponsored the Program had some objectivity in the
eyes of the community. None of them were directly linked with
Met Ed or the NRC. The sponsoring organizations offered tech-
nical expertise on radiation and its effects and essentially
served as consultants to the communities in developing their
monitoring capability. The Program gained credibility as the
citizens assumed responsibility for managing the details locally.
Since such a Program was the first of its kind, there was no precedent
to follow in establishing it.
Design Issues

As a result, a number of basic issues needed to be addressed in design-
ing the Program., The most significant issues are listed below.
How many monitoring sites should be established and where should they be
located? '

Specifically, this decision required determination of what area the
monitoring program should serve and which communities should be included.

Once a municipality was selected, a specific site for placement of the
monitoring equipment had to be determined.
Who should do the monitoring and how shouldthey be selected?

This decision required determination of the qualifications of the
monitors themselves and the process by which they would be selected.

What kind of radiation monitoring equipment should be used by the citizens?
This issue required decisions about the sensitivity, durability, avail-
ability, reliability and cost of monitoring equipment.
How should the data be presented and disseminated to the public?
This decision required the design of a simple, yet technically

accurate format for presenting the radiation-level data. It also required
design of a process for collecting the data from the monitoring sites and
transmitting it to the public in a timely and accurate fashion.



How will readings above normal background levels be handled?

This issue, dubbed 'glitch management", involved design of a process
by which abnormal readings could be verified and interpreted (as a real
radiation field or an instrument malfunction) and appropriate agencies
and the public notified without causing undue alarm or confusion within

the area.
What kind of education and training should the citizens receive to prepare

them to conduct the monitoring?

This issue required a judgement about the amount of theoretical back-~
ground and practical experience that citizens should be given to ensure
that they could accurately read and interpret the radiation monitoring
equipment. It was also important to determine criteria for successful com-
pletion of the training.

. : . 1
What must be done by the organizations to establish and maintain the Program's

credibility with the monitors themselves and with the general public?

In order to provide a credible information source for the general
public, the sponsoring organizations needed to establish and preserve
their own level of credibility with the participants.

The sections which follow provide specifics about how each of these
issues was handled in the design and conduct of the program.

Community Input into the Program

In mid-March 1980 the sponsoring organizations decided to explore the
feasibility of the proposed Program with municipal and county officials in
the areas immediately adjacent to TMI and to solicit their input into the
design of the Program. Judging from the expressed need for such a program
and the availability of equipment, the sponsors decided to include the
twelve municipalities (representing three counties) which fell within a
five mile radius of the IMI plant. (See Figure 1).

DER, in its role in radiation protection for the State,had previously
worked with many of the local communities. Therefore, DER arranged meetings

between the sponsors and the comnigsioners of each county and local officials

of the twelve municipalities. The meetings acquainted the officials with

the Program concept and invited their input. These meetings also helped to

establish local responsibility for the monitoring. Specifically, local
officials were asked to nominate four citizens from their townships to

receive training in radiation monitoring. In addition, they were asked

how the Program could be useful to them and how it could best be designed
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to ensure that timely and credible information was available to the
citizens.

While most township officials reacted favorably to the concept of
citizen monitoring, some were skeptical about whether it could really
be done. They expressed concerns that the citizens could not be adequately
trained to make accurate readings,that the data would be misused or reported
incorrectly,and that the Program would generate conflicting reports about
radiation levels, thereby amplifying existing confusion rather tnan pro-
viding a credible basis for citizens to judge the safety of radiation levels
in their community.
Participants

Despite these concerns, all twelve municipalities agreed to parricipate
in the Program. Local officials nominated fifty-one citizens to participate,
approximatély four from each township. Forty-eight of them were high school
graduates. They had completed an average of one year of college. Roughly
half had taken a course in chemistry or physics. Eleven had some previous
training in radiation monitoring. They ranged in age from early twenties
to senior citizens. Their occupations included a postal carrier, teachers,
secretaries, police officers, engineers, housewives, and retirees.
Creation of a Technical Working Group (TWG)

To oversee the development and operation of the Program, a technical
working group (TWG) was established. This group, comprised of represen-
tatives from four organizations (DER, PSU, EG&G Idaho and the EPA), spent
many hours planning the overall Program, training the citizen monitors,
designing the monitoring procedures, selecting the monitoring equipment,
meeting with community leaders and generally overseeing the monitoring oper-

ation once it was underway in the individual communities.



Selecting the Monitoring Equipment

Selecting the monitoring equipment to be used in the Program involved
evaluating the sensitivities of various instruments to krypton-85. In

addition, each type of equipment was examined for ease of operation and
reliability. The evaluation was done by monitoring the argon-41 background
radiation in the Penn State Breazeale Nuclear Reactor bay and by measuring
krypton-85 levels in a specially~designed test room. Table 1 lists the
equipment tested and the results.

As may be seen, only the thin window beta sensitive detectors, namely
the GM pancake probes and the gas flow proportional counter, could detect
the krypton-85 in the test room. None of the gamma sensitive detectors,
such as the ion chambers, were sensitive enough to detect krypton-85 at
the levels present in the test room. A detailed report of the tests and
the results is contained in Appendix A.

As a result of this work, the Ludlum Model-l77ratemeter with an
Eberline HP-260 pancake probe and Rustrak Model 288 recorder was chosen
for use as a beta wmonitor in the Community Monitoring Program. In additionm,
the Learsigler, Inc. Model 131500 ion chamber (LSI) was chosen as a gamma
detector. The rational for using two instruments was to permit the de-
tection of unforseen abnormalities involving gamma emitters and to verify
that during the purging, positive GM data would be attributable to krypton-
85. Each station was equipped with these instruments. The Ludlum GM
system vas installed in a weather-tight enclosure.

The output of each instrument was to a strip chart recorder. The
strip chart output allowed convenient identification of intervals by clock
time allowing correlation of observed activity with predicted krypton-85
plume location. In addition, to allow reporting of estimated beta skin
dose using the Ludlum GM system, a beta skin dose calibration
factor was developed from the test room data. This calibration assumed the
pancake probe to be immersed in a uniform infinite hemisphere of krypton-85.
The calibration factor was determined to be between 0.6 and 1.0 urem/hr/cpm.
Appendix A provides the details of the calibration.

Designing a Training Program
As expected, the residents chosen for the Program had little or no

formal training in nuclear science or radiation detection fundamentals.
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Test Instrument Sensitivity to Krypton-85 at 6.7 x 10

Table 1

uci/ml

Beta shield No beta shield or
Instruments Tested open beta shield closed
Background Kr-85 Background Kr-85
HUR/hr HR/hr UR/hr uR/hr
Ion Chambers
Reuter Stokes, RSS-111 NA(l) NA 7-10 8-10
(Pressurized Ion Chamber)
Learsigler, 131500-1 NA NA 8-13 10-15
(Suitcase-type)
Eberline RO-2 100-500 300-700 100-500 100-500
(Portable Survey Meter)
Scintillation Detectors
Kimmel, MAB604 3-6 13-16 3-6 5-7
(Plastic Scintillator)
Elliott Process Rate Meter, 1597A NA NA 5-8 6-8
CPM CPM CPM CPM
Cl{ Detectors -
Eberline RM 14 ratemeter with 20-60 2000-2500 NA NA
Eberline HP 210
(Pancake Probe)




Table 1 (continued)

Beta shield

No beta shield or

open beta shiald closed
Instruments Tested =
Background Kr-85 Background Kr-83
CPM CPM CPM CPM
Ludlum-2A rate meter with 20-80 2000-2200 20-60 100-140
Eberline IIP 210 and HP 260
(Pancake Probes)
Eberline MS2 with following probes:
HP 210 (Pancake Probe) 20-60 1700-2500 20-60 140~-200
HP 260 (Pancake Probe) 20-60 2300-2700 ‘30-60 150-160
HP 270 (Energy Compensated) 20-30 40-100 20-30 20-30
e
Gas Flow Proportional Counter
Eberline PAC-4C rate meter with 150-200 30,000-32,000 100-200 300-400

Eberline AC21B Beta Probe

1 NA - Not applicable

2 Beta shield for CM detectors was a 0.3 cm aluminum absorber.



Therefore the training program was designed to provide sufficient education
and training so that the citizen monitors could both make and interprec
their readings.

Key issues in the design of the training program therefore were:
(1) How much background information in nuclear science did the participants
need?. (2) What practical skills dv the participants need to learn to read
and interpret the monitors?, (3) At what level shou.d the material be pre-
sented to insure that the participants could absorb it?, (4) What schedule
should be adopted to encourage learning and still insure that the citizens
were prepared before the start of the venting?, (5) What could be done
during the training to enhance and maintain the Program's credibility with
the participan%s and with the community?

To respond to these concerns, the training program was divided into
two parts: the first provided a fundamental course in nuclear science
consisting of lectures, and laboratory work in radiation, its interaction
with matter, radiation protection and health physics, and counting sta-
tistics. The second portion of the training consisted of information about
TMI's operation, the accident, as well as detailed discussions of the citizen
monitoring procedures and hands-on experience with the radiation detection
equipment. Such comprehensive training was not required for simply taking
readings. However, since the task of recording the readings was only a part
of the monitor's job, particular emphasis was placed on the ability to inter-
pret and explain those measurements to his or her fellow residents. As a
result, the training was designed to teach the participants enough funda-
mentals so they could be conversant in the subject and could practically
apply those fundamentals to the monitoring activity.

Details of the training program's content and execution and staff
effort to enhance credibility are described in Section III, Training. A
topical outline of the course is included in Appendix B.

Designing a System foerollecting and Disseminating Information

The design for this part of the Program was one of the most difficult
tasks to accomplish. The design addressed the following specific concerns.
1. Uniform procedures were needed across the twelve townships.

2. A minimum of filtering of the data by the citizens or by the

TWG was needed to preserve credibilicy.
3. Rapid verification of the citizens' readings by the TWG was re-

quired to insure that the readings were accurate.
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4. A process was needed by which TWG could be notified and citizen
monitors could receive immediate technical assistance from the
TWG in the event that an abnormal reading occurred.

S. Procedures were required for initiating and performing equipment
maintenance.

6. Mechanisms were required to establish a central location for
storage, summary and dissemination in a timely fashion.

7. The data needed to reach multiple outlets simultaneously. These
included the TWG, the NRC, the EPA, and the local counties and
municipalities.

8. The radiation levels needed to be reported in units that made sense
to the general public.

With these considerations in mind, the overall information collection
and dissemination system was developed. Figure 2 diagrams the flow of in-
formation from the monitoring sites to dissemination to the public.

The data collection procedures followed the general format described
below. The citizens removed several feet of tape from strip chart recorders,
determined the high, low and average reading for the completed 24~hour
time period and recorded that information on a report form. Any comments
or abnormal observations or equipment problems encountered were also re-
corded. Sample report forms appear as Figures 3 and 4. Citizen monitors
(CM's) made readings at approximately 6:00 p.m. every day. Specific
operating procedures for each piece of equipment were developed. A copy
of these appears as Appendix C. While no one but the community monitors
were permitted to operate the monitoring devices, local citizens could
visually observe the readings at any time during the day or evening. The
CM's signed, dated, and recorded the location and time of their reading.
If the designated CM's did not make the readings and provide a daily moni-
toring report, no data was recorded for their community for that day. M's
were responsible, in conjunction with local officials. to determine a duty
roster for the monitoring.

After the CM's made their readings they posted a copy of their daily
report at the monitoring site for the public to observe. Each community

determined if and where this data was to be made available.
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Verification

Citizen Monitor

Removes and reads
tapes daily. Completes
monitoring report

TWG

Responds to telephone
calls from monitors
about equipment
malfunctions or
abnormal readings

A

Circuit Rider

DER

Collects tapes and
monitoring report.
Delivers to DER.
Returns summary report
to Citizen Monitor

| 1

Reviews and verifies
readings. Records and
summarizes readings
for all twelve CM's.

Dissemination

Citizen Monitor

Posts monitoring report
in municipalities

DER

Distributes summary to

1

NRC

Met

PEMA £d

County
Governments

EPA Media

*Pennsylvania Emergency Management Agency

FIGURE 2
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CITIZEN RADIAT N MONITORING PROGRAM
“ﬂ:w

MONITORING REPORT
T T——

DATE

LS! (Lear Siegler) Eberline/Ludlum (Pancake)
Time On: Time On:
Time of Reading: Time of Reading:
Daily High: mr/hr Dafly High: mr/h
Duration: minutes Duration: minute:
Daily Low: mr/hr Datly Low: mr/h:
Duration: minutes Duration: minute:
Daily Average: mr/hr Daily Average: mr/h
Comments :
Signature: Citizen Recording Readings Checked By:

FIGWRE 3
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FORM-DER-RP-490-TMI-7

Figure 4

CITIZEN RADIATION MONITORING PROGRAM

MONITORING REPORT

FAIRVIEW TWP.

Date é7’//é$ ’/57(’

LSl (LEAR SIEGLER)

Time on: ’7 Z/-"-)/(" o
Time of reading: ¢ " "C' [)r)‘]

Daily high: (/_Q mr/hr

Duration: Minutes
Daily low: , 01 R me/hr
Duration: Minutes

Daily average: . (‘/ (‘ mr/hr

EBERLINE/LUDLUM (PANCAKE)

Time on: 7 1/;13 T NA

Time of reading: 3 - 6D o
{

Daily high: [A( CDryymrihe—

’ -

Duration: Minutes

Daily low: [ O C [y Tsethe—

Duration: Minutes

Daily average:

3 @(}D?ﬂ"’f‘"“‘

Conments L7/I A d /

LA/& G G A 0( .

ile /1(#{"{1:4 o dst((’(ééll_/)y\— C( AL/

5 AN g

13 )
Signature/< \/\‘ e ..\"l—

Litizen Recording Readings

w

4.5
Checked by: ﬁ"




A circuit rider picked up the data (the strip charts and the CM's
daily report) the following morning and delivered it to the DER offices in
dowmntown Harrisburg for verification, documentation and dissemination. DER
staff checked the readings, recorded them and prepared a summary of the
results from all twelve monitoring sites. The circuit rider delivered the
summary to each community during the following day's pick-up. Any errors
noted in the readings were corrected by the DER staff. Coples of the
corrected tapes were returned to the CM's. Otherwise, the original strip
chart tapes from each of the local communities were retained by DER where
they were available for inspection.

Periodic malfunctions of the radiation monitoring equipment did occur.
Special procedures were provided to the CM's for these circumstances. See
Appendix C for "In Case of Trouble" proce..res.

The radiation monitoring equipment did periodically register readings
above expected background levels. The CM's were trained to judge whether
or not these readings represented significant abnormalities. For example,
(M's were instructed to distinguish between instrument spikes and increases
attributable to radiation sources.

If a significant, unexpected reading was discovered by the CM, he or
she was instructed to immediately ‘telephone a member of the TWG at a dedi~
cated phone number. Additionally he or she was instructed to notify the
local township official. If the unexpected reading was discovered by a
local citizen or official other than a CM, that person was expected to

contact a CM to verify and interpret the unexpected results. Once notified
of an unexpected reading, the TWG gathered additional data as needed to
determine the cause of the reading. This could require a visit to the site
by the TWG representative, verification of the reading by mobile monitoring
devices, check of local weather conditions, and a check of possible sources
of radiation in the area. If this effort by the TWG required a substantial
period of time, the TWG was expected to alert local oﬁficials about the
situation and to keep them abreast of explanatory efforts.

M's vere instructed to notify the TWG in the event that the equipment
was not operating properly. The TWG representative, in turn, either correcte’
the situation himself or notified either EG&G, Idaho or the Environmental
Protection Agency both of whom had responsibility for maintenance of the

‘equipment.
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III. TRAINING

Content and Schedule

The course consisted of eleven sessions scheduled over a three-week
period as identified in Table 2. The course schedule was determined by
the immediate perceived need for the program as identified by the commu-
nities involved and the availability of staff and facilities. Ten of the
sessions were conducted at the Penn State Capitol Campus (about 4 miles from
TMI), and lasted approximately 3 hours each. Each 3 hour session was
divided into two parts separated by a half hour coffee break. One session
involved a field trip to the Penn State Breazeale Nuclear Reactor operated
by the University at the University Park campus. This session lasted
approximately 6 hours. In addition to lectures, the course included four
laboratory exercises, two supervised monitoring experiences, and numerous
classroom demonstrations; a course outline is provided in Appendix B.

During the first lecture, the program was introduced by a DER repre-
sentative. A survey was also administered to determine educational back-
ground and to measure the participants perceptions about their safety and
about nuclear energy. The questionnaire and results are discussed in detail
in Section VI, Results.

Topics covered for the first session included basic nuclear terms and
definitions, e.g., definition of proton, neutron, electron. The basic
structure of the atom and nucleus were also discussed as were several basic
nuclear reactions. The instructor defined radioactivity, the curie, and
half-life. This session also described common natural sources of radio-
activity. The instructor concluded with a demonstration which measured
radiation levels from a number of radioactive items with which people come
in contact each day. Handouts covering the lecture material were provided
for this lecture and each subsequent one. Copies of the handouts are pro-
vided in Appendix B.

The second session covered the way in which radiation interacts with
matter and how ionizing radiation is detected. The session also prepared
participants for the Geiger Mueller Counting laboratory held during the
third session. Topics covered during the second session included definition
of an ion and ion pair, discussion of relative ionizing power of a, B,and Y

radiation, and their relative penetrating power. A series of demonstrations
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Instructional Schedule for Citizen Monitoring Progranm

Table 2

Sundsy

Radiation Moni-
toring Program

Area Monitoring

Area Monitoring
& TMI Accident

Cleanup

Discussion of
Communi:y
Radistion Moni-~
toring Results

Monday Tuesday Wadnesday Thursday Friday Saturday
March 31 April 1 April 2 April 3 April 4 April 3 April 6
' 4:30 p.®. to
9:30 p.m,
Introduction,
Bssic Terminology
~ April ? April 8 April 9 April 10 April 11 April 12 April 13
6:30 p.m. to 6:30 p.m. to 6:30 p.m. to 6:30 p.m. to 10 a.». to
9:3 p.m. 9:30 p.m. 9:30 p.m. 9:30 p.m. 4 p.m.
(st PSU Reactor)
lateraction of Radiation Radiation Radistion Inter-
Radiation with Counting Vari- Protaction Units action with Bio- Equipsent
Matter & Methods ables & G.M. & Health logical Systens Pemiliarization
of Radiation Counting Physics and Radiation & Argon-41
Netection Experiment ~ Counting Statis~- Monitoring
tics Laboratory
Apri) 14 April 15 April 16 April 17 April 18 April 19 April 20
6:30 p.w. to 6:30 p.=. to 6:30 p.m. to 6:30 p.a. to
9:30 p.m. 9:30 p.m. 9:30 p.m. 9:30 p.m.
Citizen Supervised Supervised Final Exam and

April 22

6:30 p.m. to
9:30 p.m.

Meteorology
Considerations
Assignment.

of Monitoring

Krypton Disposal

Techniques



were conducted to illustrate these points. These principles and definitionms
were then applied to the operation of gas filled detectors. A gas filled
detector was defined and its operation described. The ionization and

Geiger Mueller (GM) regions were defined and their differences noted.
Demonstrations of the radiation detection equipment which the citizens

would later use for the monitoring program were made.

The third session involved a lecture on the fundamentals of radiation
counting statistics and the first laboratory exercise. During the lecture,
the instructor introduced the concept of the statistical nature of radio-
activity and the concept of a distribution function. The instructor then
discussed how one could estimate the mean and standard deviation for such
a distribution from experimental data.

The second half of this session was devoted to a laboratory experiment
in which students used the HP-260 GM probe and Ludlum ratemeter to measure
o, B, Y radiation from three sources POZIO, Sr90_Y9O, and Co60 respectively.
The effects of various absorbers on count rate for these sources was ob-
served as was the effect of distance on count rate. Participants were asked
to record their observations and answer a series of questions which tested
their understanding of what they were doing and related it to the earlier
lectures. The laboratory procedure is provided in Appendix B.

The fourth session introduced the commonly used radiation units such
as the roentgen, rad, and rem. The lectures discussed the relationship
between radiation dose and energy deposited in tissue. In addition, the
concept of quality factor was described as was the relative amounts of dose
due to o, B, and Yy radiation. The radiation dose from natural sources such
as cosmic rays, terrestrial Yy rays, 4OK and 14C was also discussed.

The next session, described the biological effects of radiationm.

Topics discussed included the damage sites within cells, the relative sensi-
tivities of different organisms, and definition of acute and chronic doses
and associated health effects. The concept of risk was also discussed in
the lecture. A comparison of risks associated with radiation and other
biclogical and chemical hazards was made. Of all the lectures, the topics
discussed in this one created the most controversy and-uneasiness among the

students. Because of this, the instructors devoted additional time to
this topic at a subsequent class.
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Also included in this session was the second laboratory exercise. The
laboratory work investigated the statistical nature of radiation. Students
were asked to determine the average background count rate and to estimate
the mean and standard deviation. The process was repeated for several radio-
active sources. The laboratory procedure is provided in Appendix B.

The sixth class was held at the Pennsylvania State University's
Breazeale Nuclear Reactor. The purpose of this session was to allow the
students additional experience with their equipment and to allow them to
see how it responded to various radiation fields. In addition, for many
of the students this was the first time they had seen an operating reactor.

The laboratory work involved the measurement of radiation fields in the
reactor building at various reactor power levels. The principle radiation
source was airbormn 4lAr produced by the reactor. Students were asked to
record background levels prior to startup and then record radiation levels
at various power levels up to and including full power (1 MW). Both the
LSI and Ludlum systems were used during this exercise.

Students also participated in the calibration of the Ludlum systems.
This portion of the laboratory exercise involved exposing the detectors to

85 5

Kr at a concentration of approximately 2.1 x 10 ° uCi/cc. Students were

asked to observe their instruments prior to and during exposure to the
85!:. The testroom used for the calibration effort was the same used to
initially test the various detectors proposed for this Program and is
described in Appendix A of this report. )

The next session, session number seven, was a review of the biological
effects material covered earlier. This was accomplished through the use
of a slide shov ieveloped by the National Society of Professional Engineers.
The slides and transcript are included in Appendix B.

In addition, one of the staff reviewed the previous lecture's major
points and answered student questions.

During this session, students were given a sche&uled ten question
quiz. The quiz covered basic material discussed in the preceding lectures.
A copy of the quiz is included in Appendix B. The students were asked to
exchange papers and grade each others quiz. A count of the number wrong
vas nadc.’ No quizzes were retained by the instructor nor were the grades
. recorded. The average grade was two wrong. This exercise demonstrated to
the participants that they were learning the material and helped build up

their confidence.
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Tne last part of the class was devoted to a review and discussion of
what the Citizen Radiation Monitoring Program was and how it would operate.
Students were asked to comment on the program organization and operation.
This provided an opportunity to acquaint the students with the proposed
procedures and to solicit their reactions, suggestions, and modifications,
thereby including them in the set-up of the Program.

The eighth class was a combination lecture laboratory exercise. The
lecture described in detail the monitoring procedures to be followed by
the citizens during the monitoring effort. The instructor reviewed the
function of each control on the two radiation detection system and des-
cribed how to read the strip chart printout. Sample strip charts were
discussed in detail. The form to be used in recording the data was also
described along with how to interpret the information. The procedures,
sample strip charts, and monitoring form are included in Appendix C.

The laboratory exercise involved the measurement of background radiation
using both the LSI and Ludlum systems. A series of abnormal readings were
introduced using small sources. This allowed the students to again observe
the response of their instruments to radiation. The students were then asked
to individually read and interpret the strip charts. Their findings were
reviewed for accuracy and critiqued by the staff.

The TMI-2 accident was discussed during session number nine. The
presentation was given by Mr. Bill Dornsife, a nuclear engineer with DER.

He recounted both his personal observations during the accident and the
accident scenerio. Considerable discussion emsued throughout this lecture.
A copy of this lecture appears in Appendix B.

The last half of the session was devoted to another monitoring exercise
similar to the previous session.

The tenth session consisted of a final exam. The exam was divided into
two parts, a theory and practical section. A sample exam is provided in
Appendix B. Of the 40 students who took the exam, 36 passed. Passing score
was 65. A makeup exam was subsequently scheduled for those who failed or
did not take the exam. The second half of the class was devoted to a cri-
tique by the students of the course. The comments are discussed in the
Results section of the report. Also, at this time a second survey was con-
ducted to measure the participant's perception about their safety and about

nuclear energy. The result of this and the earlier survey are discussed in
- Section VI of this report.
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The last session of the course was devoted to a review of the exam, a

discussion of the proposed asKr disposal methods, and plume dispersal. The

discussion of plume dispersal included definition of the various atmospheric
conditions and rating of each regards venting. The ssxr disposal lecture
'stressed the hazards associated with each method proposed by the NRC and
evaluated in their environmental assessment report’and the probability of
success and of accidents. The abnormal reading that occurred at the EPA
Middletown monitoring station the previous day was discussed. Upon com-
pletion of the lecture, plans to begin monitoring were announced as were
plans to hold a follow-up class to review the monitoring effort.

The follow~-up class meeting was held approximately two weeks after
the previous class. During this class, the citizens were asked to provide
comments on their experiences. As a result of these comments, changes were
made to the monitoring procedures. The revised procedures are included in
Appendix C.

Also discussed as part of this session was the disposal of radioactive
vaste. The discussion mainly involved a description of current low level
wvaste disposal methods.

A graduation ceremony was held on May 12, 1980. The ceremony included
Secretary Jones of DER as its principle speaker. A reception followed the

exercise.

Building Credibility
The communication of complex scientific concepts is difficult even in

an environment devoid of emotionalism and distrust. In situations where such
elements are present the task becomes almost impossible if conventional
teaching techniques are the sole devices used. In such an environment an
effort must be made to develop credibility with the students and to manage
the expression of emotion constructively.

The effort to build credibility included careful attempts to document
the "factual" material presented. Frequent references to recognized journals
and publications were included in handouts with each lecture. An example 18
the use of the Radiological Health Handbook published by HEW as a source for
radioisotope information. In addition, every effort was made to minimize
expression of personal opinion by the instructors during classroom dis-

*cussion. Instructors assumed a neutral stance regarding nuclear powver as
a source of energy. No attempts were made to persuade students to change

their attitude regarding nuclear energy.
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The course design was based on a program, Nuclear Concepts and Energy
Resources Iastitute, used successfully by Penn State faculty in the past.

In addition to ideas on course content, the Nuclear Concepts Program found
that time for informal interaction greatly enhanced rapport between students
and professors. Toward this end, a half hour "coffee break'" between the
first and second half of each session was purposely built into the training
program. This break allowed staff and students to interact informally with
each other, to ask questions, or to express personal feelings and concerns.
As a result, both students and staff developed a rapport conducive to
learning.

Creation of a classroom environment was a primary emphasis of the
training. This established credibility by identifying the course subjects
as highly technical in nature. The participants would therefore be required
to master factual, scientific material rather than to simply express opinions.
The very first lecture purposely stressed technical material to establish
this point. While such an approach did discourage some participants
initially, they were encouraged to continue by the staff, who pointed out
that an initial technical understanding of the material was needed before
practical applications could be described. As the course developed, more and
more practical applications were included.

Credibility was further enhanced by choice of instructors and class
schedule. 1In particular, handling of controversial topics was carefully
planned. Instructors were chosen who were estimated to be (1) special ex-
perts on the topic, (2) unbiased in their presentations, and (3) able to
develop rapport with the students. Furthermore, three local science
teachers trained in nuclear science provided necessary assistance during
the laboratory exercises. Also, because teachers are generally respected
members of the community, it was hoped their presence would add credibility
to the Program. In addition, the class schedule was arranged such that the
more controversial topics came later in the course. This was done so that
a certain amount of credibility could be developed prior to discussion of
those topics the participants felt strongly about. One topic was parti-
cularly difficult. During a presentation on the biological effects of
radiation the participants became extremely uneasy. This topic was of
major concern to them. The problem centered around the concept of relative
risk which was difficult for the students to accept. This then lead to

questioning of the other material presented by the instructor. As a result

a certain amount of credibility with the group may have been lost.
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Because controversial topics understandably heightened the partici-
pants' anxiety and exposed a number of misconceptions about radiation and
its effects, the staff created a number of opportunities for informal
interaction between themselves and the students. Through these interactions
the staff sought to increase the students' confidence in the ability and
-otivation of the staff to fairly represent the information. The first
opportunity occurred during the field trip to the Breazeale Nuclear Reactor
at Penn State's University Park campus. Additionally the staff made them-
selves available at optional social hours for general discussion and
listening to participants' concerns. Such sessions tended to improve rapport
wvith the participants, to reduce anxiety, and to increase the participants'
confidence in the Program.

Another method used to build rapport was to provide candid and direct
answers to all questions. The staff made every attempt to be responsive
to the questions and the concerns of the students. These included pro-
viding students with additional reading material on subjects of concern to
them, arranging for extra help if needed, and placing students in contact
vith those staff who could best answer their questions.

.In summary, attempts were made to build credibility through the use of
a variety of methods. These included presentations of the material in as
factual a manner without opinions on advocacy, adopting various rapport-
building processes such as coffee breaks, and attempts to be responsive to
the concerns and questions of the participants. The success of the
approaches adopted and the participants high motivation may be seen by
the low (4%) dropout rate. The results of the two attitude surveys also
showed that the participants continued to view the Program as credible.
(See Results, Section VI.)

Measuring Progress
To determine the educational progress of the students, three methods

vere employed. These methods were written tests, discussion with and
observation of students during laboratory exercises, and discussion with
students during breaks.

Two written tests were administered during the course of the program.
The tem question quiz on theoretical material given during the seventh
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session appears in Appendix B. This quiz provided written confirmation
to both students and instructors of satisfactory progress at the mid point
of the course.

The second exam was a comprehensive final exam. It tested the students’
understanding of both the theoretical and practical aspects of the course.
The test consisted of thirty-three questions covering radiation, radiation
units, biological effects, monitoring procedures, and monitoring instru-
ments. A copy of the exam and the results are provided in Appendix B. This
exam provided written confirmation that the participants had satisfactorily
mastered the course work.

Another less formal but equally important method of evaluating progress
was the discussions with and observation of students during the laboratory
work. In the various laboratories it was possible to work with students
individually and assess their understanding of what they were doing and why.
Through such first hand one-on-one experiences, the staff was able to deter-
mine problem areas and take appropriate action. This method of ongoing
evaluation of student progress was continued throughout the course.

Similar discussions were also conducted with students during the break
periods. Here students were approached and asked what material they found
troublesome or asked specific questions on material covered to date. Again,

this allowed ongoing evaluation of progress to be performed.

ITI. MONITORING

Introduction
This section describes the actual monitoring effort. In particular,
the start-up of the monitoring is described along with the evaluations per-

formed and the "debugging" effort. In the last section, the staffing

responsibility and protocol are discussed.

Start-up

With the completion of the formal training program on April 22, 1980,
the program entered tﬁé operational phase. The beginning of this phase
involved setting up the LSI and Ludlum systems in each of the twelve
communities. To accomplish this, two TWGC members arranged to visit the
sites and set up the equipment. The monitors for the community were asked
to be present along with the comnunity officials who had appointed them.
The monitors were briefed on and given a final checkout on the equipment.

Equipment installation was essentially completed by April 30, 1980.
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Once the equipment was installed, the monitors began several days of
practice monitoring. This involved reading the LSI and Ludlum strip charts
on a daily basis and recording their findings on the Community Monitoring
Report (see Appendix D for sample report). During the first few days of
_this period, no pickups of the data were made pending finalization of the
DER circuit rider procedure. Data pickup began on May 5, 1980.

On May 7, a follow-up class meeting was held to critique the progress
of the monitoring effort. As a result of that class discussion, a revised
procedure (Rev 2 dated May 12, 1980) was issued (see Appendix C). From
May 7, 1980, to May 19, 1980, monitoring continued but without formal
publication of the results. During this period the TWG responded to various
equipment problems and complaints. DER collected the data, and summarized
it. Copies of the summaries were provided to the participants' communities
(see Appendix D for sample).

On May 20, 1980, the monitoring program became fully operational. On
May 23, the summary data was formally released to the press, other state

agencies, federal agencies, and anyone requesting the information.

Debugging
Throughout the start-up phase, problems were encountered with pro-

cedures and equipment. As a result, the program underwent an extensive
debugging phase. The more significant problems and their solutions are
described in this section.

The first problems encountered concermed the procedures. An initial
set of procedures had been developed and issued during the formal training
program. These procedures were used during the various laboratory exer-
cises vhere the students performed supervised monitoring. It quickly
became apparent that the procedures could be improved. For example, no
troubleshooting process was provided, several minor errors existed. As
a result, a revised procedure (Rev 1 dated April 22, 1980) was issued.

Rev 1 was used up until the follow-up class meeting on May 7. At that
meeting a number of procedural problems were discussed, and an agreement
was reached to resolve them. For example, DER personnel found it too time
consuming to copy all strip charts so that the originals could be returned
to the comsunities. As a result, it was agreed that DER would retain the
. charts. The charts would be available for review and copying by the com-
munities {f they requested them.
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Another problem concerned tranmittal of the data, “Pha monitors
and circuit riders requested the procedure be revised to allow placmnent

of the data into the LSI suitcase in lieu of the Luél box. ' The ludlum
box was too difficult to open.

Since DER provided the ircuit rider and
performed the data reduction and compilatiom, the circuit was revised to

provide for drop off and pick up of the data at DER headquarters in the
Fulton Building.

The procedure was also revised to require the monitors to check the

chart recorders for sufficient paper. This was the first of many problems
encountered with these recorders.

The strip chart recorders were the single most significant ngﬁummt
; ta was
problem encountered in the program. A total of 23 days worth of data

lost (see Table 3) because of the recorders. The recorders used were

Rustrak recorders. They provided a.continuous permanent record

. Each-
of the radiation levels recorded by the LSI and Ludlum detectors

' he re~
LSI and Ludlum was equipped with its own recorder. For the LSI, the

was
corder provides the only readout. The single most common problem

t
jamming of the chart paper in the recorder. This occurred when the sprocke

the paper
holes in the paper were torn, the paper cocked during tear off, or pap

t problems
was improperly installed during replacement. In addition, frequent p

] were
were encountered with hangup of the indicator pen. These problems

d to re~
never completely resolved. Eventually, the monitors were traine

of strip
place the chart pPapers in the event a jam occurred or a new role

if the
chart paper was required. They were also told to tap the recorders
indicators hung up.

ed
Another equipment problem found during the debugging phase concern
the LSI's.

Sixteen days of monitoring were lost because of problems with
the LSI's.

These instruments were originally designed and built about
twelve years ago by Learsiegler for EPA's use at their Nevada test site.

These instruments were provided by EPA to the program under a cooperative
agreement between DOE/EG&G/EPA.

The equipment as originally designed was
expected to be water tight.

Due to their age and lack of maintenance, the
LSI's were susceptable to malfunction during humid or rainy weather.

The sensitivity to humidity may be attributed to the fact that the

equipment was originally designed for use in an arid environment. The
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Table 3

Operating and Equipment Problml

#days no report Type of !
. due to Equipment Problea
Citizen Equipment Rustrak
} Towaship Failure Failure LSI  Ludlum Recorders # Errors
! .
East Manchester 3 7 4 2 1 0
Hewberry 2 4 1 no signature
' Fairview 0 6 4 0 2 2 incorrect decimals
1 date missing
1 switched values
| Conoy 7 ? 1 2 4 4 incorrect readings
1 wrong date
1 no signature
z‘ Goldsboro 0 [ 1 0
" Yorkhaven 0 5 0 1 no signature
I Lower Swatara 8 1 0 0 1 1 incorrect reading
Middletown 1 2 1 1 0 0
l Royalton 0 4 1 1 2 1 incorrect reading
1 missing data
' Londonderry 1 4 2 1 1 2 incorrect decimals
Uest Donegal 2 3 0 0 3 S incorrect reading
i 2 no signature
Elizabethtown 5 ) 1 2 1 7 incorrect reading
1 wrong data
| ToTALS | 29 53 16 10 23 32
eovering o 42-day period 5-20-80 to 7-3-80 .
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malfunctions included hang up of the recorder movement, failure of the
detector, and a failure mode which produced excessively high readings.
The monitors were instructed to be aware of these problems, to notify the
TWG, and to request replacement and service when malfunctions occurred.

Two minor problems were encountered with the Ludlum detector system.
The first concerned the metal box that was designed to contain the systemn.
Insufficient clearance was allowed around the instruments. As a result,
the locating tabs on the cover could strike the "ON-OFF" switch on the Ludlum
ratemeter thereby shutting the system down. As this was a frequent
occurrence, the monitors were told to inspect the instrument once the cover
was in place to ensure the ratemeter was on. The lack of clearance also
caused some minor cable chafing.

The second problem involved the interconnection between the Ludlum
ratemeter and the Rustrak recorder. The interconnection is accomplished
using a phone jack and Jones plug. Apparently vibration would cause one
or both to loosen. The result would be a zero reading on the recorder.

A tap on the side of the Ludlum case would usually cure the problem. The

monitors were instructed to check for this condition and report its occurrence.

Periodic Evaluations

Throughout the monitoring phase, the TWG met to review problems and
take corrective action. In addition DER performed daily reviews of the
monitoring results checking for accuracy and consistency. Again, if any
problems were identified the appropriate monitors were contacted. In
general, these evaluations revealed few errors on the part of the monitors
or staff. A total of 32 errors were made by the twelve communities. Twenty-
five of those were incorrect readings but of a minor nature. The remaining
seven errors involved failures in properly completing the monitoring form.

In other instances, the equipment was found deficient. These deficiencies

have already been described.

Staffing Responsibilities

The staff of the monitoring program consisted of DER, PSU, EG&G, Idaho
and EPA personnel and the community monitors. During the monitoring phase,

each agency assumed part of the responsibility for overseeing operation
of the program.
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EPA assumed responsibility for periodic checkout of the LSI and Ludlum
systems. This wvas accomplished by EPA personnel assigned to service the
EPA monitoring equipment. The EPA personnel would use a check source to
see if the equipment was operating properly. They would also check for
sufficient strip chart paper. The EPA checks were made on a weekly basis.

DER, PSU, EG&G, and EPA personnel jointly assumed responsibility for
troubleshooting during the start-up phase of the program. Each group pro-
vided individuals who would be assigned the responsibility of responding to
problems reported by the monitors. A weekly duty roster was developed to
provide for these assignments. On occasion, failure to communicate the
assignments to the monitors led to some confusion on their part.

At the completion of the start-up phase, DER assumed responsibility for
responding to reported problems. PSU, EG&G, and EPA provided back-up and
consultation if requesced by DER.

V. COMMUNITY ASSUMPTION OF RESPONSIBILITY

In Section II of this report, mechanisms for community input into
the program design were described. During the time from March through May
the citizens' contribution to the design and operation of the program in-
creased. Once individuals were nominated from each community, the class-
room became the primary vehicle for community input to the Program's design.
Juring the training program, dialogue between the instructors and the citizens
influenced the design of the data collection and dissemination. Basic
procedures drafted by the TWG were refined and tailored by the citizens
to meet their individual community needs. This give-and-take between the
TWG and the monitors served three purposes: first, it created rapport
between the TWG and citizens; second, it provided necessary input to im~
prove the program's operation; and third, it began the process of trans-
ferring some of the technical and management responsibility for the Program
to the communities involved.

Community officials were kept abreast of the Program's progress and
vere asked for specific input to shape its direction periodically over the
next few months. At one of these meetings, the community leaders reviewed
the training program and a detailed plan for data collection and dissemin-
ation. Within technical guidelines provided by the TWG, each community was
asked to determine a specific site for its monitoring equipment and a date

for {ts installation.
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During the preliminary operating phase the primary citizen input came
from the monitors themselves who had the firsthand experience with pro-
blems in the system's operation. Once installation of all the monitors
was completed, the class was expressly convened to critically review the
procedures. The citizens provided a number of suggestions which led to
decisions in the operating procedures.

By June when the Nuclear Regulatory Commission announced its decision
permitting Met Ed to vent radioactive gas from the reactor building, the
monitors had had one month of official monitoring experience. At a meeting
convened by the TWG, the monitors and their local townships officials
assumed major responsibility for operating the Program. Each community
drew up and presented a plan for monitoring during and after the venting
period. This plan included a schedule for making measurements and for
publishing the results and identification of any assistance required from
the TWG to carry out the plans. Some townships decided to make readings
more frequently during the venting. One requested a second monitoring
site be established at the opposite end of their township to quell fears
of residents in that area. Others agreed to exchange and compare their
results. Some made tentative plans to reduce the frequency of monitoring

once the venting had subsided.
VI. RESULTS

Monitoring Results

The official monitoring effort commenced on May 23, 1980, and continued
through and beyond the purging of the TMI-2 containment. Practice monitoring
preceeded the start of the official effort by several weeks. Each of the
twelve communities operated a monitoring station consisting of the LSI and
Ludlum systems described earlier. Each system output was recorded on a
strip chart.

At the time venting of the TMI-2 containment began, June 28, 1980,
about nine weeks of operating experience and background data had been
accumulated. Starting on May 23, 1980, these data were distributed to
the news media, other federal and state agencies, the utility and public at
large. The pre-venting data was used to establish baseline gamma and beta

radlation levels at each of the monitoring sites. Table 4 contains a
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susmary of this data for the period May 23, 1980 through June 27, 1980,

the start of venting. Listed for each station is the average gamma and
beta dose rates recorded for this period. The gamma dose rate is an arith-
metic average of the daily averages reported by the monitors. The beta dose
rate corresponds to the minfmum detectable beta levels that could be
measured by the Ludlum GM system. (The actual readings were in counts per
minute and vere converted to mrem/hr using the calibration procedure des-
cribed in Appendix A.) This data provided an estimate of the background
levels typical of the area. Tvoical recorder traces from which the data was
obtained are contained in Appendix C. The summary reports distributed
to the media, and other groups are included in Appendix D.

During the pre-venting period, it was also observed that data from the
Ludlum GM system displayed increased apparent radiation detection rates
during the passage of electrical storma.’a It is not clear at this time,
vhether this phenomenon is related to instrument electronics, or to a
temporary rearrangement of the radiation environment during these storms
or perhaps both.

The purging of the TMI-2 containment began June 28 and continued through
July 11, 1980, a total of 14 days. The resulting krypton-85 plume was
detected at least once at 10 of the twelve stations during the venting
period. The station measuring the highest beta dose rate (0.0399 mrem/hr),
Londonderry, located 1 mi in a northeasterly direction from TMI. The station
measuring the highest accumulated beta exposure (0.105 mrem) during the venting
was also the station which had the highest beta exposure in any one day (0.057
mrem). This station was located in Londonderry, approximately one mile
northeast of TMI.

The data for the purge period are summarized in Table 5. The data
generated by the Program is generally consistent with data produced by other
organizations such as EPA who used other measurement techniques.

33



Fairview
Newberry
Goldsboro
York Haven

E. Manchester
Lower Swatara
Middletown
Royalton
Londonderry
Conoy

W. Domnegal

Elizabethtown

Summary of Community
Monitoring Data

Pre-Purge

(23 May - 27 June 1980)

Average Dose Rate

Gamma
0.0094
0.0080
0.0136
0.0143
0.0071
0.0095

0.0159

0.0129
0.0102

0.0080

Table 4
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(mrem/hr)

Beta
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.005
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Fairview
Newberry
Goldsboro
York Haven

E. Manchester
Lower Swatara
Middletown
Royalton
Loundonderry
Conoy

W. Donegal

Elizabethtown

Summary of Community
Monitoring Data

Purge

(28 June - 11 July 1980)

Average Dose Rate

Gamma

0.0097
0.0079
0.0144

0.0126
0.0077
0.0099

0.0168

0.0126
0.0150

0.0081

(mrem/hr)

Table 5

Maximum Beta Skin Dose
85ky

Rate Due to
(mrem/hr)

0.0057
0.0114

0.0342

0.0171
0.0171
0.0399
0.0086
0.0171

0.0057

Total Beta Skin Dose
Due to
(mrem)
ND
0.003
0,004

0.041

0.006
0.030
0.087
0.105
0.036
0.011

0.015



Survey Results
An effort was made during the Program to assess the monitors percep-

tions about their own safety and about the credibility of the information
they received. A survey was administered on the first day of class (tl) and
again on the last day (tz) to see if there were any significant differences
in the citizens' attitudes over this time.

The following sample cuestion illustrates the format: "I fezl well-
informed about the progress of the clean-up activities at TMI." Responses
were recorded on a five point Likert scale varying from strongly disagree
to strongly agree. Mean responses values were compared using a t-test.

(See Table 6 for a list of questions and mean response values).

Generally, the results demonstrate improvements in how informed and
how safe the citizen monitors felt. While the mean values of the responses
to these questions only indicated they had neutral to slightly positive
feelings about safety, this did represent a significant change for three
questions. The responses indicated that the monitors felt better-equipped
to judge their own safety at the end of the course than they did when it
began.

The citizens were also asked to rate (on a five~point scale) the quality
of the information they received from eleven organizations. The list of
organizations included the NRC, Met Ed, the Governor's office, and local
officials of the agencies represented in the TWG. The citizens rated the
quality of information from Met Ed and the NRC as poor (3.6 and 3.5, re-
spectively) and that from The Pennsylvania State University as good (1.8)
with ratings of other agencies falling somewhere in between. (See Table 7).
No significant changes in these ratings were observed from the beginning
(tl) to the end of the course (tz) with the exception of those for EPA which
improved from 2.7 to 2.2. This may be explained by the fact that EPA's
efforts became more visible to the citizens during the Program, sinc: EPA
provided and maintained some of their monitoring equipment.

On the second survey an additional ten questions were asked specifically
about the citizen monitoring program and the course itself. Response choices

again ranged from strongly agree to strongly disagree. Table 8 presents the

questions and mean response values.

36



(2
~

Table 6. Attitude Survey Results

3‘.-0--¢-|oo--:l'a.o......n.-ﬁzzoo'to'o-nodntstcuo-c.-c-o-."‘..v--a-oouo-"“

Strongly Disagres Neutral Agree Strongly
Disagres Agres
it [ l
Attizude lremo . 1 ;1 1
Mcan s$.D. Mcan 5.D. P
1. My community is a safe place in which to 1ive. 3.3 1.1 3. Y n.s.
2. 1 feel well-informed about the progress of the
clean-up activities at Thiuu Mile Island. 2.5 1.3 2.7 1.2 n.s.
3. I receive a minimum exposure to radiation every day
which does not pose any harard to my health. 3.6 1.0 3.7 1.0 a.s.
4. I have access to sufficient information from existing
public and private sources to make a Judgment about ,
my safety with respect to radiation. 2.9 1.3 3.4 1.0 .01
5." Metropolican Edison should proceed with the clean-up
activities at Three Nile Island as quickly as possible)
even 1f 1t means venting the Krypton gas to the atmos~-
phere. 3.2 1.6 3.5 1.4 n.s.
6. I feel well-informed about what to do tn case of an
emergency. 2.9 1.3 3.3 1.2 n.s.
7. Radiétion levels in my community are currently above
safe lavels. 2.6 .9 2.2 1.1 .02
8. The Nuclear Regulatory Commission (NRC) should not
permic Mctropolitan Edison to re-open reactor #1. 3.1 1.4 2.7 1.6 n.s.
9. I currently can gut accurate information about
radiation levels in my community. 2.5 1.2 2.9 1.2 .03
10. Most of my friends and neighbors in my community
are well-informed sbout radiation and its effects. 1.9 .8 1.7 .8 n.s.

! Si{niflcance values for 2-tatled 1 -test
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table / Clredibility of Intormation Sources

Use the scale below to rate the quality of the information that is available from each of the
following sources.

............ Y/ IR - 1
Excellent. Good. 1 Sometimes Good Poor. Bad. I
I trust 1t com- trust it most Sometimes Bad. I don't trust never trust
pletely. of the time I trust it 50% it much. ic.
of the time.
. 1 t
Information Sources 1 2 pl
Mean S.D. Mean S.D.
Pennsylvania State University (PSU) 2.0 .8 1.8 5 n.s
Pennsylvania Dept. of Environmental Resources (DER) 2.6 .8 2.2 1.0 n.s.
Environmental Protection Agency (EPA) 2.7 .7 2.2 8 .05
Township Officials 2.3 1.1 2.4 .9 n.s.
County Emergency Preparedness Agency 2.6 1.2 2.7 1.0 n.s.
Department of Energy (DOL) 3.0 .7 2.8 1.1 n.s.
Pennsylvania Emergency Preparedness Agency (PEMA) 2.5 1.1 2.9 .9 n.s
County Officials 2.8 1.0 3.0 1.0 n.s.
Gov. Thornburgh's Office 3.0 1.2 3.3 .7 n.s.
Nuclear Regulatory Commission (NRC) 3.3 1.2 3.5 1.2 n.s.
Metropolitan Edison 3.9 1.2 3.6 1.3 n.s.

Significance values for 2-tailed t-test




Table 8 Course Evaluation

-

Please use ths scale below to answer the next 10 questions.

33;..&-.-.---%13-..a.-og-o--32!.-.--..-----!33.....-......!4:...‘...

050 (X ]
e aes e L L B

Strongly Disagree Neutral Agree Strongly
Disagree Agree
Mean s.D.
I did not learn anything in this course that 1.5 .8
I didn't already Imow.
I feel better equipped to explain radiation 4.1 .9
and 1its affects to my neighbors then I did
before the course began.
This course provided far too much information. 2.3 1.0
I am well prepared to begin my job as a 3.7 .8
citizen radiation monitor in my community.
Most of the material covered in this course 2.1 1.0
was oot relevant.
1 received accurate information from the 4.2 .6
course instructors.
This program will provide needed information 4.1 .6
to people in my cosmunity.
My feelings about being a citizen radiation 4.1 .6
monitor are generally positive.
I feel less secure now living near TMI 2.2 1.1
then before 1 began the course. '
I have been brainwashed in this course. 1.8 .83




Responses to items 1, 2, 5 and 7 reveal that the citizens believe they
received needed information from the course. Responses to items 6 and 10
also suggest that they trusted those who provided the information. More-
over, the responses indicate that the citizens did not feel that the course
influenced them to either accept or reject nuclear power. This was important
since the course instructors took great care to insure that the instruction
was not construed as favorable propaganda for nuclear power or for or against
Met Ed in particular. With regard to serving as monitors, the citizens
indicated they felt positively about the task and moderately prepared for
it. Their primary reservations abéut their preparation stemmed from wanting
more time to practice with the equipment.

The survey results affirm that the Program was at least moderately
successful in meeting its purpose, that of providing an accurate and
credible source of information about radiation levels to citizens around

T™I.

Citizens' Comments

In addition to the structured questions about the course, on two
occasions the citizens were asked to answer open-ended questions about the
course and the instructors. The questions were:

What did you like best about the course?

What did you like least about the course?

Are there other comments you wish to make about the course?

What suggestions do you have for improving this course?

A summary of all the individual responses to these questions appears in
Appendix E. A number of themes can be identified from the comments which
represent the opinions of many of the participants.

Regarding the quality of the information, many participants indicated
that the course responded to the communities' need for information and that
the material was well presented overall. A number of people indicated that
some concepts were too technical and went over their heads. Others com-
plimented the instructor's success at relating the material in layman's terms.

The trip to the Penn State Nuclear Reactor was frequently cited as

something they liked the best. Operating the monitoring equipment in the

laboratory was also well received.
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Many citizens commented about the fair and objective presentation of
the material.
"It was objective rather than opinionated in its presentation.”
"Being able to feel I'll be an asset to my community in reading meters
. to warn of troubles. As a listener I learned how the pro-nuclears
feel."”
"The opportunity to see a different scope of the situation.”
"The instructors were impartial and did their best to take scientific
data and bring it to the layman. I felt they did not try and influence
anyone's opinion whether they were anti or pro nuke....I can live with
the truth, but lies do create fear and strong distrust."
Only two of the fourty-sixindicated they felt aspects of the course favored
the pro-nuclear point of view. One indicated the material was "biased to
protect the side of the nuclear industry.” Another individual wrote,

"The filmstrip on the low contribution nuclear power plant made to
the background radiation exposure was a very one-sided presemtation.
Tommorrow night a special is going to be on concerning how uranium
mining is killing people, I'm sure I'll be more knowledgeable on this
safe technology after this show.

There were some positive points to this course. I felt all the
people involved with the teaching of the course made 1007 effort to
answver questions and to be as factual as possible. There seemed to
be a genuine interest in making this course a success and at making
people as knowledgeable as possible.”

Many citizens acknowledged the patience and helpful attitudes of the
course instructors and attributed their own positive response to the course
to these characteristics. By in large the instructors were perceived as
honest experts and as real people.

The primary drawback identified by the monitors was the condensed
format of the course. Many indicated they would have liked more time to
reviev, study and absorb the material then the schedule of consecutive
evenings permitted. A few pointed out that they would have benefited from
a more detailed explanation of what was involved in the Citizen Monitoring
.Progtan early in the course. They wanted clarity on what it meant to
participate as a citizen monitor, how the program would operate and the

type of monitoring equipment which was to be used. One citizen commented:

-
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"There appeared to be day to day planning as far as the monitoring
program itself. For example, no clear cut definition was given
the first night as to the type of equipment or exactly what indi-

viduals would be required to do at the end of the session.”

A few felt that the course provided too much background information, but
most seemed pleased to receive all thit the course offered. When queried
about those topics about which they needed additional information to do
their job as a citizen monitor, TMI-2 clean-up efforts were most frequently
identified. The topics about which more information was requested were:

Nature and sources of radioactivity

Interaction of radiation with matter

Methods of radiation detection

Radiation protection units

Biological effects of radiation

TMI-2 Accident

TMI-2 Clean-up efforts

Operating procedures for the Ludlum and/or LSI
Interpretation of the strip chart results

What to do when I begin monitoring in my community
Overall operation of the Citizen Monitoring Program

Those responses and other comments provided by the citizens suggest
that their appetite for information about TMI and nuclear energy generally
was barely whetted by this course. A number asked for follow-up courses.
Others expressed the desire for similar course offerings for a wider segment
of the community. A few of these comments are characteristic:

"This course was well put together and presented given what was

probably short notice. Some thought should be given to an on-going

(monthly or so) course covering various topics as well as reviewing

material already presented to keep it fresh."

"Worthwhile, wish more people could take it. Feel this will be a

good service to the community and wish it could extend to a ten

mile radius."

"Most of this material presented to the general public in a proper
way would definitely enlighten them, increase their confidence and

improve the general sense of security."
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VII. CONCLUSIONS AND RECOMMENDATIONS

In the preceding sections of this report, the Citizen Monitoring
Program design, operation and results are described. This section
summarizes major conclusions about the program and offers recommendations
for future programs of a similar nature.

Conclusions

Based on interviews with local community leaders, the monitors them-
selves, and state and county officials, the Citizen Monitoring Program was
successful in providing a source of credible information to the public
at large. In fact, one official commented that the Program was one of the
most significant activities that helped make people feel safe during the
purge. A review of the data by EPA, DER, and GPU, revealed the monitoring
results to be consistent with those obtained by these agencies.

The design was, in general, consistent with the above objective.
Certain aspects of the design and operation of the Program were parti-
cularly important in achieving that objective. These included the following:

°The rapport building efforts during the training program were

particularly important. As a result they should be explicitly
considered in the design and development of future programs.

°The "debugging" phase provided valuable experience and time for

resolution of emerging problems. Such a period should be built

into any future program.

The factual authorative manner in which the Program was conducted
provided it with a high degree of credibility among the participants.
As a result future programs should be conducted in a similar manmner.
Mo attempt at advocacy should be made.

°The experience of the University Staff in the summer science teacher
program provided valuable background for conducting the training
portion of the Program. Those lacking in such ex?erience will
require additional preparation time.

Recommendations

The experience of developing and operating a Citizen Radiation
Monitoring Program for the first time has prompted some important lessons.
!ﬁese are put forward as action recommendations for future projects of a

similar nature.
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°The Program should encourage community input into and responsibility
for the design and implementation. That is, local officials and
citizens should participate in the initiation and planning of the
Program as well as in its implementation. Such participation will
increase the likelihood that the Program is responsive to community
needs, promote community understanding of what the Program is trying
to achieve, and facilitate eventual transfer of responsibility for
the Program-to the community once it is operational. Implementation
of this recommendation involves efforts by the sponsors to build such
participation into the Program design from the outset.
®Considerable reliability problems occurred with some of the instru-
mentation. To avoid these problems in future programs, a comprehensive
environmental and reliability program should be undertaken to identify
reliable instrumentation suitable for such programs.
oAmong the participants in the Program there was a clear lack of under-
standing regarding the basics of radiation, radiation effects, and
radiation detection. Insofar as the participants are representative
of residents near a nuclear power plant, there appears to be a need
for increased educational efforts in areas surrounding such facilities.
°Some difficulty was encountered regarding the specific role assign-
ments of the organizations comprising the TWG. To minimize this
problem in future programs, time and effort should be devoted to team
development activities, with particular emphasis on clarification of
roles and coordination mechanisms. Similar team development should
be conducted with the monitoring team from each community to encourage
a cooperative spirit and to insure that the monitoring work was
distributed evenly among the participants.
®Because the media were already receiving reports from other
government agencies and the utility, they were reluctant
to report the results of the Monitoring Program. As a result,
some news outlets did not report the program's findings
To alleviate this problem, the media should be better advised as
to the significance of the effort. 1In addition, they should be

invited to participate early in the design, development, and operation
of such programs.
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%tn an effort to improve dissemination of the Program results, a
training session should be included to instruct the monitors in how
to handle inquiries from fellow citizens.

°Ia some cagses, the lack of rapid availability of the data hindered
the TWG's ability to diagnose trouble and respond to it. An effort
should be made to develop an on-line remote monitoring capability.
This would supplement the monitors' readings and provide for quick
diagnosis of problems or abnormal readings should they occur.

® To reduce the burden on the volunteers during the training program,
the training session should occur at the rate of no more than three
times per week. In addition an attempt should be made to schedule
them on an every other night basis.

°To resolve individuals' concerns about their ability to operate and
read the instruments correctly, the practice monitoring should be
made a portion of the formal training program. In addition, each
citizen should be tested and checked out individually on operation
of the monitoring equipment and on the reading of the tapes.

%fo resolve some of the troubles encountered with the chart recorders
and other instruments, the monitors should be instructed early in the
program in how to change the chart paper and perform rudimentary

maintenance.
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ABSTRACT

As part of the preparations for the purging of TMI Unit-2, the
krypton-85 sensitivity of 12 radiation detector systems or system
combination was determined. Eleven of these were evaluated using a
cube-shaped polyethylene-walled room containing a volume of 5.6 m3
(200 fts). Krypton-85 gas was added to produce a concentration of
6.7 x ].0-6 uCi/ml in the test room. It was found that none of the ion
chambers and scintillation detector systems were able to detect this
concentration of krypton-85. Detectors employing thin window GM pancake
probes were found to be sensitive enough to monitor this gas down to the
unrestrictive area amsximum permissible concentration level (MPC) of 3 x lO-5
uCi/ml, while a large window gas flow proportional counter was found to be
sensitive enough to monitor down to about 0.1 MPC. At the end of this
experiment, 2.3 n3 (80 fts) of the gas in the test room was pumped into a
compressed air cylinder (scuba bottle) and was used to calibrate the PSU
Noble Gas Monitor. The sensitivity of this system, which employs gas

compression and Ge(Li) spectroscopy, was demonstrated to be between

0.1 and 0.03 times MPC, depending on the counting time employed.
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INTRODJCTION

Prior to the purging of the TMI-2 primary containment, a program was
initiated to train citizens living near the plant to conduct radiation
monitoring for their community.(l) In setting up this program, there
developed considerable disagreement among program organizers as to which
radiation monitoring system(s) should be utilized to monitor krypton-85.
Thus, all concerned organizations were invited to submit their instruments
of choice to a test which was conducted at the Breazeale Nuclear Reactor
of The Pennsylvania State University between March 13 and March 18, 1980.

This paper reports the results of this test.

EXPERIMENTAL FACILITY AND PROCEDURES

A cubical test chamber 1.8 m (70 inches) on a side was built from
0.15 mm (6 mill) polyethylene sheeting sealed at the edges with duct tape.
This chamber was supported by and suspended from a cubical aluminum frame
1.8 m (72 inches) on a side. Thus the room had a volume of about 5.6 m3
(200 ft3). The entrance port into this test chamber, once the test room
was sealed, was through the left side of a glove box centered on and sealed
to one face of the test room (Fig. 1). Three test instruments having
remote readouts were inserted into the test room prior to the injection
of the trypton085. The sensitive detection volume for each detector was
centered 0.9 m (35 inches) from the floor and well separated from one
another so as to not significantly shadow the other detectors. The one
pancake GM probe (Eberline HP-210) was centered on a side wall with the

window side facing into the room. It was connected to an Eberline RM-14

exterior to the room. The other two detectors, a Reuter Stokes RSS-111 and
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a Kimmel MAB604, w;re located at adjacent corners ome third of the way
into the test room.

Instruments having no remote readout and various GM detector probes
were placed into the glove box and inserted into the test room one at a
time. An Eberline MS-2 scaler, ani a Ludlum-2A rate meter, along with
three types of GM probes, were also placed into the glove box. 0.3 cm
thick aluminum absorber was attached as a beta shield for the GM pancake
probes as needed.

One suitcase-type ion chamber, Learsigler 131500~-1, did not have a
remote readout and was too large for the glove box. Thus for most of the
test it was located on a table outside the test room with its most sensitive
location centered on and touching one of the plastic walls. Toward the
end of the tests, a slit was made in one of the cormers, the ion chamber
was placed on the floor of the test room, and the room was quickly re-
sealed. The output of this system was obtained from a strip chart at the
end of the experiment.

Approximately 40 microcuries of krypton-85 was introduced into the

test room, resulting in a concentration of 6.7 x 10-'6

uCi/ml as determined
by assaying samples of the air im a Cary one liter cylindrical iom chamber
with a calibrated Cary model 32 electrometer. All readings were corrected
for background. The test room was checked periodically for the krypton-85
concentration. For the 24-hour period of the tests, no change in this
concentration was detected. This concentration is about 1.8 times lower

5

than the 1 x 10 - uCi/ml restricted area maximum permissible concentration

7

(MPC) and about 22 times the 3 x 10 ' uCi/ml unrestricted area MPC as

stated in 10 CFR Part 20, Appendix B. The unrestricted area MPC is that

concentration in an infinite hemisphere which will give a beta skin dose
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equivalent of 500 mrem in one year of continuous exposure.

At the end of the test period, 2.3 m3 (80 £t3) of the air from the
test room vas pumped into a scuba bottle for the subsequent monitoring by
the Penn State Noble Gas Honitor,(Z) pressurizing the bottle to a pressure
of 2.1 x 105 g/cnz (1200 psig). The plastic walls were untied from their

supports and allowed to collapse around the instruments in the test room

during the collection of this sampla.

RESULTS USING THE KRYPTON-85 TEST ROOM

The results of the test conducted in the polyethylene room are given
belov and are summarized {n Table 1.
1. Ion Chambers

A. Reuter-Stokes Envirommental Radiation Monitor Model RSS-111
(pressurized ion chamber)

This pressurized chamber was located in the test room. The
background reading for this instrument was found to vary between 7.4 and
9.7 uR/hr. After injection of the krypton-85, the readings varied between
8 and 10 uR/hr. Thus there was no significant increase in measured dose
rate from the krypton-85.

B. ‘'.earsigler, Inc. Model 131600-1 Ion Chamber (suitcase-type)
volume centered on one of the test room walls. The background reading was
found to vary between 8 and 13 uR/hr. After the injection of the kryptonm,
the level was found to vary between 10 and 15 uR/hr. When the instrument
wvas inserted into the test room, no increase in the level was noted.

Thus this instrument had no significant sensitivity to krypton-85 at the

test level.
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Table 1

Test Instrument Sensitivity to Krypton-85 at 6.7 x 10‘-6 uCi/ml

Beta shield No beta shield or
Instruments Tested open beta shield closed
Background Kr-85 Background Kr-85
UR/hr uR/hr uR/hr pR/bhr
Ion Chambers 1
Reuter Stokes, RSS-111 NA( ) NA 7-10 8-10
(Pressurized Ion Chamber)
Learsigler, 131500-1 NA NA 8-13 10-15
(Suitcase-type)
Eberline RO-2 100-500 300-700 100-500 100-500

(Portable Survey Meter)
Scintillation Detectors

Kimmel, MAB604 3-6 13-16 3-6 5-7

(Plastic Scintillator)

Elliott Process Rate Meter, 1597A NA NA 5-8 6-8

CPM CPM CPM CPM

GM Detectors '
Eberline RM 14 ratemeter with 20-60 2000-2500 NA NA
Eberline HP 210
(Pancake Probe)




SS

Table 1 (continued)

Beta shield

No beta shield or

open beta shield closed
Instruments Tested
| Background Kr-85 Background Kr-85
CPM CPM CPM CPM
Ludlum-2A rate meter with 20-80 2000-2200 20-60 100-140
Eberline HP 210 and HP 260
(Pancake Probes)
Eberline MS2 with following probes:
HP 210 (Pancake Probe) 20-60 1700-2500 20-60 140-200
HP 260 (Pancake Probe) 20-60 2300-2700 30-60 150-160
HP 270 (Energy Compensated) 20-30 40-100 20-30 20-30
Gas Flow Proportional Counter
Eberline PAC-4G rate meter with 150-200 30,000-32,000 100-200 300-400
Eberline AC21B Beta Probe

1 NA - Not applicable

2 Beta shield for CM detectors was a 0.3 cm aluminum absorber.



c. Ebe;line RO-2 Chamber (portable survey meter)
This detector was placed in the glove box for evaluationm.
The background level with and without the beta shield was between 0.1 and
0.5 mR/hr with the beta shield closed and 0.3 to 0.7 mR/hr with the beta
shield open. Thus there is only a slight increase in activity due to betas
penetrating into the sensitive volume.
2. Scintillation Detectors
A. Kimmel MAB604 Plastic Scintillator
This system was located in the test room. The background
level with and without the beta shield cap was between 3 and 6 uR/hr.
With the krypton~85 present and the beta shield removed, the radiation
level rose to between 13 and 16 uR/hr, or an increase of about a factor
of 3. At the end of the test, the beta shield was replaced over the
crystal and the level fell down to near background level. Thus this
system has some potential for detecting krypton-85 at or above the
restricted area MPC, but will be of little use at or below the non-
restricted area MPC.
B. Elliott Process Rate Meter Type 1597A (scintillation camera)
This hand-held monitor was evaluated from the glove box and
had a background reading of from 5 to 8 uR/hr. After introduction of the
krypton-85, the range of readings was found to be about the same as the
background readings. Thus this detector is of little use in monitoring
krypton~85 at these levels.
3. GM Probes |
A. Eberline HP-210 and HP-260 (GM pancake probes)
These two types of probes use the same model thin

window GM tube in slightly different mountings. An HP-210 was mounted
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centered on one wall of the test room and connected to an Eberline RM-14.

This probe gave a background reading of between 20 and 60 cpm. After the

introduction of the krypton-85, this count rate rose to a value of between
2000 and 2500 cpm.

An HP-210 and an HP-260 probe were also connected to an Eberline
MS-2 scaler in the glove box. Both gave background readings of 20 to
60 cpm with and without beta shields attached. After the addition of
the krypton-85, the HP-210 gave a count rate of between 1700 and 2500 cpm
vithout a beta shield, and 140 to 200 cpm with a beta shield. The HP-260
gave a count rate between 2300 and 2700 cpm without a beta shield and 150
to 160 cpm with the beta shield in place.

The same HP-210 and HP-260 were also connected to a Ludlum Model-2A
portable rate meter and tested in the glove box. Background readings for
both instruments with and without beta shields were between 20 and 80 cpm.
After the insertion of the krypton-85, the activity monitored by both
detectors was found to be between 2000 and 2200 cpm without a beta shield
and between 100 to 140 cpm with a beta shield in place. Thus these probes
were among the most sensitive tested in this work.

B. Eberline HP-270 (GM probe with energy compensated shield)
This probe was connected to the MS-2 in the glove bos.
Background wvas found to vary between 20 and 30 cpm with the beta shield
open or closed. With the beta shield in place, this detector recorded
betveen 90 and 100 cpm when inserted into the test room and about 30 cpm
with the beta shield closed. Thus this detector is not sufficiently

sensitive to the krypton-85 betas to be useful.
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4. Eberline PAC-4G with AC21B Beta Probe (gas flow proportiomal
counter)

This system was evaluated from the glove box. It gave a back-
ground reading of between 100 and 200 cpm with and without a beta shield.
In the presence of the krypton-85, it recorded between 30,000 and 32,000
cpm without a beta shield and betweeu 300 to 400 cpm with the beta shield.
Thus this was the most sensitive system tested.

Some problems were experienced in using this survey instrument
because of the build-up of static electricity on the meter window.

This may have been caused by the nylon lab coat worn by the operator.

CALIBRATION OF THE TMI AREA COMMUNITY MONITORING INSTRUMENTS

Considering the previously described test, as well as the authors'
experience in equipment reliability and the availability of equipment on
short notice, it was decided to supply each of the 12 communities taking
part in this program with two instruments. The instrument chosen for
use as a krypton-85 monitor was a Ludlum Model 177 rate meter with an
Eberline HP-260 hand probe and a Rustrak Model 288 strip chart reader.(l'3)
In addition, each community was supplied with a Learsigler 131500-1 ion
chamber. Several of these systems were already in place and a large
number of these weather-proofed suitcase-type instruments were available
from EPA. The use of.the gamma sensitive Learsigler and the beta sensitive
Ludlum systems provided the TMI area community monitoring program the

cabability of distinguishing between the beta emitting krypton-85 and any

other possible airborne gamma emitting radionuclides.
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On April 13, 1980, as part of the Community Monitor Training Program,
the 48 participants wvere brought to The Pennsylvania State University's
Breazeale Nuclear Rcac:or.(l) They used the krypton-85 test room to
calibrate their instruments. At this time, six of the Eberline HP-260
probes were evenly spaced along the walls of cthe test room 0.9 m (35 inches)
above the floor. Each of these detectors was connected to a Ludlum-177
rate meter with its Rustrak recorder. Two of the Learsigler ion chambers

vere also placed in the room.

Approximately 115 uCi{ of krypton-85 was introduced into the test

room, producing a concentration of 2.1 x l.()"5

uCi/ml as measured with the
previously described Cary Model 32 electrometer.

Even at a kryptou concentration about 3 times that of the previous
test, the Learsigler ion chambers showed no significant sensitivity to
the presence of the krypton-85. The six Ludlum systems had average back-
ground readings betwveen 25 and 30 cpm prior to the introduction of the
krypton~85. After the gas was added,.fivc of the six systems showed an
average reading of between 4100 and 4300 cpm, resulting in a calibrationm

9

factor of S x 10 ° uCi/ml/cpm (Table 2). One of the six systems gave an

9 uCi/ml/cpm.

average value of 6000 cpm or a calibration factor of 3 x 107
This latter value is in agreement with the values obtained in the first

set of tests using a Ludlum-2A rate meter and an HP 260 probe. The
difference between these two somevhat different sets of calibration factors
may represent variaitons in window thickness occurring during the
nanufacture of the probes. Table 2 lists these calibration factors.

Table 2 also gives the estimated beta skin dose calibration factors

assuming a uniform infinite hemisphere of krypton-8S5.
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Table 2

Calibration Factors Used During
TMI-2 Purging

uCi/ml/cpm

-9l
Ludlum—-177 Rate Meter 5x 10_92
with Eberline HP-260 (3 x10°)

=10
Eberline PAC-4G 2x 10

-8
PSU Noble Gas Monitor 9.5 x 10

urem/hr/cpm
-1l

10 x 10 1
)

6 x 10?2

4 x 10°2

18

1 Five instruments gave these calibration factors

2 One instrument gave this calibration factor as did
an Eberline RM14 rate meter with an Eberline HP-210
and a Ludlum-24 rate meter with an Eberline HP-210 or

HP-260 probe.
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EPA USE OF PAC-4G GAS FLOW PROPORTIONAL COUNTERS

As the result of these tests, the EPA chose to use Eberline PAC-4G
Gas Flow Proportional Counters with a Model AC21B Beta Probe
on’ their mobile monitoring vans which operated during the purging of the
™I Unit-2 con:ainmen:.(b) Based on this work, they used a calibration

factor of 2 x 10-10

uCi/ml/cpm and 6 x 1071 urem/hr/cpm (Table 2). These
instruments were often able to locate the krypton-85 plume prior to the

taking of compressed air samples.

CALIBRATION OF THE PSU NOBLE GAS MONITOR

2,5,6)

The PSU Noble Gas Monitor is based on the principle of

3 ml (0.5 ft3) volume sphere

compressing air samples into a 1.5 x 10
surrounding a 50 cc Ge(Li) high resolution gamma-ray spectroscopy detector.
The gas scuba bottle containing the krypton-85 air sample collected at the
end of the first set of tests described in this paper was connected to

the pressure vessel, and upon the opening of the intercomnnecting valves,
the pressure wvas allowed to equalize between the two pressure chambers.
This resulted .n a common pressure of 8.4 x 10‘ g/cxn2 (1200 psig). A

2000 second count of this sample gave a net count of 2350 counts in the
514 keV krypton-85 peak with a background of 8 counts. This gave a

8 uCi/ml/cpm and 18 mrem/hr/cpm,

system calibration factor of 9.5 x 10°
Table 2. These calibration factors were employed with this system during
the monitoring program conducted during the purging of the TMI-2
containment. This sensitivity was a factor of 100 to 1000 times poorer

than the sensitivity demonstrated by this system when monitoring for other

61



radiocactive noble gases,(s) and results from the low photon yield (0.41%)

of krypton-85. Based on this calibration data, the limits of detection

8 uCi/ml for a 2000 second

(2)

of the system was found to vary from 3 X 100

9

count to 9 x 10~ ° uCi/ml for a 20,000 second count.

CONCLUSIONS

In retrospect one might wonder why there was any uncertainty as to
the type of instruments which should be employed to monitor airborne
emissions from the crippled TMI-2 plant. The only gaseous fission
product remaining after a year of decay was the 10.76 year krypton-85.
This radionuclide decays by beta emission 100Z but emits only one gamma
ray every 240 disintegrations. Also, beta semnsitive detectors are
invariably more efficient than gamma detectors, so it is not surprising
that gas-filled detectors with thin end windows and large surface areas
would be orders of magnitude more sensitive than those detectors that can
detect only gamma rays. The initial resistance to the adoption of such
instruments may reflect a lack of appreciation for the fact that radiation
monitoring around a reactor which has been shut down a year may be
different than radiation monitoring around an operating or recently shut

down reactor, where short-lived gamma emitting radionuclides predominate.

Based on these tests, instruments were chosen which would detect and
measure krypton-85 at ‘or below unrestricted area mpc. These instruments
were successfully used during the purging of krypton-85 from TMI-2

primary containment.(2’3’4)
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Appendix B

Training Program Outline

Handouts and Tests
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DAY

Topical Outline for Training Participants

for the Citizen Radiation Monitoring Propram

Introduction to the Citizen Radiation
Monitoring Program

Radioactivity
1. Introduction and Definition of Terms
2. Radioactive Decay
3. Conservation Laws
4. Background Radiation and Sources

Interaction of Radfation with Matter
1. Introduction and Definition of Terms
2. Interaction Mechanisms

Methods of Radiation Detection
1. TIntroduction and Definition of Terms
2. Detector Tvpes
3. Detector Sensitivities

Radiation Counting Variables
1. Introduction and Definftion of Tcrms
2. Systematic and Statistical Variables

Laboratory Experiment
GM Counting Experiment

Radiation Protection Units
1. Activity
2. Exposure Dose
3. Absorbed Dosc
4. Equivalent Dose

Laboratory Experiment
1. Monitoring Fquipment
2. Familiarization and Krypton-85 Manitoring

Radiation Interaction in Riological Svstems
]. Introduction and Definition of Terms
2. Radiation Effects
3. Regulations
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TIME

3 hours

1.5 hours

1.5 hours

1.5 hours

1.5 hours

1.5 hours
6 hours
1.5 hours



DAY

10

11

M.

Laboratory Experiment
Counting Statistics Laboratory

Citizen Radiation Monitoring Program
1. Purpose
2. Organization
3. Equipment
4. Procedures

Three Mile Island Unit-2

1. The Accident

2. Proposed Methods of Cleanup
Supervised Area Monitoring
Supervised Area Monitoring

Final Exam

Discussion of Community Radiation
Monitoring Results and Observations

Meteorological Considerations
1. TIntroduction and Definition of Terms
2. Atmospheric Conditions Affecting
Dispersion

Assignment of Personnel to Local Monitoring
Teams
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TIME

1.5 hours

1.5 hours

1.5 hours

3 hours
3 hours
1.5 hours

1.5 hours

1.5 hours

1.5 hours
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Introduction

Much of the enclosed material was adapted from a soon-to-be puclished
DOE document entitled "Electrical Energy: Policy and Prospects."

The sections utilized and modified from the above-mentioned documents

were written and edited by the authors of this material.
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Chapter 1

BASIC NUZLEAR CONCEPTS

Introduction

The building block for all matter is the atom. An atom can be considered
to be a dense core of particles called protons and neutrons forming a posi-
tively charged nucleus, surrounded by a swarm of negatively charged electronms.
The nucleus is extremely small and dense compared to the whole atom. If an
atom were the size of the Superdome, the nucleus would be the size of a peanut.
But if a peanut were as dense as a nucleus, it would weigh about 100 million
tons.

Different atoms have different numbers of neutrons, protons, and electrons.
The number of protons in an atom, called the atomic number, determines the
element of the atom. For example, an atom with 6 protons in the nucleus is an
atom of carbon, while an atom with 11 protons is an atom of sodium (Table 1).
It is also convenient to categorize atoms on the basis of the number of pro-
tons and neutrons in the nucleus. The term nuclide is used for any group of
atoms having the same number of protons and neutrons, Thus, an atom with
35 protons and 44 neutrons is a nuclide of bromine, while an atom with 36
protons and 44 neutrons is a nuclide of krypton (Table 2). An isotope is one

of a group of two or more nuclides having the same number of protons. For
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LIST OF ELEMENTS

Table 1

Atomic Atomic
Number Symbol Name Number Symbol Name
W — —
0 n neutron $2 Te tellurfum
1 H hydrogen 83 1 {odine
2 He helium 54 Xe xenon
3 u licthtum 3S Cs cesfum
4 Be beryllium $6 Ba barium
s B boron 87 La lanthanum
6 [ o] carbon 58 Ce cerium
7 N nitrogen $9 Pr praseodymium
8 0 oxygen 60 Nd neodymium
9 F fluorine 61 Pm promethium
10 Ne neon 62 Sm samarium
1 Na sodtium 63 Eu europium
12 Mg magnesium 64 G4 gadolinium
13 Al aluminum 6S > terblum
14 St silicon 66 Dy dysprosium
13 P phoaphorus 67 Ho holmium
16 S sulfur 68 Er erbium
17 Cl chlorine 69 Tm thulium
18 Ar argon 70 Yd ytterbium
19 | 4 potassium 7 Lu lutetium
20 Ca calcium 72 Hf hafnium
21 Sc scandium 73 Ta tantalum
2 T titanium 74 w tungsten
3 \'4 vanadium 78 Re rhenium
2 Cr chromium 76 Os osmium
3 Mn manganese 77 Ir iridium
Y] Fe fron 78 Pt pladnum
n Co cobalt 79 Au gold
b Nt nickel 80 Hg mercury
2 Cu copper 81 T1 thallium
3 Zn zinc 82 Pb lead
31 Ca gallium 83 Bt bismuth
32 Ge germanium 84 Po polonium
3 As arsenic 85 At astatine
M Se selenium 86 Rn radon
33 Br bromine 87 Fr francium
36 Kr krypon 88 Ra radium
37 RD rubidium 89 Ac actinium
as Sr srondum 90 Th thorium
39 Y yrerium 91 Pa protactinium
40 2r zirconium 92 4] uranium
41 Nb atoblum 93 Np neptunium
42 Mo molybdenum 94 Pu plutonium
Lx] Te technetium 93 Am americium
“ Ru ruthenium 96 Cm curium
45 Rh rhodium 97 Bk berkelium
46 . Pd palladium 98 ct californfum
47 Ag silver 99 Es einstelnium
48 Cd cadmium 100 Fm fermium
» In indium 101 Md mendelevium
30 Sa dn 102 No nobelium
s1 Sb antimony 103 Lw lawrenctum
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example, one nuclide of chlorine has 17 protons and 20 neutrons in its
nucleus, while another nuclide of chlorine has 17 protons and 18 neutrons
in {ts nucleus. These two different nuclides are said to be isotopes of
chlorine, and they are designated chlorine-~37 and chlorine-35 for the sum
of their neutrons and protouns. There are approximately 1800 known nuclides.

All nuclides can be placed into one of two categories: radioactive
or stable. Radioactive nuclides (radionuclides) undergo spontaneous nuclear
changes which transform them into other nuclides. This transformation is
called radioactive decay, and through the decay the radioactive nuclide is
changed eventually into a stable nuclide.

There are 265 stable nuclides and 66 radionuclides found in nature.

All the rest of the nuclides are man-made radionuclides.

In changing into a stable state, the nucleus of a radioactive atom
emits radiation. Radiation may be in the form of particles, or in the form
of electromagnetic rays called photons. Some radionuclides decay by the
emission of alpha particles, which are high energy helium nuclei. Others
decay by the emission of beta particles, which can be either negatively
charged electrons (negatrons) or positively charges electrons (positroms).
Decay by the emission of these particles is usually followed by the emission
of photons of two types: gamma rays, which are produced in the nucleus of
the decaying atom, and x-rays, which are produced as a result of the re-
arrangement of orbital electrons. Except for their origin and the fact that
x-rays are usually lower in energy and therefore less penetrating, x-rays
and gasma rays are the same.

Loss of this radiation changes the atomic structure of the radiocactive
nuclide, a érocela which continues until a stable (nonradioactive) nuclide

1s reached. Uranium, for instance, is radioactive; it decays slowly into
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elements like radigm, radon, and polonium, and finally stops at lead, which -
is a stable nuclide.

The time it takes for a radionuclide to decay into another nuclide can vary
from millionths of a second to billions of years. The term that 1is most coﬁmonly
used to describe this time is the half life. The half life of a radionueclide ig
the time it takes for one half of tue atoms in a given sample of the radionuclide
to decay. Thus, after one half life, half of the original radionuclide is left;
after two half lives, one-fourth remains; and after twenty half lives, only one-
millionth is left. Each radionuclide has its own characteristic half life, and
the half life cannot be changed by any known means. As an example, the half life
of copper-67 is 61.7 hours. This means that a sample that starts out with 6
billion atoms of copper-67 will have half that number, or 3 billion atoms of
copper-67, remaining at the end of 61.7 hours. In another 61.7 hours, it will
have only 1.5 billion atoms left. Eventually, after several weeks, nearly all
of the copper-67 will have decayed into zinc-67, which is a stable nuclide.

The rate at which radioactive material decays is described Sy the curie unit.
As shown in Table 3, a curie is 3.7 x 1010 disintegrations per second which means
that in each second there are 37 billion atoms decaying (Table 4). There is often
a great deal of confusion about the prefix terms often used with curie and other
radiological units. As shown in Table 4, a megacurie is one-million curies which
is a very large amount of radioactivity, while a microcurie is one one-millionth
of a curie and is a rather small amount of radioactivity.

Radioactivity is all around us. Natural sources include cosmic rays from
space, and radionuclides in stone, soil, water, food, and even our own bodies.

Man-made sources include medical x-rays, nuclear weapons, fallout, and television

sets and other consumer products.

Radiation Effects

As noted above, all mater is made up of units called atoms. Each atom has

74



1 megacurie
1 kilocurie
1 curie

1 millicurie
1 microcurie
1 nanocurie
1 picocurie

Table 3

RADIOACTIVE UNITS

Disintegrations

each second

3.7 x 10t®

3.7 x 1013
3.7 x 1010
3.7 x 107
3.7 x 104
3.7 x 101
.037
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Curies

10
103

10-3
10-6
10~9
10-12




Table 4 ,: .  f

Prefixes for Units

Prefix Symbol : Power
1

tetra -

10
109 galidon = ¢ _ 1.000,000,000°
106 million - 1000000
103 ~ thousand ' . 1,000
102 higdeed . - 100
10l ten - t k -
1071 ~ tenth .
102 : “hundredth

10 . ‘ thous‘andth
1076 millionth
1079 billionth
trillionth

glga
mega - .
kilo =
hecto
deka - d
deci

I
s 5 =2 @ 9+

(]

|
o

I
n

centi
milli

micro -

9¢

nano =

o B T




a nucleus with an electrically positive charge. A cloud of electrically nega-
tive electrons surround the positive nucleus. Ordinarily, the number of
negative electrons equals the number of positive charges in the nucleus. The
atom is then electrically neutral. If energy is supplied to an electron, it
can be moved to a position further from the nucleus; then the atom is said to
be in an excited state. If large amounts of energy are supplied, the electron
can escape from the atom completely. When one or more electrons are separated
from the atom, the atom is said to be ionized. The atom has a net positive
charge since it is missing an electron. This positively charged atom, taken
vith its separated negative electron, is called an ion pair. Radiation produced
by nuclear reactions and by radionuclide decay can supply the energy needed to
excite an atom or for ion pairs. Thus, it 18 often called ionizing radiation.

When ionizing radiation passes through matter, it interacts with the elec-
tron clouds of the atoms in the matter. In this process, the radiation loses
its energy by exciting the atoms and/or producing ion pairs in the matter. This
basic process is essentially the same for all kinds of materials - air,'watet,
people, cement blocks, or steel.

The potential for injury or damage from any kind of radiation depends on
the rate of emergy loss as the radiation travels through matter. This rate of
energy loss in turn depends on the type of radiation, its electrical charge, and
its energy. The energy deposited by the radiation in the absorbing matter causes
changes in the matter, such as the production of ion pairs. These changes can
result in damage to the matter, including disruption of the functions of cells
of living organisms.

The most penetrating type of decay radiation is the gamma ray. High energy
gamms rays can completely penetrate a person, a concrete block or a sheet of lead.

Beta radiation, which is high energy positive or negative electrons, 1is
capable of penetrating a piece of aluminum foil or several layers of a person's

skin. 1In air, its range may be as much as a yard.
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Alpha radiatiom, which is high energy helium nuclei, can sometimes
penetrate a very thin piece of paper, but cannot penetrate conventional
aluminum foil. However, alpha particles are the most hazardous of all
types of radiation if they enter the body as a result of swallowing or
inhaling an alpha emitter.

Radiation Detection

Radioactivity is not detectable by the human senses except in massive
doses, but it is easily detected by several types of instruments. One of
the simplest radiation detectors is ordinary photographic film, which
darkens on exposure to radiation and is routinely used in film badges for
measuring the cumulative amount of exposure received by people who work
with sources of radiation. Other types of detectors, such as Geiger counters,
ionization chambers, and proportional counters, are used to detect the
presence and measure the intensity of radiation. These instruments can
detect the presence of extremely small amounts of radioac;ive materials.
Radiation detection is also very sensitive in its ability to identify
specific radioactive substances. This is possible because every species
of radioactive atom has a unique pattern of radioactive decay with respect
to type of radiation and energy level.

Units for Measuring Radiation Exposure

The roentgen is the unit of exposure related to the number of ion
pairs produces in air by x-rays and gamma rays. It is the amount of
such radiation required to produce ions carrying a standard electrical
charge in a standard amount of air. The roentgen can be measured directly
since the electric current can be measured by an ammeter.

The radiation absorbed dose (rad) indicates the amount of energy de-

posited in material by any type of ionizing radiation. It is a measurement
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of not only ioun pairs, but of all energy deposited. A rad is a very small unit,
For example, one rad equals the energy required to raise the body temperature by
tvo-aillionths of a degree of Fahrenheit.

The roentgen equivalent man (rem), is the unit of dose equivalent. It is
a measure not only of energy deposited but also the resulting biological effects.

For instance, suppose 500 rads of gamma rays produce a certain change in a
tissue and 50 rads of alpha particle radiation produce the same change. We
then would say that the alpha radiation was 10 times as powerful as gamma radi-
ation in causing this change. In other words, the alpha radiation would have a
qualicy factor of 10 when compared to the gamma ray.

We can use the formula rems = rads x quality factor to convert from rads to
rems. In our example, the quality factor for gamma radiation is 1. Therefore,
500 rads multiplied by a quality factor of 1 gives 500 rems. For the alpha
radiation, 50 rads multiplied by a quality factor of 10 gives 500 rems. The
number of rems is thus the same for the two types of radiation which produced the
same biological effect.

Since radiation protection deals with the safeguarding of people from un-
necessary radiation exposure, regulations and recommendations are usually written
in terms of rems, which take into account the biological effects of the radiation.
Bowever, it is often desirable to work with smaller units, so the term millirem
(urem), which 1is one-thousandth (.001) of a rem, is often used. For example,
the maximum permissible exposure allowed for a radiation worker is 5 rems, or
5,000 mrem, per year.

To describe radiation exposure to groups of people, the term person-rem is
used. The person-rem indicates the total exposure of all members of a certain
population. For example, consider a group of 50 people. If each of the 50

People receives one rem, the population dose is 50 person-rems. If 25 people

79



-

receive one rem and 25 people receive no exposure, the population dose is 25
person-rems. ILf one person receives 25 rem and the rest receive no exposure
the population dose is 25 person-rems.

To summarize the units of radiation exposure, a roentgen refers to the iong
produced in air by x-rays and gamma rays. A rad refers to the energy deposited
in any material by any ionizing radiation. A rem indicates the results of that
energ& deposited in tissue, and the term person-rem indicates total exposure of

the population.

Sources of Radiation

Radiation is everywhere in our environment. The radiation we receive comes
both from natural or background radiation and from man-made radiation. Our
radiation dosage is about equally split between these two, with an average of
close to 100 mrem per year coming from each category.

The intensity of natural radiation varies from time to time and from place
to place. One source of this natural radiation is high emergy cosmic radiation
from the sun and stars. The cosmic radiation dose increases with altitude, so
that people who live in higher elevations receive more exposure than those who
live at sea level. Taking an airplane trip also increases exposure to cosmic
radiation.

Another source of natural radiation is radioactive nuclides in soil, rock,
and even our bodies. Uranium and thorium are widely distributed in soil and
rock. Because of this, people who live in houses made from stone or brick re-
ceive significantly more natural radiation than those who live in houses made

from wood. Our bodies and the food we eat contain radiocactive nuclides such as

potassium~40 and carbon-14.
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e air M surrounds us and which we breath contains Radon-220 and
Radow222, agatn from uranius and thorius.

Table 5 shows' the average doese from natural radiation in the U.S. Man-
ﬁ.ﬂ radiation adds to the average dose that everyone receives. Most significant
is tha ‘dose from medical and dental x-rays. A small amount of radioactivity
is also received from fall-out from weapons testing and from nuclear reactors.
Table § gives some examples of man-made radiation exposures that give an average

of 100 mrem per year to everyone in the U.S.




Source

TABLE 5

Natural Sources of Radiation in U.S.

Cosmic Radiation

1.
2.

at Sea Level
add 1 mrem for every 100 feet of

elevation.

Example: Harrisburg area 400 feet
above sea level, add 4.

Natural Occurring Radionuclides

1.
2.

Radionuclides in ground (U.S. average)
Home construction materials
wood - add 35
concrete - add 50
stone - add 70
brick - add 75
Food and drinking water
(U.S. average)
Air (U.S. average)

TOTAL:

82

Dose Rate
mrem per year

40

15

25

130



TABLE 6

Radiation from Human Activities in the U.S.

Dose Rate
Source mrem per year

1. Jet travel - add 1 mrem for every
1500 miles travelled in a year

2. Mining & Milling Activities and the
burning of fossil fuel (U.S. average) 5

3. Nuclear Weapons development and
Pallout (U.S. average) 6

4. X-rays and other Medical activities
(u.s. 1verage - 85 urem)
Examples
Chest X-rays - 22 to 200 mrem
Dental X-rays - 20 to 900 mrem
Gl tracts X-ray - 2,000 mrem
Breast mammography - 1,500 mrem
Pacemaker insertion
with fluoroscopy - 32,000 mrem
Radiation treatment for bone
cancer -~ 6,000 mrem

5. Wearing a radium dial watch - 2 mrem

6. Other Consumer Products (TV, Smoke alarms,
etc.) (U.S. average) 0.03 mrem

7. Nuclear Reactors
U.S. Average - 0.003 mrem/year
at site boundary - 0.03 mrem/year
TMI accident
50 mile radius avg. - 1.5 mrem
maximum individual dose - 37 wmrem

TOTAL:
U.S. Average 100
Maximum allowed by 2 500
Federal Regulations

IThe doses listed for medicine and dentistry cannot be directly compared
with the other sources on this chart because of the various factors
vhich influence the radiation effects (see text).

zDocs 60: include doses from medicine and dentistry activities.
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Chapter 2
RADIATION DETECTION WITH A GEIGER-MULLER DETECTOR

Introduction

One of the most commonly used and sensitive instruments for the detection
of radiation is the Geiger-Muller detector. This name is sometimes abbreviated
to Geiger or GM detector. This detector consists of a tube filled with a
counting gas at a pressure of about 10% of atmospheric pressure. Within the
tube and separated by the gas are two terminals with a potential difference of
900 volts. As long as there is no radiation entering the gas, there is no flow
of electrical current between the two electrodes. When a particle of radiatiom
passes into the tubg, it caﬁses ionization of the gas. This momentarily closes
the circuit and sends a pulse of electricity through the electrical circuit con-
nected to the tube. The tube is designed in such a way that the pulse is
amplified. If one is interested in determining the number of particles entering'
the tube in a given amount of time, then the GM detector is connected to a
device called a scaler which is merely an electrical adding machine that counts
the pulses sent by the detector. A scaler usually contains a clock which can
be set for the desired counting time. Sometimes the GM detector is conmected
to a rate meter which shows the rate in units such as counts per minute at
which the particles are being detected. A scaler is more accurate than a rate

meter, but a rate meter gives a more rapid indication about changes in radia-

tion levels.
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A GM counter system cannot in itself tell what type of radiation
& person is counting. That is, it cannot distinguish between gamma photons
or beta or alpha particles. The experiment will give some methods which

can be used to i{dentify the type of radiation being counted.

RADIATION DETECTION VARIABLES

There are a number of factors which can cause variations in the
amount of radiation being counted by a GM detector. It is important
vhen using such detectors to have an understanding of these sources of
variation and errors in order to properly interpret the meaning of a
detector reading.

Some of these variables are called determinate errors. These
include constant and systematic errors which will be the subject of
this experiment. Other variables are called indeterminate errors,

and these include random, accidental, and observational errors.

DETERMINATE ERRORS

Determinate errors are those factors that cause the measured
activity to be different from the true activity of the sample., They can
either be eliminated through careful planning and control of the measurement,
or their magnitude can be determined and the final results corrected for
the error. The determinate errors that we will investigate in this
experiment are background, geometry factor, and the absorption of the
radiation by matter.

BACKGROUND

When no obvious source of radiation exists in the vicinity of

a GM detector, it will still detect a small amount of radioactivity called

»

85




.

background radiation. A typical background may vary between 10 and 100
counts per minute, depending on the design of the detector, location of
the detector, and the time the reading is taken. There are two types
of background: natural sources and artificial sources.

A, Natural Sources

1. Cosmic Rays
This source of background is caused by charged
particles from space bombarding the earth's atmosphere. It will change
with location on the earth and with sun spot activity.
2. Natual Radioactivity in the Surroundings
This includes uranium and thorium and their
daughter radionuclides in the soil and in building materials, carbon-14
in wood and carbon-containing compounds, carbon-l4 and potassium-40 in

the body, and radon radioisotopes and their daugher products in the air.

B. Artificial Radioactivity in the Surroundings

This includes such man-made items as watches and other

objects painted with luminous paint, radioactive materials stored nearby,
X~-ray radiation generated by a variety of electrical and electronic equipment,
contamination of the counting equipment during previous use, and radiation
fallout from weapons testing.

In determining the radioactivity of an object, one must first
determine the background activity of the area. The background must then
be subtracted from the activity while monitoring an object in order to

obtain the activity from the object alone.
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GEOMETRY FACTOR

Just as the intensity of a light falls off as one gets farther awvay
from the light, the intensity of radiation also falls off the farther one
gets from the source of radiation. For a small radiation source, the number
of counts being detected by a detector will decrease as the square of the
distance. Thia is called the inverse square law. This distance 1s one of the
factors in radiation protection; namely, the farther one is from a strong

source of radiation, the safer he is.

ABSORPTION OF RADIATION BY MATTER

Alpha, beta, and gamma radiations are each absorbed in matter in differ-
ent ways. Alphs radiation loses its energy over a short distance in matter
and cannot even penetrate the dead layer of cells covering the skin. Thus,
alpha emitters are not considered a hazard unless they are somehow taken into
the body through the air we breathe or the water and food which we consume.
The alpha particles emitted by the polonium-210 source used in this work have
an energy of 3.3 Mev and will be completely stopped by about 0.73 inches of
air. Beta particles are more penetrating than alpha particles even though
they usually have lower energies. Thus, since they lose their energy in a
larger volume of matter, they cause less damage. The beta emitter used in
this experiment 1; a strontium~-90 - yitrium-90 source having a maximm energy
of 2.3 Mev. This energy beta particle can penetrate about 0.4 inches into the
skin and has a range in air of about 25 feet. Beta particles are considered
to be both an external hazard to the skin as well as an internal hazard if
taken into the body.

We cannot talk about a maximum range for gamma rays. We can talk only
about an avar;ge range. The gamma source used in this experiment is cobalt-60,

hlving a maximum energy of 1.33 Mev. It will take about 6.5 inches of tissue
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to absorb half the radiation and about 470 feet of air to absorb half the
radiation from cobalt-60. But it will take only about 0.6 inches of lead to
absorb half the radiationm.

When talking about absorption of radiation in these terms, one must not
confuse it with the geometry factor. The source and the detector are kept at
a constant distance apart, and the comparison is mgde between the activity
observed with no matter between the source and detector and with the absorbing
matter placed between the source and detector.

Because of their ability to penetrate matter, gamma sources are considered
to be a whole body hazard whether they are inside or outside the body. This
experiment demonstrates the value of placing high-density radiation shielding

such as lead or concrete between a person and a high-level radioactive source.
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2.

3.

L

Part I: Set-up and Background Measurements

Plug in the power cords for the Ludlum, Model 177 Alarm Rate Meter
and its Rustrak Recorder.

Set the range switch at "X 1," its response switch to a slow, and

the power switch to ON.

Pull down the recorder window and record the time and date you started
the instrument and then close the window.

Being sure that there are no radioactive sources near your detector,
allow the instrument to run for 5 minutes and observe the needle

on the counts per minute meter. Observe the maximum and minimum count
rate and estimate the average count rate for the 5-minute period.
Record your observations below.

Maximum count rate

Minimum count rate

Average count rate

At the end of the 5-minute counting period, using the wheel on the
recorder face, advance the tape until you can see the trace clearly
beneath the window. Record the stop time on the tape. From the
points on the tape, determine the following information:

Maximum count rate

Minimum count rate

Average count rate

QUESTION: How do your results compare from steps 4 and 5?
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Set the response switch to FAST and again count for 5 minutes, record-
ing the start time on the tape. Again, observe the maximum count rate,
the minimum count rate, and estimated average count rate for the back-
ground during this period of time. Record your observations below.

Maximum count rate

Minimum count rate

Average count rate

At the end of the S5-minute counting period, again advance the tape
until you can read it and report the stop time on the tape. From the
points on the tape, record the following information:

Maximum count rate

Minimum count rate

Average count rate

QUESTION: How do the results compare from steps 6 and 77

The RESPONSE switch fast position makes the rate meter respond more

quickly to the fluctuations of the radiation than in the slow position.

QUESTION: 1In which response position is it easier to determine the
average background?
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Part II: Geometry Factor and Radiation Attenuation

A. Alpha Source

1.

Using tweezers to handle the source, position the alpha source
1/4 inch beneath the wire screen of the detector, with the
hole side toward the detector. You will have to adjust

the range switch to a higher scale. Using the count rate
meter, read off the average counts per minute. Do not leave
the source in this position for more than one minute before

going to the next step.

Alpha source 0.25 inches from detector counts/min
Measurement minus average background counts/min
from Part I, step 5.

Without moving the source, insert absorber number 2 on top of

the source and record the observed counts per minute. This

absorber is aluminum foil having a thickness of about 0.0005

inches.

Alpha source with absorber number 2 on top _____ counts/min
Measurement minus average background counts/min
Remove the absorber and adjust the distance between the
detector wire screen and the alpha source to 1 inch and

estimate the activity.

Alpha source one inch from detector counts/min

Measurement minus average background counts/min
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QUESTIONS: How do the measurements made in steps 2 and 3 compare with
background?

Why isn't the high count rate observed in step 1
seen in steps 2 and 3?

Explain how geometry and absorption factors caused a
reduction in the measured alpha activity.

B. Beta Source
1. Using tweezers to handle the source, position the beta source
1/4 inch from the detector and record its counts per minute.
Beta source 0.25 inches from detector ___ counts/min
Measurement minus background ___ counts/min
2. Without moving the source, insert absorber number 2 on top
of the source and record the observed counts per minute.
Beta source with absorber number 2 on top ____ counts/min
Measurement minus background ___ counts/min
3. Remove the absorber and adjust the distance between the detector

and the source to 1 inch and record the counts per minute.
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4.

Place absorber number 21 on top of the source and record

the counts per min. This aluminum absorber is about 1.6
inches thick.

Beta source with absorber number 21 __ counts/min
Measurement minus background ____ counts/min
Compare the beta and alpha activity recorded in the two
positions and with absorber number 2 in place.
QUESTION: Which type of radiation is more penetrating?

How did the beta activity with absorber number
21 in place compare with background activity?

Explain how geometry and absorption factors caused
a reduction in the measured beta activity.

C. Gamma Source

1.

Using tweezers to handle the source, position the gamma source
1/4 inch from the detector and record its counts per minute.
i Gamma source 0.02 inches from detector _____ counts/min
Measurement minus background ____ counts/min
Without moving the source, insert absorber number 2 on top
of the source and record the observed countsAper minute.

Gamma source with absorber number 2 on top counts/min

Measurement minus background counts/min
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NOTE: Cobalt-60 is both a beta and gamma emitter, but most
of the beta particles are absorbed in the plastic source
button. If no betas are reaching the detector, the
measurement from 1 should be essentially the same as that

of measurement 2.

QUESTION: 1Is there any evidence that part of the measured
activity is from beta particles?

3. Remove the absorber and adjust the distance between the
detector and the source to 1 inch and record the counts per
minute.

Gamma source one inch from the detector ___ counts/min
Measurement minus background —_____ counts/min

4. Place absorber 21 on top of the source and record the counts
per minute,

Gamma source with absorber number 21 —____ counts/min
Measurement minus background ______ counts/min

5. Place aluminum absorber 25 on top of the source and recogd
the counts per minute.

Gamma source with absorber number 25 —__ counts/min
Measurement minus background ______ counts/min

6. Place lead absorber E on top of the source and record the

counts per minute. This absorber is about the same thickness

as the aluminum source used in 5§ above.
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Gamma source with absorber number E counts/min

Measurement minus background counts/min

Compare the effects of distance and absorbers on gamma rays with the effects

on alpha and beta particles/

Question: How did the two absorbers of different density
affect the absorption of the gamma radiation?

Considering the results of the experiment, how can you
use absorbers to tell if the radiation you are detect-
ing is primarily gamma rays or beta or alpha particles.
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Chaptef 3
STUDYING THE STATISTICAL NATURE OF RADIOACTIVITY

INTRODUCTION

Besides the symstematic errors for which we can correct our measurements,
there are several sources of errors which are beyond our control to correct.
These include observational errors which happen when we either read the results
wrong from the instrument or copy it wrong when we write it down. There is algg
instrumental errors which occur when a momentary malfunction of some component
of the detector system or a fluctuation in line voltage powering the instrument,
There can also be a momentary increase in activity due to an increase in back-
ground caused by such events as cosmic ray showers or by the passing of a radio-
active source near the detector. Finally, there is the normal randem fluctuations
which result from the radioactive decay process itself. 1In this experiment we

will look at the fluctuations of both background and a radioactive source.

DISCOVERY OF DECAY STATISTICS

Very early in the history of radioactivity, it was recognized that there are
statistical fluctuations in the number of disintegrations from a radiocactive
source for any particular time interval. In 1910, Rutherford and Geiger performed
an important experiment which showed that these fluctuations followed well known
laws of statistics.

They found that in counting the alpha particles emitted from radioactive
substances, that while the averag; number of particles from a steady source is
nearly constant, when a large number were counted, the number appearing in a
given short interval was subject to wide fluctuations. These variations were
especially noted when ‘only a few disintegrations occurred per minute. For example,
during a considerable interval it may happen that no alpha particles appeared;
then followed a group of particles in rapid succession then occasional alpha

particles, and so on.
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It vas important to determine vhethar these varistions in the discribucion
vere in agreement with the laws of probability, that is, whether the distri-
butdon of alpha particles on an average was that which would be anticipated if
the alpha particles are expelled at random. It aight be conceived, for example,
that the emission of alpha particles might lead to the disintegration of neighbor-
ing atoms, and so0 lead to a different distribution law.

Their work indeed confirmed the validity of using the laws of probability
in the study of radiocactive decay.

If one had the ability to isolate a single radicactive atom and watch it
uatil it decayed, there would be no method currently available to us to predict
at exactly vhich {nstant the dnﬁny would take place. On the other hand, by use
of statistical coethods, if one has a large aumber of acoms, it becomes possible
to predict how many atoms will decay within a certain period of time. Tiis
situation is comparable to that confronting the life insurance companies. When
they insure a single life, they have no means of predicting exactly how long that
individual will live. If, however, they consider a large number of lives, it
then becomes possible for them to predict how many of the insured will die
during a particular period of time. It can be seen that the larger the number of
atoms or the greater the aumber of people considered in such a calculation, the

more accurate will be.the prediction percentage-vise.

BINOMIAL DISTRIBUTION

Any situation which can randomly have either one of two outcomes in a
seasurement or a time interval is described by a binomial distribution. For
example, consider the case of tossing a coin. We can get either a head or a tail
in esch {f ve made ten tosses, we could get any one of 1l possible combinations

as shown in Table I below:
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Table I
Binomial Distribution for Ten Coin Tosses

Probability Probability
Number of Distribution - Distribution

Heads Tails (Fraction) (Percent)

i
0 10 1024 .1

10
1 ) 1024 .0

il
2 8 1024 4.4

120
3 7 1024 11.7

_ 210
4 6 " T 20.5

252
5 5 1024 24.6

: 210
6 4 1024 20.5

120
7 3 1024 1107

- a
8 2 1024 4.4

10
I 1 1024 1.0

1
10 0 1024 0.1

Total —=——=—— —%%2— 100.0
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If you would keep a record of the number of heads and tails in a group of
ten tosses, you would find that on the average you would get one group of ten
heads oonly one in 1024 trials. You would also get only one group of ten tails
in the 1024 trials. As expected, the combination which occurs most frequently
is five heads and five tails, wvhich occurs on the average of 252 times out of
the 1024 trials, or about one quarter of the time. In this example, the mean or
average value is five heads out of ten tosses. That is, if you record the results
of all trials, the number of trials having more than five heads will be balanced

by the number of trials having less than five heads.

RADIOACTIVE DECAY
The binomial distribution applies to radioactive decay. In a given time

period, some of the radionuclide atoms in a sample will decay while the rest will

aot. If two conditions hold, we can describe the probability distribution that
ve can expect from a series of measurements. These two conditions are that the
aumber of counts observed in each measurement exceeds 100 counts and the half-
life is large, at least seven times the observation time.

Two factors are used to describe the distribution of continuing measurements.
The first is the average or mean value (m) obtained by adding up all the counts
obtained on all the measurements and then dividing by the number of measurements.
" The second is the standard deviation, g, which describes the spread of the measure-
aents about the mean. The standard deviation is obtained by taking the square
rout of the mesn value. For example, if the mean value from a series of counts
vas 1,000 counts, the standard deviation would be the squareltoot of 1,000 or
about 32.

The distribution about the mean value is described in Table II.
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Table

II

The Binomial Distribuction of Counts about a Mean Numeral Range

Range

0 to m-30
n-30 to m-20
m=-20 to m-o
m~¢ to m
m to mtg
who to m+2o
mw+20 to mt30

w30 and larger

Numeral Range
Counts in
Example

0

906
938
968
1,001
1,033
1,063

1,096

to 905
to 937
to 967
to 1,000
to 1,032
to 1,062
to 1,095

and larger

Probability
Distribution

(Percent)
0.1

2.1
13.6
34.2
34.2
13.6

2.1

0.1

Our example problem is illustrated in this table. The mean value, m, is

equal to 1000. Our standard deviation, o, is equal to 31.6. Thus, m-0 equals

1000-32 or 968, while mtc equals 1000+32 or 1032.

937, while m+2g equals 1063, and-so-forth. Thus, if

Likewise, m-2¢ = 1000-63 or’

our measured count was found

to be 985, it would fall between m-g and m while 1f another count was found to

be 1076 it would fall between m+20c and m+3g.

100



EXPERIMENTAL PROCEDURES

Part 1 Set-up and Measurement of the Variation of Background Radiation.

As directed by your instructor, connect the electronic scaler either
directly to the detector or to the signal connection located on the
back of the Ludlum Alarm Rate meter.

LJ

Allow the scaler to warm up for five minutes.
Set the timer for thirty seconds.

With all radioactive sources well away from the detector, take and record
below 20 measurements.

Measurement
Number

2. 17.

3. 18.

4. 19.

5. 20.

Total =

11.

12.

13.

14.

15.
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5. Take the total number of counts from the 20 readings.

Divide the total by

20 to obtain the average or mean value for the 20 readings and record this
Take the square root of the average value to obtain the standard

deviation and record this value.

number.

mean(m) = total/20 =

standard deviation (g) = Yym =

6. Compare below the distribution of the counts about the mean value with the
probability distribution of Table II.

Numerical Number of
Range Range Measurements in

the Range
0 to m-30 to
n~30 to m-20 to
m-20 to m-G to
m~C tom f to
m to mto } to
mt+o to mt2g to
mt+20 to mt30 to
m+30 and larger to

Function of
Total Counts

m

NOTE: The fluctuations in background you observe may not follow the bionomial
distribution too well.

Question:

Which of the factors iisted below could cause a deviation from the

binomial distribution?

Can cause a deviation:

yes

Counts per measurement less than 100.

no

Small number of measurements.
Radionuclides in your body
Radionuclides in walls. and floor.

Radionuclides in the air.

Cosmic radiation.
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pmz.‘ﬂn Measurenent of the ‘Bation of Radiation From a Source.

Posim your ‘strontium~-90 source beneath your detector at a distance
sm‘t:ht you vecord a count of about 1,000 counts in thirty seconds.

Take and record balow 20 messurements and determine the total, the mean
snd the standard deviation.

OO NV P BN e

o
o

S E

13
14
15
16
17
18
19

Total

20
— Mean

(m)

{o) Standard deviation .

Compare the distribution of the counts about the mean value with the probability
distribution of Table 1I.

*
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Number of Jraction of

Numerical Measurement Total in
Range . Range in Range Range

0 to m-3¢ to
m-30 to m-2¢ to
m~20 to m-0 to
m—-0 to m to
m to mto to _
mto  to mt2o to
w20 to mt3o to
m+30 and larger to

Question: Which set of measurements more closely approximates the binomial
distribution, the background measurements or the source measure-
ments?

4. The mean activity obtained in step 2 above contains counts from both the
source and background. Let us call this term m. . . To obtain the mean

activity from the source alone, MS’ we must subtract out the mean value
of the background Mb obtained in step 4 part 1 as follows:

Calculate your mean count, MS =

5. Based on the law of counting statistics, we can also calculate the standard
deviation of the source alone (o) as follows:

= 2 2 -
og = Yoy, 2 + o Mgy + My

where

Ogp = the standard deviation of the source and background from

step 2 part 2.

o, = the standard deviation of background from step 4 part 1.

Calculate the standard deviation of the mean count, cs = —

Question: Is the standard deviation of the source along larger than GSb?
Why?
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Laapler 4
RADIATION HEALTH EFFECTS
RADIATION EFFECTS STUDIES

Of all the factors that do damage to our bodies, none has been as exten-
sively studied as radiation effects. Since 1947, many millions have been spent
oa a long range study of nearly 100,000 survivors and their off-springs of
the Hiroshims and Nagasaki bombings. Other extensive studies have been made
on individuals receiving low level medical exposures and occupational exposures.
Extensive tissue and animal radiation studies have also been conducted. There
are a variety of prestigious national and international scientific organi-
ztations who continually review the scientific findings in this area.

Factors Which Influence Radiation Effects

Radiation effects are not dependant solely on the amount of radiation re-
ceived. Other factors must be considered.

The rate at which a radiation dose is received is an important factor in
determining its effect. This is because living tissue is not inert. As soon as
damage is produced, healing begins. Thus, if a particular dose is deliyered over
a long period, it 1is possible that repair may keep up with the damage, so that
no detectable change would be produced. On the other hand, if the same dose {is
delivered all at once, the change may be noticeable.

Knowledge of the effects of radiation has generally resulted from data on
large doses received in a short time. Data sources include Hiroshima survivors,
victims 0f radiation accidents and patients receiving radiation therapy. How-
ever, wost humans are exposed to low doses and low dose rates. To see the
blological effects of this type of radiation, ome would have to observe large
groups of people over many genmerations. Because of this difficulty, che general
practice is to predict the results of the low doses and low dose rates on the
basis of high dose and high dose rate data.

* Purthermore, in order to be conservative in estimating radiacion effects,

one must assume that some injury results from any exposure to radiation. Accord-

.
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ing to the International Committee on Radiation Protection (ICRP): "The ob-
jectives of radiation protection are to prevent acute radiation effects, and
to limit the risks of late effects to an acceptable level. For purposes of
radiation protection, any exposure is assumed to entail a risk of biological
damage." It should be stressed that this is not known to be the case. There
are certainly levels of radiation that produce no detectable effects-background
radiation and routine diagnostic X-rays, for example. But the most conservative
assumptions are used to insure maximum protection for the populatiom.

The age of the exposed individual can greatly affect his/her sensitivity
to radiation. When organs are developing before birth, sensitivity is high, be-
cause differentiating cells and cells undergoing rapid division are more easily
damaged. Similarly, from birth to maturity, high rates of cell division and
possible further differentiation make a child more sensitive to radiation ex-
posure. An adult is more resistant to radiation effects. Exposure, however, may
give rise to genetic effects in the exposed adult's future children. For a
person beyond the reproductive age, genetic effects are not important. Similarly,
radiation effects which might appear only after a long time (for example, tumor
induction) would not be as significant to older people as to younger people.

Some parts of the body are more sensitive to radiation effects than other
parts. For example, if the upper abdomen {s irradiated, the radiation effects
are more severe than if a body area of similar size elsewhere were exposed to
the same dose. This is because of the presence of vital organs in the upper
abdominal area. Thus the relatively high doses from sources such as dental x-rays
can be tolerated since they are confined to an extremely small area containing
no vital body organs.

Irradiation of a small part of the body surface will have much less general
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effect than an equal dose delivered to the vhole body, since the unirradiated
portions can help the affected portions recover.

The whole body can receive a radiation dose from radicactive materials
taken into the body. The wost common sources of significant levels of radio~-
active materials inside the dody are nuclear medical techniques. Radiocactive
saterials move through the body in the same manner as nonradicactive materials.
They are also eliminated in the same manner and constantly become weaker through
radiocactive decay.

Although it is possible to determine an average dose of radiation which pro-
duces certain effects, individual responses will vary from the average. For
instance, a dose of about 600 rads in a single exposure killed half of a group
of rats within 30 days. On the other hand, some rats died after 400 rads and

some lived after 800 rads.

Biological Effects of Radiation

Biological effects of radiation are divided into two general classes. Somatic
effects are those observed only in the person who has been irradiated. Genetic
effects are those seen in the offspring of the person irradiated.

Somatic effects originate with the response of the irradiated cells. The
first event in the absorption of ionizing radiation is the production of excited
atoms and ion pairs. When these are produced in the chemical systems of a cell,
sew and possibly harmful chemicals are produced as the original chemical struc-
ture of the cell is disturbed by the radiation. Thus toxic materials may be
produced. FPurthermore, if the radiation affects chromosomal material within
the cell nucleus, cell division may be affected. Thus, a cell may respond to
irradiation in several ways: chromosomal changes, cell death before division,
fatlure to specialize, failure to divide completely, or slowing its division

rate. Some cells will be unaffected by the radiation.
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The cellular response to radiation is determined by a number of factors.
Among these are the cell's stage of specilalization, its activity, and its
division rate. These factors partially account for an embryo's great sensi-
tivity to radiation. In the embryo, a small group of cells will eventually
specialize or form an organ, so these cells are especially radiosensitive.

These factors also help to make radiation therapy possible. A patient with
cancer, for example, receives a number of exposures, giving him/her a large
total radiation dose. Through the phenomenon of repair following radiation ex-
posure, the cells begin to repair the radiation damage between exposures. How-
ever, the rapidly dividing cancer cells have a greater chance of being destroyed
by the radiation because they are more frequently in the radiosensitive stages
of cell division.

The radiosensitivity of organs and tissues depends on cell multiplication.
In the lining of the gastrointestinal tract, for example, some cells are mature.
These are continuously being discarded and replaced by new cells produced near-
by. If a high dose of radicactivity is received, these rapidly dividing cells
will be severely decreased in number. If the dose is not too high, the surviv-
ing cells will be able to replace those destroyed.

If a large dose is given to a small area of the body, the general and local
effects depend on which organ is irradiated. For instance, a large radiation
dose to an arm will very likely cause detectable changes in the arm. But it
will not result in death or severely damage the blood-making system, because
the majority of this system was not exposed to the radiation. On the other hand,
a moderate dose to the reproductive organs can result in temporary sterility.

A large, sudden, whole-body dose of radiation produces the acute radiation
sickness syndrome: nausea, vomiting, general aches and pains, and possibly a

decrease in the number of white cells. Localized phenomena, such as reddened
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skin or loss of hair, may be produced. Larger doses cause weakness, drastic
depression of all blood elements, and possibly sterility. At still higher
doses, death will probably occur.

It has been shown in animals that high radiation doses cause the body
changes that occur with aging. It is obviously difficult to obtain such data
for humans, but it is probable that some degree of life-shortening may occur
following high dose exposures.

Identifying the effects of low levels of radiation is difficult because no
new type of malady is produced. Instead, there i3 at most an increased fre-
quency of disorders which are also produced by other environmental factors or
wvhich occur spontanteously with no known cause. For example, cancer and
leukemia may be long-delayed consaquences of a single large exposure to radiation,
and they may also follow chronic exposure. But they are by no means an inevi-
table result of any form of human exposure to radiation.

A recent report by the National Academy of Sciences Committee on the
Biological Effects of Ionizing Radiation (BEIR) estimactes that it will take a
population dose of 7,000 person rem to produce between one to five excess
fatal cancers.

Genetic effects refer to the production of mutatioms, which are permanent,
transmigsible changes in the characteristics of an offspring from those of its
parents.

Mutations occur in all living organisms. They may occur of their own
accord, apart from any known alteration in the environment. ' Whatever their
origin, most mutations are undesirable. Every individual has some of these
undesirable sucacions.

Radiatianindnced mutations are divided into two classes: gene mutations
and éhromosomal abnormalities. Most radiation-induced alterations are gene

mutations, which tend to be recessive. In other words, the effect of the

.
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mutation is not seen in the offspring unless the altered gene is carried by
both parents. Even though the mutation may not be seen in firét-generation off-
spring, it makes such offspring slightly less fit.

Chromosomal abnormalities include chromosome loss and chromosome breaks.
These effects are severe, the result usually being the death of the embryo be~
fore birth. This type of genetic effect happens much less frequeatly than does
gene mutation.

The increase in genetic damage to be expected from radiation is sometimes
discussed in terms of doubling dose. This dose would eventually cause 2
doubling in the rate of gene mutations that occur spontaneously.

In the United States, about 100 million children are borm in a generationm.
Of these, about two per cent will have detectable genetic defects as a conse-
quence of spontaneous, unavoidable genetic changes passed on by all their
ancestors. If a doubling dose of radiation were applied to present and future
generations, it would eventually leaﬁ'to a gene mutation rate of four per cent.
It would take on the order of.10 generations to reach the four per ceant rate.
The doubliny dose cited by the National Academy of Sciences report, "The Effects
on Population of Exposure to Low Levels of Ionizing Radiations, is estimated
to be 40 rads (40,000 mrads) per generation.” 1In other words, if the average
dose to the reproductive cells of all of the individuals of the population were
a total of 40 rads from conception to age 30, or 1.3 rads per year above back-
ground for every generation, after about 10 generations the rate of impairing
mutations would gradually increase so as to eventually double from two per cent

to four per cent. This amount of radiation is far above that obtained from

any current man~-made source.
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e The recent BIER updtz astimates that it will take on the avearage of about
m.eh parson resi to produce each socially significant genetic effect.

" It should be pointed out that ouly between five and 12 per cent of
mmm are caused by envircumental radiation. The majority of
gnetic changes are produced by other causes, including environmental pollutants.

Honbuman Biological Effects

_In vature, Inggrm of thousands of species of plants and animals have been

identifiad. It is ressouabla to expect that a wide range of sensitivities to
ruum would ba seen in this great variety. While radiation protaction
m are written for the protection of humans, much of the data upon vhich
sncl‘:vgudn are based was derived from animal experiments.

The basic conditions that tend to predict radiosensitivity in humans, such
as call division rate and age, apply to all other life forms. However, there
is a wide range of variation smong species. The more complex the organism, the
more sessitive it is to radiation effects.

A number of types of organisms have been known to reconcentrate radiocactive
mterials in their bodies. An example is shellfish such as oysters and clams.
| These organisms can reconcentrate certain radionuclides up to 100,000 times the
levels found in the water in which they live. This reconcentration does not
sppear to affect the well-being of the animal, but people who use these shellfish
as a mjor source of food could receive a significanc fraction of their maximum
permissible dose in the process. For this reason, edible shellfish living near

suclear plants are used as monitors for crosschecking radicactive discharges.
Effects of Low Level Radiation

lﬁnc are Em risks from small amounts of radiation? The latest National
Acaddmy of Sciences study indicates, according to its chairman, "At Low doses

vth risks are very small. There is a risk, but it's not the end of the world."

-
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Another member of the study panel disagrees somewhat: "We have no idea what
the effects are from very low levels, and in any case they are undetectable.”

This very fact of being unable to clearly detect any effect, accompanied
by an unwillingness to say that there is no effect at all, has led into a
dilemma. In order to avoid setting s*andards which would expose the public to
unnecessary radiation, the National Council on Radiation Protection and Measure-
ments has recommended exposure limits based upon the following very cautious
assumptions: (1) There is a single, linear dose-effect relationship for the
effects of radiation, from zero dose with no effect to the known effects of
high level doses. (2) There is no threshold of radiation below which there is
no effect. (3) All doses received by an individual are additive-that is, their
effects add up. (4) There is no biological recovery from the effects of
radiation. Much of the available evidence indicates that several of these
assumptions are conservative, but in the interest of safety, it is assumed that
they are true, under the philosophy that it is better to be oversafe than to be
sorry at some future date.

The radiation protection guide, arrived at as a result of these assumptions,
gives a maximum permissible dose to the general population. The maximum is
presently 500 mrem/year above natural background. This figure does not include
an individual's radiation dose from medical procedures. The NCRP does not
attempt to regulate or limit radiation exposure for necessary diagnostic and
therapeutic purposes, but it does recommend reductions in any e#posure which
does not contribute to treatment or diagnosis.

People are becoming more cautious about having x-rays that might not be
needed. In all cases, doctor and patient must decide when benefits outweigh
risks. This 1is particularly true with the large doses received in radiation

treatment for cancer. Doctors know that such doses increase the risk of a
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second cancer, but they also may lengthen the life of the patient.

The radiation dose limit for radiation workers i{s 5000 mrem per year, 10
times that for the general public. There have been suggestions that this maxi-
mum exposure level should be reduced, perhaps by a factor of 10. Part of the
controversy over this subject stems from a study done by Dr. Thomas Manusco of
workers at the government nuclear facilities at Hanford, Washington. He studied
the causes of death of people who had received radiation exposures while work-
ing at Hanford, and concluded that some of the cancer deaths could be correlated
with low-level radiation exposures. Other scientists, questioning Dr. Manusco's
sethods of analyzing the data on the deaths, have concluded that there i3 no

evidence of an increased death rate from cancer or any other cause in the

Banford workers.
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Chapter 5
NUCLEAR REACTORS

INTRODUCTION

It happened on December 2, 1932, beneath the west stands of Stagg Field
in Chicago. A group of scientists, led by Nobel Prize wimner Enrico Fermi,
first initiated and controlled a self-sustaining nuclear chain reaction. From
that pile (and it was actually called an atomic pile) of graphite, wooden tim-
bers, and uranium was born a significant energy resource that in 1978 supplied
over 4 percent of the United States' total energy demand and about 13 percent
of our nation's electrical needs.

As the name implies, nuclear energy comes from the energy contained within
the nucleus of the atom, rather than the energy of the electrons as in chemical
reactions such as the burning of coal. The energy released in nuclear reac-
tions can be over 100 million times greater per atom than the energy released
in a chemical reaction. Although there are many different kinds of nuclear
reactions, present-day nuclear reactors rely on one specific nuclear reactiom-

fission.

THE FISSION PROCESS

Today, the explanation seems obvious; but in 1938 to German radiochemists
0. Hahn and F. Strassman, the results of their experiments were perplexing.
When uranium was bombarded with neutrons, they concluded that one of the ele-
ments produced was barium, an atom with nearly half the mass of uranium. It
was Lise Meitner and her nephew 0. R. Frisch who suggested the correct inter-
pretation of the results. In a letter dated January 16, 1939, published in the

English scientific magazine Nature, Meitner and Frisch wrote, "It seems possible
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that the uranium cucleus has only small stability of form and may, after neu-
tron capturs, divide itself into two ouclei of roughly equal size."” Similar
experiments had been conducted by Earico Fermi earlier, but they were not
correctly interpreted. Amsrican biologist Villiam Archibold Arnold suggested
that this splitting of the uranium nucleus into two halves be called fissionm,
the term used for the dividing of living cells.

Thss, it vas determined that vhen the atoms of certain heavy nuclides are
bombarded by neutrons, some of the nuclef of these atoms will capture a neutron
and becoms unstable. As a result of this instabilicy, the atom splits or fis-
sions into two smaller atoms. Together the fission products weigh slightly
less than the original atom and the bombarding neutron combined; this fission
uass is converted to energy, as described by Einste;.n's formula: energy equals
mass times the welocity of light squared (E = scz). It is cthis conversion of
sess into energy that aakes muclear energy so powerful and sets it apart from
ordinary chemical resctions, where no such conversion occurs. As fission frag~
nents fly apart, most of this energy appears almost instantaneously as heat as
the fragments lose their energy of motion to the surrounding material. The
heat from this fission resction can then be used to boil water to make steam,
vhich in turn spins turbines that generate electricity.

Uranium-235 is the only atom found in nature that readily undergoes
fission by neutron bombardment. (Plutonium~239 and uranium=-233 also undergo
fission by this process but are considered man-made elements.)

If cthe splitting of the uranium atoms were the only thing that happened
in the fission process, it would probably be nothing more than a scilentific
curiosity. But a very important consequence of the fission of uranium-235 is
that 1t {s sccompanied by the release of free neutrons which can interact

vith other uranium atoms, causing more f{issions and producing more free neutrouns,
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resulting in further fissions and so on. This series of fissions followed by
more fissions is referred to as a chain reaction (Figure 12). 1If a chain
reaction is to continue, there must be enough fissionable atoms packed suffi-
ciently close to insure the capture of enough neutrons to keep the rate of
fission constant. The amount of material required for this 1is called the crit-
ical mass.

Generally, the smaller atoms produced by fission are radioactive. These
fission fragments usually decay by negatron emission followed by gamma ray
emission. Figure 13 shows one of more than 30 possible chains of decay follow-
ing the fissioning of an atom of uranium-235. The fission fragments are atoms
of radioactive bromine-90 and xenon-143, and they each decay through many steps-
by emitting beta particles. The half life for each part of the chain is
shown in Figure 13. Note the diversity of half life lengths. Other possible

decay chains produce fission products which have half lives of hundreds or

thousands of years.

NUCLEAR REACTORS

To harness the energy produced in the fission process, a suitable envirom-
ment must be maintained in which fission reactions can be initjated, sustained,
and controlled, and the nuclear emergy can be converted into a useful, trans-
portable kind of energy. A commercial nuclear reactor provides these things.
There are certain components that are common to all nuclear reactors regardless
of their gspecific design. These are fuel, coolant, control rods, moderator,
and shielding.

The uranium fuel, usually in the form of ceramic pellets of uranium
dioxide, is contained within fuel rods in the reactor core, which is the heart

of the reactor. A typical reactor core contains thousands of fuel rods which

in turn contain several million uranium pellets.
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The uranium fuel must undergo several preliminary processes before {t is
used in a reactor. After uranium is mined, it must firsc be processed to pro-
duce uranium oxide, known as yellowcake. Then it is converted to uranium
hexaflporide, a gaseous form essential in the next step, the enrichment process.
The natural concentration of uranium-235 in yranium is only seven-tenths
of one percent. The rest of the uranium is non-fissiounable uranium-238. In
order for uranium to be used as a fuel for power plants, the councentration of
uranium-235 must be raised to about three percent. This fuel is then said to
be enriched in uranium-235. The federal government is currently the only pro-
vider of enrichment services in the United States. 1Its three gaseous diffusion
enrichment plants provide the enriched uranium for all reactors in the United
States as well as for many foreign reactors. Power companies and other users
sav the government for these services. After enrichment, the uranium hexa-
fluoride {3 converted to uranium dioxide, which is then fabricated into fuel rods.

The coolant, either a liquid or gas, flows over the fuel rods and removes
heat from the fuel. Since the fuel is contained within the fuel rods, the
coolant does not come in direct contact with the fuel. The coolant then is
either converted directly to steam or goes through a heat exchanger to couvert
wvater into steam. This steam drives a turbine which turns a generator to
produce electricitv.

Water is used as the coolant in all except one reactor in the United
States (a gas cooled reactor). Thousands of tons of water circulate around
the core to carry away the heat. The core and cooling water are both contained
in a2 heavy steel pressure vessel which {s in turn shielded by a steel-lined
concrete containment structure.

For safety and reliability, there must be some way to control the nuclear

reaction - to speed it up, slow it down, or stop it entirely. One wav would be
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to move fuel out of the core until not enough remained to sustain a chain
reaction. But this would be a rather cumbersome, unsafe, and time-consuming
process. Another way of controlling the reaction would be to somehow stop
some or all of the neutrons that are produced in the fission process from
interacting with the uranium-235. This can be achieved by the use of control
rods, which act as neutron sponges. The control rods, made of materials such
as boron that readily absorb neutroms, are positioned inside the fuel assembly.
If the rods are pulled out of the assembly, more neutrons are available to
cause fissioning of the fuel, so the rate of reaction increases. If the rods
are inserted into the fuel assembly, they absorb neutrons, so that there are
fewer neutrons available to the fuel. Thus, the chain reaction slows or even
stops completely. This makes it possible to produce heat at a desired rate,
or to shut down the reactor.

The moderator, a material within the reactor core, is used to slow down
neutrons as they emerge from the fissioning atoms. Slowing is necessary
because neutrons traveling too fast are less readily captured by the uranium-235,
and they must be captured in order to cause fission. A moderator may cause a
a decrease in speed of nearly ten thousand times, but even a slow neutron
travels at a rate of appreciably more than a mile per second. Graphite, water,
or heavy water can be used as moderators. Except for the one gas-cooled reactor,
which uses graphite, U.S. power reactors use the cooling water as the moderator.

As a by-product of the fission process, several different kinds of radia-
tion are produced. Shielding, consisting of various materials surrounding

different portions of the reactor systems, prevents this radiation from escaping

into the enviromment.
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TYPES OF REACTORS

At the end of December 1978, 72 nuclear power reactors were authorized
to operate, producing 52,296 megawatts of electricity. Construction permits
had.been issued for 92 additional reactors at 51 sites, and meaningful con-
struction had begun for all but four units. Thirty additional reactors were
in some phase of planning prior to construction.

The most common type of reactor in the U.S. is the light water reactor,
including the boiling water reactor and the pressurized water reactor. (Light
vater is ordinary water, 820, as distinguished from heavy water containing the
hydrogen isotope deuterium.) There is one high temperature gas cooled reactor
in operation in Colorado. About two-thirds of the operating and planned
reactors are pressurized water reactors. Most of the rest are boiiing wvater

reactors. Figure 14 shows the location of power reactor sites in the

United States.

Bo Water Reactors (BWR

In the boiling water reactor (Figure 15), water is brought into the
reactor and allowed to boil. It is then expelled from the reactor vessel as
saturated steam, which drives the turbine.

Typically, a BWR operates at a pressure of about 1,000 pounds per square
inch and produces steam at about 550 degrees Fahrenheit. The BWR has the
advantage of simplicity and the disadvantage of requiring a large core for
cooling. Some of the materials in the water may become radioactive and be
carried through to the turbine section, increasing the size of the area vhere

radiation exists.

Pressurized Wacer Resctora (PWR)
In a pressurized water resactor (Figure 16), pressure keeps the water from

v

boiling. Insteasd, water is pumped through the core and removed at the top as
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a Ml“ﬁ W The umr is then circulated through a heat exchanger, where
m is produced from water in & secondary loop. The steam drives the tur-
bine. The cooled water in the primary loop is returned to the reactor to again

The PWR primary loop normally operates at a pressure of 2,000 pounds per
square inch and at an average temperature of 590 degrees Fahrenheit. The
coolant in the PWR core does not directly contact the turbine, so the turbine
ares remains uncontaninated with radiocactive materials. The higher pressure
ll.lntl wore efficient heat transfer and requires a smaller surface area for the
core. The PWR, however, requires higher operating pressures and additional
hest exchangers which lower its efficiency.

Righ-Temperature, Gas-Cooled Reactors (HTGR)

In tha high-temperature, gas-cooled reactor (Figure 17), the core is
cooled by certain gases passing over it, usually purified carbon dioxide or
belium. The gas coolant gives up its heat to water circulating through a
steam genarator. The moderator system usually consists of graphite blocks
plerced to contain the fuel. This type of reactor has a low fuel consumption
rate. Also, since the gas coolant can be heated to much higher temperatures
than water coolant, it can produce steam at higher temperatures than water-
cooled reactors. The high temperature allows the use of the best turbine tech-
oolegy and reduces the release of waste heat. But the gas circulation system
requires very large blowers, and the core must also be large in order to have

L]

enough surface area for effective cooling.

SAFETY SYSTEMS IN NUCLEAR REACTORS

- Stringedt safety precautions must always be taken by the builders of
. nuglesr plants, which cannot be built or operated without a license from the
- Nuclesr lﬁuhcory Commission, charged by law with the responsibility of
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setisfying itself that the plant will not endanger public health and safety.
Licensing was previcusly done by the Atomic Energy Commission (AEC), which was
_abolished ia 1974. The AEC's research and development activities were taken

over, by the Energy Ressarch and Development Administration (ERDA), now part

_..of the Department of Energy (DOE). The regulatory and licensing activitias are
_the functionm of the Nuclear Regulatory Commission (NRC).

Control During Normal Operations

Unehlr power plaats form small quantities (several pounds per day) of

,’ redioactive substances. In normal operation, more than 99.99 percent of these

substances stay within the fuel assemblies. The small amount that escapes
fz. the fusl enters the reactor coolant system, vhere almost all of it is
removed by purification equipment. An extremely small amount of radicactivity
is released to the environment under strict control, subject to comservative
and rigidly enforced health and.safety regulations.

Hatural : ds
~ In today's water-moderated power reactors, if the rate of fissions were

to imcresse significantly, more heat would be produced. The heat would increase

~_the energy of the neutrons in the fual, and thus, increase the proportion of

ssutrons escaping from the core and being captured by non-fissioning atoms.
The rate of fission would thus slow dowmn. This effect is automatic and instan-

; m, lnd is one reason why a nuclear reactor cannot possibly become a bomb.

~In a bomb, essentially pure fissionable material is required, much more than

in the slightly enriched reactor fuel, and it must be rapidly compressed and

h-u together for the chain reaction to increase to an intensity of a nuclear
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The use of water as a coolant and moderator provides another safety
feature. If the reactor were to exceed its designed power level, it would
raise the temperature of the water, which would in turn decrease the water's
ability to act as a moderator. This tends to reduce the reactor's power

level.

Engineered Safeguards

In addition to natural safeguards, many safety features are built as an
integral part of any reactor facility.

One such safeguard is a monitoring system for neutron intensity. Neutrons
initiate the fission reactiom, and the number of available neutrons is related
to the reactor power level. Thus, measurements of the number of available
neutrons are made by several independent monitoring systems at various loca-
tions in the reactor core. These instruments are connected to a rapid shutdown
system in case neutron intensity rises above a pre-set limit.

Reactor control systems are also designed for safety. Materials such as
boron or cadmium are able to absorb neutrons, and by removing neutrons from
the system, shut down a reactor, preventing new fissions from occurring. Common
methods of using these control systems include the mechanical insertion of
control rods into the core and the addition of liquid solutions of these neutron-
absorbing elements to the water moderator. Most water reactors have both
methods of control available.

Instruments comstantly monitor what is happening in the core. Improper
signals concerning temperature, pressure, or other unwanted conditions will
immediately shut down the reactor. Each safety system has one or more backup

systems in case there is a failure in the primary system.
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Reactor designers assume that at some time, electric power to a nuclear
plant may be shut off. To allov for this possibility, they usually design
reactor systems that require o electric power to achieve safe shutdown.

Those which may require power after shutdowmn, such as those which keep the
coolant circulating, are equipped vith emergency diesel generators and
batteries so that they can operate vhen no outside power is available.

Although the nuclear chain reaction can be stopped immeidately, radio-
active fissiom products in the fuel rods continue to decay and give off heat.
If for some reason there is a rapid loss of the coolant water to a nuclear
reactor, it is conceivable that the core might melt due to heat from these
fission products. This core meltdown could result in dangerous releases of
radicactive material. In order to prevent the core from overheating due to a
loss of coolant, several independent emergency core cooling systems are avail-
able to bring in water to cool the core. The network does not require an
operttof to get started.

In order to test the effectiveness of emergency core cooling systems,
the Nuclear Regulatory Commission built a loss-of-fluid test (LOFT) reactor
in Idaho. In December 1978, this reactor had a planned loss of coolant accident,
allowing the effectiveness of the emergency core cooling systems to be observed.
The results of th.s experiment indicated that the systems of an actual nuclear
reactor will work even better than expected. Reactor temperatures never rose
as high as predicted, nor did it take as long as expected for emergency cooling

wvater to cool the radioactive core.

Contaimment in the Event of an Accident
There are many barriers in reactor systems to guard against radioactive
substances escaping to the enviromment. There is, first of all, the ability of

the fuel material to retain most of the fission products, even when overheated.
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Then there is the fuel element cladding, through which fission products must
pass to get into the reactor coolant. Next, there are the walls of the
reactor vessel itself. Finally, there is the containment system, constructed
to halt any release of radioactive material that gets past all the other
barriers. The reactor building itself may be sealed off as a secondary con-

tainment system.

Assessments of Nuclear Safety

Several attempts have been made to determine the probability of a serious
nuclear accident. One of the best known, WASH-1400, also called the Rasmussen
report, was ordered in 1972 by the Atomic Energy Commission. They determined
that the worst credible accident would kill 3,300 people and cause radiation
injuries to another 45,000. Several thousand square miles of land would be
contaminated and 290 square miles would be uninhabitable for a year or more.
The probability that such an accident would occur was calculated to be extremely
small--if there were 1,000 reactors in operation, such accidents would be a
million years apart.

The Union of Concernmed Scientists has produced a critique of WASH-1400.
They believe that under the worst possible conditions, the immediate and
eventual deaths from a nuclear accident might exceed 300,000, and such acci-
dents have the probability of occurring about once every 50,000 years.

The NRC recently commissioned a group to review the Rasmussen study. Their
findings, the Lewils Report, state that much of the data needed for calculatioms
of reactor risks is still inadequate and that WASH-1400 cannot be used to
prove the safety of nuclear power. The authors were unable to say whether

reactors are more safe or less safe than the figures in WASH-~1400 suggest. .
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Nuclear power opponents argue that the consequences of an accident
would be so catastrophic that any risk, no matter how small, is unacceptable.
They contend that the accident at Three Mile Island, caused apparently by a
combination of human errors and equipment failure, shows that no matter how
uany safeguards theare are in a system so complex it is impossible to anticipate
and provide for all the things that can go wrong. The Three Mile Island acci-

dent will be discussed later in this chapter.

THE PRICE~-ANDERSON ACT

When nuclear power began to emerge in the U.S., Congress was concerned
wvith providing protection to the public and limiting the liability of the
nuclear industry in the event of a major nuclear accident. To accomplish
these purposes, The Price-Anderson Act was enacted in 1957 and renewed for
the second time in 1976.

Price-Anderson is not unique in providing govermment liability protection.
The federal govermment also provides deposit insurance for bank accounts,
€lood insurance, and disaster aid.

At present, a total of $560 million is available to cover liability
claims for a nuclear accident at a licensed power plant or reprocessing
facility or during the normal course of transportation between such facilities.
The act requires that a maximum amount of insurance be first purchased from
a private source. This amount is currently set at $390 million by the American
Suclear Insurers. The federal goveroment provides the rest of the insurance,
up to the maximum of $560 million. Each utility pays a prémium to the govern-
aent for Price-Anderson coverage.

The Price-Anderson Act will be in effect until August 1987. The entire

responsibility for providing the $560 million liability protection, which
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includes both personal injury and property damage, will be gradually trans-
ferred to the utilities. Congress has also guaranteed further action 1if the

liability exceeds $560 million.

WASTES FROM NUCLEAR POWER PLANTS

Heat as a Waste Product

Heat is not normally thought of as a waste product, but it is put into
the enviromment in large amounts by both nuclear and fossil-fueled power plants.
Most of the energy used by humans is produced by the conversion of heat energy
into other energy forms such as electrical or mechanical energy. The effi-
ciency of this conversion is limited by natural laws. Thus, a large portion
of the energy involved in the conversion is lost, usually in the form of heat.
Modern steam turbine equipment provides relatively high thermal efficiency com-
pared to other engines. The thermal efficiency of most electrical generating
stations 1is slightly more than‘30 percent. This means that almost 70 percent
of the total available energy is not used and must be discarded into the
environment as heat.

The problem of heat removal is greater for nuclear plants than for fossil-
fueled plants. One reason is that nuclear plants discharge almost all their
waste heat into their cooling water. Fossil-fueled plants, on the other hand,
discharge about 15 percent of their waste heat directly into the air with the
stack gas so that oaly about 85 percent must be removed by the water.

The thermal efficiency of most nuclear power plants is slightly iower
than that of modern fossil-fueled plants. Using high temperatures (1,000 to
1,100 degrees Fahrenheit) and high steam pressures (1,800 to 3,500 pounds per
square inch), modern fossil-fueled plants may attain a thermal efficiency of

37 to 40 percent. Because of their design, most auclear plants produce steam
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at wnt :mmturu (500 to 600 dqnu Fahrenheit) and at lower pressures
(800 to 1.000 pounds per square inch). Thus, their thermal efficiency is
lover than that of the best fossil-fusled plants, averaging about 32 percent.
Because of this lower efficiency, they must reject more heat.

As previously discussed, heat from the combustion of fossil fuels or
!m :hl fission of nuclesr fuels is used to make stesm in a generating sta-
tion. The stesm drives a turbine connected to an electrical generator. As
the hast enargy of the steam is couverted to mechanical energy, the temperature
and pressure of the steam decreases. This steam, called spent steam, is con~
mul blck to water in a condenser and returned to the boilers, where it is
reconverted to high pressure stesm for reuse in the cycle. The heat removed
from the spent stesm in order to condense it is the waste heat released to
the exvironment.

Condensation is accomplished by passing large amounts of cooling water
through the condenser. In the least costly method, the cooling water is taken
directly from a nearby river, lake, or other large body of water. The cooling
water is heated 10 to 30 degrees Fahrenheit, depending om plant design and
operation, and then returned by cooling canals to its source. Usually, only
a nﬂ.l fraction of the volume of a body of water is used for cooling water.
Thus, the temperature change is usually less than one degree Fahranheit at
points 1,000 feet from the point of discharge of the heated water. The body
of cooling water eventually loses the added heat to the atmosphere. This

type of cooling system is called a once~through systen. If.’. the volume of the
body of water is not sufficient, the heated water may be critically low in
oxygen, therefore favoring the rapid growth of some aquatic plants. If the
temperature change in the cooling water is excessive, it may create critical

scological problems. The use of once-through cooling is restricted in many
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areas; and new instailaCions of this type are permitted only if the volume of
water allows only negligible temperature changes.

Other methods of cooling are more expensive, but they place less strain
on natural waterways. Each has its own environmental effects and economic
penalties so that the best system for a particular plant must be decided on
a case~by-case basis in an attempt to gain the greatest environmmental benefits
at the least cost.

A cooling method which is finding favor in many areas is the use of wet
or dry cooling towers. In such systems, water is drawn from a nearby source,
passed through the condemser, and them through a cooling tower, where at
least part of the waste heat is transferred to the air. The cooled water may
then be returned to its source or be reused in the condenser.

In wet cooling towers, the cooling water is brought in direct contact with
a flow of air, and the heat is dissipated primarily by evaporation. The flow
of air through the cooling tower can be provided by either mechanical means
or natural draft, and makeup water must be added to replace evaporative losses.
Wet cooling towers for a 1,000 megawatt nuclear plant may evaporate up to 20
million gallons of water per day. This excess water burden in the atmosphere
may affect local weather conditions. In cold or humid weather, the likelihood
of fogging and precipitation increases, and in some cases in cold weather,
moisture from these towers create icing problems on nearby plant structures
and roads.

Dry cooling towers are similar to automobile radiators in that the heat
dissipates by conduction and convection rather than evaportation. Dry cooling
towers probably produce the least environmental effects of all cooling systems.
However, they are much more costly because they require a larger surface area

for heat transfer and the circulation of a larger volume of air. They also

reduce the plant's efficiency.
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In yet another method of cooling, artificial ponds or lakes are con-
structed to provide wvater for circulation through the condensers. A 1,000
segavatt plant might require as much as 3,000 acres for such a pond. These
pond{ create some local fogging on cold days as warm surface water evaporates.

Although these alternatives offer relief from potential thermal effects,
they are not a satisfactory answer to the heat problem. The real answer is
two-fold: finding a use for the excess heat and increasing the efficiency of
electrical generation to decrease the amount of excess heat.

Research is undervay on uses for the excess heat. One study involves the
beneficial uses of low-grade heat in urban systems. An example is the use of
discharge heat to increase the rate and effectiveness of sacondary sewage
treatment processes. Another possibilicy is the use of treated sewage efflu-
ent in cooling towers, where the nutrients can be substantially councentrated
by evaporation. If the evaporation water could be coudensed and collected,
1t could become a source of pure water, while the concentrated nutrieats could
be recovered and recycled to the enviromment. Sea water might be disalienated
in the cooling towers, providing pure water and minerals.

Controlled heated water added to natural bodies of water has been found
to benefit a few forms of fish life, particularly shellfish. Tests demonstrate
that rejected heat can be used to extend the growing season for crops.

There has been increasing use of a system called cogeneration, where the
spent steam from electrical generation is used in industrial processes which
do not require high temperatures and pressures for their operation.

These concepts and n:nf others such as home heating and cooling are
incorporated into the idea of the Energy Center Complex. It is envisioned that
an entire city would grow up associated with, and complimentary to, an electric
power source. In this futuristic city, practically all the reject heat would

be a beneficial resource instead of a waste product.
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Radiocactive Wastes

Many of the waste products of nuclear power plants contain varying amounts
of radiocactivity.

The first point in the nuclear fuel cycle where radioactive wastes appear
is with the mining and milling of the uranium~-bearing ores. Although the decay
of natural uranium eventually yields stable lead, there is a long series of
intermediate radionuclides which account for more tha 90 percent of the total
radioactivity present in a specimen of natural uranium ore. These daughter
products are left behind in the tailings, which are the residues from the milling
process in which the uranium is chemically extracted from the crushed and
ground ore. These tailings are normally stored on the surface near the mill,
graded and diked as necessary to prevent erosion by surface waters and watered
to prevent erosion by wind. When addition of tailings to a particular pile
has been completed, a vegetation covering can be added as additiomal protection
against leaching and erosiom. It is possible for radon, a radioactive gas, to
diffuse through a tailings pile from decay of the radium and disperse into the
air. The Residual Radioactive Materials Act of 1978 establishes joint federal-
state programs to minimize the potential problems from these mill tailings.

Other radiocactive wastes result from the refining and enriching of the
uranium and the fabrication of fuel elements. The relatively low levels of
radioactivity in these wastes is due to the presence of naturally-occurring
radioactive nuclides. They do not present a significant disposal problem.

The nuclear power plants themselves produce many kinds of radioactive waste
with varied amounts of radioactivity. Some of these wastes may be released

to the enviromment under carefully regulated conditioms, while others require

varyingd degrees of controlled storage.
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&lc m‘ mnm.u mtt m«mﬁs2 and liquid wastes which are con~
mm vdth ui:laeuv- lltuml. Under strict regulation, some of these
ww can be treated and relsssed to the enviromment. The gasecus vastes can
be mmd and are somatimes stored tl-pouril"y to permit the decay of short-
md zmnm. Liquid wastes can be treated by evaporation, ion exchange,
or \mmm, 8o that the remaining concentration of radioactivity in the
u«ﬂ 1s vuy low. BRelease of these treated liquids or gases to the surround-:
u. water or air must be carefully monitored to insure that only very small
anunts of radicactivity ara put into the enviromment.

' | A wide variety of solid wastes containing radiocsctive materials are
m fu- muclear facilities to burial grounds which are operated under
liem from either the Nuclear Raegulatory Commission or certain states which
m:c their own radiation comntrol programs under agreements with the NRC.
‘!hul burial grounds are salected after studies of local soil and weather con-
ditions have shown an acceptable probability that the buried radiocactive
ml will not be moved from the site by the action of groundwater.

This general class of waste is frequently called low-level solid radio-
active waste, although the term is not precise. Almost all facilities in the
fual cycle send wastes to the burial grounds. Some of the types of waste
1m1§ad are as ‘ollows: filters from the clesn-up of gaseous wastes; ion
exchange resins, precipitates, or evaporator sludges from the clean-up of
H;qntd wastes; coucrete or other solids made from small batches of radiocactive
m not practical to clean~up; absorbemnt paper, swabs, plastic sheeting,
and similar materials from contamination control or clean-up work; defective
or cbsolete piping, motors, instrumentation, or other equipment.

The annudl volume of this general category of waste is a few million
cubic fest per year. This is very small compared with other types of solid

vastes.
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The spent éﬁel rods from nuclear power plants are highly radioactive, ang
their final disposal is a problem yet to be solved. It is a problem shared by
wastes from the government weapons testing and nuclear-powered ship program.
The amount of these defense wastes is many times larger than that from civiliag
nuclear power reactors. The defense programs had produced about 500,000 tons
of highly radiocactive wastes and 64 million cubic feet of less radicactive
solid wasté. Nuclear power plants have produced about 5,000 tons of spent fyel
and 16 million cubic feet of low-level waste.

The high~level waste from both sources is currently in temporary storage
awaiting a decision on the best method of more permanent disposal. The weapons
waste is stored in tanks and burial pits at three govermment reservatiomns. The
spent fuel 1s stored in pools of water on the power plant sites. This storage
at the site allows the short-lived radionuclides to decay and, thus, reduces A
the radiocactivity of the spent fuel. It will probably be the first step in any
disposal plan.

Most experts believe that long-lived radioactive waste should be concen-
trated and put into solid form, then placed into protective containers and
stored deep underground in suitable geologic formatioms.

Radicactive waste is being solidified into glass in France, and U.S.
researchers are looking at the possibility of a ceramic form, which would be
more resistant to leaching by goundwater.

Scientists are looking at geologic formations such as salt beds, basalts,
shales, and granites to determine which might be more suitable for long=-tern
storage. The storage site must be one where groundwater cannot easily reach
and where earthquakes are not likely.

A government task force called the Inter-agency Review Group on Nuclear
Waste Management has been set up to study and report on the best methods for

waste disposal. This group reports that a waste repository will probably not

be available until 1988 to 1993.
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The interagency group believes that the radiocactive wastes can be success-
fully isolated for a fev thousand years, but after that point, it {s more
difficult to be sure of success. Most of the radicactive materials would be
haraless long before that time, but materials containing plutonium=239 would
remain dangerous for many thousands of years.

One of the key decisions affecting waste management i{s that of reprocess-
ing. If the spent fuel is considered a waste, it would be encapsulated in
some very hard material and disposed of. If on the other hand reprocessing is
to taks place, the spent fuel would be treated to remove useful fuel. The
remaining material would be a highly radiocactive liquid which would be solidi-
fied before disposal.

Since any type of cosmercial power plant has a useful life of roughly 40
years, it is necessary to consider the disposal (or decommissioning) of a
suclear power plant. Except for the reactor vessel, most of the plant could be
disposed of by conventional methods, with the materials being recycled or dis-
carded. Many of the materials within the reactor vessel will have become
radioactive. These materials and the reactor vessel itself would probably

temain on the site for several years to allow the shorter half-lived materials

to decay.
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Chapter 6

THE EVENTS OF THREE MILE ISLAND

THE ACCIDENT

About 4 a.m. on Wednesday, March 28, 1979, a sequence of events began which
added considerable fuel to the nuclear power céntroversy. At that time, at the
Three Mile Island Unit 2 nuclear plant near Harrisburg, Pennsylvania, the main
feedwater supply system went out of operation. This is the system that feeds
water into the steam generator. The auxiliary system should have started auto-
matically, but it did not because some valves had been left closed after a test
of the system in the days prior to the accident. This was a violation of NRC
regulations. Without a water supply, the steam generators dried out, resulting
in a rise in the temperature and pressure of the cooling water. The turbine
shut itself down instantly, and within seconds, the reactor's control rods auto-
matically descended into the core and shut down the fission process. A relief
valve released steam into the reactor containment vessel to reduce the pressure
in the primary cooling system. This relief valve should have then closed:
instead, it malfunctioned and remained open. Unknown to the reactor operators,
this allowed the continuing release of radioactive steam and water into the
containment building. This water overflowed the tanks that were supposed to
hold it, flooding the floor of the building.

The emergency core cooling system started automatically at two minutes into
the accident sequence and began to raise the coolant level. Soon afterward, a
gauge in the control room indicated that the coolant level inside the system was
~ adequate and, in fact, went off the scale on the high side. Thus, the operatots
shut off one of the two pumps in the emergency core cooling system. Shortly aftemar

still deceived by the erromeous gauge, the operators shut off the second pump. TheY
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shut off these pumps because if the system were completely filled with water, as

they thought was happening, they would have difficulty controlling the pressure.
Around 5:30 a.m. they shut down the primary coolant pumps, which had begun to vibrate,
apparently because they were pumping too little water. The operators feared that

the vibgation would destroy the pumps, and possibly cause a rupture in the primary
coolant system. By the time the stuck relief valve was discovered and repaired, and
the emergency core cooling system was turned on again, the coolant level had dropped
so lov that part of the core had been uncovered, resulting in substantial fuel

damage.

Meanwhile the radioactive water from the containment building was being pumped
into a storage tank in an auxiliary building. This pumping was done by sump pumps
vhich operated automatically. When the storage tank was full, water spilled onto
the floor and radioactive gases began to escape to the environment through the
auxiliary building's ventilation system. This problem was discovered at about
9 a.m. The sump pump was turned off and the containment building was sealed off

from the rest of the plant.

As the fuel heated, some of the fuel element cladding began to chemically re-
act with the water, forming a hydrogen bubble at the top of the reactor pressure

vessel. Reactor operators were unaware of the extent of this problem.

The most serious problem confronting operations personnel was getting enough
cooling water into the reactor to begin to cool the core. This was finally accom-
plished through the use of the emergency core cooling system, and one of the main

reactor coolant pumps could be started by 8 p.m.

On Thursday, the core appeared to be stabilized, but the operators were still
having difficulty cooling it. Utility officials held a new conference in the

lornink saying that there had been little fuel damage, but later NRC officials
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reported that fuel damage was much worse than previously thought. Low levels of

radiation continued to be emitted as plant personnel tried to control the radio.

active water on the floor of the auxiliary building.

Friday, March 30, is called Black Friday by many of those working at the plant,
Starting about 6:40 a.m., there was a series of small gaseous releases of radio- -
activity from the auxiliary building. There was a larger release around 8:45 a5,
About that time, a helicopter which was monitoring radiation levels directly above
the plant reported a radiation reading of 1200 mrem per hour. NRC headquarters ip
Washington mistakenly thought this measurement was from ground level outside the
boundary of the plant, and they called Pennsylvania Civil Defense and told them
that the area around the plant should be evacuated. The error was soon discovered,
and the evacuation order was replaced with a directive that people within a 10

mile radius of the plant should stay indoors.

Around noon, in order to decrease the amount of radiation being released into
the atmosphere, NRC ordered that all the contaminated water in the auxiliary .
building be pumped back into the primary containment. Also about noon, Governor
Thornburgh, on the advice of NRC, closed the 23 schools in a five mile radius of
the plant, and advised pregnant women and preschool children in that five mile
radius to leave the area. As it turned out, most of the significant radiation
releases that would take place during the incident had already occurred. Utility
officials discounted the need for the evacuation, but they had little credibility
by this time due to their previous overoptimistic reports. The governor's ad-
visory triggered a general exodus with as many as 75,000 of the 975,000 persons
in the four-county area leaving their homes. Because of overloaded telephone
circuits in the area, President Carter ordered the installation of a direct line

linking the governor's office, the White House, NRC headquarters, and the nuclear

plant.
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| On Friday aftermoon, NRC personnel detected the hydrogen bubble. The possi-
q)u“’ of the bubble had not been considered in previous safety evaluations, and
o one knew how to deal with it. The reactor was still stable and the fuel tem-
¥rerature vas slowly coming down. But there was fear that if the system cooled
yjown very guch, the bubble would expand and restrict the flow of cooling water

xthrough the damaged core, possibly ‘exposing the core again.

2
NRC personnel arroneously postulated that there could be

I,aa hydrogen explosion which could possibly breach the containment building and
‘release serious amounts of radioactive materials to the environment. In actuality,
;zthere vas never a danger of such an explosion because there was no oxygen in the

a reactor vessel. The chemical reaction which produced the hydrogen had consumed

zthe oxygen from the water by oxidizing the fuel cladding.

About this cime, the NRC official at the scene remarked to the press that there
“vas a real possibility of a core meltdown. In the midst of the confusion, Harold
“ Denton arrived to take control of the NRC staff and began the coordination of news

releases.

NRC officials debated about whether they should recommend a general evacuation
y

‘of the area around the plant. They also considered taking over operation of the
crippled plant, but finally concluded that they did not have enough qualified
operations staff to run the plant. Thus as Black Friday closed, the nation believed

’that a catastrophe was emminent.

Saturday arrived with continued tension and confusion. Low levels of radiation
 continued to leak from the plant. Governor Thornburgh told the people living near
the plant that it was no longer necessary to stay indoors, but still advised

Pregnant women and preschool children to avoid coming within five miles of the

plant, l;lans were being prepared for the evacuation of everyone within 20 miles

143



of the plant.

- ) 8 i e

The core was stable, but some hot spots remained in the fuel The utility

reported that the bubble was decreasing, but NRC reported that 1t vas *gr

increasing the possibility of an explosion. NRC advised the govemor to evacuate

the people up to 10 to 20 miles around the plant, but the govemt depm ‘ Sq‘wh
an evacuation was unwarranted. However, many who had ramained up to this time

decided to leave, and it is estimated that over the weekend 80,000 of the;

people living within 20 miles of the plant left their homes.

At 8:27 p.m., the Associated Press quoted an unnamed NRC source as suyi.ngij{,‘
that the bubble was so volatile it might explode at any minute. Hamld Dentm -

reported at 10:00 p.m. that this was false, and that the bubble had started @Bde-

crease. At about the same time, the governor was advised that President

would visit the plant the next day.

Sunday, April 1, was a better day at the plant. The core pressure and i
perature remained stable and the bubble was slowly shrinking. Gases were be
removed from the primary coolant water and vented to the containment.

recombiners were converting the hydrogen and some of the containment oxygen 1ato

water.

President Carter, with his wife and some of his staff, arrived at the plant
around 2 p.m. After a tour of the control room, he assured the citizens that W

thing possible was being done to assure the safety of the people in the area.

Monday, April 2," arrived with the core still stable. NRC, after first re—-

porting that the bubble was slightly reduced, reported a dramatic decrease in thﬂ

size of the bubble.

-

They were not sure where it had gone, and could not pramﬁé‘sg

that it would qot form again. It was announced that the possibility of an

evacuation was now remote.
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. ifareld Denton told the press that the possibility of the hydrogen bubble

waploding was never great. He also began recruiting some 200 nuclear experts

od the world to assist in the subsequent evaluation of the system.

]

_ By Tuesday, April 3, some schools in the area opened. Governor Thornburgh
»
declared an end to the threat of an immediate catastrophe.

;omh Califano, then head of the federal Department of Health, Education,
mj Velfare, stated that the maximum dose anyone might have received was about 80

wrem, or about the same as a couple of chest x-rays.

Some radiation was reported to be escaping from the plant, primarily from

opeming systems to take water samples.

In subsequent days, the pressure and temperature of the system remained stable

and the fuel temperature slowly decreased. The pressurizer was occasionally

‘lﬂtd to the containment to avoid possible return of the bubble. The hydrogen re-

ms continued to lower the hydrogen content of the containment building. By

April g, the dissolved gases in the primary coolant were essentially eliminated,
and Governor Thornburgh lifted his advisory that pregnant women and preschool

children stay out of the area.

""" Finally, on April 27, nearly a month after the accident, cold shutdown was
achieved. The primary pumps were shut off and the reactor was kept cool by the
natural gircnhtion of water between the core and the-A steam generator. The mas-

sive clean-up job remained to be done. .

There were several assessments of the radiation exposure to the population
sround the plant. The normal background radiation in the area is about 125 mrem
per ym. The maximum dose that anyone in the public could have received occurred

R »
st the bridge on the north side of the plant boundary as it connects to the main-
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land. It was computed that if someone had stayed at that point 24 hours a day
during the incident, that person would have received a total dose of about 85

mrem. The maximum actually received by any individual was less than this valye,

The department of Health, Education and Welfare calculated that the tota]
dose to the two million person within 50 miles of the plant was about 3,500
person-rems. The National Academy of Science estimates that this exposure could
cause an additional one to five cancer deaths in the population of 166,000 people
living within 10 miles of the plant within 20 years following exposure. The same
population would normally be expected to have 45,000 cancer cases over the next 20

years.

Very little radioactive iodine was found in milk, well below the allowable

limits and comsiderably less than that caused in the area by Chinese bomb tests

over the last 10 years.

The accident pointed out some serious design deficiencies in the plant, in-
cluding its monitoring systems. This led to the subsequent shutdown of similar
plants until the deficiencies were corrected. It also showed the need to upgrade
the training of reactor operators and the licensing procedures for nuclear plaats.
Much of the safety systems that the training and licensing stress pertain to a
sudden large break in the primary coolant line. They were not prepared for events

which occurred over a period of time and involved relatively small leaks.

The incident showed that the utility had inadequate numbers of personnel on

hand to handle such a problem. It also showed a need for better radiation moni-

toring systems near the plant.

The complete effect of the accident on the future of nuclear power is not

known, but it has certainly increased the apprehension of many people about this

146



wnergy wource. Supporters of nuclear power say that the lessons learned from the
sident vill make ouclesr power safer.

-

’ ,; I ‘A..E“ omic study of the accident, commissioned by the NRC, estimated
k:&“ }.“.‘im left their homes, at a cost of $18.2 million in evacuation
Y and lost wages. The independent study also found that nearly one in
'm five persons living near the plant has considered moving elsewhere because
'“ their continuing fear of accidents and radiocactive emissions. Twenty-two per-

cent of the n-pondenta said some member of their family suffered extreme

a

| ml met duﬁns the two-week emergency period.

5 M have been many investigations into the causes and effects of the acci-
dent at Three Mile Island. One major study was done by a l2-member panel appointed
by-President Carter. This group was called the President's Commission on the
Mcident at Three Mile Island, and was also known as the Kemeny Commission after

its cheirman, John G. Kemeny, president of Dartmouth College. After a six-month

mtiou. the commission concluded that the utility company's operators were

; : tly trained to cope with the accident. They also concluded that the
llclarf-laguhtoty co-lu;ion is unable to provide an acceptable level of safety

in nuclear power plants. In light of their conclusions, the panel recommended

fosdamental changes in both the nuclear industry and NRC.

The commission called for abolishing the Nuclear Regulatory Commission and
muclng it with an independent agency within the executive branch, headed by an
administrator appointed by the Presideant and monitored by a Copgressional committee.
Other major thions called for establishing agency~-accredited training
schools for reactor operators, establishing a program to set and monitor safety
~standards, initiating studies on health and safety matters relating to nuclear

power, muaug instruments to provide more reliable data, licensing new reactors
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only in states with emergency response plants, periodic review aﬁ licenses, apg

locating plants away from densely populated areas.

There was no recommendation to ban comstruction of future,nucleag‘pg‘"

although such a moratorium was considered. The commission concluded that long-
term health costs of the accidemt at Three Mile Island are likely-to be ‘tiegligible,

but the short-term mental stress was severe.

TMI~-1I--One Year Later

The progress in cleaning up TMI-II has been very slow, and has beemgp

tuated by a series of minor comtrolled and uncontrolled releases of radicactivi

Some progress has been made in the clean-up of the auxiliary amd fuel handidne

‘buildings, but no clean-up of theﬂprimary containment has been acéomﬁﬁﬂ ¢

In October of 1979, the Nuclear Regulatory Commission finally’apptuvgﬁ the

use of the Epicor-II system to process 400,000 gallons of intermediate level

radiocactive water stored in tanks in the auxiliary and fuel handling buils
By April 13, 1980, 182,000 galloms had been processed. Samples of this
water indicate that it is clean enough to discharge into the Susquehannawﬁi

without violating federal standards, but NRC currently is requiring Mhtrqﬂ@ﬁi_‘;

#

Edison to store the processed water on site.

Yet to be processed are some 600,000 gallons of highly radiocactive water that
covers the basement of the containment building to a deptl{ of seven feet. A systal
more sophisticated than the Epicor-II will be needed to process this water. !@i

before it can be pracessed, a method must be chosen to remove the kryptoa-85 ‘

from inside the primary containment.

There is approximately 57,000 curies of krypton-85 inside the containment

building at a concentration of about one microcurie per cubic centimeter of aft.

148



This is about one million times higher than the maximum permissible concentration
of this gas for continual exposure of occupational workers in restricted areas.

Thus access to the building, even with protective clothing, is severely limited.

The damaged reactor core is being maintained in a shutdown configuration
through the use of large amounts of boron in the cooling water to absorb neutrons.
The building’'s air cooling system is still operating and is maintaining a slight
negative pressure with respect to the outside atmosphere. Thus any leaking that
is taking place is outside air leaking into the containment, and no significant
building atmosphere is leaking into the environment. It is unknown how long this

cooling system will continue to operate without maintenance.

On November 13, 1979, Metropolitan Edison submitted to NRC a request for

asthorization to remove the krypton-85 by controlled purging. In this request,

they compared purging with four other methods, namely charcoal absorptiomn, gas
compression, cryogenic processing, and selective absorption. The utility stated

that these alternative methods would require a delay of between 20 months and 4 years
in further clean-up of the primary containment, would cost between 3 and 160 million
dollars more, and would require the continual on-site storage of the krypton-85

for up to 100 years. These approaches would significantly lower the dose to the
surrounding population from the maximum beta skin dose of 16 mrem and gamma whole

body dose of 0.2 mrem which are estimated for the purging approach.

In March 1980, the NRC staff released its report NUREG-0662 for public com-
3ent. This report essentially agreed with the proposal of Metropolitan Edison and
recommended to the NRC commissioners that purging of the reactor building atmos-
phere to the environment be selected as the decontamination option for the disposal
of krypton-85. This report, and the public hearings held after its release, have
led to widespread public opposition to the purging option and further increased

public mistrust of NRC and the utility.
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GLOSSARY OF TERMS

The following terms are included to aid you in your understanding of
the material included in the text and of the terms you will encounter
as you investigate the effects of power gemeration. Many of the nuclear
terms are excerpted from the U.S. Energy Research and Development
Administration publication, The Envirommental Impact of Electric

Power Generatiom:

apsoroea qose

absorber

absorption

activation

acute radiation
sickness syndrome

air sampling

zlpha particle

atom

atomic bomb

Atomic Energy Commission

1{oMmic mass

Jtomic mass unit

atonuc number

atomic reactor

atomic weight

Nuclear and Fossil. ERDA-69, 1975.

when ionizing radiatidn passes through matter. some of its energy is imparted
to the matter. The amount absorbed per unit mass of irradiated material is called
the absorbed dose, and is measured in rems and rads.

Any material that absorbs or diminishes the intensity of ionizing radiation,
Neutron absorbers. like boron, hafnium and cadmium are used in control rods
for reactors. Concrete and steel absorb gamma rays and neutrons in reactor shields.
A thin sheet of paper or metal will absorb or attenuate alpha particles and all
except the most energetic beta particles.

The process by which the number of particles or photons entering a body of
matter is reduced by interaction of the particles or radiation with the matter:
similarly, the reduction of the energy or particles or photons while traversing a
body of matter.

The process of making a material radioactive by bombardment with neutrons,
protons, or other nuclear particles or photons.

An acute organic disorder that foilows exposure to reiatively severe doses of
ionizing radiation. It is characterized by nausea, vomiting, diarrhea, blood cell
changes, and in later stages of hemorrhage and loss of hair.

The collection and analysis of samples of air to measurc its radivactivity or to

detect the presence of radioactive substances, particulate matter or chemical
poilutants.

(SymbolQ} ) A positively charged particle emitted by certain radioactive materials.
it is made up of two neutrons and two protons bound :ogether. Hence, it is identical
with the nucleus of a helium atom. [t is the least penetrating of the three common
types of decay radiation.

A particle of matier whose nucleus is indivisible by chemical means. [t is the
fundamental building block of the chemical elements.

A bomb whose energy comes from the fission of heavy elements such a
uranium-235 and plutonium-239.

{Abbreviation AEC) The federal agency which previously had statuatory
responsibilities for atomic energy matters. Functions taken over in 1974 by Energy
Research and Development Administration and Nuclear Regulatory Commission.

{sce atomic weight, mass)

(Abbreviation amu) One-twelfth the mass of a neutral atom of the most abundant
isotope of carbon. carbon-12.

(Symbol Z) The number of protons in the nucieus of an atom, and aiso its positive
charge. Each chemical‘has its characteristic atomic number, and the numbers of
the known clements form a complete serics from | (hydrogen) to 10S.

A nuclear reactor.

The mass of an atom relative to other atoms. The present-day basis of the scale
of atomic weights is carbon; the most common isotope of this clement has
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.

arbit been amigned an atomic weight of 12, The unit of the scale is

:@% & t (:f the wbm-lzfawm, &r roughly the mass of une proto:\
: . atonuc weight of any clement is approximately e to

the total number of protons neutrons in its nncleu:m Yy equ

A photographic record of radiation from radioactive material in an object, made
by placing the object very close to a ographic film or emuision. process

is called autoradiography. [t is used. for instance, to locate radioacti
tracers in metallic or biological samples. e atoms or

The radiation in mm‘s_mm_nl environment, including cosmic rays and radiation
from the natunally radioactive elements, both outside, and inside the bodies of
hm_nmandm_mﬂa.l!isdsocaﬁedmmﬂ radiation. The term may aiso mean
radiation that is unreiated to a specific experiment.

When radiation of any kind strikes matter (gaseous. solid or liquid), some of it
may be reflected or scatter back in the general direction of the source. An
understanding or exact messurement of the amount of backscatter is important
when beta particles are being counted in an ionization chamber. in medical
treatment with radiation, or in the use of industrial radicisotopic thickness gauges.

remote control equipment.

or

An clementary particle emitted from a nucleus during radioactive
single electrical chargs and a mass equal to 1/1837 that of a proton.
A negatively charged beta particle is identical to an electron. A pousitively charged
beta particle is called 2 itron. Beta radiation may cause skin burns, and
beta-emitters are harmful if they enter the body. Beta particles are easily stopped

Symbol for & billion (109) electron volts. (See electron voit.)

The binding energy of a nucleus is the minimum energy required to dissociate
it into its component neutrons and protons.

The radiation dose absorbed in biological material. Measured in rems.
The time required for 2 biological system, such as a human or animal. to eliminate

by natural processes half the amount of a substance (such as a radioactive material)
that has entered it.

A mass of absorbing material placed around a reactor or radioactive source o
reduce the radistion to a level safe for humans.

The amount of radioactive material present in the body of a human or an animal.

A reactor in which water, used as both coolant and moderator, is allowed to
boil in the core. The resulting stesm can be used directly to drive a turbine.

A radioisotope that tends to accumulate in the bones when it is introduced into
the body. An example is strontium-90, which behaves chemically like calcium.

A reactor that produces more fissionable fuel than it consumes. The new fissionable
material is created by capture in fertile materials of neutrons from (ission. The
process by which this occurs is known as breeding.

British Thermsl Unit. The amount of heat required to change the temperature
of one pound of water one doegree Fahrenheit.

Any radioactive material (except source material for fissionable material) obtained

during the production or use of source material or fissionable material. It includes
fision products and many other radioisotopes produced in nuclear reactors.
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caloric (large caloric)

carbon oxides

cask

cathode rays

chain reaction

charged particle
chromosome
cladding
closed-cycle

reactor system

community

containment

containment vessel

control rod

coolant

cooling tower

core

counter

The amound of heat required to change the emperature of one Kdogram of wyger
one degree Centigrade.

Compounds of carbon and oxygen produced when the carbon of fossil fusls
combines with oxygen during bumning. The two most common suc’s oxides are
carbon monoxide, a very poisonous gas, and carbon dioxide.

A heavily shielded container used to store and/or ship radioactive materiajs,

A stream of electrons emitted by the cathode. or negative electrode, of 5
gas-discharge tube or by a hot filament in a vacuum tube, such as a television
tube.

A reaction that stimulates its own repatition. In a fission chain reaction, 3
fissionable nucleus absorbs a neutron and fissions, releasing additional neutrons,
These in turn can be absorbed by other fissionable nuclci, releasing stll more
neutrons. A fission chain reaction is self-sustaining when the number of neutrons
released in a given time equals or exceeds the number of neutrons lost by
absorption in nonfissioning material or by escape from the system.

An ion; an elementary particle that carries a positive or negative electric charge.
The determiner of heredity within a cell.

The outer jacket of nuclear fuel elements. [t prevents corrosion of the fuel by
the coolant and the release of fission products into the coolant. Aluminum or
its alloys, stainless steel and zirconium alloys are common gladding materials.

A reactor design in which the primary heat of fission is transferg’ed outside the
reactor core to do useful work by means of a coolant circulating in a completely
closed system that includes a heat exchanger.

All the plant and animal species that live and
interact in a particular environment.

The provision of a gas-tight shell or other
enclosure around a reactor to confine fission
products that otherwise might be reieased

to the atmosphere in the event of an accident.

A gas-tight shell or other enclosure around a
reactor.

A rod, plate or tube containing a material such
as hafnium, boron, etc. used to coantrol the
power of a nuclear reactor. By absorbing
neutrons, a control rod prevents the neutrons
from causing further fissionm.

A substance circulated through a nuclear reactor
to remove or transfer heat. Common coolants are
water, heavy air, air, carbon dioxide, liquid
sodium and sodium-potassium alloy.

A tower designed to aid in the cooling of water
that was used to condense the steam after it
left the turbines of a power plant.

The central portion of a nuclear reactor containing

the fuel elements and usually the moderator, but
not the reflector.

A general designation applied to radiation de-
tection instruments or survey meters that detect
and measure radiatiom.
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cti‘tic‘l aass

cnticality

une

decay chan
decay heat
Jecay, radacuve

Jecontamana ion

Jetector

dose equvalent

dose rate

The smallest mass of fissionable material that will
support a self-sustaining chain reaction under
stated conditions.

The state of 3 nuclear reactor when it s just sustaining a chain reaction,

(Abbreviation Ci) The hasic unit to describe the mtensity of racioactivity in a
sample of matenal. The curie is equal to 37 tulion disintecrations per second.
winch is approximately the rate of decay of | gram of radium. A cure is also
3 quantity of any nuclide having | curie of radioactivity. Named by Marie and
Pierre Cune, who discovered radium in 1898.

A nuclide formed by the radioactive decav of another nuclide. which in this
context is called the parent. (See radicactive seres.)

A radioactive series.
The heat produced by the decay of radioactive nuclides.

The spontaneous transformation of one nuclide into a different nuclide ur into
1 different energy state of the same nuclide. The process results in a decrease.
with time, of the number of the onginal radioactive atoms in a sample. It involves
the emussion from the nucicus of alpha particles, beta partcles (or electrons),

of gamma rays; ot the nuclear capture or ejection of orbital electrons: or fission.
Also called radioactive disintegration.

The removal of radicactive contamunents from surfaces or equipment, as by
cleamng or washing with chemicals.

Material or device that is sensitive (o radiation and can produce a response signal
suitable for measurement or analysis. A radiation detection instrument.

(Symbol *H or D) An isotope of hydro‘gen whose nucieus contains one neutron
and one proton and is therefore about twice as heavy 1s the nucleus of normal
hydrogen, wiuch s only 1 singie proton. Deutenium is often referred to as heavy
hydrogen . it occurs in nature as | atom to 6500 atoms of normal! hydrogen. It
8 nonradioactive. (See heavy water.)

The nucleus of deuterium. [t contains one proton and one neutron.

(See absorbed dose. biological dose, maximum permissible dose. threshold dose.)
A term used to express the amount ot etfective radiation when modifving factors
have been considered. The product of absorbed dose muitiplied bv a quality factor
multiptied by 1 distnbution factor. It is expressed numencally in rems.

The radiation dose delivered per unit ume. Measured. for instance. in rems per
hour,

A dewice that measures radiauon dose. such as a film badge or :omzation chamber.
Radiation dose which would eventuallv cause 1 doubling of gene mutations.

The science dealing with the relationship of all living things with each other and
with their envircnment. .

A complex of the community of living things and the environment forming a
functioning whole in nature.

That percentage of the total energy content of a power plant’s tuel which s
converted into electnicity. The remawning encrgy 1s lost 10 the envitonment as
heat.

(Symbol 2) An elementary particie with 3 unit negative charge and a mass /1837
that of the proton. Electrons surround the positivety charged nucleus and
determine the chemical properties of the atom. Positve :lectrons. or positrons,
aso exist for brel periods of tume 33 the result of positron decay.
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electron volt

element

energy

Energy Research and
Development Administration

enrichment

environment

exclusion area

excursion

fast breeder reactor

fast neutron

fast reactor

fertile material

(Abbreviation ev or eV) The amount of kinetic
energy gained by an electron when it is accelerated
through an electric potegiial of 1 volt. It is
equivalent to 1.603 x 10 erg. It is a unit of
energy, or work, not of voltage.

One of the 105 known chemical substances that cannot
be divided into simpler substances by chemical
means. A suostance whose atoms all have the same
atomic number. Examples are hydrogen, lead, and
uranium. Not to be confused with fuel element.

The ability to do work.

(Abbreviation ERDA) The independent executive

agency of the federal government with responsi-
bility for management of research and develop-
ment in all energy matters. Its functions were
taken over by the Department of Energy in 1977.

(See isotopic enrichment)

The total surroundings of an organism which act
upon it.

An area immediately surrounding a nuclear reactor
where human habitation is prohibited to assure
safety in the event of an accident.

A sudden, very rapid rise in the power level of a
reactor caused by supercriticality. Excursions are
usually quickly suppressed by the negative temperature
coefficient of the reactor and/or by automatic com-
trol rods.

A reactor that operates with fast neutrons and
produces more fissionable material than it consumes.

A neutron with kinetic energy greater tham approxi-
mately 1,000,000 electron volts.

A reactor in which the fission chain reaction is
sustained primarily by fast neutrons rather than
by slow-moving neutrons. Fast reactors contain
little or no moderator to slow down the neutroms
from the speeds at which they are ejected from
fissioning nuclei.

A material, not itself fissionable by thermal
neutrons, which can be converted into a fissionable
material by irradiatiom in a reactor. There are

two basic fertile materials, uranium-238 and
thorium-232. When these fertile materials capture
neutrons, they are partially converted into fissionable
plutonium~239 and uranium-233, respectively.
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ciectron volt {Abbreviation ¢v or ¢V) The amount of kinetic energy gained by an clectron when

it is acgelorated through an clectnc potentiad of 1 volt. 1t s equivalent (v 1,603
< 10+1< erg. 1t s 2 unit of energy. ur work, not of voltage.

siement Onc of the 10S known chenncal wibstances that cannot he divided into simpler
substances by chicnucal incans. A\ substance whuse atoms il have the same atumic
number. Examples are hydrogen . lead, and uramum. Not to be confused with

fuel element.
energy . The abiity to do work.
Research  and (Abbrevation ERDA) The independent executive agency of the federal government

Development Admunsiraton with responsibility for management of research and deveiopment in all enecgy
matters. Its functions were taken over by the Dept. of Energy

in 1977.
eanchment {See isotopic ennichment)
smaronment The total surroundings of an orgamism which act upon it.
exclunon area An are3 unmediately surrounding a nuclear reactor where human habitation is

prohibited o assure safety in the event of an accident.

£XCURONn sudden. very rapid rise in the power level of a reactor caused by supercriticality.

KCursh are usually quickly suppressed by the negative temperature coefficient
of the resctor and/or by automatic control rods.

fast breeder reactor A reactor that operates with {ast neutrons and produces more fissionable material
than it consumes.

fast neutron A neutron with kinetic energy greater than approximately 1.000.000 electron volts.

fat  reactor A reactor in which the fission chain reaction 1s sustained primarily by fast neutrons

rather than by slow-moving ncutrons. Fast reactors coatain littie or no noderator

to slow down the neutrons !rom the speeds at which they are cjected from
fissiorung nucles.

ierde  maternai A materal, not itsclf fissionable by thermal neutrons. which can be converted
into 3 fissionable materal by eradiation n 1 reactor. There are two basic fertile
mateniais. uranium-238 and thonum-232. When these fertule matenals capture
neutrons. they are partally converted into fissionable plutonium-239 and
uranum-233. respectively.

Him  badge A light-tight package of photographic film worn like 2 badge by workers in nuclear
industrv or research. used to measure exposure to ionizing radiation. The absorbed
dose can be calcuiated by the degree of film darkening caused by the wradiation.

fose matenal While sometunes used as a synonym for fissionabie material. this tenn has aso
acquired 2 more restncted meaning: namely. any material fissionable by neutrons
of ail energies. including thermal (slow) neutrons as well as last neutrons. The
three pamarily fissiie matenals are uramum-233, uramum-23$ and plutonium-239.

{smon The splitting of a heavy nucfeus :nto {wo approxnnately equal parts (whuch are
nucler of lighter elements), accompained by the reicase of 1 relatively large amount
of energy and genenally one of morc neutrons. Fission can uccur spontaneously.
tmit usually 8 coused hy muclear  absorption of @otuna cays, neutrons or other

particics.

fisaon fragments The two or more nucler wiich are furmed hy the fission of 3 nucleus. Also reterred
to a8 primary fission products. They are of medium atomic weight, and ure
radwactive.

fimson products The nucles (fission fragments) formed by e fission of heavy 2lements. plus the

nuclides (ormed by the fission fragments’ -adioactive decav
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fissionable material

flux (neutron)

food chain

fuel (nuclear)

fuel cycle

fuel element

fuel reprocessing

fusion

gamma rays

gas cooled reactor

gaseous diffusion
(plant)

Geiger-Muller
counter

genctic effects of
radiation

genetically significant

dose

Commonly used as a synonym for fissile material. The meaning of this term ji
also been extended to include material that can be fissioned by fast neutrops
only, such as uranium-238. Used in rcactor operations to mean fuel.

A measure of the intensity of neutron radiation. It is the number of neutrong
passing through one square centimeter of a given target in one second. Expressed
as n x v. where n = the number of neutrons per cubic centimet and v = the;
velocity in centimeters per second.

. s

The pathways ty which any material (such as radioactive material from failour)
passes from the first absorbing organism through plants and animals to humans.

Fissionable material used or usable to producc energy in a reactor. Also appiied
to a mixture, such as natural uranium, in which oniv part of the atoms are readily
fissionable, if the mixture can be made to sustain a chain reaction.

The series of steps involved in supplying fuel for nuclear power reactors. It includes
mining, refining, the original fabrication of fuel clements, their use in a reactor,
chemical processing to recover the fissionable material remaining in the spent
fuel, reenrichment of the fuel material, and refabrication into new fuel elements.

A rod, tube, plate or other mechanical shape or form into which nuclear fuel
is fabricated for use in 3 reactor. (Not to be confused with element.)

The processing of reactor fuel to recover the unused fissionable material.

The formation of a heavier nucleus {rom two lighter ones (such as hydrogen

_isotopes), with the attendant reiease of energy.

(Symbol X ) High energy, short wave length electromagnetic radiation originating
in the nucleus. Gamma radiation frequcntly accompanies alpha and beta emissions
and always accompanies fission. Gamma rays are very penetrating and are best
stopped or shielded against by dense materials. such as lead or depleted uranium.
Gamma rays are essentially similar to x-rays. but are usually more energetic.

A nuclear reactor in which a gas is the coolant.

A method of isotopic separation based on the fact that gas atoms or molecules
with different masses will diffuse through a porous barrier (or membrane ) at
different rates. The method is used by the AEC to separate uranium-235 from

uranium-238; it requires large gaseous diffusion plants and enormous amounts of
electric power.

A radiation detection and measuring instrurnent. [t consists of 3 gasilled
Geiger-Muller tube containing electrodes, between which there is an electrical
voltage but no current flowing. When ionizing radiation passes through the tube,
a short, intense pulse of current passes from the negative clcctrode to the positive
electrode and is measured or counted. The number of pulses per second measures
the intensity of radiation. It was named for Hans Geiger and W. Muller who

invented it in the 1920s. It is sometimes called simply a Geiger counter, or 2
G-M counter.

Radiation effects that can be transferred from parent to offspring. Any
radiationcaused changes in the genetic material of sex cells.

A population-averaged dose which estimates the potential genetic effects of
radiation on future generations. It takes into consideration the number of people
in various age groups. the average dose to the reproductive organs to which peopie
in these groups are exposed. and their expected number of future children.
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F

pure form of carbon used as 3 moderator in nuclear reactors.

‘!h tme in M haif the atoms of apmicuhr radioactive substance disintegrate
to snother nuciear form. Messured half lives vary from millionths of a $nd
to billions of years. Also called physical half life. (See decay, radioactive)
half

life.)

ho time required for s radiomuctide contained in a biological system. such as
3 human or an animal. to reduce its activlléoby half as 3 combined result of
decay and biological

W  elimination. (Compare biological haif life and haif
ﬂnthiﬁka.ofan absorber that will reduce the intensity of a be
of radiation 0 its -initial value. " ¥ 0oF.4 Seam

The science concemed with recognition, evaluation and control of health hazards
from ionizing radiation.

m dovice that twransfers heat from one fluid (liquid or gas) to another or to
the environment.

Anything that absorbs  heat; usually part of the environment, such as the air,
:mqmm

(Symbol D70) Water containing lﬁm tly more than the natural proportions
(one in 65%? of heavy hydrogen (deuterum) atoms to ordinary hydrogen atoms.
Heavy water is used a3 3 moderator in some reactors because it slows down
neutrons effectively and also has a low cross section for absorption of neutrons.

A reactor that uses heavy water s its moderator. Heavy water is an excellent
moderator and thus permits the use of inexpensive (unenriched) uranium as a

Radioactivi that is created when substances are bombarded with ncutrons as
from a nucl‘z;r explosion or in a reactor, or with charged particles and photons
produced by accelerators.

enecgy or the number of photons ot icles of any radiation incident upon
;‘n:m mso;r ﬂo:rin. t!uouphw & unit g;r;‘olid material per unit of time. In
connection with radioactivity, the number of atoms disintegrating per unit of time.

r molecule that has lost or gained one or more electrons. By this
:nni:am :m slectrically chltled‘mﬁxxmplu: an alpha particle, which is
s helium atom minus two electrons: a proton, which is hydrogen atom minus
its elsctron.

one Or more electrons (o, or removing one or more elecupns
mmm“«mmmm. thereby creating ions. High temperatures. elsctrical
discharges, or nuclesr radiations can cause ionization.

detects and measures ionizing radiation by measuring the
:&m cumm‘ ‘dm“ flows when radiation ionizes gas in 3 chamber, making the
gs a3 conductor Jot' the electricity.

) . \ . by
An occurrencs in which an ion or group of ions i1s produced: for example
passage of a charged particle through matter.
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ionizing radiation Any radiation capable of displacing clectrons from atoms or moleendes, therehy
producing ions. Lxamples: alpha, bet. gamma radiation, short-wave ultravipje
light. fonizing radiation may produce severe skin or tissue damage.

irradiation Exposure to radiation, us in a nuclear reactor.

isota . . i asbom PG 80:iWaodEcmoce raroingywithy the Aame atomic numbeﬂm llaze..
Phrotasor acaloun ni 10TEZBOM element) but with different atomic weights. An equivalent state ﬂ‘mﬁ

nuclei of i_slotopes have the same number of protons, but different m sy of
ye1mssnicib sonsizduz svilasoibsr 18luoin AFWERNSm s Hathon|2:canboeant 8 sid carbon-14 are isotopes of i m&u
; 3:3332"2 lio zrsnoillim -mot} ey 2svil wrban: shssmumbers denoting:liconpproximate atomic weights. Isotopes

(svitasoiber ,yeash 292) .okl lsd idg%’gz&,{:gs‘blmrlwﬁlezal!c'ﬁhwdpmtiﬁ. but somewhat different
1€8.

(.91 Yad lcoigolord 998) SN
isotope separation The process of separating isotopes from one another, or changingWiCHiative
abundances, as by gaseous diffusion or electromagnetic separy Tyotope

3viia81ls e

ar fuug .msieve jeoigoloid § N banizin-SEPASALIGRL @ Step” imother dotogpic mifichment process.
o diuens bemomon £ 2 Ysd wd viivieoue 2 soubw o dnrung ar ve aomufd @ )
15 AS0IRY (ZW?BE‘)%-\M 215qmod) noAc PIRERSS ! ondch nthe xelatisd rabunrdances of the isotopes of a given element
- are altered. thus producing a form:afithe element which has been emriclied in
one particular isotope and depleted in its other isotopic forms.

Yo yirznsini sris soubsy Irw 3sc etiiorcs pawve s o ersmiudr edT asmioidk
"idhate o™ " % Qng, kilowatt; of glestricity expanided for one hour. R
25380 diised o lomnos bas aoieuisvs & ARG thak, multiplies -a -besie unis By 1000. - evizyiiy

OOLIEIDEY prsinoe: e R
lethal dose A dose 3;: ionizing radiation sufficient to cause death. Median lethal dose (MLD:
03 16 1oritone o (25 10 bivpil) bwh @Y WEWI0kJs the:dese raguired 4o kill/within a specific period 3 stime>(usodly -
: ? P 30 days) half of the individualsiima dange group of organisms similarly exmm
The LD-50/30 for man is about 400,000 to 450,000 nwem: ‘
cun, el 2o ajuz tnsmneyvns sy Yo mes yilewew zed  adapede dotl gnobead . Ane 1@
low population zone An area of lows.pgpulation -density . sometimes required around a rnuciear

installation. The number and density of residents is of concern in providing, wits .
2n01110G01q iwisn s mert srorn viy- FRIRNRLIE Arebabilitn. vhat: effective.arotection measures can be takewe il Aomidin
2mols negorbve visnibio o amolc (mu:%@!‘ﬂ%dﬁmﬂ o {KY e o oeng) B
rwob Swol 11 seupted 21015c%y smoe A iciswsbom £ 2t DS 20 wmiyw wvasH
.zaonuen 1o noliqrozse 107 aoitos: eeo1o wol & e ozle bne visvirasits emotntuen '
1nsiooxs no 2 etow vvosH yuipisbom asioer awiew vvosrl gezn dordr wniugcr A bsisrsbom 1sisw vgsl
£ aummssinssy (bemonnonu) sviensgxen: 1Thezquantity vof smattet: inia body.often used as a synonym for weightzwhich,

strictly speaking, is the force exertédion a body by the earth. ‘

) ‘massenerﬁy equation The statement developed by Albert Einstein, German-born American
2 anonipon ffftw bubindmod 010 200n0:5that the masssof a body isavmensigesiof its energy conjemds A% A exl
zsulodg b esioinieg bagisty w10 ,chin 21905 speciali-theesy: of;welativigy: The statement was Sﬂ@ﬁn&, erilied
. experimentaily. :by: :ieasuramge fpass and energy in nuclear reactions, T
o i equation, usually given is E = mcZ, shows that when the energy of a body changes
noguy )nsx_m:m:_nousmm vrg 10 2sfoirieg n;-byvam;minundﬁ‘:_(mgmue!om form the energy takes), the m,.of the
al vout G0 ginu 139 leosism biloz 1o Jibody wallochiange by famamesint sapak to E/c2. The factor e, m the
-SMni 10 uaw 15q gnidgigsiaiaib amots Yo recpendsof lght! imok:- yacuumaanas e regarded as the conversion factor relating
b g o ~ units of mass and energy. The equation predicted the possibility of releasing
awl yd znowssls :10m 10 eno bsnisy renomhaws amountyefiencrgy hyoihe spnversion of mass to cuergy- His.
é nroidw sioong siqle ac cesigmord bogie Eifistein equatinrosd 1 notusino:
wm moir tegasbyd w dsiw Lnotovq ©oznoutasie own ‘aun,:.m o 'm‘a;xk.v’m‘i u X
matter The substance of which 2 physigakohjgct is composed. All materials in the universe
) have the same inncr nature, that is. they are composed of atoms. mug&dm
21012918 9100 10 900 AvOmY: 10 .1 2novdifferent (ando aftigb . complex)., ways: the specific atoms and, the.J cific
wontesls zswicivgme: dpil zno 2””3373rmm0n&2i1hﬁ&€y 1&heaﬂ§ri§di,mteﬁd&

MACHSTAGH UL Y 2001 sIL0 WLUN e reinangd

cist.
i of

. . . K i . . - .
ol (g}:_lxunum credible The most serious reactor accident t‘(m: can reasonably be imagined from -;l‘:‘!
athy gmé%‘fcxdi?géJ : .Iv’lm,ir;unﬂ ‘L‘JJ,,,:&IMM‘L cambiatign; ofsaquipmen malfunction, ope g ] qf:
: MEMD L 2z esninor nous Doreseeable veguses. T - 1agm 45, yeed. to analyze the sajety

reactor; Beactous e 1desigRRd, 9 be. safe even if 3 maximum credible accident
‘(d PHAN I A ¥ ¢ should occur. 2
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SIDOIY 20 2N0I L(},.qh.n, T MO AL AN 30A911L030 A  ynavs nonssingi
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That doss of ionizing radiation cstablished by competent authoritics as an amount

mm :hu“ there i no wm x uli:m h«:“;hk to human hesith, and
' the ame time is t level at whuch 3 defini
,WEMWM(&OMM:MM)? ! "
"The average time during which an atom, an excited nucleus. a radionuch

3 exists in & perticular form. » " : ida ox
(See iethal dose.)

Amumamnmwl.ooom.

Owe million (106) clectron volts. Also written 33 MeV.

A prefix that muitipties 3 besic unit by 1/1000.

A material. such as ordinary water. heavy water. or graphite. used in a reactor
to siow down high velocity neutroms, thus incressing the likelihood of further

A group of atoms heid chemical forces. The atoms in the molecule

mmy be identical, as in H2,52, and Sg, or different. 23 in H20 and CO2. A molecule

B the smallest unit of acompound which can exist by itsell and retain all its
chemical properties. (Compare atom, ion.)

A permanent transmissible change in the characteristics of an offspring from those
of its parents.

Background nadiation.

Uranium =3 found in nature. It contains 0.7 per cent of uranium-235, 99.3 per
cent of ursniom-238 and a trace of uranium-234. [t is also called normal uranium.

(Symbol ) Anuncharged clementary particle with 3 mass slightly greater than
Mofdumaﬁfmmmnudmofmyﬂmhem«tm
hydrogen-1. A free neutron is unstable and decays with a half life of about 13
minutes nto an clectron. proton and neutron. Ncutrons sustain the fission chain
reaction in a nuclear reactor.

The process in which an atomic nucleus absorbs or captures 2 neutron.

The energy liberated by a nuclesr reaction (fission of fusion) or by radiosctive

Any device, muchine or assembiy that converts nuclear energy into some form
of useful power, such as mechanical or electrical power. In a nuclear electric power

plant, heat produced by a resctor is generally used to make steam to drive 2
turbine that in turn drives an electric generator.

A reaction mvolving 3 change in an atomic nucleus, such 2 fission, fusion, neutron
<apture, or radivactive Jeeay, as distinct from a chemical ceaction, which is limited
to changes in the electron structure surrounding the nucleus.

A devise in which a fimion chain reaction can be initiated. maintained and
controlled. Its essentisl component is a core with (issionable (uel. It usuaily has

‘s moderator, 3 reflector. shielding, coolant and control mechanisms. Sometimes

called an atomic furnace. it is the basic machine of nuclear energy.
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Nuclear Regulatory (Abbreviation NRC) The independent federal commission which licenses and
h < i H

o e tesamus o JOR TN
; ' RS XY réoulates nuclear facifitics.
b1 »;Co‘ml%lsswnrn-rl COARIT o poibitl €8 . o o

uiosenwin oil)
RIERCINE i

itk v walord etk

wsupcrh‘ent_in‘g the steam produced in a reactor by using additiona, heat from 4
reactor. Two niethods are commonly employed: recirculating the steam through

the same core in which it is first produced (integral superheating) or passing the

steam through a second and séparate reactor. i

nuclear super-heating

w shibunaibe: o Leseloun Bonoxe

nucleon A constituent of an atom‘ig“nugl\eqs. that is, a proton or a_neutron, nsibam
nucleonics 000.000, 1 The sqxeneerar.‘d technology. of nuglgar_ energy and its applications. - -z:gém""'
nucleus Vs a r_,5}‘,,1,rwl'he small. positively charged core of un atom. It is only about 1/10.000,

diameter of the atom, but contains nearly ail the atom’s raass. All nuclei contiin
nao:y DOth protons and neutrons, except the nucleus of ordinary hydrogen, which
YW consists of a single proton. v

i hy i aip atm . I . ey

”Bob‘f.f; j}‘"qf’% ”’f: r';’“,)fwu A general term applicable to all atomic forms of the elements. The term is often
ORISR ©af M & oroneously used as a synonym for isotope. which properly has a more limited
- definition. Whereas isotopes are the various forms of a single element (hence are
sluslom sy ni emots s zon0) lgoAfamily of nuglides) and all. have the same atomic number and avmber of protons,

“nuclide

alistomn A~ bi OcH (4 2 ‘,mﬂ-.ugqghdes. comprise, all the isotopic forms of all the elements. Nuclides' are
25 lis nisre bos Mear ve dzie p - -distinguished by their atomic number, atomic mass, and energy state.

N B v . . . P . . N
parent ( A radionuclide that upon radioactive decay or disintegration yields a specific
sendr mot) gmigaiio ns To it nuclide (the daughter), either directly or as a later member of a radloactxvevs,:nes.

2in818n 2h 1o
*
)tgui:mS 10 NUULDE ks
VHVIIDEUILEY 18T0IS0
_personnel ‘monitoringy, 14, yor, £.0 Determination by either physical or biological measurement of the amount of
FLSALIY MRATION baliga o o 31 ADC.m iONizing radiation to which an individual has been exposed, such™as"by measuring
the darkening of a film badge or performing a radon breath analysis.

permissible dose (See maximum permissible dose.

e asiewty yivigile ezem 5 oAdvew aloi o v e jodmve) nousn
PhOtOR ot mosc visve 1o aysioun Electromagnetic radiation. .\ 5o o4
0ol s eveash , coen 93l A Ldepsanbivil
«vphysical half life o, znorinuy nor (See half life) oyt wr oin: eosunn
] o PR ne . . L
pig A heavy shielding container (usually lead) used to ship or store radioactive
HOTUHE 6 2muigns 10 edroeas  MAtERAlS. . o goig 228001q 50T SIIQED 0L
pile Old term for nuclear reactor. This name was used because the first reactor was

built by piling up graphite blocks and natural uranium.

1 {5012yt Jo noiel) no i L man ~ .
The Atomic Energy Commission program of research and develooment on peaceful
uses of nuclear explosives. The possible uses include large-scale excavation, such

ol smoe oIni virans welapn >travios 35 for canals and harbors, crushing ore bodies and producing heavy transuranic

18w G siioels 1wsioun & 1) yewoe gon sotopes. The term is based on a Biblical reference, Isaiah 2:4.

i , 22 sdem oy beau (lipyer : v . .

piutonium _w;m__)mn (Symbol Pu) A heavy, radioactive, man-made metallic element with atomic number
" 94. Its most important isotope is fissionable plutonium-239, produced by neutron
enuan ot o 2 faie zealayn - iadiation of uranium-238. 1t is used for reactor fuel and in weapons.

Dot oo ddumiw aontones bimerty o ¢ 1 L. @ . V3 .

potlution 2vsloon oy gmipm  The addition of any “undesirable agent to an ccosvstem.

Plowshare

b POOL reactor foypiygi e 5 noy: A Teactor in which the fuel clements are suspended in a pool of water that, serves
2 linuen 1o Aot oldnnme it diw sios §5 thereflector, m eratog,and coolapt. Popularly called a swimming pool reactor.
Zsmmiemad zmingdaom iorlnos big saptit 1S psuglly ““Eo or rcsé‘q@lh and training.
g, LU0 10 e o ol & . 1005 A -
population density The number of persons per unit area (usually per square mile) who inhabit an
area,

positron A subatomic particle with the mass of an electron but having a positive charge

of the same magnitude as the electron’s negative charge.
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A reactor dosigned to prowduce unelal nuclear power, as distinguished from reactors
used pruvanly for rosearch, for producing rudiation or fissionable nsaterials or
for reagtor component testing.

A strong-walied contdiner housing the core of most types of power reactors: it
usually also conwsins moderator. rellector. thermal shield and control rods.

A power resctor in which heat is transferred from the core to a heat exchanger
by water kept under h?\ pressure to achieve high temperature without boiling
in the primary system. Steam is gencrated in a secondary circuit. Many reactors
producing electric power are pressurized water reactors.

Fission (ragments.

Provisions to reduce exposure of persons to radiation. For example. protective
barriers to reduce external radiation or measures to prevent inhalation of
radiosctive materials.

The factor by which absorbed dose is to be muitiplied to obtain a quantity that
expresses. on 3 common scale of all ionizing radiations, the irradiation incurred
by exposed persons. It is used because some types of radiation such a5 alpha

perticles are more biologically damaging than other types.

(Acronym for radiation absorbed dose) The basic unit of absorbed dose of
radiation. A dose of one rad means the absorption of 100 ergs of radiation energy
per gram of absorbing material.

The emission and propagation of energy through matter or space by means of
clectromagnetic disturbances which display both wavelike and particledike
behavior: in this context the particles are known as photons. Also, the energy
so propagated. The term has been extended to include streams of fast-moving
particles (alpha and beta particles, {ree neutrons. cosmic radiation, etc.). Nuclear
radiation is that emitted from atomic nuclei in various nuclear reactors, including
alpha, beta and gamma radiation and neutrons.

Aily accessible area in which the level of radiation is such that a major portion
of an individusl'’s body could receive in any one hour a dose in excess of 5 millirem.
or in any {ive consecutive days a dose in excess of 150 millirem.

Radiation damage to the skin.

A general term for the harmful effects of radiation on matter.

Devices that detect and record the charactenstics of ionizing radiation.

Continuous or periodic determination of the amount of radiation present in a
given area.

Legislation and regulations to protect the public and laboratory or industrial
workers aganst radistion. Also measures to reduce exposure to radiation.

The officially determined radiation doses which should not be exceeded without
careful consideration of the reasons for doing so. These are equivalent to the
older term maximum permissible dose. .

Reduction of radiation by interposing a shicld of absorbing material between any
radioactive source and a person. laboratory arca or radiation-sensitive device.

Usually 3 man-made sealed source of radioactivity used in teletherapy. radiography.
as 3 power source for batteries. or in various types of industrial gauges. Machines
such as accelerators and radiosotopic generators and natural radionuclides may
also be considered sources.
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radiation standards

radiation sterilization

radiation warning symbol

radioactive

radioactive contamination

radioactive dating

radioactive isotope

radioactive series

radioactive waste

radioactivity

radioecology

radioisotope

radioisotopic generator

radiology

radiomutation

radioresistance

radium

radiosensitivity

Exposurc standards, permissible concentrations. rules for safe handling, regulatigp
for transportation. regulations for industrial control of radiation and congy] of
radiation by legistative means. (See radiation protection, radiation protection
guide.)

Use of radiation to cause 3 plant or animal to become sterile, that is, incapable
of reproduction. Also the use of radiation to kill all forms of life (especially
bacteria) in food, surgical sutures, etc.

An officially prescribed symbol (a magenta trefoil on a yellow backgroundy ypig;
should be displayed when a radiation hazard exists.

Exhibiting radioactivity or pertaining to radioactivity.

Deposition of radioactive material in any place where it may harm persons. spoil
experiments or make products or cquipment unsuitable or unsafe for some specifi
use. The presence of unwanted radioactive material found on the walls of vessels
in used-fuel processing plants, or radioactive material that has leaked into a reactor
coolant. Often referred to only as contamination.

A technique for measuring the age of an object or sample of material by
determining the ratios of various radioisotopes or products of radioactive decay
it contains. For example, the ratio of carbon-14 to carbon-12 reveals the
approximate age of bones. pieces of wood, or other archaeological specimen that
contain carbon extracted from the air at the time of their origin.

A radioisotope.

A succession of nuclides. each of which transforms by radioactive disintegration
into the next until a stable nuclide results. The first member is called the parent,
the intermediate members are called daughters, and the final stable member is
called the end product.

(See waste. radioactive.)

The spontaneous decay or disintegration of an unstable atomic nucleus, usually
accompanied by the emission of ionizing radiation. (Often shortened to activity.)

The body of knowledge and the study of the effects of radiation on species of
plants and animals in natural communities.

A radioactive isotope. An unstable isotope of an element that decays of
disintegrates spontancously, emitting radiation. More than 1300 natural and
artificial radioisotopes have been identified.

A small power generator that converts the heat released during radioactive deciy
directly into electricity. These generators generally produce only a few walts of
electricity and use thermoelectric or thermionic converters. Some also function

as electrostatic converters to produce a small voltage. Sometimes called an atomic
battery.

The science which deals with the use of all forms of ionizing radiation in the
diagnosis and treatment of disease.

A permancnt  transmissible change in form. quality or other characteristic of 1
cell or offspring from the characteristics of its parent, duc to radiation exposute.
{Sec genetic cffects of radiation, mutation.)

A relative resistance to cells, tissues. organs, or organisms to the injurious action
of radiation. (Compare radioresistance.)

(Symbol Ra) A radioactive metallic clement with atomic number 88. As found
in nature. the most common isotope has an atomic weight of 226. [t occurs in

munute quantities associated with uranium in pitchblende, carnotite and other
minerais.

A relative susceptibility of cells, tissues. organs- or organisms to the injurious
acuon of radiation. (Compare radioresistance.)

162



o

{(Symbol Ra) A radicactive element, one of the heaviest gases known. [ts stomic
number ia 86, and ita atomic weight is 222. It is a daughter of radium in the
uranium radioective scries.

{See nuciesr reactor.)

The reuse of {issionablc material, alter it has been recovered by chemical processing

{rom spent or depleted resctor fuel, reenriched and then refabricated into new
fuel elamonts.

A layer of material immediately surrounding a reactor core which scatters back
or reflects into the core many neutrons that would otherwise escape. The returned
neutrons can then cause more fissions and improve the neutron economy of the
reactor. Common reflector materials are graphite, beryllium and natural uranium.

A reactor control rod used for making frequent fine adjustment in reactivity.

A factor used to compare the bmlgml effectiveness of different types of ionizin
radiation. [t is the inverse ratio of the amount of absorbed radiation, require

to produce a given effect, to a standard or reference radiation required to produce
the same effect.

(Acronym of roeatgen equivalent man.) The unit of dose of any ionizing radiation
which produces the same biological effect as a unit of absorbed dose or ordinary
avays. The RBE dose (in rems) = RBE x absorbed dose (in rads).

(Acronym for roentgen equivalent physical) An obsolete unit of absorbed dose
of any ionizing radiation, with a magnitude of 93 ergs per gram. [t has been
superseded by the rad.

Fuel reprocessing.

(Abbreviation r) A unit of exposure to ionizing radiation. It is that amount of
gamma or x-rays required to produce ions carrying | electrostatic unit of electrical

(either positive or negative) in | cubic centimeter of dry air under standard
conditions. Named after Wihelm Roentgen, German scientist who discovered x-rays
in 1895.

(See rem.) -
Xcays.
A standby control rod used to shut down 2 nuclear reactor rapidly in emergencics.

An electronic instrument for rapid counting of radiation-induced pulses (rom
Geiger counters or other radiation detectors. It permits rapid counting by reducing
by a definite scaling factor the number of pulses entering the counter.

The sudden shutdown of a nuclear reactor, usually by rapid insertion of the safety
rods. Emergencies or deviauons from normal reactor operation cause the reactor
operator or automatic control equipment to scram the reactor.

A body of material used to reduce the passage of radiation.

Effects of radiation limited to the exposed individual,as distinguished {rom genetic
effects, which also affect subsequent unexposed generations. Large radiation doses

can be fatal. Smaller doses may make the individual noticeably ill. may merely
produce temporary changes in blood-ceil levels detectable only in the laboratory,
or may produce no detectabic effects whatever. Also called physiological etfects
of radiation. (Compare genetic etfects of radiation.)
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spent (depleted) fuel

spill
stable
stable isotope

subcritical assembly

subcritical mass

supercritical reactor

superheating

survey meter

thermal breeder reactor

thermal pollution

thermal reactor

thermal shield

thermonuclear reaction

threshold dose

tracer, isotopic

Nuclear reactor fuel that has been irradiated (used) to the extent that it ¢z 1o
longer effectively sustain a chain reaction.

The accidental release of radioactive materiai.
Incapable of spontaneous change. Not radioactive.
An isotope that does not undergo radioactive decay.

A reactor consisting of a mass of fissionable material and moderator which cannot
sustain a chain reaction. Used primarily for educationai purposes.

An amount of fissionable material insutficient in quantity or of improper geometry
to sustain a fission chain reaction.

A reactor in which the power level is increasing. If uncontrolled. a supercritical
reactor would undergo an excursion.

The heating of a vapor, particularly steam, to a temperature much higher than
the boiling point at the existing pressure. This is done in power plants to improve
efficiency and to reduce condensation in the turbincs.

Any portable radiation detection instrument especially adapted for surveying or
inspecting an area to establish the existence and amount of radioactive material
present.

A breeder reactor in which the fission chain reactor is sustained by thermal
neutrons.

Raising the temperature of a body of water such as a lake or stream to an
undesirabie level by the addition of heat. This heat may change the ecological
balance of that body of water, making it impossible for some types of life to
survive, or it may favor the survival of other organisms, such as algae.

‘A rcactor in which the fission chain reaction is sustained primarily by themmal

neutrons. Most current reactors are thermal reactors.

A layer or layers of high density material located within a reactor pressure vessel
or between the vessel and the biological shield to reduce radiation heating in the
vessel and the biological shield.

A reaction in which very high temperatures allow the fusion of two light nuclei
to form the nucleus of a heavier atom. releasing a large amount of energy. ln
3 hydrogen bomb, the high temperature to initiate the thermonuclear reaction
is produced by a preliminary fission reaction.

The mimmum dose of radiation that will produce a detectable biological effect.

An isotope of an element, a small amount of which may be incorporated into
a sample of material (the carrer) in order to follow (trace) the course of that
element through a chemical. biological or physical process. and thus also follow
the larger sampie. The tracer may be radioactive, in which case observations are
made by measuring the radioactivity. If the tracer is stable, mass spectrometers
or neutrons activation analysis may be employed to determine isotopc
composition. Tracers also are called labels or tags. and materials are said to be
labeled or tagged when radioactive tracers are incorporated in them.
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wanium enrichment
waste, radioactive

whole body couater

A rotary cngine made with 3 series of curved vanes on 3 rotating spindle. May
be actuated by a current of Muid such as water or steam.

A ndioisotope.

(Symbul U) A radivactive ciement with the atomic number 92, and as found
in natural ores, an average atomic weight of approximately 238. The two principsi
natural isotopes are uranium-235 (0.7 per cent of natural uranium), which is
flssionable. and uranium-238 (99.3 per cent of natural uranium), which is fertile.
Natural uranium also includes 2 minute amount of uranium-234. Uranium is the
basic aw material of nuclear energy.

(See isotopic enrichment.)

Eﬁ\:‘:mm and materials from nuclear operations which are radioactive and for
there is no further use. Wastes are generally classified as high-level (having
radicactivity concentrations of hundreds of thousands of curies per gallon or
cubic foot), lowdevel (in the range of 1 microcurie per gallon or cubic foot),
or intermediatedevel (between these extremes.)

A unit of power equal to one joule per second.

A device used to identify and measure the radiation in the body (body burden)
of human beu:x and ammals; it uses heavy shielding to keep out background
radistion and ultrasensitive scintillation detectors and electronic equipment.

A penetrating form of electromagnetic radiation emitted either when the inner
orbital clectrons of an excited atom return to their normal state (these are
characteristic x-rays), or when a metal target is bombarded with high speed
electrons (these are bremsstrahlung). Xays are always nonnuclear in origin.
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The TMI Accident, As It Really Happened

William P. Dornsife
PA Bureau of Radiation Protection

The accident at the Three Mile Island Nuclear Station Unit 2 which
occurred on March 28, 1979 has received the most notoriety and the largest
amount of media coverage of any event in recent years. Although this was to
date the most serious accident which has occurred in the commercial nuclear
power industry, the real health hazards were minimal. In addition, the chances
of a catastrophic core meltdown or other eventualities which might have in-
creased the severity of the health risks were much less than that which has
been painted by the sensationalistic media coverage which this event precip-
itated. This is the major reason that I feel it necessary to relate my
experiences and interpretation of what really happened those first few days
because the reported version caused what I feel to be a grave injustice to the
people of Central Pennsylvania.

I am a nuclear engineer employed by the Pennsylvania Bureau of Radiation
Protection. This agency according to the State's Emergency Plan had the prime
responsibility for recommending protective action in the event of a radiological
accident, or so we thought. I am also the only nuclear engineer employed by
the Commonwealth, so I therefore had a very unique perspective with which to
view the events as they occurred.

For the first three days, I was in a position to communicate directly
with the Met Ed plant personnel and the NRC I § E inspectors who arrived on
site within the first few hours. During this time I also participated in most
of the meetings which occurred in the Governor's Office and the other decision
making processes which were occurring at the state level. After Friday when

Harold Denton arrived on site, I was assigned the task of being the onsite
~ liaison with the NRC and had the responsibility of informing the Governor's
Office and other state agencies of actions being taken or contemplated which
could have offsite significance. In this position I was privy to all the in-
formation that was available to NRC. I was also able to learn firsthand from
the NRC personnel who were actually involved, the unfortunate events which pre-
cipitated the unnecessary concerns about evacuation and the potential for a
hydrogen explosion in the reactor vessel.

With these thoughts in mind, the following is a brief summary of (1)
the radiological consequences of the accident, (2) the design, mechanical and
operational errors that caused the accident, and (3) my personal involvement and

the actual circumstances which caused the evacuation and hydrogen explosion
concerns.

It is probably appropriate to begin the discussion of the radiological
consequences of the TMI accident by noting the monitoring devices which were
present in the environment around the plant before the accident and those which
were added as the accident progressed. Figure 1 is a map of the area within
20 miles of the site which shows the continuous air sampling devices and the
milk sampling locations which were established prior to the accident. Figure 2
shows locations of the thermoluminescent dosimeters (TLD's).1 The Met Ed and
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g ealth of Pennsylvania TLD's were in place prior to the accident.z
- while the NRC and EPA TLD's were placed after March 30, which was also after
most of the releases had occurred.

In addition to these essentially permanent monitoring locations, start-
ing early Wednesday, mobile monitoring teams from Met Ed and the Commonwealth
of Pennsylvania were performing beta gamma surveys and taking portable air
samples almost continuously at various locations around the plant. These teams
wore supplemented later in the day on Wednesday by NRC and DOE teams which per-
formed similar surveys up and down the east and west shore of the river on a
continuous basis. As an additional supplement, helicopter teams from Met Ed
snd DOE periodically, and when specifically requested, performed airborne
surveys primarily to quantify and define the plume of radioactive noble gases
vhich were being released in varying amounts almost continuously over a long
period of time. Numerous samples at different locations of other media such

as river water, soil and vegetation were also analyzed to assure that nothing

. other than sirborne noble gases were being released in significant quantities.

. Based on the monitoring data, the NRC has estimated that about 13
million curies of radioactive noble gases and about 14 curies of radioactive
jodine were released as a result of the accident.” This amount is many times
that allowable by the NRC in the umit's technical specifications. Also based
on the monitoring data it has been estimated that the maximum cumulative dose
received by any member of the public due to noble gas emissions was about 83
millirem. This is conservative because it assumes that the individual remained
at the same lacation, out of doors, with no clothing for a period of about one
week.4 The corresponding maximum possible dose to the thyroid due to jnhaling
radioiodine or drinking the milk with the highest found contamination® is
estimated to be less than S millirem to a child's thyroid.

A further evaluation of the maximum cumulative doses received by the
population, based primarily on the TLD data for the first week, is shown in
Figure 3. These isodose curves show that out beyond about 10 mi%es the max-
isum cumulative dose was less than 1 mrem during the first week.“ This compares
with a natural background radiation dose in this general area of about 2 mil-
lirem over this same period.

To give a perspective on the relative magnitude of the releases over
the first few days, Figure 4 is a plot of maximum individual and population
dose verses time. It becomes evident from this figure that by Friday noon
vhen the pregnant women and children advisory was given, about 90% of the
individual dose would have already been received. Therefore, the evacuation
in addition to being unnecessary was also not very effective.

The most comprehensive study’ to date, of the health-effects of the
was performed by a task force of radiological health professionals
" from the NRC, EPA and HEW, The balance of the information in this section is
taken from that report, a summary of which is included as Appendix A.

The majqr conclusions of that report are the following:

(1) The maximum cumulative dose that an individual located offsite
-t .might have received is less than 100 millirem.

169




0L1

i
L

v n
- o .




I

—g 2800

€ MAXIMIM INDIVIDUAL DOSE

- 4 2600

a4

2400

Cumulative Maximum Individual Offsite Nose (mrem)

2200
POPULATION DOSE
”
v q ~——] 1800
—J 1600
1 | | ] l L 1 ] | 1
T3/30 e N Tas T e b 479

Date

FIGURE 4: Offsitc Maximum Individual and Population Dose from Noblc uas
(NRC Model)

Cumulati e 0ffsite Population Dose (person-rem)



END CAP TDENTIFICATION MARK
TYPICAL /
- -~ END CAP SEAL WELD

~ TYPICAI

UPPER GAS

PLEMM

— UPPER SPRING SPACER

RIGID SPACERS
TYPICAL

- - FUEL PELLET STACK

RIGIC SPACERS
TYPICAL

LOWER GAS PLENUM

* FIGURE 5

172




(2) The estimate of the collective dose to the population of about
2 million within 50 miles of the site range from 1600 to 5300
person-rem, with the most likely estimate being about 3300
person-rea.

(3) To provide a perspective on the dose received as a result of
accident, Table 1 shows a comparison with some natural back-
. ground radiation exposure.

(4) In order to estimate the number of expected health effects as a

result of the lccideng, Table 2 gives the fatal cancer and gemetic
effects risk factors.

(5) Finally, the actual expected health effects over the lifetime of
total population within SO miles is given in Table 3. This is
compared with the total expected fatal cancers in that population
along with those expected from natural background radiation.

It can therefore be concluded that the radiological consequences of

~ the accident were indeed minimal. However, the psychological stresses and
anxieties which were created mainly because of the misinformation and the
sensationalistic media coverage could have produced some very adverse effects
on t:;f;ypulation. many of which will be very difficult if not impossible to
quan .

' The design philosophy for a nuclear power plant requires the use of
several independent barriers, all of which must be viglated to allow the re-
lease of significant quantities of fission products.1 In the case of the
TMI accident most of these barriers were at least partially breached for
limited periods of times for various reasons as follows:

(1) The first and probably most important barrier is the fuel rods
as shown in Figure 5. This barrier is a combination of the
ceramic uranium oxide fuel pellets along with the zirconium
alloy cladding in which they are encased. In order for a large
fraction of the fission products which become trapped in the fuel
pellet matrix to escape, the fuel pellet must melt and the clad-
ding must be breached. In addition, during operation a small
fraction of the more volatile fission products such as noble
gases and iodine migrate out of the fuel pellet and become
trapped in the gaps at the end and between the pellets. There-
fore if only the cladding were to fail this "gap activity” would
be released. This was primarily what happened during the accident.
Due mainly to an operational error and a misinterpretation of the
instrument indications, the operators did not maintain sufficient
inventory in the reactor coolant system and the core eventually
became uncovered. This caused some of the fuel rods to increase
in temperature to a point where a :zirconium metal-water reaction
occurred. This reaction eventually caused a breach of the clad-
ding and generated a significant amount of hydrogen.

. (2) The second barrier to the release of substantial amounts of _
" fission products, assuming the fuel rod barrier is breached, is
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TABLE 1

Comparison of TMI Accident Dose with Natural Background Radiation

Estimates of natural background radiation levels at various locations in the U.S,

Annual Dose Rate mrem/vr

Cosmic Terrestrial Internal
Location Radiation Radiation Radiation Total
Atlanta, Geovgia 44.7 57.2 28 130
Denver, Colorado 74.9 89.7 28 193
Las Vegas, Nevada 49.6 19.9 28 98
Harrisburg, PA 42.0 45.6 28 116
Living in Denver, Colorado compared to Harrisburg, PA - + 80 mrem/yr
Living in a brick house instead of a wood frame house - + 14 mrem/yr

Variation in natural background radiation within 50 miles of TMI -

100 to 130 mrem/yT

Radiation dose delivered as a result of TMI accident
Individuals remaining out of doors at location of highest estimated
offsite dose - less than 100 mrem
Average dose to a typical individual within 50 miles of the site - 1.5 mrem
10 miles of the site - 8 mrem

Population dose within 50 miles of site - 3300 person-rem

Natural background radiation dose during the same 11 day period above
Average background dose to typical individual - 3.5 mrem

Population background dose within S0 miles - 7500 person-rem
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TABLE 2
Risk Factors for Low-Level Radiation Exposure

RADIATION-INDUCED CANCER MORTALLITY ESTIMATED IN YHE 1972 BEIR REPORT (3)

1972 BEIR Report Estimates Derived Risk
Annual number of deaths resylting from Nusber of Cancer Deaths per
exposure of the U.S. poputation to a 10‘ ponun-m“)
radiation dose rate of 0.1 rem (100 @illirem)
par ”‘P(.)
Absolute Risk Relative Risk  Absolute Risk Relative Risk
Node ! Node Mode! Mode]
Leukemia 516 738 26 kY
Other Fatal Mln“)
Assumption A:“) 129 2436 6 123
Assusption B: 1485 8340 » 421
Tota) (Range)(®? 1720-2001 3174-9078 87-101 160-458
Nomina) Range!”? 1700-2000 3200-9100 90-100 160-460
Geometric mean (95 x 310)12 = 200 (172)

(a) 1967 U.S. population = 197 863,000. Collective Dose Rate = (198 x H)6 people) x (0.1 rea/yr) = 19.8 x lo‘

ptrlm;rﬂ,;mr. from Table 3-) (Relative Risk and Table 13-4 (Absolute Risk) of the 1972 BEIR Report (3)
po. 172-173.
{b) 1972 BEIR Values (Cancer deaths/year) divided by the collective dose rate of 19.8 (lo‘ person-rea)/year.
(c) As:umption A: 30-yesr period of elevated risk following irradiation. T
(d) Assumption B: Lifetime period of elevated risk following frradiation.
(@) Low estimate = Leukemia Risk + Assumptioh A for other fatal cancers.
High estimate = Leukemia Risk ¢ Assumption B for other fatal cancers.
(1) Preceeding values rounded to two significant figures.

ESTIMATES OF GEMETIC EFFECTS OF LOW-LEVEL IONIZING RADIATION

Oisease Classification Natural Eftects per 10° 1ive Eitimated Risk
Incidence blrm(‘) of 5 rea per per m‘ pcmn-r-“)
(per lﬂ‘ live mmutiu") )
pirths)

First Generation Equilidrium First Ganeration Equilibrium

Sominant diseases 10,000 S0 to 500 . 250 to 2500 . 6 to 60 30 to 300
Chrososomal and
recessive disssses 10,000 relatively very slow relatively very slow
slight tacrease slight tncrease
Congenital ancmalies 15,000
Anomslies expressed later 10,000 $ to 500 50 to 5,000 0.6 to 60 6 to 600
Constitutiona) and
degenerative diseases 15,000 : .
ToTAL 60,000 60 to 1000 300 to 7500 7 to 120 " 36 to 900
Risk per m‘ pecple l,m('”lynr
Geometric Mean (36 x 900)1/% « 200 (100)

(8)from the 1972 BEIR Report (3), Tadble & p. 57 which is belfeved to be erroncously titled. This ublo. Tike
the praceding tables 2-3 pp. 54-55, 13 believed to de for o population of one million “Iive births™ not
for s population of one million. The range of valuas corresponds to assumed doudbling doses between
20 rem (high ‘values) and 200 res (lower values).

®), generstion is assumed to b 10 yesrs.

‘f’l'u per :o‘ person-rea = (unslw‘ Vive births) x (30 years/$ res) x (4 x 10‘ Jive births/yesr par

22 00° pecple) = 0.12 x cnu/m. Yive Dirths.
(9 cages/20% 11ve birtns x (¢ x 10% 11ve births per year/ 2 x 108 pecple).
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Effect

Fatal
Non-Fa

Geneti
firs

all

(a)

(b)

(c)
(d)
(e)
(f)
(9)
(h)
(i)
6]

(x)
(1

- TABLE 3

PROJECTED POTENTIAL HEALTH IMPACT OF THE THREE MILE ISLAND ACCIDENT
TO THE OFFSITE POPULATION WITHIN S0 MILES

Estimated: Potential Impact of Potential Lifetime Impact of
Number who Natural Background Population Dose from the TMI Accident
would normally Radiation from March 28, 1979 through April 7, 1979
develop effect 7
Range(a) Central Estimate(b)
Cancers 325,000 1,700 - 9,000¢% 0.15 - 2.4¢®) 0.7
tal Cancers 216,000 1,700 * 9,000(¢:9) - 0.15 - 2.4(&") 0.7
c Effects '
t generation 78,000M 60 - 970¢) (0.01 - 0.64)¢3) -
future generations - 0.05 - 4.B(k) 0.7
ATl Health Effects o .0.4 - 101 2.8
Faotnotes
This represents the extreme raﬁge of health effects estimates considering both the range of the collective

dose estimates and the range of the estimates of the risks of low-level jonizing radiation as estimated
in the 1972 BEIR Report (3).

The central estimate is based upon taking the geometric mean (square root of the product) of the upper
and lower bounds of the dose-to-health-risk conversion factors from Table 4-1 and multiplying this by
the mean estimate of the population dose (3,300).

Based upon the American Cancer Society projection that the risk of cancer death is 0.15 (0.15 x 2,164,000
= 324,600).

Based upon multiplying the annual rates in Table 4-7 by 70 years, the mean life span. °

Based upon multiplying the lower range estimate of the popu1g&ion dose (1,600 person-rem) by the lower
range of the absolute radiation-induced cancer risk (90 x 10 °) and the upper range estimate ofsthe
population dose (5,300) by upper range of the relative radiation-induced cancer risk (480 x 10 ).

Based upon the difference between the American Cancer Society projection of the risk of getting cancer
(0.25) and the risk of dying of cancer (0.15). The value given is the product of this difference

(0.25 - 0.15 = 0.10) and the size of the population (2,164,000). ) .

Based upon the assumption that there are twice as many cancers as there are canceg fatalities.

Based upon the natural annual incidence of genetic effects (1,200 per year per 10  population) from
table 4-2 times an assumed reproductive period of 30 years.

Based upon multiplying the risk to the first generation from table 4-2 by an assumed reproductive period
of 30 years and by the natural background dose rate of 270,500 person-rem per year.

Based upon multiplying the Yower bound of first generation risk (7 x 10 °) from Table 4-2 by the lower
bound of the collective doge estimate (1,600 person-rem) and multiplying the upper bound of the first
generation risk (120 x 10 ) from Table 4-2 by the upper bound of the collective dose estimate (5,300
person-rem). The first generation risk is included in the risk to all generations and therefore, should
not be separately added into the total,

Based upon the procedure described in (j) but using the equilibrium risk bounds rather than the first
generation risk.

T@is is done for the convenience of providing an estimate of the total potential health impact. Tech-
nically, the effects are not equivalent and cannot be added.

176



the reactor coolant system. An elevation and plan view of this
system is shown in Figure 6. This barrier was breached during
the first two hours of the accident due to a mechanical failure
of the power operated relief valve. This valve, which is located
on the pressurizer, failed to reclose after it had opened on in-
creasing pressure in the system following the initial turbine
trip and loss of feedwater transient.

+ (3) The final barrier to the release of radioactive material in the
case of an accident is the reactor containment building. This
four foot thick, reinforced concrete, steel lined building is
showge in Figures 7 and 8. This barrier was partially breached
for about the first four hours of the accident due to a failure
of the building to isolate. Because of a design deficiency, the
only isolation signal provided was a high pressure isolation at
4 psig which was not achieved until after substantial fuel clad-
ding damage had occurred. However, due to the fact that most of
the fission products which escaped the reactor building entered
the auxiliary building, and since the exhaust ventilation system
from this building passes through high efficiency particulate
and iodine filters, the only fission products which escaped into
the environment in substantial quantities were the noble gases.

In addition to these previously mentioned barriers, there are several
safety related, high quality, redundant systems which are primarily designed
to maintain the inventory in the reactor coolant system and keep the core cool
in the event of any type of a loss of coolant accident.ll Again looking at
Figure 8, the most important of these systems are the high pressure injection/
makeup system for small breaks where the pressure can be maintained, and the
low pressure injection/decay heat system for larger breaks where the pressure
rapidly drops. In addition to these active systems there are the core flood
tanks which will passively inject water directly into the reactor vessel when
the pressure goes below about 600 psig.

Nith this basic discussion of the design pnilosophy of a nuclear power
plant as background and referring to Figure 8, the following is a very brief
description of the major causes of the accident and its subsequent progression.
(A detailed chronology of the first 16 hours of the accident before a stable
condition was finally achieved is included as Appendix B).

At about 4:00 AM on Wednesday, March 28, 1979 the plant was operating
normally at 97% power when both feedwater pumps tripped which in turn cagsed
the turbine to trip. This trip is considered to be an anticipated transient
which the plant was designed to handle with insignificant consequences. .Thls
sudden decrease in heat removal capability caused a very fast increase in
pressure and temperature in the primary system. This in turn led to the open-
ing of the power operated relief valve on the pressurizer followed very soon
after by a reactor trip on high pressure. With the reactor trip the fission
process in the core was stopped and the heat generation rate dropped to the
decay heat rate, causing the pressure and temperature in the primary system
to decrease. At this point the first unexpected problem occurred, tbe power
operated relief valve failed to reclose. Unfortunately, the indication to the
operator, which was only the electrical signal to the valve, indicated that it
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had reclosed. This mechanical failure in essence caused a small loss of
coolant accident which was not recognized by the operator until much later
into the sequence.

In addition to this mechanical failure, and as a result of an opera-
tional surveillance error, the emergency feedwater system, which started
automatically upon the loss of normal feedwater, was blocked out by two valves
which were closed in violation of the plant's technical specifications. This
condition persisted for about 8 minutes until finally recognized by the operator
after the steam generators had boiled dry. This temporary lack of feedwater
to the steam generator by itself would not have led to the subsequent uncover-
ing of the core. However, it did cause the transient to be much more severe,
contributing to the misleading indications of pressurizer level. This level
indication eventually led the operators to believe they had a full reactor
coolant system and caused them to throttle back on the high pressure injection/
makeup pumps which had been injecting at full flow. Had these pumps been
allowed by the operators to continue injecting full design flow, the decrease
of inventory in the reactor coolant system would never have occurred. This
operational error therefore was the primary cause of the eventual uncovering
of the core.

Meanwhile, the water which was being relieved through the stuck open
relief valve was filling the reactor coolant drain tank which eventually
spilled its contents to the floor of the reactor building. Due primarily to
the design deficiency of a lack of diverse signals for reactor building isola-
tion, a significant amount of this water was automatically pumped over to tanks
in the auxiliary building. This breach of containment, along with a suspected
primary to secondary leak in one of the steam generators, was initially thought
to be the primary release path of noble gases and possibly iodine from the
plant. However, it was much later determined that the primary release path
was normal and/or abnormal leakage through the letdown and makeup system and
the gaseous radwaste system, the operation of which was required to maintain
a stable cooling mode.

The loss of reactor coolant inventory, combined with insufficient make-
up, continued for about the first 2 1/2 hours until finally an isolation valve
upstream of the power operated relief was shut by the operator, terminating
the loss of coolant accident. In the meantime, the operator had tripped all
reactor coolant pumps due to excessive vibrations. This loss of forced reactor
coolant flow, combined with the loss of coolant inventory, led to the uncover-
ing and heatup of the core. The core was at least partially uncovered for about
1 1/2 hours until the power operated relief valve was isolated allowing the
pressure in the system to increase above saturation. While the core was un-
covered a zirconium metal-water reaction occurred which generated significant
amounts of hydrogen and caused the release of significant amounts of fission
products from the fuel rods. It is important to note that during this time,
if the operators would have had sufficient indication to determine that the
core was uncovered, they would have increased the high pressure injection/
makeup flow to full design flow. This would have quickly recovered the core
preventing substantial fuel damage from occurring.

‘ At about 6:40 AM several in-plant radiation monitors began to alarm,
making it obvious that severe radiological problems were beginning to develop.
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hms aﬁmm, Met Ed declared a site emergency and began to notify
Toprist ‘offsite agencies according to their emergency plan. It was at
point “that 1 first became involved in the accident. Being the Bureau's
 officer, at about 7:05 AM T was called by PEMA (Pennsylvania Emergency
gement Agency) énd informed that a site emergency had been declared and
vas to call the plant control room for technical details in accordance
: W emsrgency plan. Upon calling the plant I was informed that they had
1 f o ‘small loss of coolant accident which had been terminated. They
also W me that the plant conditions were now stable and no offsite releases
'ving. 1 then called the other key members of the Bureau and upon

amiac in ‘our office they established an open line with the control room at
about 7:30 AN, agein in accordance with our ‘emergency plan. At about this time
& -gene’dil emorgency was declared due to increasing radiation levels in the
Teacior Building.

T ‘Daring m mtire first few days we retained an open line with the
‘pisat control room. At all times we felt that Met Ed was being candid and
‘giving'us all the available information that they had on plant status and
rediological monitoring. This information was being confirmed later that morn-
wlw N ITSRE pursunnel who arrived from the King of Prussia Office.

Rlspﬂ about this time we were informed by Met Ed that their initial dose
assessment calculation indicated the possibility of a 10 rem/hr dose rate off-
site nea¥ Goldsboro. This calculation was based on the radiation levels in
the resctor duilding, and assumed a 50 psig pressure in the building (the actual
e at this time was about 2-4 psig) and the release of a reference mix of
sbtopes. This immediately alerted us to the possibility of an evacuation
fealled PEMA to alert York County. A few minutes later radiation surveys

'of plant verified that no radiation levels above background were de-
e. This, combined with the low pressure in the reactor building prompted
"'ﬁ ta ﬂ!l &ff this alert and the appropriate agencxes were so notified.

By lbout 10:00 AM radiation levels in the range of 1-3 mrem/hr were
ﬁtst detected immediately offsite hy the utility. This prompted us to send
Wf@ Me monitoring team which verified the readings. For the remainder of
‘ sday, surveys performed by teams from the state, u utility, NRC and DOE
wsﬂ d ﬂm offsite levels of radiation were in the range of 1-10 mrem/hr

J%* near the site. Occasionally higher }evels were observed onsite, in

and in relatively stagnant pockets. This was primarily caused by

ological conditions during the first few days of low wind speed and
“’&in!ctim which resulted in very little dispersion.

eanwhile at the plant, the operators were attempting various means
g the core cool and trying to establish a more stable cooling mode.

There was sufficient evidence at this time to indicate that yoids were present
in the reactor coolant system and that significant fuel damage had occurred.

The yd methods varied from allowing the pressure to increase in order
the voids and start a reactor coolant pump; to trying to depressur-
.iﬁt order to allow injection of the core flood tank in an attempt to assure
: was covered, and then trying to establish the normal cold shutdown

ing Wethod using the decay heat removal system. Due mainly to the large
ot of voiding in the reactor coolant system and the long period of time
squited to refill the system, these attempts were unsuccessful in establishing
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a stable cooling mode. However, they were successful in keeping the core
covered and preventing further fuel damage.

Another event which occurred at about 2:00 PM, the possible signif-
icance of which went unnoticed or unrecognized by the operators, was a 28 psig
pressure spike in the reactor building which is thought to be due to a local-
ized hydrogen burn or explosion. The recognition of this event about a day
and a half later led to an increased awareness on the part of the NRC inlq?hhm-
"ton to the possibility of further hydrogen or additional unknown problems.

Finally, at about 8:00 PM Wednesday evening the operators were able
to collapse the voids in the A" loop and start a reactor coolant pump to
establish forced circulation, thus finally establishing a stable cooling mode.
It should be noted that although there was still a significant hydrogen/steam/
noble gas void at the top of the reactor vessel, it was not interferring with
the forced cooling and therefore this was a stable condition. In additionm,
because of the continuing operating of the letdown/makeup system, this gas void
was slowly being reduced by dissolving in the reactor coolant system and being
vented into the makeup tank.

After leaving the office a few hours earlier, I arrived back at about
8:00 AM on Thursday morning and immediately decided to go down to the site to
get a clearer picture of how the situation was progressing. Upon arriving at
the Observation Center, which is right across the river to the East of the
plant, I interfaced directly with the Met Ed and NRC personnel who were there
mainly coordinating the offsite monitoring effort. Throughout the day offsite
radiation levels appeared to be trending downward with many stations approach-
ing background levels. Average radiation levels downwind near the site were in
the range of 1-3 mrem/hr with occasional higher levels onsite and directly in
the plume.

While at the site on Thursday, I vividly remember seeing reports of
radiation levels taken by helicopter above the plant vent as high as 3000 mrem/
hr (2-Y). This is one of the major reasons why, on Friday morning when the
1200 mrem/hr (8 - Y) reading above the vent was reported, we were not overly
concerned about the eventually offsite doses or need for protective action.

Our major concern at this time was the need for locating the source of
the releases and controlling them, which I expressed to Met Ed management and
they concurred. I went home that evening feeling that the worst was over and
all that remained was a very difficult clean-up operation. Little did I know

that the next morning all hell was to break loose almost completely unneces-
sarily,

Shortly after arriving in the office at about 8:00 AM on Friday morning,
we received information from the plant indicating that in the process of vent-
ing the makeup tank a release of noble gas had occurred. A helicopter which
had been monitoring the release had detected a momentary level of 1200 mrem/hr
(B - v) about 150 feet directly above the plant vent. Utility and NRC monitor-
ing teams downwind had detected maximum levels of about 20-25 mrem/hr (B - Y)
immediately offsite near the Observation Center. These maximum levels were of
very short duration and were decreasing rapidly to less than 1 mrem/hr. In
addition, we had sent out a state monitoring team to perform surveys in the
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,ty af the plant. They were also taking readings near the Observation
Center and saw & maximum of about 17 mrem/hr (8 - y) for a short durationm,
essentially confirming the utility and NRC data, We were therefore confident
that no protective action was required as a result of this release,!$

.. About 9:00 AM we received a notification from PEMA that they had

uecind a telephone call from NRC headquarters in Washington recommending an
,__am evacuation out to 10 miles. and were requesting our assessment of the

2 We told them that, based on the information that we had, there was

0 rgason for any protective action, and that we would confirm our assessment

and cil1 them back. We immediately called NRC headquarters in Washington to

find out the reason for their evacuation recommendation. I personally partic-

ipated ia the very frustrating conversation which followed. I informed them

of our assessment of the situation, to which they did not seem to disagree or

even take serious note. About all we could get out of them was that the rec-

omendation was sade by top management at NRC, the specific source of which

they would not provide. After hanging up in frustration, we contacted our moni-

toring team and the plant to determine if the situation had changed significantly.

After confirming the situation was stable and radiation levels were still de-

creasing, we attempted to call PEMA to confirm our initial assessment that no

protective action was required. Unfortunately the local radio stations were

already making announcements to prepare to evacuate. The excitement which was

created by these announcements had completely overloaded the telephone system

snd we wére not able to contact PEMA by phone. Therefore, it was decided that

1 should go to PEMA headquarters and Tom Gerusky, the director of our bureau,

should go to the Governor's Office (both within reasonable walking distance)

with recormendation that no protective action be taken. In the meantime,

ha Bendrie of the NRC from Washington had contacted Governor Thornburgh

sd had recommended a "take cover" within 10 miles of the plant, which was sub-

seqmntly ilplenented

" Later that morning in another telephone conversation with the Governor,
Chairman Hendrie, under the false assumption that substantial releases were
occurring and were likely to continue in the future, stated almost matter of
factly thnt if he had a pregnant wife and preschooler in the area, he would
probibly want them out. Thus came the recommendation for a precautionary
advisory that pregnant women and childrenl® leave the area within 5 miles of
the plant. This advisory was later that morning given to the public by the
Governor.

1 was much later to learn firsthand from the people who were directly
involved, the unfortunate series of misunderstandings that led to that Friday
morning recommendation to evacuate. This event more.than anything led to the
escalation of a minor release into a full blown crisis, which continued for
'ﬂn} da)‘s. A re-creation of those events are as follows:

] Barly Friday morning the plant operators, suspecting that leakage in
the waste gas system was a major contributor to the release that tﬁre occur-
ring, had been periodically shutting the vent on the makeup tank.”’ The
pressure in the tank had slowly built up to the liquid relief setpoint and was
relieving, thus threatening the normal facirculation mode of the makeup and
reactor coolant pump seal water system. The operators had decided to open
the vent on the makeup tank to allow the continuation of this normal mode of
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operation. About an hour after the vent w351 , radiation Iévél

mrem/hr (8 - Y) were measured from a hellcopter abﬁut 150 feet above the plaWt i
vent. This was essentially the information that we received frum th :
shortly after 8:00 AM. ‘

Meanwhile, at the NRC Incident Response Center (IRC} in Bethes
an open line had been earlier established with the Unit 2 control ro
they were being relayed information from an NRC I & E inspector. On
morning based on erroneous information, it was believed by the NRC i
that the waste decay tanks were full. They therefore thoug&t that thq
from the makeup tank was being compressed into the waste gas decay tan
these tanks were periodically relieving their Sontents at a dlscharg pai
downstream of the auxiliary building filters.

Based on the above erroneous assumptions and using an assumeﬁ act
coolant radioisotope concentration,. NRC personnel in the IRC made a rou
conservative calculation which indicated that given these assumed cia
the estimated offsite dose would be about 1200 mrem/hr. :
this estimate was being given to the people in charge of the IRC " “the h§11-
copter measurement of 1200 mrem/hr came in over the open line frum the plant
Neglecting to verify the 1200 mrem/hr measurement and assuming it to be am
offsite measurement, it was decided to recommend a downwind evacuation out to
10 miles. Unfortunately this recommendation was given directly tm
completely bypassing our Buredu, which was supposed to have thls s
Fortunately it was never carried out.

A short while later when the IRC finally realized that this Iﬂﬂﬂaukm'”‘
level was directly above the plant vent, they performed ancther vemy;i
tive calculation which indicated that 1f this level persisted for a
of time the offsite dose would be about 120 mrem/hr. This additional e
estimate, it is believed, then became the basis for Chairman Hendrme'ﬁ
tion to '‘take cover" 10 miles downwind.

The other major concern, which began on Friday and which probab
caused even more unnecessary consternation than the misconceived evauuﬂtiaa'
was the possibility of radiolysis<< occurring in the reactor coolant sys&sn
It was first thought that the hydrogen and oxygen, which under certain cosditions
can be generated by radiolysis, was slowly increasing the size of the bubble in
the reactor vessel thus eventually interferring with the forced cooling of the
core and requiring the use of high pressure safety injection to keep the core
covered. Later an even greater concern arose about the possibility of ﬁmhm&'is-
This had to do with the possible generation of oxygen having the pgtaﬁﬁhﬂ}mﬂf

evenually cause an explosivé gas mixture in the reactor vessel, which if
could have led to a core disruption accident.

As’ it turns qut, all these concerns were completely grnundless. It was
not physically possible for any radiolysis to have occurred in the restctor
coolant system due to the existence of_a very large overpressure of hydrogen
which totally inhibited this reaction.2® In simple terms this means that
‘primary basis for-all the speculation about possible core meltdown and pre-

cautionary evacuations which occurred over that first weekend did not even
exist.
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= When these concerns about radiolysis first arose, most of the techni-

cal people:invelved, after careful consideration, did not believe that it pre-
sented a real problem. From my own experience with pressurized water reactors,
I-inew that a sma}l excess concentration of hydrogen was maintained in the
primary system to scavenge oxygen and prevent radiclysis. Most of the knowl-
' ‘edgeabls people that I discussed the problem with concurred that it was probably
s very:unrealistic assumption. However, there were a few NRC staff people
“who ‘wqre parpetusting this concern. And unfortunately until the bubble was
¢ "sventually dissipated by a deliberate venting of the reactor coolant system,
‘this‘was conside g,to be the initiator of the worst case scenario for accident
planning purposes.

" In my opinion, the reason for this error was that the people who were
 working on this problem in Washington were given the wrong assumptions con-
cerning the conditions in the system. It would later be discovered that the

. - yadiolysis rate was calculated at atmospheric pressure,®" while the real condi-
tion in the system was a pressure of about 1000 psig saturated with hydrogen.

It is unfortunate, but not surprising that the NRC would continue to
use these most pessimistic and unrealistic assumptions in their discussions
sbout possible scenarios. In my opinion, this was primarily due to the fact
that the organization of the NRC was designed specifically to review and
- license nuclear power plants, in which they do a credible job. For this reason,
. they typically have groups of experts who review very specific areas. In this
‘partienlar case, however, they were completely out of their element. These
various groups of experts were typically predicting the worst in their parti-
 cular area. Unfortunately, there were very few NRC personnel with a good over-
all working knowledge of the plant to sort out this sometimes conflicting and
pessimistic information. '

. It is not surprising that these circumstances in turn led to obvious
problems for the media in attempting to report the story. My first involvement
¥ith the media came early Wednesday morning while fielding questions at the
_first press conference. During this exchange I became painfully aware that
such of the technical information the media was seeking was completely over
their heads. This lack of technical knowledge which was evident throughout the
entire episode, led to some misunderstandings and a tendency to get bogged down
““on minor details thus preventing the complete details from becoming known.

The other major factor which caused difficulty for the media was the
zany different sources of information during the first few days of the accident.
These¢ sources were typically giving similar information with varying degrees of
_pessimism. This situation understandably created a sense of confusion as to
what was really happening.

e Given all these shortcomings, the local media, especially the local

radio stations, did an excellent job during the height of the crisis in sorting
out the facts and getting accurate information to the public. Unfortunately,
the national media generally tended to grossly sensatiq?alize and distort what
vas actually bappening and what the future might hold.”” In the final aralysis,
the media must share some of the blame for creating the panic and crisis situa-
r'*t‘iﬂ.!. a basis for which never existed to the degree that was reported.

2
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It can be concluded that the TMI accident, although very serlous
should not have caused by itself the crisis situation which existed for a:
very long period of time. The crisis was produced mainly by a combination of
misinformation, poor communications and sensational media coverage.

Considering the number of successive operational, meahaﬁi@
design errors which caused the accident and the resulting fuel dam
‘radiological consequences were relatively small. This can be consid
fortunate because the lessons learned as a result of this accident have
will continue to improve the safety of nuclear power plants.
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FOOTNOTES

A thermoluminescent dosimeter or TLD is a small beta-gamma dosimeter
consisting of a semiconductor chip which records the cumulative amount
of radiation received wherever the dosimeter has been placed. When a
measurement is desired the dosimeter is placed in a reader which records
the radiation damage to the semiconductor chip and then thermally anneals
the chip to relieve the damage allowing reuse of the dosimeter.

As can be seen from these first two figures the Pennsylvania Bureau of
Radiation Protection had a modest environmental monitoring program in

effect prior to the accident, the primary purpose of which was to perform

an independent check of Met Ed's more extensive monitoring program. The
state wonitoring program is currently in the process of being expanded around
all nuclear power plants in Pennsylvania. This is the direct result of

recently appropriated state funds which have been requested over the past
several years for this purpose.

Noble gases as the name implies are chemically inert and therefore do not
bioaccumulate in any organ. They are only a hazard mainly due to external
gamma radiation as the cloud passes by. Radioiodine concentrates in the

thyroid gland and also in cows milk and is therefore primarily an ingestion
or inhalation problem.

Taking these considerations into account, a more likely maximum individual
dose would be about 30 millirem due to noble gases.

The highest level of radioiodine found in milk was about 40 picocuries/liter
for a short period of time. This is about a factor of 10 less than that
found over a much wider area during the Chinese fallout episode of 1976.

Jt should be noted that this TLD data would have been the primary method
of estimating population exposure. It is therefore unfortunate but not
extremcly important from the standpoint of determining population exposure
that the plant vent monitors went off scale early into the accident.

Population Dose and Health Impact of the Accident at the Three Mile Island
Nuclear Station by Ad Hoc Population Assessment Group, ‘ay 10, 1979.

The person-rem concept is a means of measuring the collective dose received
by a large population. It is simply determined by multiplying the dose to
2ach segment of a population by the total number in that segment of the
population. It is also a convenient method of determining risks to a pop-
ulation from exposure to radiation since most of the estimations are based
on exposures to large population. .

These risk factors are based on radiation exposures t> entire average pop-
ulations. They consequently take into consideration the risk to Prcgnant
women and young children as weli as others which are more susceptible to
radiation exposure.
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Fission products are a variety of radioactive elements which are created
when the uranium atoms fission. In the process of decaying to a staple
state they emit beta and/or gamma radiation. In this process they also
generate heat, called decay heat, which must be removed even after the
reactor has been shutdown to prevent the fuel from eventually melting.
This decay heat level is about 6% of full thermal power immediately after
reactor shutdown but decays very quickly following the exponential radio-
active decay process of the fission products.

A loss of coolant accident is defined as any breach of the reactor coolant
system, up to and including a double ended break of the largest pipe. This
type of accident was considered to be the worst case design basis accident
for a light water reactor. This philosophy will probably undergo sub-
stantial changes as a result of the lessons learned from the TMI accident.

These are open window measurements on portable survey meters which indicate
the sum of the beta and gamma radiation. The much more penetrating gamma
radiation was also routinely measured by closing the windows and was
typically about 1/3 to 1/5 of this total beta/gamma measurement.

The maximum recorded reading offsite was 70 mrem/hr (B - Y) near the North
gate for a short period of time.

This undoubtedly led to an increased anxiety on the part of the NRC that
the accident was much more severe than originally thought, and probably

set the stage for the misconceived evacuation recommendation on Friday
morning.-

Later data was to indicate that this release on Friday morning which caused
the ensuing anxiety and precipitous actions actually delivered only a few
percent of the total dose received by any member of the public during the
entire duration of the accident. Based on the monitoring information we had
received throughout the course of the accident, we felt confident that the
maximum cumulative offsite dose to any individual was less than 100 millirem.
This was a factor of ten less than the EPA protective action guidelines upon
which our plan was based and was consequently where we would have been pre-
pared to recommend protective action to limit further public exposure.

Tom Gerusky, who was in the Governor's Office at this point, did not recommend
against this advisory primarily because it was precautionary. It was thought
that NRC should have been more knowledgeable about the real situation, and
if our information was in error, it would have been verv difficult to justify
not taking this conservative course of action.

The makeup tank is essentially the surge tank for the reactor coolant letdow1
and makeup system, which was required at this time for the continued operation
of the reactor coolant pump without unnecessarily drawing down the emergency

supply of borated water. This tank is normally vented to the waste gas header
which was suspected of having a leak, and which was causing a periodic release
to the environment through the filtered auxiliary building ventilation system.
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The source of makeun water could have been switched to the emergency borated
water storage tank. However, this would have led to the eventual depletion
of this tank and the consequent need to recirculate the reactor building sump
water. Using this relatively unpurified source could have eventually led to

more severe operational problems, and therefore the normal letdown/makeup
svstem lineup was the preferred mode.

Actually, the waste decay tanks at this time were only at about 2/3 of their
désign pressure, but this had been a concern of the utility and they were in

the process of rigging up a temporary line to vent these tanks into the
reactor building.

Harold Denton was the senior NRC type in the IRC that morning and it was
primarily his decision to recommend an evacuation.

Harold Denton was later to say that his concerns about evacuation went down
by ordersof magnitudes once he arrived on site later that.afternoon and
became better appraised of the situation.

Radiolysis in the decomposition of water into hydrogen and oxygen due to
interaction of intense neutron anc gamma irradiation.

In borated water solutions the rate of radiolytic decomposition is directly
proportional to the energy absorption from neutron scattering and capture
minus the gamma energy absorption. (Ref: Etherington, Nuclear Engineering
Handbook, lst Edition, 1958, p. 10-132). In addition, in gamma and neutron
fields typical of power reactors, a hydrogen concentration of only 17 cc/kg
is needed to suppress radiolysis in the primary coolant. (Ref: US Patent
2937981, 5/24/60). Noting that after the control rods were inserted the
neutron flux was reduced by many orders of magnitude and that the actual
hydrogen concentration in the reactor coolant on Friday was about 1670 cc/kg,
it is obvious that radiolysis in the reactor coolant system was not physically
possible.

The worst case scenario that was speculated was 4 core meltdown. According
to the results of WASH-1400, the most exhaustive and authoritive study on
the subject, the following would be the consequences of a reactor core melt-
down. (No fault was found with this consequence model in the recent highly
publicized independent review of this report.) The most likely core melt
sequence (avout 90% of all the possible scenarios leading to core melt) would
be a core melt through, with the molten core eventually penetrating the base
of the containment building and solidifying a few tens of feet beneath. The
most likely conseqeunces of this sequence would be very small; less than

one early fatality, less than one additional latent cancer fatality per year
and less than one additional genetic effect per year. (In the case of TMI,
there would have been substantial groundwater and possible river water con-
tamination that would have been difficult to clean up.)

Prior to melt through there is the additional risk, based partly on the
availability of some additional safeguard equipment, that the containment
vessel could be breached. Assuming the worst possible atmospheric breach of
containment combined with the worst case meterology, population distribution
and evacuation scenario, the maximum possible consequences would be much
more serious. This could include about 3000 earlv fatalities, 2 9% increase
in fatal cancers, and a 2% increa:,: in genetic effects to the assumed popula-
tion.
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In addition, there could be the requirement for temporary relocation frop
an area of about 300 square miles (much of which could be reclaimed in a
short period of time with minimal decontamination) and crop and milk
restrictions within an area of about 3000 square miles.

This was the condition in the reactor building outside of the reactor
coolant system. Radiolysis was probably occurring in the water that was
spilled on the floor of this building. This was one of the reasons for
wanting to get a hydrogen recombiuer in operation as soon as possible. The
maximum hydrogen concentration in this building was measured at about 2.2%,
well below the 4% necessary for burning or the 8% necessary for explosion.

It seemed the further away one went from TMI the worse the situation was

reported as being. In fact, some foreign media reported that thousands
had died as a result of the accident.
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APPENDIX A

SUMMARY and DISCUSSION of FINDINGS from:
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)

Ad Hoc Population Dose Assessment Group

Lewis Battist Nuclear Regulatory Commission

John Buchanan Nuclear Regulatory Commission

Frank Congel Nuclear Regulatory Commission

Christopher Nelson Environmental Protection Agency

Mark Nelson Department of Health, Education, and Welfare
Harold Peterson Nuclear Regulatory Commission

Marvin Rosenstein Department of Health, Education, and Welfare

May 10, 1979

This document contains only the "Preface” and "Summary and Discussion of Findings"
sections of the full report. If the complete report is required, it may be obtained
by calling (301) 443-3434, or writing to:

HF X-25, Bureau of Radiological Health
5600 Fishers Lane
Rockville, MD 20857

193



PREFACE

This report was prepared by technical staff members of the Nuclear Regulatory
Commission (NRC), the Department of Health, Education and Welfare (HEW), and
the Environmental Protection Agency (EPA), who constitute an Ad Hoc Population
Dose Assessment Group. It is an assessment of the health impact on the approxi-
mately 2 million offsite residents within 50 miles of the Three Mile Island
Nuclear Station from the dose received by the entire population (collective dose).
The Ad Hoc Group has examined in detail the available data for the period up to and
including April 7, 1979. Based on a preliminary review of data from periods beyond
April 7, it appears that the collective dose will not be significantly increased by
extending the period past April 7.

The dose and health effects estimates are based primarily on thermoluminescent
dosimeters placed at specific onsite and offsite locations. The dosimeters measure
the cumulative radiation exposure that occurred at these locations. They permit
the most direct evaluation of dose to the offsite population from radionuclides
(radioactive materials) released to the environment.

The report also addresses several areas of concern about the types of radio-
nuclides released, about the contribution to population exposure due to beta
radiation (which does not penetrate the clothing and skin) emitted from the released
radionuclides, about the degree of coverage afforded by available radiation
measurements, and about the range of health effects that may result from the
estimated collective dose.

Based on the current assessment, the Ad Hoc Group conciudes that the offsite
collective dose associated with radioactive material released during the period of
March 28 to April 7, 1979 represents minimal risks (that is, a very small number) of
additional health effects to the offsite population. The numerical statement of this
conclusion is developed in the report. The Ad Hoc Group is not aware of any
radiation measurements made during this period that would alter this basic
conclusion, although refinement of the numerical estimates can be expected as the
data are updated and verified. The members of the Ad Hoc Group concur that the
manner in which the collective dose estimates were computed was conservative
(overestimated the actual dose). The uncertainties in the collective dose estimates

and health effects are not large enough to alter the Group's basic conclusion, that
is, the risk is minimal.
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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)

Summary and Discussion of Findings

An interagency team from the Nuclear Regulatory Commission (NR t

ent of Health, Education and Welfarg (HE\;’Y) and the En\fironcra’enthael
Protection Agency (EPA) has estimated the collective radiation dose received by
the approximately 2 million people residing within 50 miles of the Three Mile Island
Nuclear Station resulting from the accident of March 28, 1979. The estimates are
for the period from March 28 through April 7, 1979, during which releases occurred
that resulted in exposure to the offsite population. The principal dose estimate is
based upon ground-leve] radiation measurements from thermoluminescent dosime-
ters located within 15 miles of the site. These estimates assume that the
accumulated exposure recorded by the dosimeters was from gamma radiation (that
is, penetrating radiation that contributes dose to the internal body organs). The
data were obtained from dosimeters placed by Metropolitan Edison Company before
the accident (as part of their normal environmental surveillance program), from
dosimeters placed by Metropolitan Edison after the accident and covering the period
to April 6, and from dosimeters placed by NRC from noon of March 31 through the
afternoon of April 7, 1979. These measurement programs are continuing. The
results for the period beyond April 7, 1979 have not been fully examined. An
additional dose estimate developed by the Department of Energy using aerial
monitoring that commenced about 4 p.m. on March 28, 1979 is also included. A
variety of other data helpful in assessing relatively minor components of collective
dose was also reviewed.

The collective dose to the total population within a 50-mile radius of the plant
has been estimated to be 3300 person-rem. This is an average of four separate
estimates that are 1600, 2800, 3300, and 5300 person-rem. The range of the collec-
tive dose values is due to different methods of extrapolating from the limited
number of dosimeter measurements. An estimate provided by the Department of

Energy (2000 person-rem) also falls within this ranée. The average dose to an
ind:vidual in this population is 1.5 mrem (using the 3300 person-rem average value).

The projected number of excess fatal cancers due to the accident that could
occur over the remaining lifetime of the population within 50 miles is approximately
one. Had the accident not occurred, the number of fatal cancers that would be
normally expected in a population of this size over its remaining lifetime is
estimated to be 325,000. The projected total number of excess health effects,
including all cases of cancer (fatal and non-fatal) and genetic ill health to all future
generations, is approximately two.

These health-effects estimates were derived from central risk estimates within
the ranges presented in the 1972 report of the Advisory Committee on the
Biological Effects of lIonizing Radiation (BEIR) of the National Academy of
Sciences. Preliminary information on the recentiy updated version of this report
indicates that these estimates will not be significantly changed.
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It should be ncted that there exist a few members of the scientific community
who believe the risk factors may be as much as two to ten times greater than the
estimates of the 1972 BEIR report. There also is a minority of the scientific com-
munity who believe that the estimates in the 1972 BEIR report are two to ten times
larger than they should be for low doses of gamma and beta radiation.

The maximum dose that an individual located offsite in a populated area might
receive is less than 100 mrem. This estimate is based on the cumulative dose
(83 mrem) recorded by an offsite dosimeter at 0.5 mile east-northeast of the site and
assumes that the individual remained outdoors at that location for the entire period
from March 28 through April 7. The estimated dose applies only to individuals in
the immediate vicinity of the dosimeter site. The potential risk of fatal cancer to
an individual receiving a dose of 100 mrem is about | in 50,000. This should be
compared to the normal risk to that individual of fatal cancer from all causes of
about | in 7.

An individual was identified who had been on an island (Hill Island) 1.1 miles
north-northwest of the site during a part of the period of higher exposure. The best
estimate of the dose to this individua! for the 10-hour period he was on Hill Island
(March 28 and March 29) is 37 mrem.

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

What radionuclides were in the environment?

The principal radionuclides released to the environment were the radioactive
xenons and some iodine-131. Measurements made by the Department of Energy in
the environment, measurement of the contents of the waste gas tanks, of the gases
in the containment building and the actual gas released to the environment
confirmed that the principal radionuclide released was xenon-133. Xenon-133is a
noble gas (which is chernically non-reactive) and does not persist in the environment
after it disperses in the air. It has a short half-life of 5.3 days and produces both
gamma and beta radiation. The risk to people from xenon-133 is primarily from

external exposure to the gamma radiation, which penetrates the body and exposes
the internal organs.

What were the highest radiation exposures measured cutside the plant

buildings?

Some of the Metropolitan Edison dosimeters iocated on or near the Three Mile
Island Nuclear Station site during the first day of the accident recorded net
cumulative doses as high as 1020 mrem. These recorded exposure readings do not
apply directly to individuals located offsite. However, the onsite dosimeter

readings were included in the procedure for projecting doses to the ofisite
population. This procedure is described in the report.

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

The co_llective dose is a measure of the total radiation dose which was received
by the entire population within a 50-mile radius of the Three Mile Island site. Itis
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oMned‘by multiplying the number of people in a given area by the dose estimat
for that area and adding all these contributlons. v Y mated

v%c;he radiation measurements adeguate to determine population health

p extensive environmental monitoring and food sampling were adequate to

 characterize the nature of the radionuclides rejeased and thg concentraqtt;ons of

_radionuclides in those media. The measurements performed by Department of
Energy (aerial wyvey) and Metropolitan Edison and Nuclear Regulatory Commission
(ground level dosimeters) are sufficient to characterize the magnitude of the collec-
tive dose and therefore the long-term health effects. However, a single precise
value for the mﬂ&ctiye dose cannot be assigned because of the limited number of
fized ground level dosimeters deployed during the accident,

How conservative were the collective dose estimates?

In projecting the collective dose from the thermoluminescent dosimeter
exposures, several simplifying assumptions were made that ignored factors that are
known to reduce exposure. In each case, these assumptions introduced significant
overestimates of actual doses to the population. This was done to ensure that the
estimates erred on the high side. The three main factors that fall into this category
are:

(1) No reduction was made to account for shielding by buildings when le
remained indoors. e & peop

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

(3) No reduction was made to account for the fact that the actual dose
absorber by the internal body organs is less than the dose assumed using
the net dosimeter exposure.

What is the contribution of beta radiaticn to the total dose?

Beta radiation contributes to radiation dose by inhalation and skin absorption.
The total beta plus gamma radiation dose to the skin from xenon-133 is estimated to
be about & times the dose to the internal body organs from gamma radiation. This
additional skin dose could result in a small increase in the total potential health
effects (about 0.2 health effect) due to skin cancer. The increase in total fatal
cancers over that estimated for external exposure from gamma radiation alone
would be about 0.01 fatal skin cancer. This contribution would be considerably
decreased by clothing. The dose to the lungs from inhalation of xenon-133 for both
beta and gamma radiation increases the dose to the lungs by 6 percent over that
received by external exposure.
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What radionuclides” were found in milk a_n_d__food and what are their

significance?

lIodine-131 was detected in milk samples during the period March 31 through
April 4. The maximum concentration measured in milk (4] pCi/liter in goat's milk,
36 pCi/liter in cow's milk) was 300 times lower than the level at which the Food and
Drug Administration (FDA) would recommend that cows be removed from
contaminated pasture. Cesium-137 was also detected in milk, but at concentrations
expected from residual fallout from previous atmospheric weapons testing.. No
reactor-produced radioactivity has been found in any of the 377 food samples
collected between March 29 and April 30 by the FDA. .

Why have the estimates of radiation dose changed?

The original Ad Hoc Group estimate of collective dose (1800 person-rem
presented on April 4 at the hearings before the Senate Subcommittee on Health and
Scientific Research covered the period from March 28 through April 2. The data
used for this estimate were obtained from preliminary results for Metropolitan
Edison offsite dosimeters for the period March 28 through March 31 and preliminary
results for NRC dosimeters for April 1 and 2. On April 10, the estimate of 2500
person-rem presented to the Senate Subcommittee on Nuclear Regulation by NRC
Chairman Hendrie included the time period from March 28 through April 7. The
data base for this estimate included additional NRC dosimetry results for April 3
through 7. The Ad Hoc Group's preliminary report of April 15 stated a value of 3500
person-rem for the time period from March 28 through April 7. This value resulted
from better information on the dosimeter measurements and an improved procedure
for analyzing the measurements,

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

The original estimate of maximum dose (80 mrem) to an individual presented on

April 4 increased to 85 mrem in the April 15 preliminary report as a consequence of
adding the contribution from April 2 to April 7. This estimate has now been revised

slightly to 83 mrem, which is presented as less than 100 mrem so as not to imply
more precision than this estimate warrants. New information on dosimeter readings
on or very near the site was received after the initial analysis. It was also learned
that an individual was present on one of the nearby islards (Hill Island) for a total of
10 hours during the period March 28 to March 29. The best estimate of the dose

which may have _been received by the individual is 27 mrem. The test includes a
range of dose estimates for that individual.

Will these estimates oi dose change again?

The dose and health effects estimates contained in this report are based on the
dosim_eter results for the period March 28 to April 7, 1979. There still remain some
questions concerning interpretation of the dosimeter results. For example, the best
values for subtracting background from the Nucjear Regulatory Commission dosime-
ters have not been determined. Recently available data from additional dosimeters
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expm Mng the March 28 to April 7 period have been reviewed briefly, but could
not be inciuded in the calculations in time for this report. The actual contribution
to collective dose from the period after April 7, if any, has not been fully assessed.
- Therefore, the numerical dose values may be subject to some modification.

. The Ad Hoc Group feeils that these factors represent only minor corrections to

.m present estimates. In any case, none of the above refinements should cause an
 increase in any of the current estimates that would alter the basic conclusion
regarding the health impact due to the Three Mile Island accident.
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APPENDIX B

Chronology of TMI-2 Accident 3/28/79

t ==~1 sec. (0400:36)

[n)
[}

rr
[}

T
[

(a3
]

3 sec.

8 sec.

13 sec.

13 sec.

10 sec.

38 sec.

1-4 min.

FEvents

Plant operating normally (2155 psig) at 97%.
Cond. polisher valve closed due to malfunction
in air system. Booster pumps (2 of 3 operating)
may have been first to trip. One condensate
pump tripped (2 of 3 operating). Loss of both
feedwater pumps on low suction pressure. Turbine
trip.

All three emergency feedwater pumps started
(operating pressure at t = 14 sec.)

E-M relief valve open at 2255
Reactor trip on high pressure at 2345

Operator isolated letdown, started another MU pump
and opened HP injection isolatien valve in
anticipation of expected pressurizer level decrease.

E-M relief valve solenoid de-energized giving closed
position indication at 2205 psi (Valve did not reseat)

RCS temp. peaks at 611° F, 2345 psi pressurizer
level peaks at 255 inches.

Emergency feedwater valves open on S/G low level.
Block valves closed so no feedwater admitted.

$/G boil dry at t = 1:45. Pressure indication and
valve position is only incication operator had of
system status.

Pressurizer level started increasing. Based on
rate of increase being greater than rate that can
be accounted for, it is suspected that one or more
steam voids formed in RCS at this time. This was
the first indication, along with the still increasing
pressure in the RC drain tank, which the operator
had that would indicate a departure from what would
normally be expected. Normally level and pressure
would trend together following a loss of feedwater
transient. Departure from normal was due to EM
relief valve ba2ing open causing a reduction in
pressure, while the loss of heat sink (S/G's boiling
dry) was causing an expansion of the RCS. 1t is
suspected that level instruments were not greatly
in error basad on an evaluation of all conceivable
types of malfunctions.
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ECCS (HPI) imltiation at 1600 psi.

BC drain tank relief valve lifted. RC drain
tank high temp. alarm at t = 3:26 min. Further
indication of open E~M relief valve.

Operator bypassed HPI portion of ECCS and throttled
one of two injection isolation valves on “A" MU
pumps in attempt to control pressurizing level.
This reduced MU flow rate to about 3/4 of full
flow at this operating point.

Operator tripped MU pump "C" in further attempt
to control pressurizing level. This reduced MU
flow rate to about ¥ of full SI flow at this
operating point. "A" MU pump was still operating
in throttled condition.

Operator initiates letdownm flow in excess of

140 gpm in additional attempt to control pressurizing
level. About 2 minutes later letdown flow is
throttled back to about 70 gpm.

At this point and continuing for about the next

two hours (until E-M relief valve is shut) the
amount of primary coolant being lost due to letdown
and release through the open E-M relief valve

is well in excess of that being added by ome
throttled MU pump. Therefore, during this approxi-
mate two hour period the voids in the RCS were a
steadily increasing and eventually led to the un-
covering of the core.

R.B. sump pump "A" automatically started on sump

high level, presumably pumping about 140 gpm to
the miscellaneous waste holding tank through normally
open containment isolation valves. (These valves
isolate on R.B. high pressure at 4 psig which had
not yet been reached). This pump was instead lined
up to the auxiliary building sump tank which had a
blown rupture disk. This tank later overflowed into
the auxiliary buflding sump and backed up and flooded
most of the floor drains in the auxiliary building
basement.

Operator discovered very low level indication in
both steam generators which would indicate they
wvere dry. He then verificd emergency feedwater
system status and found both bleck valves closed.
(The position indicatiun for one of these valves
may have been obscured by a caution tag from another
valve controller). OUperacor opened the valves and
fed both S/C with relatively cold feedwater causing
additional shrinkage of the RCS without sufricient
makeup.
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10:00 min.

10:19

10:24 min.

14:50 min.

20 - 74 min.

25 min.

38 min.

1:14 hour

1:27 hour

1:30 hour

Pressurizer level came back on scale but
remained high.

R.B. sump pump ''B" automatically started
increasing total pumping rate to about 280 zom. -

"A'" MU pump tripped. Both pumps off for about
16 sec. "A" restarted at 10:40 min.

RC drain tank rupture disk burst at about 190 psig,

RCS stabilized near saturated conditions at about
1015 psig and 550° F.

Operator periodically requested printout of E-M
relief valve outlet temp. Reading was not
conclusive that discharge was still occurring.
RC flow gradually decreased during this periocd and
various RCP related alarms occurred. Various
building exhaust monitors showed small

increase during this period. Chart recorder for
source range instrumentation showed steadily in-
creasing valves during this period. This was
indicative of slowly decreasing moderator density
in the core but was not identified by operator.

High radiatiom alarm on Intermediate closed cooling
system. This monitor is physically located next
to R.B. sump and was normally received following a
reactor trip.

R.B. sump pumps turned off by operator. Since
discharge line was still not isolated (This did

not occur until 4 psig was reached at about t = &
hours) it is suspected that R.B. sump water continued
to be transported a* a low flowrate to the auxiliary
building sump due tc zievation differences and
higher R.B. pressure.

Operator tripped RCP's in "B" loop due to vibration
alarms and fact that pumps had been below allowable
limits for 4 pump operation. "B'" loop closed to
maintain pressurizer spray capability which comes
from "A" loop.

Operator isoclated "B" steam generator. It was
believed at this point that high R.B. pressure

was due to steam leak from "B" steam generator since
it was significantly lower in pressure than "A".
Lower pressure was probably due to void which had
formed in the "B" hot lcg and was preventing flow
through this steam generator.

RCS sample indicated %00-500 ppm boron and 4 uc/ml.

This was about a factcr of ten increase in activity
and a factor of two decreass in boron.
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t = 1:40 hour Operators decided to attempt natural circulation

on "A" steam generator due to excessive vibra-
tions on loop "A" RCP's. 1In preparation for this,
level in "A" $/G was raised and both "A" loop
RCP's were tripped. In subsequent interviews, the
operators did not believe they had established
natural circulation. However, the increase in source
and intermediate range nuclear instrumentation was
thought to be due to the boron dilution that
measurements had been indicating. 1In fact, the
operator had started an emergency boration cycle
prior to this evolution. At about this time, the
operator reported that they increased high pressure
injection flow. The RCS pressure showed an in-
crease and the source range monitors (SRM) showed

a significant decrease which indicated the core
voids had collapsed. The operators apparently did
not note the significance of this.

A short while later the SRM showed an increase of
about one decay which again indicated the core

was becoming uncovered. The operator again reporter
that the "emergency borated." This condition
remained for about 1 hour and 15 minutes, until
after the E-M relief block valve was closed and
pressure was increased above saturatiom.

t = 1:54 hour RCS hot and cold leg temperature begin to diverge
widely. The hot leg temperature went offscale
. at 620°F in about 14 minutes. The cold leg

temperature dropped to about 150°F (apparently due
to HPI water).

t = 2:22 hour E-M relief block valve isolated by operator. Higher
temperature readings on this valve finally led
operators to believe that it was leaking. This
action terminated the small loss of reactor coolant
accident and RCS pressure began increasing from it
low point of about 1300 psig.

t % 2:40 hour Arca radiation monitors alarmed at the sample
station and letdown line radiation monitor increased

by about a factor of 100.

t = 2:45 hour Operator opened isolation valves on "B" steam
generator in preparation for attempting to restart
RCP's. Several attempts were made to start RCP's
in "A" loop. Finally a few minutes later RCP-2B
vas started. [t remained in operation for about 19
minutes when it was tripped due to vibrations and a
low operating current.

ty 2:50 hour A site emergency was declared. First notice to
offsite agencies was initiated.
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2:56 hour

3:00 hour

3:12 hour

= 3:21 hour

3:24 hour

3:30 - 3:55 hour

3:56 hour

4:00 - 5:15 hour

4:17 hour

Radiation alarm received from condenser off

gas monitor. Operator again isolated "B" steanm
generator due to suspected primary to secondary
leakage. A small amount of leakage within allow-
able technical specifications was occurring in
this steam generator prior to the transient. It
was suspected that cold feedwater into a drv steanm
generator may have increased the severity of this
leakage.

RCS pressure increased to 2130 psig. SRM again
began to increase slightly.

Operator opened E-M relief block valve in an
attempt to establish normal pressurizer level.
SRM count rate decreased to normal indication
flow may have started through reactor core. As
RCS pressure continued to decrease, SRM count rate
again began to increase indicating steam again
forming in the core.

High pressure injection again initiated on de-
creasing pressure. Both MU pumps are started with
full flow. SRM count rate rapidly decreased to
normal indicating core void had again collapsed.
SR and IR monitors would remain near normal levels
from that point on. This is a good indication the
core was not uncovered following this restoration
of full HPI flow.

General emergency declared as a result cof high
radiation levels in the reactor building.

Operator attempts to control pressurizer level by
cycling E-M relief block valve and by stopping "C"
MU pump.

Reactor building isolated by SFAS actuation at
4 psig.

With pressurizer level restored to about 380 inches
and RCS pressure at 1500 psig additional attempts
were made to start a RCP? during this period. The
containment dome moaitor steadily increased from
about 200 R/hr to about 6000 R/hr. Offsite
monitoring teams weve dispatched and reported

< 1 mr/hr offsire.

Both operating MU pumps (A" & ''C") tripped.
Operator attempted to start one about one minute
later. MU pump "B" started about &4} minutes later.

About 10 minutes later MU pump 'C" started by

operator. Two MU pumps were running 1t {1l flow
for abou: the next five hours.
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:L'a‘=33 bour Steam dump to atmosphere began on "A" steam

generator.
t .«3;15 - Operator closed E-M relief block valve in an
,n;]§3° attempt to raise pressure and collapse steam

bubbles that they believed were in the loops,
Pressure was controlled at about 2000-2200 psig.

by cycling E-M relief block valve. Decay heat

wvas being removed mainly by feed (HPI) and bleed
SEERV) process and somevhat dumping steam from
A" steam generator through atmosphere dump.

t= 8214 RCS activity reported to be 140 uc/cc gross B8~ Y.
t=7:30 - Operator reduced RCS pressure by opening E-M relief

10:30 block valve. This was done to insure that the core
T vas covered since at about 600 psig. the core flood

tanks would inject directly into reactor vessel oa
top of core. Once it was assured that the core
was covered, an attempt would be made to further
depressurize and initiate decay heat removal (the
normal long term cooling mode using forced recircula-
tion through an external cooling system) at 400 psig.
About an hour later when the initiation pressure of
the core flood tanks was reached, indications were
that very little water was injected, therefore the
operator felt confident that the core was covered.
However, the RCS pressure could not be reduced below
about 450 psig. which the operators attributed to
reaching the saturation pressure of the loops. Decay
heat was being removed mostly by feed (HPI and core
flood) and bleed (EMRV and pressurizer vent) and
somewhat by atmospherically dumping steam from "A"
steam generator.

t= §:30 Steam dump to atmosphere from "A" steam generator
stopped at request of corporate management in response
to concerns expressed by state government.

t=9:50 ESF actuation on high R.B. pressure. (Building
' pressure experienced a short spike to 28 psig. which
cleared within 11 seconds) R.B. spray was initiated
and was shut off by operator after about 6 minutes.
Since this occurred simultaneously with the operator
opening the E-M relief block valve, it was believed
that noise or an electrical cross connection had
ylelded a false signal. Some people in the control
room reported hearing a dull thud at about this time.
This indication is what was later believed to be a
hydrogen explosion {n contalnment. Since it caused
. no evidence of instrument or equipment failure, its
‘ significance is questionnable except for indicating
the extent of metal water reaction. If it was a
hydrogen explosion, Lt was a localized occurrence
based on its duration and,effect.
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10:30 -
13:30 hour

13:05

13:30 -
15:30

15:33

15:50

With RCS at about 500 psig. "A" loop Th decreased
indicating that the bubble in the loop had
collapsed. _This was followed by an increase in

Tc which was indication that some natural circulatiep
was occurring. This is thought to be primarily

the result of HP injection which was primarily -
directed to the "A" loop. 1t was still planned to
try to further reduce pressure and go to low pressure
injection followed by normal decay heat removal.
Decay heat was now primarily being removed by the
ongoing feed and bleed process.

Started to draw a condenser vacuum. Started
steaming "A" steam generator to condenser about
15 minutes later.

Since RCS pressure could not be reduced below

about 450 psig. operators decided to repressurize
RCS in an attempt to further collapse voids and
start a RCP. With E-M relief block valve closed

and MU flow at about 500 gpm with two pumps throttled,
RCS was increased to about 2250 psig. in about one
hour. In preparation for starting a RCP, MU flow
was balanced with letdown and an attempt was made

to draw a bubble in the pressurizer. Decay heat

was now primarily being removed through some natural
circulation in "A" steam generator which was steaming
to the condenser.

RCP-1A ‘started for about 10 seconds as per the
procedure for restart following loop filling. RCS
pressure dropped to about 1450 psig.

Operator started RCP-1lA to establish forced circula-
tion through the "A" loop. RCS pressure dropped from
about 2250 to 1380 psig. and eventually stabilized
at 1000 psig. Tave dropped to about 290° F and
eventually stabilized at about 2500 F.
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U.S. NUCLEAR REGULATORY COMMISSION
OFFICE OF STANDARDS DEVELOPMENT May 1980

ORAFT RESULATORY GUIDE AND VALUE/IMPACT STATEMENT raSE‘SZSSS'z’-f

-

Contact: A. K. Roecklein (301) 443-5970

INSTRUCTION CONCERNING RISK FROM OCCUPATIONAL
RADIATION EXPOSURE

A. INTRODUCTION -

g »
:  Section 19.12 of 10 CFR Part 19, “Notices, Instructions and Repqrts to
Yorkers; Inspect‘!ons, requires that all individuals worldng in or frequentmg
any . por ion of a restricted area be instructed in the- heaTth protection problems
lssocilted with exposure to radioactive materials or radtation This guide
i describes the instruction that should be provided conce‘rn‘ing biological risks

to the worker from occupational radiation exposure g

N N
B. DISCUSSION ’
| Lo
- It is generally accepted by-the \‘st;iet;tific community that exposure to
-ionizing radiation may cause b\olomcal effects that may be harmful to the
-exposed organism. These effects are generally classified into two general
'catagorios. These categones are Somatic Effects, i.e., effects occurring
in the exposed persod wmch, in turn, may be divided into two classes: prompt
i effgt_g that a::g-qbsenvable soon after a large or acute dose (e.g., 25 rems or
more in a few.hours) and delayed effects such as cancer that may occur years
after expogure twradlatmn and Genetic Effects,* i.e., abnormalities that
say occur i(the children of exposed individuals and in subsequent generations.
- Concerns about these biological effects have resulted in stringent controls on

‘jyimects have not been observed in any of the studies of exposed humans.

This "l"m guide and the associated value/fepact statement are befng tssued In draft form to involve
the public fn m esrly stages of the development of a regulatory position in Lhis area. They have not
fetatved conpists staff review snd 0o not represent an officis) MRC staff pasition.

Pablic comments arg being soticited on both drafts, the guide (including any mplementation schedule) and

the velue/inpect statemeat. Comsents on the value/impact statesent should be sccospanied by supporting
. @8ta, Cemments om both drefts sheuld be sent to the Secretery of the Commission, &Ls Juclean Aeguiatory
s(mmn. Vashington, D.C. 20585, Attantion: Docketing and Service Branch, by

fSoquests for single copies of drsft guides (which may be reproduced) or for placement on an automstic

v Sistetbution Tst for single coples of future draft guides in specific divisions should be made in
writing to the V.S, Nuciesr Regulatory Commission, Washington, 0.C. 20958, Attention: Director,
I'th of Yechnicatl Information and Document Control.
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doses to individual workers and in efforts to control the collective dose
(man-rems) to the worker population.

NRC licensee activities result in a significant fraction of the total
occupational radiation exposure in the United States. Regulatory action has
recently focused more attention on implementing the philosophy of maintaining
occupational radiation exposure at Tevels that are as low as is reasonably
achievable (ALARA). Radiation protection training for all workers who may be
exposed to ionizing radiation is an essential component of any program designed
to maintain exposure levels ALARA. A clear understanding of what is presently
known about the biological risks associated with exposure to radiation will
result in more effective radiation protection training and should generate more
interest on the part of the worker in minimizing both individual and collective
doses. In addition, radiation workers have the right to whatever information
on radiation risk is available to enable them to make informed decisions regard-
ing the acceptance of these risks.

At the relatively low levels of occupational radiation exposure in the
United States, it is difficult to demonstrate correlations between exposure
and effect. There is considerable uncertainty and controversy regarding esti-
mates of radiation risk. In the appendix to this guide, a range of risk
estimates is provided (see Table 1). Information on radiation risk has been
included from such sources as the 1979 National Academy of Sciences Report of
the Committee on the Biological Effects of Ionizing Radiation (BEIR 79),* the
International Commission on Radiological Protection (ICRP) Publication 27
entitled "Problems in Developing an Index of Harm," the 1979 report of the
science work group of the Interagency Task Force on the Health Effects of
Ionizing Radiation, the 1977 report of the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR report), and numerous
published articles (see the bibliography to the appendix).

C. REGULATORY POSITION

Instruction to workers performed in compliance with §19.12 of 10 CFR
Part 19 should be given prior to assignment to work in a restricted area and

*The 1979 BEIR report, issued in draft form, is currently being revised. A

final version is not yet released but the information from the draft used for
this guide is not expected to change significantly.
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periodically thereat ter. In providing instruction concerning health protection

problels associmd with exposure to radiation, all workers, including those
wisory: roles,.should be given specific instruction on the risk of biolog-

k ts_ resulting from exposure to radiation.

: mtmﬁm should include the information provided in the appendix

to this ﬁﬁd& and should be presented to all affected workers and supervisors.

The information should be discussed during training sessions. Each individual

should be g‘lm an opportunity to ask questions and should be asked to acknowledge

in \mhw tht the instmction has been received.

D. IMPLEMENTATION

purpose of ‘this section is to provide information to applicants
mm ‘staff's plans for using this regulatory guide.
is proposed guide has been released to encourage public participation
i its development. Except in those cases in which a licensee proposes an
eptable alternative method for complying with specified portions of the
. ‘ssien's regulations, the methods to be described in the active guide
Tec %uu ‘public comments will be used in the evaluation of the instructional
 for Qﬂ individuals working in or frequenting any portion of a restricted
for all supervisory personnel. Implementation by the staff will in
*mr than December 1, 1980.




APPENDIX TO DRAFT REGULATORY GUIDE OH 902-1

INSTRUCTION CONCERNING RISKS FROM
OCCUPATIONAL RADIATION EXPOSURE

This instructional material is intended to provide the user with the best
available information concerning what is currently known about the health risks
from exposure to ionizing radiation. A question and answer format has been
used. The questions were developed by the NRC staff in consultation with workers,
union representatives, and licensee representatives experienced in radiation
protection training. Risk estimates have been compiled from numerous sources
generally recognized as reliable. A bibliography is included for the user
interested in further study.

1. What is meant by risk?

Risk can be defined in general as the probability (chance) of injury,
illness, or death resulting from some activity. The intent of this document
is to estimate and explain the possible risk of injury, illness, or death
resulting from occupational radiation exposure.

2. What are the possible health effects of exposure to radiation?

Some of the health effects that exposure to radiation may cause are
cancer (including leukemia), birth defects in the children of exposed parents,
and cataracts. These effects (with the exception of genetic effects) have been
demonstrated in studies of medical radiologists, uranium miners, radium workers,
and radiotherapy patients who received excessive doses in the early part of the
century. Studies of people exposed to radiation from atomic weapons have also
provided data on radiation effects. In addition, radiation effects studies with
laboratory animals have provided a large body of data.
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‘studies mentioned, however, involve levels of radiation exposure that
Mw than those permitted occupationally today. Studies have not

shm‘ a’thar eause-affect rehtionship between health effects and current

Mt effects are observable shortly after receiving a very large dose
‘in a short period of time. For example, a dose of 450 rems to an average adult
vl ‘cause vomiting and diarrhea within a few hours; loss of hair, fever, and
1g - Yoss within a few weeks; and about a 50 percent chance of death within
onth without medical treatment. Delayed effects such as cancer and cataracts
Wiy dccur years after exposure to radiation. Genetic effects occur when there
i'dfat‘hm damage to the genetic material. These effects may show up as birth
“defetts or other conditions in the offspring of the exposed individual and
succeeding generations, as demonstrated in animal experiments, although this
ffect has not been observed in human populations.

. As nuclear industry workers, which effects should concern us most?

"""Immediate or prompt effects are very unlikely since large exposures would
mmf’fy"wcur only if there were a serious radiation accident. Accident rates
ia ﬂle mﬂaar industry have been low, and only a few accidents have resulted in

rexposures. The probability of serious genetic effects in the children of
wrhers is estimated at about one-third that of other delayed effects. The main
concern to industry workers should be the delayed incidence of cancer. The chance
~ of delayed cancer is believed to depend on how much radiation exposure a person
wtsg therefore, every reasonable effort should be made to keep exposures low.

‘What s the difference between acute and chronic exposure?

: te radiation exposure, which causes prompt effects and may cause delayed
effm refers to a large dose of radfation received in a short period of time;
“for m‘le, 450 rems received within a few hours or less. The effects of acute
Gwms ‘are well known from studies of radiotherapy patients, atomic bomb
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victims, and accidents that have occurred in nuclear fuel processing. There

have been few occupational incidents that have resulted in large acute exposyres -
Chronic exposure, which may cause delayed effects but not prompt effects, refeps
to small doses received repeatedly over long time periods, for example, 20-100 mye
(a mrem is one-thousandth of a rem) per week every week for several years. (on-
cern with occupational radiation risk is primarily focused on chronic exposure to
Tow levels of radiation over long time periods.

6. How does radiation cause cancer?

How radiation causes cancer is not well understood. It is impossible to
tell whether a given cancer was caused by radiation or by some other of the many
apparent causes. However, most diseases are caused by the interaction of several
factors. General physical condition, inherited traits, age, sex, and exposure to
other cancer-causing agents such as cigarette smoke are a few possible interacting
factors. One theory is that radiation activates an existing virus in the body
which then attacks normal cells causing them to grow rapidly. Another is that
radiation reduces the body's normal resistance to existing viruses which can then
multiply and damage cells. Radiation can also damage chromosomes in a cell, and
the cell is then directed along abnormal growth patterns. What is known is that,
in groups of highly exposed people, a higher than normal incidence of cancer is
observed. An increased incidence of cancer has not yet been observed at low
radiation levels, although human studies are still incomplete. Higher incidence
rates of cancer can be produced in laboratory animals by high levels of radiation.

7. If I receive a radiation dose, does that mean I am certain to get cancer?

Not at all. Everyone gets a radiation dose every day but most people do
not get cancer. Even with doses of radiation far above legal limits, most
individuals will expgrience no delayed consequences. There is evidence that
the human body will repair some of the damage. The danger from radiation is
much Tike the danger from cigarette smoke. Only a fraction of the people who
breathe cigarette smoke get lung cancer, but there is good evidence that
smoking increases a person's chances of getting lung cancer. Similarly, there

s evidence that large radiation doses increase a person's chances of getting
cancer.
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v § Tike most substances that cause cancer in that the effects
n clearly ofly at high doses. Still, it is prudent to assume that
also have some chance of causing cancer. This is as true for
r-causers such as sunlight and natural radiatio- as it is for those
i ‘sade such as cigarette smoke, smog, and man-made radiation. As
even véty sial) doses may entail some small risk, it follows that no dose should
be takenmithout a veason. Thus, a time-honored principle of radiation protec-
tion is to do more than merely meet the allowed regulatory limits; doses should
‘ st as low as is reasonably achievable (ALARA).
‘*M*t know exactly what the chances are of getting cancer from a radia-
Uon dose, but we do have good estimates. The estimates of radiation risks are
t least as ‘reliable as estimates for the effects from any other important hazard.
N to typical occupational radiation doses is taking a chance, but
that chance is small and reasonably well understood.
It“fs ‘jmportant to understand the probability factors here. A similar
m would be: if you select one card from a full deck, will you get the
e""of s? This question cannot be answered with a simple yes or no. The
answer is ﬂux your chances are 1 in 52. However, if 1000 people each
‘:' qﬁ card from full decks, we can predict that about 20 of them will get
#"of spades. Each person will have 1 chance in 52 of drawing the ace of
pades M there is no way that we can predict which individuals will get the
riﬁt. pard. The issue is further complicated by the fact that in 1 drawing by
1000 pwph, we might get only 15 successes and in another perhaps 25 correct

| cardq fi 1000 draus We can say that if you receive a radiation dose, you will
have increased your statistical chances of eventually developing cancer or some

z other ‘radiation-related injury. The more radiation exposure you get, the more

Wi {ncrease your chances of cancer.

2 MW, there is no simple answer to this question. The best we can do

f “ Md& ‘estimates, for large groups, of the increased chances of cancer or

¥ radfstion injury resulting from exposure to radiation.

L :ﬁmmle comparison involves exposure to the sun's rays. Frequent

] M exposures provide time for the skin to repair. An acute exposure to the
Sun can result n painful burning, and excessive exposure has been shown to

.- cause’ ‘skin cancer. Whether exposure to the sun's rays is short term or spread

3 mﬁl&, some” of the injury is not repaired and may eventually result in skin
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The effect upon a group of exposed workers may be an increased incidence
of cancer over and above the number of cancers that would be expected in that
population. Each exposed individual has an increased probability of incurring
subsequent cancer. We can say that if 10,000 workers each receive an additiona)
1 rem in a year, that group is more likely to have a larger incidence of cancer
than 10,000 people who do not receive the additional radiation. An estimate
of the increased probability of cancer from low radiation doses delivered to
large groups is one measure of occupational risk.

8. What are the estimates of the risk of cancer from radiation exposure?

The cancer risk estimates (developed by the organizations identified in
Question 9) are presented in Table 1.

TABLE 1
CANCER RISK ESTIMATES FROM EXPOSURE TO LOW-LEVEL RADIATION

Number of Additional Cancers Estimated

Source to Occur in 1 Million People After
Exposure of Each to 1 Rem of Radiation

BEIR 1979 268-399

ICRP 1977 300*

UNSCEAR 1977 - 300%

X
ICRP and UNSCEAR both estimated 100 excess delayed deaths from these 300 radia-
tion-induced cancers. Only about one-third of cancer cases are fatal. Note

that the three independent groups are in close agreement on the risk of
radiation-induced cancer.

To put these estimates (of Table 1) into perspective, we will use an average
of 300 excess cancer cases per million people, each exposed to 1 rem of ionizing
radiation. (Most scientists would agree that 300 is a high estimate of risk
and may be considered an upper 1imit.) This means that if in a group of 10,000
workers each receives 1 rem, three would be predicted to develop cancer because
of that exposure, although the actual number could be more or less than three
(including none).

The American Cancer Society has reported that approximately 25 percent of
all adults in the 20-65 year age bracket will develop cancer at some time from
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tgﬂ}jgasstgle causes such as smoking, food, alcohol, drugs, air poliutants, and
”tyrgl‘taskground radiation. Thus in any group of 10,000 workers not exposed
%o vadiation on the job, we can expect about 2,500 to develop cancer. If this
. gﬁiire group of 10,000 workers were to receive an occupational radiation dose
~of 1 rem each, we could estimate that three additional cases might occur which
';?suuld give a total of about 2,503. This means that a l-rem dose to each of
" 10,000 workers might increase the cancer rate from 25 percent to 25.03 percent
an ] ia:rease of about 3 hundredths of one percent.
.. As an individual, if your cumulative occupational radiation dose is 1 rem,
“your chances of eventually developing cancer during your entire lifetime may
" have increased from 25 percent to 25.03 percent. If your lifetime occupational
‘Ayﬁqse is 10 rems, we could estimate a 25.3 percent chance of developing cancer.
J The normal chance of developing cancer if you receive no occupational radia-
tion dose is about equal to your chance of getting any spade on a single draw
from a full deck of playing cards, which is one chance out of four. The addi-
' t;onal chance of cancer from an occupational exposure of 1 rem is about equal
to your chances of drawing three aces in a row from a deck of cards.
” Since cancer resulting from exposure to radiation usually occurs 5 to 25
years after the exposure and since not all cancers are fatal, another useful
measure of risk is years of life expectancy lost from a radiation-induced cancer.
Several independent studies have indicated that the average loss of life expect-
| ~ancy from exposure to radiation is about 1 day per rem of exposure. In other
~ words, an individual in a population exposed to 1 rem of radiation may on the
average lose 1 day of life. The words “on the average" are important, however,
hetause the individual who gets cancer from radiation may lose several years
~__f }ife expectancy while his more fortunate coworkers suffer no loss. The
International Commission on Radiological Protection (ICRP) estimated that the
.average number of years of life lost from a fatal industrial accident is 30
while the average number of years of life lost from a fatal radiation-induced
. cancer is 10. '
2 It is important to realize that these risk numbers are only estimates.
thy difficulties are involved in designing research studies that can accurately
measure the small increases in cancer incidence due to low exposures to radiation
as compared to the normal incidence of cancer. There is still uncertainty and
| _a great deal of controversy with regard to estimates of radiation risk. The
‘1?um-bers used here result from studies involving high doses and high dose rates,

’
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and they may not apply to doses at the lower occupational levels of exposuyre.
At low dose levels, it is possible that the risk could be zero. The NRC and
other agencies both in the United States and abroad are continuing extensive
long-range research programs on radiation risk.

The National Academy of Sciences Advisory Committee on the Biological
Effects of Ionizing Radiation (BEIR) and others feel that these risk estimates
are higher than would actually occur and represent an upper Timit on the risk.
However, they are considered by the NRC staff to be the best available estimates
that the worker can use to make an informed decision concerning acceptance of
the risks associated with exposure to radiation. Although the estimated
increased risks of cancer are relatively low, there is a chance that they are
not zero. A worker who decides to accept this small increased risk should make
every effort to keep exposure to radiation as low as is reasonably achievable
to avoid unnecessary risk.

9. What groups of expert scientists have studied the risk from exposure to
radiation?

Since 1956, the National Academy of Sciences established two advisory
committees to consider radiation risks. The first of these was the Advisory
Committee on the Biological Effects of Atomic Radiations (BEAR) and more
recently it was renamed the Advisory Committee on the Biological Effects of
Ionizing Radiation (BEIR). These committees have periodically reviewed the
extensive research being done on the health effects of jonizing radiation and
have published estimates of the risk of cancer from exposure to radiation (1972
and 1979* BEIR reports). The International Commission on Radiological Protec-
tion (ICRP) and the National Council on Radiation Protection and Measurement
(NCRP) are two groups of renowned scientists who have studied radiation effects
and published risk estimates (ICRP Publication 26, 1977). In addition, the
United Nations established an independent study group that published an exten-

sive report in 1977, including estimates of cancer risk from jonizing radiation
(UNSCEAR 1977).

—

The draft pub]jcationlof the 1979 BEIR report is currently under revision.
However, the risk estimates are not expected to change significantly.
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m, Can a worker become sterile or impotent from occupational radiation
exposure?

>*ﬁsewltion of radiation therapy patients who receive localized exposures,
usually spread over a few weeks, has shown that a dose of 500-800 rems to the
gonads can produce permanent sterility in males or females (an acute whole-body
~dose of this magnitude would probably result in death within 30 days). An
acute dose of 20 rems to the testes can result in a measurable but temporary
reduction in sperm count. Such high exposures on the job could result only
from serious and unlikely radiation accidents. The whole-body dose required to
make someone impotent is also greater than the lethal dose. Thus, exposure to
peraitted occupational levels of radiation has no observed effect on fertility
snd should have no physical effect on the ability to function sexually.

11. Mow can we compare radiation risk to other kinds of health risks?

Perhaps the most useful unit for comparison among health risks is the

. average mumber of days of life expectancy lost per unit of exposure to each

“ particular health risk. Estimates are calculated by looking at a large number
of individuals, recording the age when death occurs from apparent causes, and
?:flestiuting the number of days of life lost as a result of these early deaths.
The total mmber of days of life lost is then averaged over the total group

" Several studies have compared the projected loss of life expectancy result-
ing from exposure to radiation with other health risks. Some representative
numbers are presented in Table 2.
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TABLE 2

ESTIMATED LOSS OF LIFE EXPECTANCY FROM HEALTH RISKS

Estimates of
Days of Life Expectancy Lost,

Health Risk Average
Smoking 20 cigarettes/day 2370 (6.5 years)
Overweight (by 20%) 985 (2.7 years)
A11 accidents combined 435 (1.2 years)
Auto accidents 200
Alcohol consumption (U.S. average) 130
Home accidents 95
Drowning 41
Safest jobs (such as teaching) 30
Natural background radiation, calculated 8
Medica! X-rays (U.S. average), calculated 6
A1l catastrophes (earthquake, etc.) 3.5
1 rem occupational radiation dose, 1
calculated (industry average is
0.34 rem/yr)
1 rem/yr for 30 years, calculated 30
5 rems/yr for 30 years, calculated 150

These estimates indicate that the health risks from occupational radiation
exposure are not greater than the risks associated with many other events or
activities we encounter in normal day-to-day activities. ;

A second useful comparison is to look at estimates of the average number
of days of 1ife expectancy lost from exposure to radiation and from common
industrial accidents at radiation-related facilities and to compare this number

with days lost from other occupational accidents.

Table 3 shows average days

of 1life expectancy lost as a result of fatal work-related accidents. Note that
the data for occupations other than radiation related do not include death risks
from other possibly related hazards such as exposure to toxic chemicals, dusis,
or unusual temperatures. Note also that occupational exposure at the 5 rems
per year limit for 50 years, though highly unlikely, may result in a risk
comparable to mining and heavy construction, using high-risk estimates.
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TABLE 3
ESTIMATED LOSS OF LIFE EXPECTANCY FROM INDUSTRIAL ACCIDENTS*

Estimates of
Days of Life Expectancy Lost,

Industry Type Average
A1l industry 74
Trade 30
Manufacturing 43
Service 47
Government 55
Transportation and utilities 164
Agriculture 277
Construction 302
Mining and quarrying 328
Radiation accidents, death from exposure <1
Radiation dose of 0.5 rem/yr, 50 years, 25
calculated
Radiation dose of 5 rems/yr, 50 years 250
Industrial accidents at nuclear facilities 58
(nonradiation)

x

Adapted from Cohen and Lee, A Catalogue of Risk and Health
Implications of Nuclear Power Production, World Health
Organization.

Industrial accident rates in the nuclear industry and related occupational
areas have been relatively low during the entire history of the industry (see
Table 4). This is due perhaps to the early and continuing emphasis on tight
safety controls. The relative safety of various occupational areas can be seen
by comparing the probability of accidental death per 10,000 workers over a
40-year working lifetime. These figures do not include death from possible
causes such as exposure to toxic chemicals or radiation.
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TABLE 4
PROBABILITY OF ACCIDENTAL DEATH BY TYPE OF OCCUPATION*

Number of Accidental Deaths

Occupation for 10,000 Workers for 40 Years
Mining 252
Construction 228
Agriculture 216
Transportation and public 116
utilities
A1l industries 56
Government 44
Nuclear industry (1975 data) 40
Manufacturing 36
Services 28
Wholesale and trade 24

F.3

Adapted from Accident Facts, National Safety Council, 1979,
and Operational Accidents and Radiation Exposure Experience,
WASH-1192, Atomic Energy Commission, 1975.

12. What are the NRC radiation dose limits?

Federal regulations currently limit occupational radiation dose to 1-1/4
rems in any calendar quarter or specified 3-month period. However, when there
is documented evidence that a worker's previous occupational dose is low enough,
a licensee may permit a dose of up to 3 rems per quarter or 12 rems per year.
The accumulated dose may not exceed 5(N - 18) rems where N is the individual's
age in years, i.e., the lifetime occupational dose may not exceed an average
of 5 rems for each year above the age of 18.

13. What is meant by ALARA?

In addition to providing an upper limit on an individual's permissible
radiation exposure, the NRC also requires that its licensees maintain exposures
as far below the limit as is reasonably achievable (ALARA). This means that
every activity at a nuclear facility involving exposure to radiation should be
planned so as to minimize unnecessary exposure to individual workers and alse

220



to the worker population. A job that involves exposure to radiation should be

done only when it is clear that the benefit justifies the risks assumed. A1l

 design, construction, and operating procedures should be reviewed with the

"gbjective of reducing unnecessary exposures.

4. Has the ALARA concept been applied if, instead of reaching dose limits
during the first week of a quarter, the worker's dose is spread out over
the whole quarter?

No. At low doses the health effects do not seem to be affected by dose
rate. The risk of cancer from low doses is considered to be proportional to
the amount of exposure, not the rate at which it is received. Spreading the
dose out over time or over larger numbers of people does not reduce the overall
risk. The ALARA concept has been followed only when the collective dose is
reduced by reducing the time of exposure or decreasing radiation levels in the
working environment.

15. What is meant by collective dose and why should it be maintained ALARA?

Nuclear industry activities expose an increasing number of people to occu-
pational radiation in addition to the radiation doses they receive from natural
background radiation and medical radiation exposures. The collective occupational
dose (man-rems) is the sum of all occupational radiation exposure received by
all the workers in an entire worker population. For example, if 100 workers
each receive 2 rems, the individual dose is 2 rems and the collective dose is
200 man-rems. The total additional risk of cancer and genetic effects in an
exposed population is assumed to depend on the collective dose.

It should be noted that, from the viewpoint of risk to a total population,
it is the collective dose that must be controlled. For a given collective dose,
the number of health effects is believed to be the same even if a larger number
of people share the dose. Therefore, spreading the dose out may reduce the
individual risk, but not that of the population.

Efforts should be made to maintain the collective dose ALARA so as not to
unnecessarily increase the overall population incidence of cancer and genetic
effects. -

221



16. Is the use of extra workers a good way to reduce risks?

There is a "yes" answer to this question and a "no" answer. For a given
job involving exposure to radiation, the more people who share the work, the
lower the average dose to an individual. The lower the dose, the lower the
risk. So, for you as an individual, the answer is "yes."

But how about the risk to the entire group of workers? The risk of cancer
depends on the total amount of radiation energy absorbed by human tissue, not
on the number of people to whom this tissue belongs. Therefore, if 30 workers
are used to do a job instead of 10, and if both groups get the same collective
dose (man-rems), the total cancer risk is the same, and nothing was jained
for the group by using 30 workers. From this viewpoint the answer is "no."

The risk was not reduced but simply spread around among a larger number of
individuals.

Unfortunately, spreading the risk around often results in a larger
collective dose for the job. Workers are exposed as they approach a job, while
they are getting oriented to do the job, and as they withdraw from the job.
The dose received during these actions is called nonproductive. If several
crew changes are required, the nonproductive dose can become very large. Thus
it can be seen that the use of extra workers may actually increase the total
occupational dose and the resulting risks.

The use of extra workers to comply with NRC dose limits is not the way to
reduce the risk of radiation-induced cancer for the worker population. At best,
the total risk remains the same, and it may even be increased. The only way
to reduce the risk is to reduce the collective dose; that can be done only by
reducing the radiation levels, the working times, or both.

17. Why doesn't the NRC impose collective dose limits?

Compliance with individual dose Timits can be achieved simply by using
extra workers. However, compliance with a collective dose limit (such as
100 man-rems per year for a licensee) would require reduction of radiation levels,

working times, or both. But there are many problems associated with setting
appropriate collective dose limits.
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For example, we might consider applying a single collective dose limit to
all licensees. The selection of such a collective dose limit would be almost
impossible because of the large variations in collective doses among licensees.
A power reactor could reasonably be expected to have an average annual collective
dose of several hundred man-rems. However, a small radiography licensee could
very well have a collective dose of only a few man-rems in a year.

Even choosing a collective dose limit for a group of similar licensees
would be almost as difficult. Radiography licensees as a group had an average
collective dose in 1977 of 9 man-rems. However, the smallest collective dose
for a radiography licensee was less than 1 man-rem, and the largest was
401 man-reas.

Setting a reasonable collective dose limit for each individual licensee
would also be very difficult. It would require a record of all past collec-
tive doses on which to base such limits. Setting an annual collective dose
Timit would then amount to an attempt to predict a reasonable collective dose
for each future year. In order to do this, it would be necessary to be able
to predict changes in each licensed activity that would increase or decrease
the collective dose. In addition, annual collective doses vary significantly
from year to year according to the kind and amount of maintenance required,
which cannot generally be predicted in advance. Following all such changes
and revising limits up and down would be very difficult if not impossible.
However, these efforts would be necessary if a collective dose 1imit were to
be reasonable and help minimize doses and risks.

18. How are radiation dose limits established?

The NRC establishes occupational radiation dose limits based on guidance
to Federal agencies from the Environmental Protection Agency (EPA) and on NCRP
and ICRP recommendations. Scientific reviews of research data on biological
effects such as the BEIR report are also considered.

19. What are the typical radiation doses received by workers?

The NRC requires that certain categories of licensees report data on annual
worker doses and doses for all workers who terminate employment with licensees.

223



Data were received on the occupational doses in 1977 of approximately 100,000
workers in power reactors, industrial radiography, fuel processing and fabrica-
tion facilities, and manufacturing and distribution facilities. Of this tota)
group, 85 percent received an annual dose of less than 1 rem according to these
reports; 95 percent received less than 2 rems; fewer than 1 percent exceeded

5 rems in any 1 year. The average annual dose of these workers who were monitoreq
and had measurable exposures is about 0.65 rem. A study completed by the EPA,
using 1975 exposure data for 1,260,000 workers, indicated that the average annua)
dose for all workers who received a measurable dose was 0.34 rem.

20. What happens if a worker exceeds the quarterly exposure 1imit?

Radiation protection limits, such as 3 rems in 3 months, are not absolute
limits below which it is safe and above which there is danger. Exceeding a
limit does not imply that you have suffered an injury. A good comparison is
with the highway speed 1imit which is selected to 1imit accident risk and still
allow you to get somewhere. If you drive at 75 mph, you increase your risk of
an auto accident to levels that are not considered acceptable by the people
who set speed limits, even though you may not actually have an accident. If a
worker's radiation dose repeatedly exceeds 3 rems in a quarter, the risk of
health effects could eventually increase to a level that is not considered
acceptable to the NRC. Exceeding an NRC protection 1imit does not necessarily
mean that any adverse health effects are going to occur. It does mean that a
licensee's safety program has failed in some respect and that the NRC and the
Ticensee should investigate to make sure the problems are corrected.

If an overexposure occurs, the regulations prohibit any additional occupa-
tional exposure to that individual during the calendar quarter. The licensee
s required to file a report to the NRC and may possibly be subject to a fine,
just as you are subject to a traffic fine for exceeding the speed limit. In
both cases, the fines and, in some serious or repetitive cases, suspension of
license are intended to encourage efforts to operate within the limits. The

safest 1imits would be 0 mph and 0 rem per quarter. But then we wouldn't get
anywhere.
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@%rg are two reasons. First, paragraph 20.1(c) of the NRC regulations
'Hcensees should keep exposures to radiation ALARA. By requiring

for IW‘ Secondly. a facility administrative limit that is set lower than
the ml‘terly NRC hmt provides a safety margin designed to help the licensee

2. Several scientists have recently suggested that NRC limits are too high
" and should be Yowered. What are the arguments for lowering the limits?
InWﬂ those critical of present dose limits say that the individual
| risk 1s higher than estimated by the BEIR Committee and the ICRP. A few studies
m"tnﬁcated that a given dose of radiation may be more likely to cause
,biﬂ}nﬂ;al effects than previously thought. The controversy is focused on studies
imﬁfﬁg'groups ‘of exposed individuals. Opinions differ on the validity of
the ﬁmreh methods used and the methods of statistical analysis. The chief
;Mu is that, with small groups, the incidence of effects such as leukemia
is small. ‘It cannot be shown without question that these effects were more
frequent in the exposed study group than in the unexposed group used for
Mson or"that any observed effects were caused by the exposure to radiation.
The cnrrent BEIR committee concluded that claims of higher risk had "no
tance,” and nearly one-half of the committee members were convinced that the
m #k"’ estimates were actually too high. The NRC staff is committed to a
| Mﬂu review of research on radiation risk and is funding a study to design
new r!search on human effects from exposure to radiation.

Z. What are the arguments against lowering the NRC dose limits?

The estimated‘health risks associated with current average occupational
mﬁatioq doses (e.g., 0.5 rem/yr for 50 years) are comparable to or less than
risk levels in other occupatfonal areas considered to be among the safest.
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Exposure to 5 rems/yr for 50 years, which virtually never occurs, would increase
the estimated risk to levels comparable to risks in mining and heavy constructjop,
If the dose limits were lowered significantly, the number of people required

to complete many jobs would increase. The collective dose would then increase
since more individuals would be receiving nonproductive exposure while entering
and leaving the work area and preparing for the job. The total number of health
effects might go up as the collective dose increased.

The regulatory standards for dose 1imits are based on the recommendations
of the Federal Radiation Council, the NCRP, and the ICRP. At the time these
standards were developed, about 1960, it was considered unlikely that exposure
of these levels during a working lifetime would result in clinical evidence of
injury or disease different from that occurring in the unexposed population.

The scientific data base for the standards consisted primarily of human experi-
ence (X-ray exposures to medical practitioners and patients, ingestion of radium
by watch dial painters, early effects observed in Japanese atomic bomb survivors,
radon exposures of uranium miners, occupational radiation accidents) involving
very large doses delivered at very high dose rates. The data base also included
the results of a large number of animal experiments involving high doses and
dose rates. The animal experiments were particularly useful in the evaluation
of genetic effects. The observed effects were related to low-level radiation
through a linear, nonthreshold extrapolation procedure. Based on this approach,
the regulations in 10 CFR Part 20, "Standards for Protection Against Radiation,"
also state that licensees should maintain all radiation exposures, and releases
of radioactive materials in effluents, as low as is reasonably achievable.

Reducing the dose 1imits, for example, by a factor of 10 (that is, from
5.0 rems/yr to 0.5 rem/yr) has been analyzed by the NRC staff. An estimated
2.6 million man-rems could be saved from 1980 through the year 2000 by nuclear
power plant licensees if compliance with the new limit was achieved by lowering
the radiation levels, working times, or both, rather than by using extra workers.
It is estimated that something 1ike $23 billion would be spent toward this pur-
pose. Spending $23 billion to save 2.6 million man-rems would amount to spending
$30 to $90 million to prevent each potential radiation-induced cancer death.
Society may consider this cost unacceptably high for individual protection.

226



34, Are there any areas of concern about radiation risks that might result in
lmring the NRC dose limits?

Three areas of concern to the NRC staff are specifically identified below:
.8 _ An independent study has indicated that a given dose of neutron radia-
tion is more likely to cause biological effects than previously thought. Although
the scientific community has not yet agreed with the results of this study,
Prhrs should be advised of the possibility of higher risk when entering areas
yhere exposure to neutrons will occur.
~b. It has been known for some time that rapidly growing living tissue
is more sensitive to injury from radiation than tissue in which the cells are
not r»roducmg rapidly. Thus the unborn embryo or fetus is more sensitive to
radiation injury than an adult. The NCRP recommended in Report No. 39 that
special precautions be taken when an occupationally exposed woman could be
: mant in order to protect the embryo or fetus. In 1975, the NRC issued
Regulatory Guide 8.13, "Instruction Concerning Prenatal Radiation Exposure,"
in which it is recommended that licensees instruct all workers concerning this
specia] risk. The guide recommends that all workers be advised that the NCRP
»d the maximum permissible dose to the embryo or fetus from occupational
exposure of the mother should not exceed 0.5 rem for the full 9-month pregnancy
period. In addition, the guide suggests options available to the female employee
who chooses not to expose her unborn child to this additional risk.
€. Also of special interest is the indication that female workers are
subject to more risk than male workers. In terms of all types of cancer except
‘teukemia, the 1979 BEIR analysis indicates that female workers have a risk of
developing radiat‘on-induced cancer that is approximately one and one-half times
that for males. Incidence of radiation-induced leukemia is about the same for
both sexes. Female workers should consider carefully this difference in the
risks of radiation-induced cancer in deciding whether or not to seek work involv-
ing exposure to radiation. :

25. How much radiation does the average person who does not work in the nuclear
- industry receive?

'We are all exposed from the moment of conception to ionizing radiation from
several sources. Our environment, and even the human body, contains naturally
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occurring radioactive materials that contribute some of the background radiatign
we receive. Cosmic radiation originating in space and in the sun contributes
additional exposure. The use of X-rays and radioisotopes in medicine and
dentistry adds considerably to our population exposure.

Table 5 shows estimated average individual exposure in millirems from
natural background and other sources.

TABLE 5
U.S. GENERAL POPULATION EXPOSURE ESTIMATES (1978)*

Average Individual Dose

Source (mrem/yr)
Natural background 100
Release of radioactive material 5
by mining, milling, etc.
Medical 90
Nuclear weapons development 5-8
(primarily fallout)
Nuclear energy 0.28
Consumer products 0.03
Total ~ 200 mrem/yr

X
Adapted from a report by the Interagency Task Force on the Health
Effects of Ionizing Radiation published by the Department of Health,
Education, and Welfare.
Thus, the average individual in the general population receives about 0.2
rem of radiation exposure each year from sources that are a part of our natural
and man-made environment. By the age of 20 years, an individual has accumulated

about 4 rems. The most 1ikely target for reduction of population exposure is
medical uses. '

26. Why aren't medical exposures considered as part of a workers allowed dose?

Equql doses of medical and occupational radiation have equal risks. Medical
exposure to radiation should be justified for reasons quite different, however,
from those applicable to occupational exposure. A physician prescribing an
X-ray should be convinced that the benefit of the resulting medical information
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justifies the risk associated with the radiation. Each worker must decide
on thé acceptance of ugcupational radiation risk just as each worker must
dacide oln_tlu acceptability of any other occupational hazard.

For another point of view, consider a worker who receives a series of X-rays
or a radiopharmaceutical in connection with an injury or illness resulting in
adose of 2 rems. This dose and implied risk should be justified on medical
grounds.  If the worker had also received 2 rems of dose on the job, the combined
dose of 4 rems would not incapacitate the worker. Restricting the worker from
“jtiml job exposure during the quarter would have no effect one way or the
otheron the risk from the 2 rems already received from medical exposure. If
the individual worker accepts the risks associated with the X-rays on the basis
of the medical benefits and the risks associated with job-related exposure on
the basis of employment benefits, it would be inequitable to restrict the
individual from employment in restricted areas for the remainder of the quarter.

21. What is meant by internal exposure?

Internal exposure to radiation results when radicactive materials are taken

isto the body by breathing, ingestion, or absorption through the skin. Different
Mas of material locate for a period of time in different parts of the body
'drmsf’thfough the body, resulting in some dose to the exposed tissues.

Internal exposure can be estimated by measuring the radiation emitted from
the body or by measuring the radioactive materials contained in biological samples
such as urine or feces. Dose estimates can also be made if one knows how much
radioactive material is in the air and the length of time during which the air
vas breathed.

8. How are the limits for internal exposure set?

Calculations are made to determine the quantity of radioactive material
that has been taken fnto the body and the total organ dose that would result.
Then, based on 1imits established for particular body organs similar to
1-1/4 ‘rems in a calendar quarter for whole-body exposure, the regulations specify
saximum permissible concentrations of radfoactive material in the air to which
8 worker ¢an be exposed for 40 hours per week. The regulations aiso require
that efforts be made to keep internal exposure ALARA.
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Internal exposure is controlled by limiting the release of radiocactive
material into the air and by carefully monitoring the work area for airborne
radioactivity and surface contamination. Protective clothing and respiratory
(breathing) protection may be used whenever the possibility of contact with
loose radioactive material cannot be prevented.

29. Is the dose an individual received from internal exposure added to that
received from external exposure?

Exposure to radiation that results from radioactive materials taken into
the body is measured, recorded, and reported to the worker separately from
external dose. The internal dose to the whole body or to specific organs does
not at this time count against the 3 rems per calendar quarter limit. ICRP
recommendations are that the internal and external doses should be summed.
This recommendation is under study by the staffs of the NRC and the EPA.

30. How is a worker's radiation dose determined?

A worker may wear two types of radiation-measuring devices. A self-reading
pocket dosimeter records the exposure to incident radiation and can be read
out immediately upon finishing a job involving external exposure to radiation.
A film badge or TLD badge records radiation dose, either by the amount of darken-
ing of the film or by storing energy in the TLD crystal. Both these devices
require processing to determine the dose and are considered more reliable than
the pocket dosimeter. A worker's official report of dose received is normally
based on film or TLD badge readings.

31. What are my options if I decide not to accept the risks associated with
occupational radiation exposure?

If the risks from exposure to radiation that may be expected to occur during
your work are unacceptable to you, you could request a transfer to a job that
does not involve exposure to radiation. However, the risks associated with
exposure to radiation that workers, on the average, actually receive are con-
sidered acceptable, compared to other occupational risks, by virtually all the
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scientific groups that have studied them. Thus, your employer is not obligated
to guarantee you a transfer if you decide not to accept an assignment requiring
exposure to radiation.
-+ You also have the option of seeking other employment in a nonradiation
:pgzmpdtion However, the studies that have compared occupational risks in the
nuclear industry to those in other job areas indicate that nuclear work is
_ velatively safe. Thus, you will not necessarily find significantly lower
risks in another job.
: A third option would be to practice the most effective work procedures so
as to keep your exposure ALARA. Be aware that reducing time of exposure,
‘~luintaining distance from radiation sources, and using shielding can all lower
your exposure. Plan radiation jobs carefully to increase efficiency while in
| the radiation area. Learn the most effective methods of using protective
 clothing to avoid contamination. Discuss your job with the radiation protec-
sztjon}personnel who can suggest additional ways to reduce your exposure.

32. Where can I get additional information on radiation risk?

The following list suggests sources of useful information on radiation

Your Employer
The radiation protection or health physics office in the facility
where you are employed.

Nuclear Regulatory Commission

Address: Occupational Health Standards Branch
Office of Standards Development
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Phone: 301-443-5970
NRC Regional Offices

King of Prussia, PA 19406 215-337-5000
Atlanta, GA 30303 404-221-4503
Glen Ellyn, IL 60137 312-932-2500
. Arlington, TX 76012 817-334-2841
Walnut Creek, CA 94596 415-943-3700
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Department of Health, Education, and Weifare

Address: Office of Public Affairs
Bureau of Radiological Health
Department of Health, Education, and Welfare
Room 15-B-42, HF1-40
5600 Fishers Lane
Rockville, MD 20857

Phone: 301-443-3285

Environmental Protection Agency

Address: Office of Radiation Programs
U.S. Environmental Protection Agency
401 M Street, SW
Washington, D.C. 20460

Phone: 703-557-9710
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DRAFT VALUE/IMPACT STATEMENT

1.  PROPOSED ACTION

1.1 Description

A11 NRC licensees are required to provide appropriate radiation protection
training for all permanent and transient personnel who work in restricted areas
(§19.12 of 10 CFR Part 19). A clear and reasonable assessment of the biologica!
risks associated with occupational radiation exposure is essential to effective
radiation protection training. The proposed action is to provide instructional
material in a suitable form describing and estimating the risks from exposure
to radiation. The instructional material will be suitable for use in licensee
training programs and will represent an acceptable method of complying with
part of the existing training requirements.

1.2 Need for Proposed Action

One common element of those occupational areas encompassed by NRC licensing
activity is worker exposure to ionizing radiation and the biological risks from
exposure. Union representatives have expressed a dissatisfaction with the way
in which these risks have been explained to the worker by the licensee. 1In
addition, they feel the NRC has a responsibility to make its position on the
controversial issue of radiation risk clear to the worker and the public. A
meeting of NRC staff and union representatives was held on November 28, 1978,
during which this matter was discussed. A transcript of the meeting is avail-
able from the Public Document Room.

The Commission has directed the staff to prepare for and initiate a public
hearing concerning the adequacy of present occupational radiation protection
standards for exposure of individuals. This hearing should help resolve existing
uncertainties in this complex area and the findings should, as a minimum, be
published in a form suitable for instruction of the worker. Work on this project
began prior to the public hearings so that updated information on risk could
be disseminated to the worker shortly after the hearing. Most of the questions
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of concern to the unions can be disseminated to the worker shortly after the
hearing. Most of the questions of concern to the unions can be answered now.

1.3 Value/lImpact of Proposed Action

1.3.1 NRC Operations

Instructional material on radiation risk written at a level and scope
understandable to the worker should contribute to increased confidence, on the
part of the worker, in the NRC in general. A better understanding of the risk
should elicit more worker cooperation with NRC-enforced safety programs. Impacts
of the development of instructional material on risk are task completion manpower
cost, estimated to be 0.2 man-year and printing costs of approximately $400.00.

1.3.2 Other Government Agencies

Agreement States whose licensing regulations include radiation protection
training requirements may benefit from the availability of an NRC guide on radia-
tion risk suitable for inclusion in those training programs. Development of
the risk guide entails coordination with the Environmental Protection Agency,
the Occupational Safety and Health Administration, and the Bureau of Radiological
Health to avoid inconsistencies.

1.3.3 Industry
Providing a reasonable and understandable statement on worker risk should

facilitate industry efforts to provide effective safety training and to better
achieve as low as is reasonably achievable (ALARA) objectives. Minimal impact
is expected in ihe form of additional cost of training programs since training
requirements already exist. Input from unions and industry in the development
of instructional material on risk will be encouraged, and this implies some
additional costs such as staff time for reviewing drafts.

1.3.4 Workers

The proposed action should improve worker protection in that reasonable
understanding of radiation risk is essential to the development of safe working
practices. The staff believes that an objective discussion of radiation risk
may in fact reduce “"over concern" on the part of some workers. If improved
training results in a wider recognition and respect for radiation as an
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industrial hazard, more attention will be given to protective procedures and a
reduction in individual and collective dose should result.

1.3.5 Public

Nuclear workers are also members of the public and are generally residents
of the area where facilities are located. Having a better informed public shoulq
result in a wider range of input to local decisionmaking concerning nuclear
development. Improved training implies the added benefit of increased plant
safety, thereby decreasing the probability of accidents that could involve the
public.

1.3.6 Decision on Proposed Action

The NRC should develop and provide instructional material concerning risk
from occupational radiation exposure.

2. TECHNICAL APPROACH

The technical approach proposed is to develop instructional material con-
cerning risks to the worker from occupational radiation exposure and to publish
the material in a form that will receive the widest dissemination among NRC-
licensed facilities. An alternative is to publish the findings of the proposed
hearing on dose limits and assume the relevant information will filter down to

the worker. It is the feeling of the staff that a direct approach is required
here.

3.  PROCEDURAL APPROACH

The proposed action, to publish training material concerning risks from
occupational radiation exposure, the use of which would be required of all
licensees, could be accomplished by several alternative methods. These include
an NRC regulation reqUiring that specific training materials be used, a regulatory
guide based on the existing §19.12 that would provide an acceptable method for
training on risks, an ANSI standard on training that could be adopted by a
regulatory guide, and a NUREG report or a branch position paper.
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t of Procedural Alternatives

An NRC NRC regulation establishes general legal requirements, is costly and
tioe ’im to prepare, and is not an appropriate vehicle for the specific
“‘W ebjective proposed here. A regulation would be difficult to modify
a ‘information on radiation risk is developed. One advantage is that a
mmiou legally requires compliance. In general, this approach is not con-
sidered cost effective in view of the objectives of the proposed action.
‘  ANSI standards are generally intended as highly technical and advanced
treatments of specialized areas of concern to industry. A comprehensive technical
gmeu of risks from radiation would be of value but would not be suitable as
iwhml material at an introductory level for worker radiation protection
tuiuiﬂ Completion of an ANSI standard and an endorsing regulatory guide
' d require several years and would be too costly. This approach is not
ansidered cost effective in view of the proposed objectives.

"A MUREG document would be an appropriate vehicle for a comprehensive
ﬁmmmn of radiation risk beyond the scope of what is proposed here. A

position, however, is not established through publication of a NUREG
m!'t Since this proposal includes establishing an acceptable method for
mﬁm with elements of required training programs, a NUREG report is not
suitable.
‘- Branch position statements are intended as interim measures to be used
vhen an immediate response is required. The} are usually superseded when a
" more permanent mode uf guidance is developed.

A regulatory guide can be prepared at reasonable cost within a reasonable
time period. The staff does not consider that revision of any existing regula-
tm guides could provide the instructional material intended here. Regulatory
“quides on training requirements are being developed but are specific to types
of Hcensees such as Draft Regulatory Guide OH 717-4 for LWRs. The action
proposed here has broad application to all licensees, as does Regulatory
Guide 8.13, "Instruction Concerning Prenatal Radiation Exposure."

3.2 Decision on Procedural Approach

The $taff concludes that work should begin on a regulatory guide similar
1o Regulatory Guide 8.13 on the subject of worker instruction concerning risks
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from occupational radiation exposure. Publication of the active guide should
not occur until public hearings on the question of dose limits and risxs have
been held.

4.  STATUTORY CONSIDERATIONS

4.1 NRC Regulatory Authority

Section 19.12 of 10 CFR Part 19 establishes a legal requirement that all
NRC licensees provide radiation protection training to personnel and that the
training be commensurate with the potential risks from radiation exposure
encountered by those personnel. The NRC is thus authorized to provide criteria
for acceptable levels of training and to inspect for compliance with training
requirements.

4.2 Need for NEPA Statement

The action proposed here is to publish an instructional document on risks.
This would occur after, and be in addition to, any major NRC action on retaining
or modifying existing dose limits, based on planned public hearings. Since at
that time it would not constitute a major addition or change and would entail

no effect on the environment, an environmental impact statement is not considered
necessary.

5.  RELATIONSHIP TO OTHER EXISTING OR PROPOSED REGULATIONS OR POLICIES

Regulatory Guide 1.70, "Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants," will require a commitment to appropriate
radiation protection training. When next revised, it should include reference
to this proposed action as an acceptable element of a licensee's training program.

This proposed guide is consistent with Regulatory Guide 8.8, "Information
Relevant to Ensuring that Occupational Exposures at Nuclear Power Stations Will
Be As Low As Is Reasonably Achievable." When next revised, it should include
cross-reference to this proposed action.

This proposed action directly supplements the Draft Regulatory Guide OH 717-4,
"Radiation Protection Training for Light-Water-Cooled Nuclear Power Plant Personnel,
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,m vﬂl mplmt and be referenced in other planned guides on training at
| nther tupes of licansed facilities, e.g., uranium fuel fabricatfon plants, uranium
1s, medical institutions.

© SUMMARY AND CONCLUSIONS

: In susmary, it is proposed that a regulatory guide be prepared and issued
~fur the purpose of providing instructional material concerning an assessment
of risk from occupational radiation exposure.

o U, 8. COVERNMENT PRINTDNG OFFICE : 1980 s2u-a8w/1 %
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THEORY

3 pts. each
true false
true false
trﬁe false

COMMUNITY MONITORING PROGRAM

FINAL EXAM R ! APRI& 1960

For beta, gamma and x-ray radiation, a Rem is '@gyrmany
equal to a Rad which is very nearly equal - to ‘a-Rem,

The half-life of Krypton-85 is a) 30. Ayu b) 10a7y,;,
c) 8.08 days; d) 24 000 years. i

Krypton-85 is very biologically sxgnificamt bﬂﬂamseig
enters into the food chain.

How many disintegrations per second occur im a Cutie?

a) 37

b) 37 theusand
¢) 37 million
d) 37 billion

Different cells have different degrees of sensxcnuxg
to radiation.

The special unit of activity is the

a) Roentgen
b) Rem

c) Curie

d) Photon

The most radiosensitive age group in a human populal
is the

a) fetus

b) infant

¢) young child
d) adolescent
e) adult

f) elderly

The type radiation having the highest linear energv
transfer and quality factor is the

a) x-ray
b) gamma ray
c) beta
d) alpha

-
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An adequate barrier to stop alpha particles is a piece

»

false of paper.

— Half~life is cthe time required to reduce the activity of
trus false a pure radioactive sample by one half.

.

i The radiation dose equivalent required to produce
symptoms of radiation sickness, namely vomiting
and diarrhea is
a) 100 millirem
b) 100 Rem
c) 0.1 Rem
d) 10 Rem
The readings should be taken at approximately
a) 6 a.m,

b) 6 p.m. '
¢) high noon
d) midunight
; If any high readings on the Ludlum exceed 125 cpm above

the average background notify
a) the TWG
b) your local official
¢) the governor
d) a and b
d) band ¢

‘ What 1s your action if you have a high reading greater
than the average reading by more than 75 cpm on the
Ludlum for S5 minutes or more?
a) record the duration
b) write N/A
c) none of the above
The tape should be scanned for any abnormalities. Any
such abnormalities should be recorded 1n‘che comments
section,
a) true
b) false

. To transmit the data, you must

a) sign the monitoring report

. b) remove the community copy
¢) place the data in the Ludlum box
d) aand b

e) all of the above
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(9 pts.)

INSTRUMENTS

Approximately how many inches of LSI data should you
collect each day? »

a) 60 inches
b) 30 inches
c) 80 inches
d) 40 inches

What is the radiation reading above background on the
LST, should you notify the TWG?

a) .1 mr/hr
b) .OL epm
cy 125 cpm
d) .01 mr/hr

Each day, you must place the following item(s) in the
Ludlum box for transmittal to the TWG.

a) LST strip chart

b) Ludlum strip chart
c) community report
d) the weather report
e) all of the above
£) a,. B, and e

On the attached figure 1, estimate the average, the
and the low. (Note this is a Ludlum chart on the X10

High Low Average

The scale on which the LSI is monitoring is determined

a) range switch
b) indicator light *
c) line on chart

d) none of the above

The range of the Ludlum on the X1 scale is

a) 0.004 to .4 mr/hr
b) 0 - 1000 cpm

¢) 0 - 500 cpm

d) 0 - 500 mr/hr

How do you determine if the Rustrak recorder is operating
properly?

a) audible "eclicks"

b) ratemeter above zero

c) recorder marking chart paper

d) a and b

e) a and ¢

244



-
of - i oo
— e
e
and

K
-
B s o3
= k3
°..—.4>.
- vy
I-

i
P
| .
. 183
i ) ’
. - — 1 1) — _— H .'
LIy x .
, ‘Qu X
I}
| T i
s . ! o] D
. K, N S
— e 2
i .
1}




The proper position for the response switch on the
Ludlum is

a) fast

b) slow

c) off

d) intermediate

The maximum reading of the Ludlum on the X10 range is

a) 40 mr/hr
b) 500 cpm

c¢) 5000 cpm
d) 10 mr/hr

How many switches are on the LSI?

a) 1
b) 2
c) 3

With the Ludlum.instrument on the X1 scale, the smallest
scale division on the chart paper is

a) 10 counts/min

b) 100 counts/min

c) 1000 counts/min
d) none of the above

Each time division (1/4 inch) on the Ludlum chart recorder
equals

a) 45 min
b) 15 min
c) 30 min
d) 1 hour

The LSTI chart recorder advances at

a) 1 inch/hr

b) 5 inches/hr

¢) 3 inches/hr

d) none of the above

The full scale reading on the LSI X1 range is
a) 500 cpm

b) 40 mr/hr
c) 0.4 mr/hr

The pancake probe used with the Ludlum is

a) scintillation counter
b) gieger mueller tube
¢) proportional courter
d) thermocouple
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SCRIPT TO ACCOMPANY SLIDE PRESENTATION
O
LOW LEVEL RADIATION

"THIS SCRIPT IS PROVIDED TO ASSIST IN THE PRESENTATION OF THE
NSPE sLIDE PROGRAM ON Low LEVEL RADIATION. [T PROVIDES AN ORAL
EXPLANATION OF EACH SLIDE. INDIVIDUALS WITH SUFFICIENT #NCWLEDGE
ARE ENCOURAGED TO EXPAND ON THE CONTENTS OF THE SCRIPT. IT 1s
RECCMMENDED, HOWEVER, THAT SLIDES BE ADVANCED AT A SUFFICIENTLY
RAPID RATE TO KEEP THE VIEWERS' INTEREST. EXCESSIVELY LONG EXPLAN-
ATIONS SHOULD BE AVOIDED.

e

THIS PUBLIC EDUCATION PROGRAM 1S PRESENTED BY THE (INSERT
CHAPTER, STATE SOCIETY OR OTHER AFFiLIATION) AND THE WATIONAL
SocieTy oF PROFESSIONAL ENGINEERS, A NONPROFIT ORGANIZATION REPRE-
SENTING APPRUXIMATELY 80,000 INDIVIDUAL MzHBEKS WO ~RE ALTINVE iil
VIPTUALLY EVEOY ASPECT OF ENGINEERING, THE PURPOSE OF THIS PRE-
SEHTATION IS TO GIVE THE VIEWER A BETTER UNDERSTANDING OF THE
SOURCES AND EFFECTS OF LOW LEVEL RADIATION.

February, 1922
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SLIDE TvO

EVERY LIVING THING ON THIS PLANET IS EXPOSED TO RADIATION, Ay
HUMAN BEINGS RECEIVE VARYING AMOUNTS OF RADIATION EXPOSURE THROUGH-
OUT THEIR ENTIRE LIFETIMES. WE IN THIS ROOM ARE, AT THIS VERY MOMENT,
RECEIVING THE STANDARD BACKGROUND LEVELS OF RADIATION COMMON TO THIS
LOZATIGN,  THAT LEVEL AWD I7S PREDICTED TFFEQT O YOU WIiL 3T SupLapy-

ED DURING THIS PRESENTATION.

IDE THR

Low LEVEL IONIZING RADIATION SHOULD BE A PRIMARY CONCERN TO ALL,
[T 1S IMPORTANT TO KNOW WHAT IT IS, WHERE IT COMES FROM, AND WHAT ITS
HEALTH EFFECTS ARE,

FOR THE PURPOSES OF THIS PRESENTATION, IONIZING RADIATION MEANS
THAT RADIATION WHICH IS CAUSED BY THE DECAY OF RADIOACTIVE MATERIALS
THAT OCCUR IN NATURE OR COME FROM MAN-MADE SOURCES, BOTH OF WHICH
HAVE THFE POTENTIAL TO DESTROY OR OTHERWISE.AFFECT LIVING TISSUE.
THIS PRESENTATION WILL NOT EXAMINE RADIO WAVES RADIATION, WHICH
INCLUDE MICROWAVES LIKE THOSE USED IN CERTAIN OVENS, OR OTHER TYPES
OF RADIATION,

SLIDE FQOUR

THIS IS A GRAPHIC DISPLAY OF THE ANNUAL RADIATION EXPOSURE RATE
FOR THE AVERAGE UNITED STATES CITIZEN. YOU WILL NOTE THAT THE AVER-
AGE RATE 1S 100 To 200 MILLIREMS PER YEAR DEPENDING ON WHERE AND HOW
you LIVE, OF THAT AMOUNT, NATURALLY OCCURRING RADIATION, THAT WHICH
COMES FROM COSMIC RAYS, TRACE ELEMENTS IN THE SOIL, AND THE HUMAN
BODY, TOTALS APPROXIMATELY 92 70 97 MILLIREMS, WHILE MAN-MADE RADIA-
110N, THAT WHICH COMES FROM ENERGY PRODUCTION, MEDICAL DIAGNOSIS, AND
WEAPONS TESTING FALLOUT, TOTALS APPROXIMATELY 80 MILLIREMS.
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THE_LARessv SINGLE AMOUNT OF EXPOSURE, 70 MILLIREMS, COMES FROM
"' MEDICAL AND DENTAL DIAGNOSIS., THIS INCLUDES X-RAY MACHINES AND THE
" USE OF RADIO PHARMACEUTICALS.

THE SMALLEST AMOUNT OF EXPOSURE, 3 MILLIREMS, COMES FROM ENERGY
PRODUCTION AND USE. ALSO, YOU WILL NOTE THAT HUMAN BEINGS RADIATE
THENSELVES == 22 T0 27 MILLIRENS COME  7RoM THE zoTassiu: 40 AN
CARBON 14 CONTAINED IN OUR BODIES.

THIS SLIDE HAS INTRODUCED A NEW TERM -- “MILLIREM”. THIS WORD
1S USED BY SCIENTISTS TO MEASURE THE AMOUNT OF RADIATION EXPOSURE TO

_ THE HUMAN BODY. THE TERM "MILLIREM” IS USED CONSISTENTLY THROUGHOUT
THIS PRESENTATION WHEN MEASURING RADIATION EXPOSURE,

SLIDE FIVE

THE MAP OF THE UNITED STATEZS SHOWS THE AVERAGE NATURAL RADIATION
BACKGROUND LEVEL FOR EACH STATE. THE VARIATION IN LEVELS IS CAUSED
PRIMARILY BY DIFFERENT ALTITUDES AND NATURAL ROCK FORMATIONS CONTAIN-
ING TRACES OF URANIUM OR THORIUM.

" THE STATES THAT ARE COLORED PINK, THE ROCKY MOUNTAIN STATES,
HAVE THE HIGHEST LEVEL OF NATURAL BACKGRCUND RADIATION PRIMARILY BE-
CAUSE OF THEIR HIGHER ALTITUDE. THESE STATES ARE EXPOSED TO MORE
COSMIC RADIATION THAN ARE STATES WITH LOWER ALTITUDES., THE STATES
COLORED GREEN HAVE THE LOWEST RADIATION LEVELS, WHILE THE YELLOW
COLORED STATES ARE IN BETWEEN. THE NATURAL BACKGROUND LEVEL FOR
(1usear'35ua STATE) 1S (INSERT RADIATION LEVEL SHOWN ON MAP).

SLIDE SIX

THE NEXT FEW SLIDES IDENTIFY SEVERAL 50URCES OF BACKGROURD RA-
DIATION WHICH OCCUR IN ADDITION TO THE NATURAL BACKGROUND EXPOSURE.
&nuﬁhsa, MINIMUM NATURAL BACKGROUND RADIATION LEVEL 1S APPROXIMATELY

100 mi1LLIREMS PER YEAR.
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S SEVEN °

IT 1s INTERESTING TO NOTE THAT OUR LAWMAKERS WORKING IN WASHING-
ToN, D.C. RECEIVE AN ADDITIONAL RADIATION DOSAGE OF 20 MILLIREMS peR
WORKING YEAR. THIS IS DUE TO THE RADIOACTIVE ELEMENTS IN THE STONE
USED'IN THe UN1TED StaTES CaPiTOL. -

SLINE_EJRHT | :
AT GRAND CENTRAL STATION’S VANDERBILT STREET ENTRANCE, THE RA-
DIATION LEVEL 1S 500 MILLIREMS PER YEAR. THIS IS AROUND-THE-CLOCK
EXPOSURE -- 365 DAYS A YEAR, 24 HOURS A DAY, OBVIOUSLY, IT IS LESS
WHEN LOCATED THERE ONLY 40 HOURS PER WEEK. FOR A BAGGAGE HANDLER OR
OTHER PERSONS LOCATED THERE REGULARLY, THE EXPOSURE LEVEL 1s 120

MILLIREMS PER WORKING YEAR.

SIIDE NINE

A PERSON TRAVELING ON A TRANSCONTINENTAL FLIGHT AT AN ALTITUDE
ABoVE 33,000 FEET 1S EXPOSED TO APPROXIMATELY 3 TO 5 MILLIREMS PER
TRI1P. THIS IS MORE THAN YOU WOULD RECEIVE IF YOU SPENT 24 HOURS A
DAY AT THE GATE HOUSE OF A NUCLEAR POWER PLANT FOR AN ENTIRE YEAR,

[ T "IN

L i

You ARE ALL FAMILIAR WITH THOSE ALCOHOL AND PROPANE LANTERNS
WHICH USE MANTLES TO PRODUCE A HIGH INTENSITY LIGHT. THE ADDITION-
AL RADIATION EXPOSURE LEVEL FROM ONE OF THESE MANTLES, WHEN PLACED
IN THE CELLAR OF A WOODEN HOUSE, 1S 5 70 20 MILLIREMS PER YEAR,
DEPENDING ON WHERE THE LANTERN IS LOCATED IN THE CELLAR. AND IT
DOESN’'T MATTER WHETHER THE LANTERM 15 BURNING OR NOT,
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~ You WOULD SUSPECT THAT AS YOU GET CLOSER TO A" MAN-MADE SOURCE

" OF RADIATION THERE WOULD BE GREATER EXPOSURE ABOVE THE NATURAL BACK-
 GROUND LEVEL. [T FOLLOWS THEN, THAT YOU MIGHT ASSUME THAT THE RA-

_ DIATION EXPOSURE RATE FOR A PERSON WORKING 2,000 HOURS A YEAR IN
THE OPERATING ROOM OF A NUCLEAR POWER PLANT WOULD BE QUITE HIGH.

_IN FACT, THE EXPOSURE RATE FOR SUCH A PERSON 1S 50 MILLIREMS. THIS
1S LESS THAN THAT RECEIVED ANHUALLY BY AN X-RAY TECHNICIAN,

ApMIRAL RICKOVER REPORTS THAT A NUCLEAR SUBMARINE CREW IS EX-
poseD 10 250 MILLIREMS OF LOW LEVEL RADIATION EACH YEAR,

" SLIDE THIRTEEN
' THE EXPOSURE RATE FOR A PERSON LOCATED AT THE GATE HOUSE OF A
"NUCLEAR POWER PLANT IS LOWER THAN MIGHT BE IMAGINED. THE AVERAGE
EXPOSURE RATE IS 1 MILLIREM PER YEAR. FAR LESS THAN FOR A PERSON
" workING IN THE U.S. CAPITOL OR GRAND CENTRAL STATION.

SLIDE FOURTEEN

AS PREVIOUSLY NOTED, RADIATION TRACE ELEMENTS ARE PRESENT 1IN
CERTAIN ROCKS AND ROCK FORMATIONS. THESE ELEMENTS, USUALLY PRESENT
IN GRANITE, INCREASE THE EXPOSURE LEVEL FOR A PERSON LIVING NEAR A

GRANITE ROCK FORMATION BY 25 To 100 MILLIREMS A YEAR.

THE DOSAGE RATE ASSOCIATED WITH PASSING A NUCLEAR WASTE TRUCK
1S, of COURSE, NOT DETERMINED ON THE BASIS OF MILLIREMS OF EXPOSURE
PEE YEAR BUT RATHER ON THE SINGLE TOTAL DOSAGE RECEIVED EACH TIME

- YOU PASSuSUCﬂ A TRUCK. WHEN PASSING A NUCLEAR WASTE TRUCK AT A SPEED
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EXCEEDING THE TRUCK'S SPEED BY 20 MILES PER HOUR, THE RADIATION EXPo-
sure RATE 1s .01 (1/100TH) OF A MILLIREM PER PASS, |

) !
1

'SLEEPING WITH ANOTHER PERSON INCREASES THE ANNUAL RADIATION Ex-
POSURE LEVEL FOR THE AVERAGE UNITED STATES CITIZEN BY .1 (1/107H) of
A MILLIREM, THIS 1S BECAUSE THE POTASSIUM 40 AND CARBON 14 PReSENT
IN THE HUMAN BODY RADIATE THOSE PERSONS WITH WHOM WE SLEEP, THE
INCREASED RADIATION EXPOSURE, DUE TO THIS MOST “HAZARDOUS” ACTIVITY,
EXCEEDS BY TEN TIMES THE DOSAGE RECEIVED FROM PASSING A NUCLEAR WASTE

TRUCK.

As PREVIOUSLY MENTIONED, AN X-RAY TECHNICIAN, ACCORDING TO THE
NATIONAL INSTITUTES OF HEALTH, 1S EXPOSED TO 51 MILLIREMS OF RADIA-
TION PER YEAR. THIS IS A LARGER DOSAGE OF RADIATION THAN IS RECEIVED
BY A PERSON WORKING FOR A YEAR IN A NUCLEAR POWER PLANT OPERATING

ROCM.,

S cIGHTEEN

IT HAS BEEN DETERMINED BY THE ENVIRONMENTAL PROTECTION AGENCY
THAT PERSONS LIVING IN COLORADO RECEIVE AN ADDITIONAL RADIATION DOS-
ase of 70 To 20 MILLIREMS A YEAR,

SLIDE NIN !

WHAT HAVE WE JUST LEARNED? HOW DO THESE FACTS RELATE TO EACH
OTHER AND WHAT 1S THEIR EFFECT ON US?

THE NEXT FEW SLIDES WILL ANSWER THESE QUESTIONS BY LOOKING AT
THE WHOLE SPECTRUM OF RADIATION, STARTING WITH THE HIGHEST CONCEIV-
ABLE RADIATION EXPOSURE THAT HUMANS MIGHT BE SUBJECTED TO AND WORK-
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_ING DOWN TO THE LOMER LEVELS WHICH COMFRONT US DAILY. YOU MAY DRav
rwwcx.u.snwsmwausv HOW FRIGHTENED YOU OUGHT TO BE ABOUT
: RADTATION AS :T OCCURS IM NATURS OR 12 DERIVED Enay TIorts_ %!

_f?h:s FIRST CMART SHOWS TNE HIGHEST FONREZIVA®IE LEVEL OF RADIA-

1vbn‘§xvosuae THAT 1S KNOWN TO MAN. THAT DOSAGE RATE, 5 MILLION

AILIREMS IS CAUSED BY A SERIES OF THERAPEUTIC X-RAYS TO A SINGLE

" omsAN. THIS GENERALLY IS THE KIND OF RADIATION USED IN MEDICAL TECH-
NOLOGY WHEN TREATING A CANCER PATIENT. IT IS CAREFULLY FOCUSED OM A
VERY SMALL REGION OF THE BODY. A WHOLE BODY EXPOSURE OF THIS MAGNI-

_ UDE WOULD LEAD TO DEATH.

7' THE LETHAL DOSAGE RATE FOR WHOLE BODY RADIATION EXPOSURE 1S
ﬁaa‘uoo vo 500,000 mILLIREMS. THE ONLY WAY TO RECEIVE SUCH A DOS-
€ IS TO BE LOCATED A FEW HUNDQED YARDS FROM GROUND ZERO OF A

RUCLEAR WEAPON EXPLOSION.

" .

=

Tus FIRST DETECTABLE PHYSIOLOGICAL IMPACT ON HUMANS AS A RESULT

oF uan;urxon EXPOSURE IS FOUND IN THE 25,000 to 50,000 mILLIREMS
V%aﬂnss. THiS IS STILL A LARGE DOSAGE AMOUKT AND 1S EQUIVALENT TO TEN
TINES THE PERMISSIBLE ANNUAL EXPOSURE RATE FOR AN INDUSTRIAL WORKER.

. THE THREE CHARTS WHICH WE HAVE JUST SEEN IDENTIFY RADIATION

‘SOURCES WHICH ARE KNOWN AS "HIGH LEVEL” SOURCES OF RADIATION. THis

" CWART, AND THE NEXT THREE, LOOK AT THOSE "LOW LEVEL" SOURCES OF RA™

"BMTNM WHICH ARE THE SUBJECT OF THIS PRESENTATION.,

TﬂE MAX IMUM ALLOWABLE ANNUAL EXPOSURE RATE FOR AN INDUSTRIAL
253 . ’
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WORKER 15 5,000 MILLIREMS PER YEAR. THIS IS A LARGE DOSE OF RAp|a-
TION COMPARED TO BACKGROUND BUT MANY SCIENTISTS, AND THEY DUN'T aLL
AGREE, AND THE FEDERAL REGULATORY AGENCIES PERMIT THAT LEVEL OF

EXPOSURE FOR A WORKER,

SLIDE THENTY-FOUR

LET US NOW LOOK AT THOSE .SGURCES UF LOW LEVEL RADIATION WHICH
WE ARE REASONABLY EXPECTED TO LIVE WITH IN OUR EVERYDAY LIVES, Iy
THE pANGE oF 50 To 500 MILLIREMS PER YEAR YOU BEGIN TO SEE THE NATUR-

AL BACKGROUND AND OCCUPATIONAL SOURCES.
FOR EXAMPLE, TRANSCONTINENTAL FLIGHT CREWS ARE EXPOSED TO AN

ADDITIONAL 385 MILLIREMS PER YEAR. FOR ALL OCCUPATIONS RELATED TO
THE PRODUCTION OF NUCLEAR POWER, THE ANNUAL DOSAGE RATE 1S 365
MILLIREMS; THIS OCCUPATIONAL CATEGORY INCLUDES THOSE PERSONS INVOLVED
IN URANIUM MINING, PROCESSING AND SMELTING, CONSTRUCTION WORK, POWER
PLANT OPERATIONS AND OTHER RELATED ACTIVITIES.

THE MAXIMUM ADDITIONAL EXPOSURE THAT AN OFF-SITE INDIVIDUAL COULD
HAVE RECEIVED DURING THE CRITICAL PERIOD OF THE THREE MILE IsLaND
ACCIDENT wWAS 83 MILLIREMS. THIS RATE IS LESS THAN THE Averace U.S,
NATURAL BACKGROUND RATE. |

FINALLY, MEDICAL AND DENTAL DIAGNOSES HAVE A RATE OF 70 MILLI-
REMS ANNUALLY.

SLIDE TWENTY-FIV

IN THE 5-T0-50 MILLIREMS LEVEL WE FIND THE THREE SOURCES OF
NATURAL BACKGROUND RADIATION. (oSMIC RAYS AND TERRESTRIAL SOURCES
TOTAL 35 MILLIREMS EACH., THE RADIONUCLIDES IN THE BODY EQUAL 22 TO
27 MILLIREMS.
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FimaLLy, working in THE U.S. CaPitoL EouALS 20 MILLIREMS PER
T(gg&a,.,Fon THOSE OF YOU WHO ARE FAMILIAR WITH CAPIT~ 'Ly, THE
BSASE RATE AT THE WEST DOCR OF THE LIBRARY OF Comcr .s 1s 79 MILLI-
REMS PER YEAR, WHILE A RATE OF 48 MILLIREMS PFR Y"A" EXISTS AT THE
. ENTRANCE TO THE RavBurn House Orrice BuiLpine.

SLIDE TWERTY-SIX
" THiS LAST CHART SHOWS TMOSE RADIATION SOURCES WITH AN ANNUAL
EXPOSURE RATE OF LESS THAN FIVE MILLIREMS. FALLOUT FROM NUCLEAR
Uimmpous 1s 4.4, NATURAL GAS, ESPECIALLY THAT USED !N OUR HOMES,
fﬁis‘?”“Tas AVERAGE TOTAL EXPOSURE FOR THOSE PERSONS LIVING WITHIN
: A SO-MILE RADIUS OF THREE MILE IsLanp DurINe MarcH 28 To ApriL 7,
1979 uas 1.5 miLLIREMs. THE PREDICTED 1980 RADIATION EXPOSURE RATE
SR WICLEAR Power 1S .1 (1/10Tw) ofF A milLIReM. THIS 1S YHE SAME
 AS SLEEPING WITH ANOTHER HUMAN BEING. FINALL.. . UNSUMER PRODUCTS,
IMCLUDING TELEVISIONS, HAVE A RADIATION EXPOSURE RATE OF .03

3/1001&) OF A MILLIREM.

Sli?F.I!ERII_SE!EH

{HE NEXT TWO SLIDES WILL INDICATE THE PREDICTED CANCER ~ATAL-

=

FTY RALSS ASSOC IATED WITH LOW LEVEL RADIATIOM EXPOSURE.
IN THE FOLLOWING DISCUSSION, PLEASE KEEP IN MIND THAT THE TOTAL
- NUMBLR oF CANCER FATALITIES PER YZAR I THE UniTen STaTes, DUT_T0.
ALL.EAHSES, IS CURRENTLY ABOUT 400,000. THE NUMBER OF ANNUAL FATAL-
" ITIES THAT ARE PREDICTED TO BE ASSOCIATED WITH LOW LEVEL RADIATION
IS SUCH A SMAL- PERCENTAGE OF THE TOTAL of 400.700 THAT IT 1Is
IMPOSSIBLE TO MEASRE TH1S EFFECT IN THE POPULATION, THIS 1S BECAUSE
ﬁﬂf F¢$StBLE CONTRTBUTICY iC IHC FAGALITY RATF FROM LOW LEVEL RADIA-
r!ou Is EVEN LESS THAN THE YEAR-TO-YEAR /ARIATION IN 7" 'OTAL NUM

fm OF ANCER FATALITIES.,
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SO OUR DISCUSSION OF CANCER FATALITIES IS BASED ON STATISTICAL
PREDICTIONS AND NOT ON ACTUAL MORTALITY DATA. WHEN WE TALK ABour
POPULATION EXPOSURE TO LOW LEVEL RADIATION, WE USE A PURELY STAT[s-
TICAL QUANTITY CALLED THE “PERSON-REM,” '

ONE PERSON-REM 1S EQUIVALENT TO ONE PERSON RECEIVING A RADIATIoN
DoSE OF ONE REM OR ONE THOUSAND MILLIREMS. IT IS ALSO EQUIVALENT
70 THO PEOPLE, EACH RECEIVING A DOSE OF ONE-HALF REM -- OR FOUR
PEOPLE, EACH RECEIVING ONE-QUARTER REM AND SO ON,

THE SCIENTIFIC COMMUNITY ASSUMES, STATISTICALLY SPEAKING, THAT
WHEN A POPULATION 1S EXPOSED TO 5,000 PERSON-REMS OF IONIZING RADIA-
TION THAT, IN TURN, WILL PRODUCE ONE CANCER FATALITY, BASED ON THAT
ASSUMPTION, THE FOLLOWING PREDICTIONS ARE MADE ABOUT THE TOTAL GEN-
ERAL U.S. POPULATION ON AN ANNUAL BASIS:

1. 3080 FATALITIES OCCUR AS A RESULT OF MEDICAL AND DENTAL
RADIATION EXPOSURE;

2. THAT SAME NUMBER OCCURS AS A RESULT OF COSMIC AND TERRES-
TRIAL RADIATION EXPOSURE;

3. 880 FATALITIES ARE DIRECTLY RELATED TO POTASSIuUM 40 IN Our
FOOD;

4, 194 FATALITIES RESULT FROM NUCLEAR WEAPONS FALLOUT;

5. 133 FATALITIES AS A RESULT OF THE USE OF NATURAL GAS AND
THE BURNING OF COAL;

6. 4.4 FATALITIES OCCUR FROM RADIATION EXPOSURE RESULTING FROM
SLEEPING WITH ANOTHER HUMAN;

/. THE SAME NUMBER OF FATALITIES ARE CAUSED BY RADIATION EXPO-
SURE FROM NUCLEAR POWER; AND

8. 1.3 FATALITIES AS A RESULT OF RADIATION EXPOSURE FROM CON-
SUMER PRODUCTS.

THUS, THERE ARE, IN THE UNITED STATES, ABout 7,400 PREDICTED
FATALITIES PER YEAR DUE TO IONIZING RADIATION EXPOSURE, WHICH IS
LESS THAN 2 PERCENT OF ANNUAL CANCER FATALITIES DUE TO ALL CAUSES.
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~-FIR

THIS SLIDE PROVIDES SIMILAR PREDICTIONS FOR SPECIAL GROUPS IN
™E UNITED STATES. PLEASE NOTE, HOWEVER, THAT THE NUMBER OF PREDICT-
ED FATALITIES |s EXPRESSED IN A NUMBER OF FATALITIES PER MILLION
PERSONS PER YEAR. -

FOR EXAMPLE, THERE ARE 77 YEARLY FATALITIES PREDICTED FOR EACH
MILLION PERSONS WHO SERVE AS CREW MEMBERS ON TRANSCONTINENT&L JETS.

IT Is INTERESTING TO NOTE THAT THE PREDICTED 16 FATALITIES FOR
EACH MILLION PERSONS LIVING (N COLORADO 1S FAK 6REATER THAN THE PRE-
DICTION FOR FATALITIES RESULTING FROM THE THREE MILE ISLAND ACCIDENT
OR FROM THE OCCUPATION GROUP OF NUCLEAR POWER PLANT GUARDS. EACH
OF THESE TWO 6ROUPS HAVE A FATALITY PREDICTION RATE OF LESS THAN
ONE PERSON PER MILLION,

SLIDE TWENTY-NINE

THE STATISTICAL DATA AND OTHER INFORMATION USED IN THIS PRESENT-
ATION WERE COMPILED BY RePRESENTATIVE Mike McCorMack. MR, McCorMAcK
1S CHAIRMAN OF THE House oF REFRESENTATIVES SubcouMITTEE oM ENERcY
ResearcH AND PRooucTion oF THE CoMMITTEE on SCIENCE AND TECHNOLOGY.

SLIDE THIRTY

THE \I%52#7T ChnricR, SiArc SOCIETY OR OTHER AFFILIATION) AND
THE NATIONAL SoC1ETY OF PROFESSIONAL ENGINEERS HOPE THAT YOU HAVE
FOUND THIS PRESENTATION INFORMATIVE. ADDITIONAL INFORMATION ON THE
SUBJECT OF LOW LEVEL RADIATION IS AVAILABLE FrRoM NSPE. VE ENCOURAGE
COM“ENTS OR OBSERVATIONS CONCCRHING THIS PRESIHTATION AND WAYS THAT
IT CAN BE IMPROVED.

THANK YOU.
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INTRODUCT 10N

The Breazeale Nuclear Reactor emits radiation during normal operation,
The resulting radiation includes neutrons and gamma rays. Most of the
radiation is stopped in the pool water. A very small amount escapes into
the reactor bay. In addition, a number of gaseous radionuclides are created
by various ?uclear reactions. Most notably, these radionuclides include
N4 and Artl,

It is the purpose of this laboratory exercise to study the charges in
radiation levels and to become familiar with the equipment used in the
Citizen Monitoring Program. To accomplish this, the participants will
observe the background radiation levels with the reactor shutdown and
operating. In addition, at the end of the experiment the reactor will be
pulsed to allow observation of the radiation levels during and afcer the
pulse.

EXPERIMENTAL PROCEDURE

Part 1: Setup and Background Measurement

1. Plug in the power cords for the Ludlum, Model .177 Alarm Rate Meter,
the Rustrak Recorder, and the Lear Siegler lonization Chamber (LSI).

2. For the Ludlum, set the range switch to 'xI', its response switch to
slow, and the power to ON. Observe that the red light comes on. Also
observe the chart recorder ''clicks."

3. Allow 30 seconds for equipment to staBilize, then pull down the recorder
window and record the time ydu started, the date, your community and
your signature. Roll out additional chart paper if required.

4. Being sure that no radiocactive sources are immediately adjacent to the
detector allow the instrument to record background for approximately | hour.

5. For the Lear Siegler lonization Chamber, switch the mode switch from
off to operate. Observe that the pointer on the recorder deflects
sharply to the right as the machine automatically changes scale.

6. Allow the LSI instrument to stabilize for 2 minutes, then open the
recorder window. Record the time you started, the date, your community,
and your signature.

7. Being sure that no radioactive sources are immediately adjacent to the

?etector, allow the instrument to record background for approximately
hour.

8. At the end of the ! 'hour time period, advance the tape until the trace is
completely out of the recorder. Again, open the window and record the

time, date, your community and your signature. Do this for both the
Ludlum and LSI.
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9. Using the data sheets provided, sach member of the group should record
the date, start and stop time, and your community. From the points on
the tapes, each member should determine and record on the data sheets
the following:

Ludium LSl

Maximum count rate Maximum radiation level
Minimum count rate Minimum radiation level
Average count rate Average level

Your signature
10. Review your findings with your instructor.

QUESTION: Can you explain the variation in background? Briefly describe
the reason below.

Part I1: Measurement of Radiation Levels in Reactor Bay

1. Observe that the Ludlum and the Lear Siegler lonization (LS!) chamber

are both operating. Check the Ludium power light to ensure it is lighted.

Check for ''clicks' from the two chart recorders to ensure they are
operating. Check to see if the Ludlum is reading on scale. Adjust the
range switch on the Ludlum to obtain an onscale reading if required.

2. Using the thumbwheel, advance the charts on both the Ludlum and LSI

recorders. Pull down the recorder window and record the time you started,

the date, your community, reactor power level, and your signature. Roll
out additional chart paper if required.

3. Allow the instruments to run for 10 minutes. At the end of the 10-minute
counting period, using the wheel on the recorder face, advance the tape

until the trace is completely out of the recorder. Pull down the recorder

window and record the time you ended, the date, your community, reactor
power level, and your signature. Roll out additional chart paper if
required. Do this for both the Ludium and LS! recorders.

4. From the points on the tape, each member of the group snould determine
and record the following information:

Ludlum LSl

Maximum count rate Maximum radiation level
Minimum count rate Minimum radiation level
Average count rate Average radiation level

Date, time start and end, reactor power level, your
signature and community

QUESTION: Are the levels increasing, decreasing, or remaining the same?
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Program Operating Procedures
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OPERATING PROCEDURES - CITIZEN MONITOR

NOTE: The Ludlum Model 177 Alarm Rate Meter, Eberline Model 260 pancake
probe, and Rustrak Recorder will be referred to in these procedures as
- Ludlum detector. The Lear Siegler [onization Chamber will be referrcd

to as the - LSI.

To insure accurate and reliable data, these procedures are to be followed

vithout deviation. No changes or deviations are allowed unless approved

by a member of the Technical Working Group (TWG).

I. LUDLUM CHECKOUT DURING PERIODIC MONITORING:

1. Unlock the Ludlum instrument box using the key provided.

2. Inspect the Ludlum system for any signs of damage. Check the
following:

a. Power on light is lighted
b. Audible "clicks' from recorder
c. Rate meter reading above zero
d. Recorder marking chart paper
e. Range switch in X1 position
f. Response gswitch in slow
3. If any of the above items appear incorrect proceed to section "In

Case of Trouble.” Otherwise, go to following section.

I1. COLLECTION OF DATA-LUDLUM

1. If the equipment is being started for the first time, go to step 6.
Otherwise, proceed to step 2.

2. 1If the equipment is operating properly, advance the recorder until
approximately 4 inches of clear paper are exposed from the machine.

3. Stamp the front of the paper using the rubber stamp provided.

4. Record date, time of stop, and your signature.
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5. Tear off the strip chart even with the top of the recorder. Be
careful not to cause the paper inside the recorder to be disturbed.

6. Advance the chart paper 4 inches from the recorder.
7. Stamp the front of the paper using the rubber stamp provided.
8. Record date, time of start and your signature.

9. You should now have approximately 3arinches of chart paper with a
stamp at either end.

10. Remove the chart paper, a Citizen Radiation Monitoring Program
Monitoring Report Form.

11. Close the box and place data aside but do not lock the box at this
time.

12. Proceed to the next section.

III. LSI CHECKOUT DURING PERIODIC MONITORING

1. Open the LSI suitcase.

2. Inspect the LSI for any signs of damage.
Check for the following:

a. Selector switch is ON

b. Audible "clicks" from recorder
c. Recorder reading avove zero

d. Recorder marking paper

3. If any of the above items appear incorrect, proceed to section "In
case of Trouble." Otherwise, go to the following section.

IV. COLLECTION OF DATA - LSI

1. If the equipment is being started for the first time, go to step 6.
Otherwise proceed to step 2.

2. If the equipment is operating properly, advance the recorder until
approximately 4 inches of clear paper are exposed from the machine.

3. Stamp the front of the paper using the rubber stamp provided.
4, Record date, stop.- time, and signature.

5. Tear off the strip chart even with the top of the recorder. Be
careful not to cause the paper inside the recorder to be disturbed.
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10.

Advance the chart paper 4 inches from the recorder.
Stamp the front of the paper using the rubber stamp provided.
Record date, start time, and signature.

You should now have approximately 80 inches of chart paper with a
stamp at either end.

Remove the chart paper and close the suitcase.

DATA INTERPRETATION - LUDLUM

l.

(2]
.

Pickup the Ludlum data and set the LSI data aside for later
review,

NOTE: The Ludlum chart recorder advances at 1 inch

per hour. Each time division (1/4 inch) equals 15 min.

NOTE: With the instrument on the XI scale, the full scale

reading is 500 counts/min. The smallest scale division is

therefore 10 counts/min.

Record the "Time On" from the beginning of the chart and the time
of reading on the Monitoring report.

Scan the tape note the high reading and the low reading. (See
Figure 1 attached for definicion).

Estimate the average reading.
If the high reading is greater than the average reading by more
than 75 cpm estimate and record the duration. Otherwise indicate
not applicable "N/A".
Scan the tape for any abnormalities, i.e. "spikes"”, 'glitches”, or
high readings. Note in the comments section any such indications.
(See Figure 2 for samples of these).

ﬁ
If any high readings exceed (J25 kpm above the average background.
notify the TWG at (tel. #) immediately and request assistance. Notify
your local official.

Set the Ludlum data aside. Proceed to the next sectilon.
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VI.

VII.

DATA INTERPRETATION - LSI

NOTE: The LSI Chart Recorder advances at 3 inches per

hour. Each time division (1/4 inch) equals 5 min.

NOTE: The instrument is dual range and automatically switches

ranges.

NOTE: The range is indicated by the line drawn on the paper as

either X1 or X100 (See Figure 3).

NOTE: Full scale on the X1 range is 0.4 mr/hr. Readings must

be between 0.004 mr/hr and 0.4 mr/hr.

NOTE: Full scale on the X100 range is 40 mr/hr. Readings

must be between 0.4 mr/hr and 40 mr/hr.

1. Record the "Time ON" from the beginning of the chart and the time
of reading on the monitoring report.

2. Scan the tape note the high reading and low reading (See Figure 3
for definition).

3. Estimate the average reading.

4. If the high reading is greater than the average reading by
.01 mr/hr estimate and record the duration. Otherwise indicate
not applicable "N/A".

5. Scan the tape for any abnormalities, i.e., spikes, glitches, or
high readings. Note in the comments section any such indications.
(See Figure 4 for samples of these).

6. 1If any high readings exceed the average background, by .0l mr/hr

notify the TWG at (tel. #) immediately and request assistance,
Notify your local official.

DATA TRANSMITTAL

1. Sign the Monitoring Report.

2. Remove the community copy of your Monitoring Report.
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Open the Ludlum box. Place the Ludlum Data, LSI Data, and the
original monitoring report for that day in the box and remove the
previous day's data and raport.

Close the Ludlum sox and lock it.
Take the previous day's data, the TWGC summary sheet, and the com-
munity copy to the place designated by your local official.

OPERATING PROCEDURE - CIRCUIT RIDER.
1.

3.

6.

7 -

”:3.

Proceed to Monitoring Locations designated by TWG and indicated

- on the circuit rider log sheet.

Unlock the Ludlum box.

Remove current data consisting of 2 strip charts, one short (30

- inches) and one long (80 inches). Remove current monitoring

report.

If data is not available, note on circuit rider log sheet that data
for that day was not available. '

Place the previous day's data in the Ludlum box.
Close the box and lock it.
Proceed to next monitoring locatiom.

After last location, proceed to Middletown Borough Hall for data drop
and pickup.

At the Borough Hall, place the current day's data in the appropriate
box. Pick up previous day's data.
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CITIZEN RADIATION MONITORING PROGRAM

MONITORING REPORT

DATE

LSI (Lear Siegler)

Time On:

Time of Reading:

Eberline/Ludlum (Pancake)

Time On:

Time of Reading:

Daily High: mr/hr Daily High: mr/hr
Duration: minutes Duration: minutes
Daily Low: mr)hr Daily Low: mr/hr
Ouration: minutes Duration: minutes
Daily Average: mr/hr Daily Average: mr/hr
Comments:

Signature: Citizen Recording Readings
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Rev. 1 4/22/80

OPERATING PROCEDURES - CITIZEN MONITOR

NOTE: The Ludlum Model 177 Alarm Rate Meter, Eberline Model 260 pancake

probe, and Rustrak Recorder will be referred to in these procedures as

-.Ludlum detector. The Lear Siegler Ionization Chamber will be referred

to as the - LSI.

To insure accurate and reliable data, these procedures are to be followed

vithout deviation. No changes or deviations are allowed unless approved

by a member of the Technical Working Group (TWG).

I. LUDLUM CHECKOUT DURING PERIODIC MONITORING:

1. Unlock the Ludlum instrument box using the key provided.

2. Inspect the Ludlum system for any signs of damage. Check the

following:
a. Power on light 1s lighted
b. Audible "clicks" from recorder
c. Rate meter reading above zero
d. Recorder marking chart paper
e. Range switch in X1 position
f. Response switch in slow
aw 8- Ulepress the Battery test button, meter should

deflect to above "BAT OK" marking.

e 3. 1f any of the above items appear incorrect proceed to section VIII "In
Case of Trouble.”" Otherwise, go to following section.

II. COLLECTION OF DATA~LUDLUM

1. If the equipment is being started for the first time, go to step 6.
Otherwise, proceed to step 2.

2. 1If the equipment is operating properly, advance the recorder until

approximately 4 inches of clear paper are exposed from the machine.

3. Stamp the fromt of the paper using the rubber stamp provided.

4. Record date, time of stop, and your signature.
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5. Tear off the strip chart even with the top of the recorder. Be
careful not to cause the paper inside the recorder to be disturbed,

6. Advance the chart paper 4 inches from the recorder.
7. Stamp the front of the paper using the rubber stamp provided.
8. Record date, time of start and your signature.

as» 9. You should now have approximately 32 inches of chart paper with a
stamp at either end.

10. Remove the chart paper, a Citizen Radiation Monitoring Program
Monitoring Report Form.

11. Close the box and place data aside but do not lock the box at this
time.

12. Proceed to the next section.

II1. LSI CHECKOUT DURING PERIODIC MONITORING

1. Open the LSI suitcase.

2. Inspect the LSI for any signs of damage.
Check for the following:

a. Selector switch is ON
b. Audible "elicks" from recorder
c¢c. Recorder reading aQove zero
d. Recorder marking paper
3. 1If any of the above items appear incorrect, proceed to section "In

case of Trouble." Otherwise, go to the following section.

IV. COLLECTION OF DATA - LSI

1. If the equipment is being started for the first time, go to step 6.
Otherwise proceed to step 2.

2. If the equipment is operating properly, advance the recorder until
approximately 4 inches of clear paper are exposed from the machine.

3. Stamp the front of the paper using the rubber stamp provided.
4. Record date, stop:time, and signature.

5. Tear off the strip chart even with the top of the recorder. Be
careful not to cause the paper inside the recorder to be disturbed.
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9.

L4

lo'

Advance the chart paper 4 inches from the recorder.
Stamp the front of the paper using the rubber stamp provided.
Record date, start time, and signature.

You should now have approximately 80 inches of chart paper with a
stamp at either end.

Remove the chart paper and close the suitcase.

V. DATA INTERPRETATION - LUDLUM

1.

W 7.

Pickup the Ludlum data and set the LSI data aside for later
review.

NOTE: The Ludlum chart recorder advances at 1 inch

per hour. Each time division (1/4 inch) equals 15 min.

NOTE: With the instrument on the XI scale, the full scale

reading is 500 counts/min. The smallest scale division is

therefore 10 counts/min.

Record the "Time On" from the beginning of the chart and the time
of reading on the Monitoring report.

Scan the tape note the high reading and the low reading. (See
Figure 1 attached for definitiom).

Estimate the average reading.

If the high reading is greater than the average reading by more

than 75 cpm for 5 minutes or more, then estimate and record the duration.

Otherwise indicate not applicable "N/A" under duration.

Scan the tape for any abnormalities, i.e. "spikes", "glitches", or
high readings. Note in the comments section any such indications.

(See Figure 2 for samples of these).

1f any high readings exceed 125 cpm above the average background,
notify. the TWG at 717-787-3479 immediately and request assistance.
Notify your local official.

Set the Ludlum data aside. Proceed to the next section.
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VII.
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DATA INTERPRETATION - LSI

NOTE: The LSI Chart Recorder advances at 3 inches per

hour. Each time division (1/4 inch) equals 5 min.

NOTE: The instrument is dual range and automatically switches

ranges.

NOTE: The range is indicated by the line drawn on the paper as

either X1 or X100 (See Figure 3).

NOTE: Full scale on the X1 range is 0.4 mr/hr. Readings must

be between 0.004 mr/hr and 0.4 mr/hr.

NOTE: Full scale on the X100 range is 40 mr/hr. Readings

must be between 0.4 mr/hr and 40 mr/hr.

1. Record the "Time ON" from the beginning of the chart and the time
of reading on the monitoring report. :

2. Scan the tape note the high reading and low reading (See Figure 3
for definition).

3. Estimate the average reading.

4. 1If the high reading is greater than the average reading by

.01 mr/hr for 5 min. or more, estimate and record the duration. Othex-

wise, indicate not applicable "N/A" under duration.

5. Scan the tape for any abnormalities, i.e., spikes, glitches, or
high readings. Note in the comments section any such indications.
(See Figure 4 for samples of these).

6. If any high readings exceed the average background, by .0l mr/hr

notify the TWG at 717-787-3470 immediately and request assistance.
Notify your lgcal official.

DATA TRANSMITTAL

1. sSign the Monitoring Report.

2. Remove the community copy of your Monitoring Report.
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VIII. IN CASE OF TROUBLE

NOTE: This section is divided by instrument i.e. Ludlum ratemeter,

Rustrak recorder, Pancake probe and LSI. Appropriate actions for

various problems are described.

A. Ludlum Ratemeter

1.

If the power on light is not lighted, check to ensure Ludlum
Ratemeter powver cord 1s plugged into box receptacle.

If cord is plugged in check for proper operation of Rustrak
recorder. 1If recorder 1s inoperative, power is not available
at wall outlet. Request assistance from local official to
reactivate power to monitor.

If pover is available, and ratemeter and recorder are still
inoperative, Notify the TWG at 717-787-3479.

1f ratemeter is not reading above zero and power light is on,
examine pancake probe for possible damage.

CAUTION: Probe has a thin window that may be easily
punctured.

If pancake probe is damaged notify TWG at 717-787-3479.

I1f pancake probe appears intact, then check "SUBTRACT"
swvitch on back of Ludlum ratemeter. ''SUBTRACT" switch
should be in off position. If switch is "ON" move to "OFF"
position and note aciicn in comments section of monitoring

report.
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10.

1¢ the above, actions do not identify the problem request
assistance from TWG at 717-787-3479.

If the range switch is not in the XI position, note the
position in the comments section of your monitoring report,
switch to XI .

If the response switch is not in "slow," note the position in
the comments section of your monitoring report, switch to slow.

If depressing Battery test button does not cause meter to de-
flect to above "BAT OK" marking notify TWG at 717-787-3479.
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BUSTRAK RECORDER

1'

2.

3.

If audible “"clicks” are not heard, check that recorder
pover cord is plugged into box receptacle.

If cord is plugged in, check Ludlum power on light is
lighted on ratemeter.

If powver on light is not lighted, then check at wall

outlet for power. Request assistance from local official
to reactivate power to monitor.

1f power on light is lighted and power is available to

recorder but recorder is inoperative, request assistance
from TWG.

If audible "clicks" are heard but recorder is not marking
chart paper, notify TWG at 717-787-3479.
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If LSI Selector switch is "OFF", switch to "ON", and
indicate same on monitoring report.

If either audible "clicks'" from recorder are not heard
or the recorder is not reading above zero, check for
power at wall outlet. If power is not available, request
assistance from local official.

If power is available at wall outlet but recorder is still
not operable, notify the TWG at 717-787-3479.

If the recorder is not marking the paper, or not advancing
notify the TWG at 717-787-3479.
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1.

2.
’.

4.

5.

6‘
7.

9.

OPERATING PROCEDURE -~ CIRCUIT RIDER.

Proceed to Monitoring Locations designated by TWG and indicated

+ gn the circuit rider log shest.

Unlock the Ludlum box.

Remove current data consisting of 2 strip charts, one short (32
inches) and one long (80 inches). Remove current monitoring
teport.

1f data is not available, note on circuit rider log sheet that data
for that day was not available.

Place the previous day's data in the Ludlum box.
Close the box and lock {it.
Proceed to néxt monitoring location.

After last location, proceed to Middletown Borough Hall for data drop
and pickup.

At the Borough Hall, place the current day's data in the appropriate
box. Pick up previous day's data.
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OVERALL PROCEDURES

MONITORING
EQUIPMENT: Two types of radiation monitoring equipment will be placed

in each participating community at a designated site,
- LSI (Lear Siegler Ionization Chamber)

- Ludlum detector (Ludlum Model 177 Alarm Rate
Meter w/Eberline Model 260 pancake probe).

This equipment will record radiation levels 24 hours a day and
produce 3" wide output tapes.

DAILY

readings: Citizen monitors (CM's) will make readings at approximately
6:00 p.m. everyday. The citizens have been specifically
instructed to operate the equipment and to make measurements.
No one else in the community should operate these devices, al-
though citizens may visually observe the readings at any time

during the day or evening.

The CM's will sign, date, and indicate the location and time of
their reading. If the designated (M's do not make the readings
and provide a daily monitoring report, no data will be recorded
for their community for that day. CM's are responsible, in
conjunction with local officials, to determine a duty roster

" for the monitoring.

. POSTING

RESULTS: After the CM's make their readings, they may post a copy of their
daily report at the monitoring site for the pyblic to observe.
It 1s up to the community to determine if and where this data

should be made available. The strip chart tapes will be retained
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by the Technical Working Group. The tapes will not normally be
returned to the community unless they contain apny disputed inform-
ation or otherwvise interesting data. The tapes will be available

for review, inspection, and copy, at DER, 16th floor, Fulton Bldg.

DATA

COLLECTION

azss;munou: A circuit rider will pick up data (the strip charts and the
OM's daily report) and convey it to the Technical Working Group
(TWG) for verification and documentation. The TWG will collect
data from all 12 monitoring sites and prepare a summary statement.

This summary will be returned to the local communities by the

circuit rider on his/her return visic.

In addition, strip chart tapes from each of the local communities
will be returned by the circuit rider for posting if any interest-

ing data or disputed information is noted.

BACKCROUND: The radiation monitoring equipment may register readings above
background from time to time. The CM's have been trained to judge
vhether these readings represent a significant abnormality or not.
If an unexpected or abnormal reading does occur, it is imperative

that the following procedure be followed:

1f the unexpected reading is discovered by the CM, he or she will
immediately telephone a member of thw TWC st a specially designated
phone pumber. He or she vill also immediacsly notify the local

official.
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EQUIPMENT
REPAIR:

If the unexpected reading is discovered by a local citizen or

official other than a CM, that person should contact a CM to

verify and interpret the unexpected results. If necessary, after
observation of the reading, the CM will contact the TWG and their

local official.

Once notified of an unexpected reading, the TWG will gather
additional data as needed to determine the cause of the reading.
This may require a visit to the site by the TWG representative,
verification of the reading by mobile monitoring devices, check
of local weather conditions, and a check of possible sources of
radiation in the area. This effort by the TWG may require some
time during which the TWG would be in contact with the local
officials to alert them to the situation and to keep them abreast

of explanatory efforts.

M's will notify the TWG in the event that the equipment is not
operating properly. The equipmenﬁ will be repaired by the

Environmental Protection Agency, who will be notified by the TWG.
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OPERATING PROCEDURES - CITIZEN MONITOR

NOTE: The Ludlum Model 177 Alarm Rate Meter, Eberline Model 260 pancake

probe, and Rustrak Recorder will be referred to in these procedures as

‘- Ludlum detector. The Lear Siegler Ionization Chamber will be referred

to as the - LSI.

To insure accurate and reliable data, these procedures are to be followed

without deviation. No changes or deviations are allowed unless approved

by a member of the Technical Working Group (TWG).

I. LUDLUM CHECKOUT DURING PERIODIC MONITORING:

1. Unlock the Ludlum instrument box using the key provided.

2. Inspect the Ludlum system for any signs of damage. Check the
following:

a. Power on light is lighted

b. Audible "clicks" from recorder
c. Rate meter reading above zero
d. Recorder marking chart paper
e. Range switch in X1 position

f. Response switch in slow

g. Depress the Battery test button, meter should
deflect to above "BAT OK" marking.

h. Check for cable chafing or other problems
{. Check for "Renew Tape" on chart paper
3. 1If any of the above items appear incorrect proceed to section VIII "In

Case of Trouble."” Otherwise, go to following section.

II. COLLECTION OF DATA-LUDLUM

1. If the equipment is being started for the first time, go to step 6.
Othervise, proceed to step 2.

2. 1f the equipment is operating properly, sdvance the recorder until
approximstely & inches of clear paper are exposed from the machine.
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Stamp the front of the paper using the rubber stamp provided.

Tear off the strip chart even with the top of the recorder. Be
careful not to cause the paper inside the recorder to be disturbed.

Stamp the front of the paper using the rubber stamp provided.

You should now have approximately 32 inches of chart paper with a
Remove the chart paper, a Citizen Radiation Monitoring Program

Close the box and place data aside but do not lock the box at this

Inspect the LSI for any signs of damage. Check for the following:

3.
4. Record date, time of stop, and your signature.
5.
6. Advance the chart paper 4 inches from the recorder.
7.
8. Record date, time of start and your signature.
9.
stamp at either end.
10.
Monitoring Report Form.
11.
time.
12. Proceed to the next section.
LSI CHECKOUT DURING PERIODIC MONITORING
1. Open the LSI suitcase.
2.
a. Selector switch is ON
b. Audible "clicks" from recorder
¢. Recorder reading above zero
d. Recorder marking paper )
e. Check for renew tape on chart paper
30

If any of the above items appear incorrect, proceed to section "In
case of Trouble." Otherwise, go to the following section.

COLLECTION OF DATA - LSI

l.

2.

If the equipment is being started for the first time, go to step 6.
Otherwise proceed to step 2.

If the equipment is operating properly, advance the recorder until
approximately 4 ‘inches of clear paper are exposed from the machine.

Stamp the front of the paper using the rubber stamp provided.
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4. Record date, stop time, and signature.

5. Tear off the strip chart even with the top of the recorder. Be
careful not to cause the paper inside the recorder to be disturbed.

6. Advance the chart paper 4 inches from the recorder.

7. Stamp the front of the paper using the rubber stamp provided.

8. Record date, start time, and signature.

9. You should now have approximately 80 inches of chart paper with a
stamp at either end.

10. Remove the chart paper and close the suitcase.

V. DATA INTERPRETATION - LUDLUM

1. Pickup the Ludlum data and set the LSI data aside for later review.

NOTE: The Ludlum chart recorder advances at 1 inch per hour.
—  Each time division (1/4 inch) equals 15 min.

NOTE: With the instrument on the XI scale, the full scale
—— reading is 500 counts/min. The smallest division is
therefore 10 counts/min.

2. Record the "Time On" from the beginning of the chart and the time
of the reading on the Monitoring report.

3. Scan the tape note the high reading and the low reading. (See
Figure 1 attached for definition).

4. Estimate the average reading.
5. If the high reading is greater than the average reading by more than
75 cpm for 5 minutes or more, then estimate and record the duration.

Othervise indicate not applicable "N/A" under duration.

6. Scan the tape for any abnormaliites, i.e. "spikes”, "glitches", or
high readings. Note in the comments section any such indicatiomns.

(See Figure 2 for samples of these).

7. 1If any high readings exceed 125 cpm above the average background,
notify the TWG at 717-787-3479 immediately and request assistance.
Notify your local official.

8. Set the Ludlum data aside. Proceed to the next section.
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VII.
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DATA INTERPRETATION - LSI

NOTE: The LSI Chart Recorder advances at 3 inches per hour. Each

time division (1/4 inch) equals 5 min.

NOTE: The instrument is dual ~ange and automatically switches ranges.

NOTE: The range is indicated by the line drawn on the paper as either
X1 or X100 (See Figure 3).
NOTE: Full scale on the X1 range is 0.4 mr/hr. Readings must be

between 0.004 mr/hr and 0.4 mr/hr.

NOTE: Full scale on the X100 range is 40 mr/hr. Readings must be

between 0.4 mr/hr and 40 mr/hr

Record the "Time ON" from the beginning of the chart and the time of
reading on the monitoring report.

Scan the tape note the high reading and low reading (See Figure 3
for definition).

Estimate the average reading.

If the high reading is greater than the average reading by .0l mr/hr
for 5 min. or more, estimate and record the duration. Otherwise,
indicate not applicable "N/A" under duration.

Scan the tape for any abnormalities, i.e., spikes, glitches, or
high readings. Note in the comments section any such indications.
(See Figure 4 for samples of these).

If any high readings exceed the average background, by .015 mr/hr
for 5 min. or more, notify the TWG at 717-787-3479 immediately and
request assistance. Notify your local official.

DATA TRANSMITTAL

1.

2. Remove the community copy of your Monitoring Report.

Sign the Monitoring Report.
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3. Open the LSI box. Place the Ludlum Data, LSI Data, and the original
wmonitoring report for that day in the box and remove the previous day's

data and report.
4, Close the LSI box.

5. Take the previous day's data, the TWG summary sheet, and the

community

copy of today's data to the place designated by your local official.

NOTE: Original tapes will be retained by DER. They are available

—— for review and copy at any time.

6. Replace stamp and stamp pad {n the Ludlum box. Lock the Ludlum box.

7. Check that Ludlum is operating properly.

IN CASE OF TROUBLE

NOTE: This section 1s divided by instrument i.e. Ludlum ratemeter,

Rustrak recorder, Pancake probe and LSI. Appropriate actions

for various problems are described.

Ludlum Ratemeter

1. If the power on light 1is not lighted, check to ensure Ludlum
Ratemeter power cord is plugged into box receptacle.

2. If cord i{s plugged in check for proper operation of Rustrak
recorder. If recorder is inoperative, power is not available
at wall outlet. Request assistance from local official to
reactivate power to monitor.

3. If power is available, and ratemeter and recorder are still
inoperative, Notify the TWG at 717-787-3479.

4. 1f ratemeter is not reading above zero and power light is on,
examine pancake probe for possible damage.

CAUTION: Probe has a thin window that may be easily punctured.

S. 1f pancake probe is damaged notify TWG at 717-787-3479.

6. 1f pancake probe appears intact, then check "SUBTRACT" switch

on back of Ludlum ratemeter. ''SUBTRACT" switch should be in off

position. If switch is "ON" move to "OFF" position and note
action i{in comments section of monitoring report.
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If the above actions do not identify the problem request assistance
from TWG at 717-787-3479.

If the range switch is not in the XI position, note the position
in the comments section of your monitoring report, switch to XI.

If the response switch is not in "slow," note the position in the

comments section of your monitoring report, switch to slow.

If depressing Battery test button does not cause meter to deflect
to above "BAT OK" marking notify TWG at 717-787-3479,
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B. BUSTRAK RECORDER

1.

2.

6.

If audidble "clicks" are not heard, check that recorder power cord
is plugged into box receptacle.

If cord is plugged in, check Ludlum power on light is lighted on
ratemeter.

If power on light is not lighted, then check at wall outlet for

power. Request assistance from local official to reactivate power
to monitor.

If power on light is lighted and power is available to recorder
but recorder is inoperative, request assistance from TWG.

If audible "clicks" are heard but recorder is not marking chart
paper, notify TWG at 717-787-3479.

If "renew tape" appears, notify TWG at 717-787-3479.
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C. LSI

1.

3.

4.

Rev. 2 5/12/80

If LSI Selector switch is "OFF", switch to "ON", and indicate
same on monitoring report.

If either audible "clicks" from recorder are not heard of the
recorder is not reading above zero, check for power at wall out-
let. If power is not available, request assistance from local
official.

If power is available at wall outlet but recorder is still not
operable, notify the TWG at 717-787-3479.

If the recorder is not marking the paper, or not advancing, notify
the TWG at 717-787-3479.

If "renew tape" appears, notify the TWG at 717-787-3479.
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OPFRATING PROCEDURE - CIRCUIT RIDER.

1.

Proceed to Monitoring Locations designated by TWG and indicated
on the circuit rider log sheet.

Open the LSI box.

Remove current data consisting of 2 strip charts, one short (32
inches) and one long (80 inches). Remove curremt monitoring report,

If data is not available, note on circuit rider log sheet that data
for that day was not available.

Place the previous day's data in the LSI box.
Close the box.
Proceed to next monitoring location.

After last location, proceed to DER drop, 16th floor, Fulton Bldg.,
for data drop and pickup.

At DER, place the current day's data in the appropriate box. Pick
up previous day's data.

291



Concept of Operations

Objective: The intent of the Community Monitoring Program is the
providing to municipal government the means to make independent observations
of the radiation environment near Three Mile Island.

The program is not intended to provide an early warning in case of
radiation accidents. The Program is, in essence, an independent routine
surveillance program.

Method: Raw data is collected from the instruments and analyzed by
the individual Monitor. The finished or reduced data is recorded by the
Monitor on a form provided. The finished data form for the period of
observation, (a copy of which is retained by the Monitor) along with the
corresponding strip charts is sent to the Technical Working Group for
checking and compilation with similar data from the other participating
communities.

Copies of the compiled data are furnished to the following organizations
on the day the data is compiled: .

Capitol News Room

County Government

Governor's Hot Line

U. S. Nuclear Regulatory Commission
Metropolitan Edison Co.

A copy of the compiled data is distributed to the Monitors when the next
batch of raw and finished data is picked up. Data collected by the Monitor
and the compiled data returned to the Monitor may be used and displayed in
any manner the municipality sees fit.
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Monitor

Definition: A Monitor is one of several people in a municipality
who has been nominated by local elected officals and who has successfully
completed the Community Monitoring Training Program.

-Job: The Monitor will, on a routine basis, collect and reduce data
recorded from instruments provided. The Monitor shall use specific
procedures learned in the course of training and furnished in writing
with the instruments. ‘

Interactions:

Monitor/Community: Data gathered by the Monitor shall be con-
sidereq public information. The data may be presented to the
community in any manner agreed upon by the Monitors and their
respective local elected officials.

Monitor/Circuit Rider: Circuit Riders will, on a routine basis,
collect from the Monitors one copy of the finished data and the raw
data from both instruments.

Circuit Rider will, on a routine basis, (next round) return to
each Monitor Station a copy of the compiled data from the previous
round.

Monitor/Technical Working Group: Monitors will direct technical
and operational questions and equipment related problems through a
special Commonwealth (DER) telephone number. The Technical Working
Group will direct questions on raw and finished data back to the
Monitor, who gathered the data, by telephone.

Monitor/Med Ed: None
Monitor/USNRC: None

Monitor/Media: At the Monitor's discretion.
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Technical Working Group

Definition: The Technical Working Group consists of professional
radiation protection specialists representing the Commonwga]th (DER),
Pennsylvania State University, U.S. Environmental Protection Agency
and U.S. Department of Energy.

Job: The Technical Working Group (TWG) will check raw data against
the reduced (finished) data submitted by the Monitors. TWG shall compile
the finished data, on a routine basis, and distribute them to:

a. News Media (except weekends and holidays through the Capitol
News Room)

b. County Government (except weekends and holidays through PEMA
teletype)

c. Governor's Hot Line (except weekends and holidays; hand
carried)

d. Licensee (as gathered; by telefax)

e. USNRC - Middletown (as gathered; by telefax)
f. TWG Agencies (through respective TWG representatives)

g. Monitors (by next Circuit Rider round)

TWG will provide advice to the Monitors, on their request, and will
provide for correction of instrument problems as necessary after notice
from the Monitor. TWG will also collect and disseminate data from other
agencies to the involved communities.

Interactions:

TWG/Monitors: TWG will review the raw data (strip charts) and the
finished data from the Monitor. TWG will compile the finished data and
distribute it immediately to the Capitol News Room, the Counties,
Governor's Hot Line, USNRC, Met Ed., and the TWG Agencies.

__ TWG/Circuit Rider: TWG shall receive each Monitor's raw and
finished data from the Circuit Rider. TWG will provide the Circuit

Rider with copies of the compiled data for distribution to the
Monitors on the next run.
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TWG/Media/Counties/Governor's Hot Line, USNRC/Met Ed:
TWG will provide these organizations with compiled data on the day
it is compiled. TWG will answer inquiries as presented.

TWG/Communities: As appropriate

TWG/EPA: Assistance from EPA may be requested to identify and
resolve any significant above background radiation levels. In this
capacity, EPA will assist TWG by taking such surveys/samples as
deemed appropriate, e.g. swipes, air samples, water, etc.

TWG/NRC, EPA, Met Ed., etc.: Data provided by these agencies
to THG will be distributed at the TWG discretion to the involved
communities.
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. Circuit Rider

Definition: The Ciruit Rider is a State or Federal Government
employee who routinely gathers the raw and finished data from the Monitors.

Job: Circuit Rider routinely collects raw and finished data from the
Monitor and delivers it to the Technical Working Group. He collects copies
of the compiled data for return to the Monitor on the next run.

Interactions:

Circuit Rider/Monitor: See Job

Circuit Rider/TWG: See Job

Circuit Rider/Community: None

Circuit Rider/Media: Circuit Rider's discretion.

Circuit Rider/Counties/USNRC/Met Ed/Governor's Hot Line: None
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CITIZEN RADIATION MONITORING PROGRAM

MONITORING REPORT

e —————————————————————na——
_——— ——— ]

——————————

DATE

LSI (Lear Siegler)

Time On:

Time of Reading:

Daily High: mr/hr
Duration: minutes
Daily Low: mr/hr
Duration: minutes
Daily Average: mr/hr

Eberline/Ludlum (Pancake)

Time On:

Time of Reading:

Daily High: mr/hr
Duration: minutes
Daily Low: nr/hr
Duration: ) minutes
Daily Average: mr/hr

Comments:

Signature: Citizen Recording Readings

FIGURE 3
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE
DEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom
BRARRISBURG, PENNSYLVANIA Contact: Amy Kelchner

Telephone 717-787-2163
May 27, 1980

FOR IMMEDIATE RELEASE

HARRISBURG — Following are the results of the Community Monitoring program
for May 23, 24, 25 and 26, 1980.

All readings were within the range of natural background
levels for the sampling days Mav 23-26, 1980. A more

detailed summary of the results is attached.
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on May 23, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.015 Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.013 Normal Background
York Haven Data to EPA

East Manchester No Instrument

Lower Swatara 0.007 Normal Background
Middletown 0.012 Normal Background
Royalton 0.015 Normal Background
Londonderry Data to EPA

Conoy 0.013 Normal Background
West Donegal 0.009 Normal Background
Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive ennugh to measure

radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribucion:
EPA DOE
NRC Met-Ed
PEMA GAC
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measurc gamma radiacion levels at the
monitoring site. The recorders are sensitive c¢nough to measure radiation freu
naturally-occurring radiation sources. The following table summarizes :ne measure-
ments zade for each monitoring location. The data were reported on May 24, 1980.
The results are shown in aillirem/hour (mrem/hr).

Locgtion Average (mrem/hr) Comment
Fairview Instrument Failure

Newberrytovn 0.008 Normal Background
Goldsboro 0.013 Normal Background
York Haven Data to EPA

East Manchester No Instrument

Lover Swatara 0.007 Normal Background
Niddletown 0.011 Normal Background
Royalton 0.016 Normal Background
Conoy 0.014 Normal Background
West Donegal Instrument Failure

Elizabecthtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiacion from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Discribution:

T EPA DOE
NRC Mac~-Ed
PEMA GAC
Newsroon
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported om May 25, 1980.
The results are shown in millirem/hour (mrem/ht).

Location Average (mrem/hr) Comment
Fairview Instrument Failure

Newberrytown 0.008 Normal Background
Coldsbore 0.013 Normal Background
York Haven Data to EPA

East Manchester No Instrument

Lower -Swatara 0.007 Normal Background
Middletown 0.009 Normal Background
Royalton 0.016 Normal Background
Londonderry Data to EPA

Conoy 0.013 Normal Background
West Conegal Instrument Failure

Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources,

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met~Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radtation levels at the
acnitoring site. The recorders are sensitive encugh to measure radiation from
oacturally-occurring radiation sources. The following table surmarizes the measure-
ments wade for each monitoring location. The data wcre reported on May 26, 1980.
The results are showvn in aillirem/hour (mrem/hr).

Location Average (wrem/hr) Comment
Fairview o~n Instrument Pailure

Gomldsbor: 0.008 Normal Background
Toek Be 0.014 Normal Background
ot ven Data to EPA

East Manchestar No Instrument

Lovcw; Svatara 0.007 Normal Background
ibva 1:::"0 0.010 Normal Background
ot 0.015 Normal Background
..ond;ndlm Data to EPA

Cono No Data Available

Yest Donegal 0.009

oy Cheovn Normal Background

No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiationm sources.

Each scation recorded bdeta levels less than .005 a/rem an hour.

Discridutioca:®
EPA poE
. MRC Mac-Ed
PEMA GAC
NewvsToom
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE

DEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom

HARRISBURG, PENNSYLVANIA Contact: Amy Kelchner
Telephone 717-787-2163
May 28, 1980

FOR IMMEDIATE RELEASE

HARRISBURG -- Following are the results of the Community Monitoring progran

for May 27, 1980

All tea&ings were within the range of natural backgrouand
levels for the sampling day ending May 27, 1980. A more

detailed summary of the results is attached.
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GAMMA RATE RECORDERS (LST)

GCesma vate recorders (LSI) are used to measure Ramma radiation levels at the
sits. Tha recorders are sensitive enough to measure radiation from
radiation sources. The following table surmarizes the messure-
wﬁm for each monitoring location. The data were reported on May 27, 1980.
'hn u-dn are shown ia millirem/hour (mrem/hr).

Average (arem/hr) Comment
Instrument Failure
0.008 Normal Background
0.013 Normal Background
Data to EPA
No Instrument
0.006 Normal Background
0.011 Normal Background
0.013 Normal Background
Data to EPA
0.014 Normal Background
0.008 Normal Backgrouad

No Instrument

BETA RATE RECORDERS (LUDLUM)
: Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
Jevels at the monitoring site. The recorders are sensitive enough to measure
radiation from nacturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Macriducion: ’

o EPA poe
e » Met~-Ed
A GAC

. Newsroom
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CCHMONWEALTH OF PENNSYLVANIA PRESS RELZASE
DEPARTMENT OF ENVIROMMENTAL RESOURCES Newsroom

HARRISBURG, PENNSYLVANIA Contact: Amy Kelchner
Telephone 717-787-2143

May 29, 1980

FOR IMMEDIATE RELEASE

HARRISBURG -- Following are the results of the Community Monitoring program

for May 28, 1980 :

All readings were within the range of natural background
levels for the sampling day ending May 28, 1980. A more

detailed summary of the results is attached.
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GAMMA RATE RECORDERS (LSI) .

Gamma cvate vecorders (LSI) are used to measure gamma radiacion levels ar the
sonitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on June 25, 1980.
The results are shown in millirem/hour (mrem/hr).

Locatlon Average (mrem/hr) Comment
Fairviev 0.010 Norma. Background
Newberrytown 0.008 Normal Background
Goldsboro 0.013 Normal Background
York Haven Data to EPA

East Manchester Instrument Failure

Lover Swatara 0.007 Normal Background
Miédletown 0.010 Normal Background
Rovalton 0.016 Normal Background
Londonderry Data to EPA

Conoy No Data Available

Vest Donegal 0.015 Normal Background
Elizabethtowmn 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
3eta rate recorders (Ludlum) are used to measure beta and gamma radiatiom
levels at the monitoring sits. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded bata levels less than .005 m/rem an hour.

digeribucion:
EPA DOE
NRC Met~Ed
PEMA CAC
Newstoom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma vadiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on June 24, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.009: Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester No Data Available

Lower Swatara No Data Available

“iddletown 0.009 Normal Background
Royalton 0.016 Normal Background
londonderry Data to EPA

Conoy 0.013 Normai Backzround
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure

radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-~Ed
PTMA GAC
Newsroom
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GCAMMA 2ATE RECCRDERS (LSI)

Gamma rate racorders (LSI) are used to measure garma radiation ievels at the
monisoring site. The recorders are sensitive enough to measure radiation :rom
natarally=occurring radiacion sources. The folluving table summarizes the measure-
sents ande for each ®monitoring location. The data were reported on June 22, 1980.
The results are shown in millirem/hour (mrem/hr).

Locaci:a Average (mrem/hr) Comment
Fairview 0.009 Normal Background
Navderrytowvn 0.008 Normal Background
Soldshoro 0.013 Normal Background
York Havem Data to EPA

East Mancnester 0.013 Mormal Background -~
Lower Swatara Mo Data Available

M.d4ictowvn 9.010 Normal Background
icyalton 0.016 Normal Background
LascuaderT Data to EFA

Conoy 0.012 Norwal Background
wast Domegal 0.015 Normal Background
t.izabechtown 0.008 Normal Background

BETA RATY RECORDERS (LUDLLM)
Becq rate recorders (Ludlum) are used tv ne.sure “eta .’ ?wma Tagiatioe
ievels ac the monitoring site. The rciordery arc censitive eniuih lv meds. .
csdiat:i>e from naturally-occurring radiacion sources.

Each station recorded beta lavels less than .005 m/cem an hour.

Disccli-uzion:
ZPA poe
LR Mec-%d
P7MA SaC
Uewsroon
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‘COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE

DEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom

HARRISBURG, PENNSYLVANIA Contact: Amy Kelchner
Telephone: 717-/87-2143

FOR _IMMEDIATE RELEASE

HARRISBI'TRG -—— Following are the results of the Community Monitoring Program

for July 2, 1980.

All readings for 8 stations were within the range of
natural background levels for the sampling day ending
July 2, 1980.

Four stations, Middletown, Royalton, Londonderry and
Conoy reported beta levels (Kr-85) above the normal
background. The levels recorded were consistent

with wind direction and with readings taken by EPA
and other agencies during the same time period.

A more detailed summary of the results is attached.
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GAMMA RATE RECORDERS (LSI)

Gazma rate recorders (LSI) are used to measure gamma radiation levels at the
sonitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-

ments made for each monitoring location. The data were reported on July 2, 1980.
The results are showan {n millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.009. Normal Background
Nevberrytown No report from Community Monitor

Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.010 Normal Background
Lower Svatara No Report from Community Monitor

Middletown 0.009 Normal Background
Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy 0.014 Normal Background
“est Donegal 0.015 Normal Background
Zlizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the mounitoring site. The recorders are sensitive enough to measure
radiation from naturally=-occurring radiation sources.

8 stations recorded beta levels less than .005 m/rem an hour.

Pollowing are beta skin dose levels for the 4 additional stations:

Middletown - .014 millirem
Royalton - .019 millirem
Londonderry - .024 millirem
Conoy - .004 millirem
Distribution:

EPA DOE

NRC Met-~-Ed

PEMA GAC

Newsroom
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COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL RESOURCES
HARRISBURG, PENNSYLVANIA

PRESS RELEASE
Newsroom
Contact: Amy Kelchner

Telephone 717-787-2163
July 7, 1980

FOR IMMEDIATE RELEASE

HARRISBURG -— Following are the results of the Coumunity Monitoring Program
for July 3, 4, 5 and 6, 1980.

On July 3, Newberry, York Haven and Londonderry reported beta

levels (Kr-85) above the normal background.

On July &4, Goldsboro, Royalton, Londonderry, Conoy and West Donegal

reported beta levels (Kr-85) above the normal background.

On July 5, Middletown, Royalton, Londonderry and Lower Swatara

reported beta levels (Kr-85) above the normal background.

On July 6, Yotk Haven, Londonderry and Conoy reported beta

levels (Kr-85) above the normal background.

The stations not listed reported readings within the range

of natural background levels.

All the readings above normal background were at levels consistent
with wind direction and with readings taken by EPA and other
agencies during the same period. A more detailed summary of

the results is attached.
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
wonitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure~
ments made for each monitoring location. The data were reported on July 3, 1980.
The results are shown in millirem/hour (mrem/hr). '

Location Average (mrem/hr) Coument
Fairviev 0.010. Normal Background
Newberrytovn 0.008 Normal Background
Coldsboro No report from Community Monitor

York Haven Data to EPA

East Manchester 0.010 Normal Background
Lower Swatara 0.008 Normal Background
Middletown 0.010 Normal Background
Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy 0.012 Normal Background
West Donegal 0.015 Normal Background
Z1izabechtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUNM)

Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

9 stations recorded beta levels less than .005 m/rem an hour.

Following are beta skin dose levels for the 3 additional stationms.
These positive readings are above the .005 normal background reading.

Newberry - 0.003 millirem
York Haven - 0.037 millirem
Londonderry - 0.056 millirem

Distridbution:
EPA DOE
NRC Mec-Ed
PEMA GAC
Newsroon PHS

317



GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on July 4, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.009. Normal Background
Newberrytown 0.008 Normal Background
Goldsboro Instrument Failure

York Haven Data to EPA

East Manchester 0.012 Normal Background
Lower Swatara 0.007 Notrmal Background
Middletown 0.010 Normal Background
Royalton 0.019 Normal Background
Londonderry Data to EPA

Conoy 0.012 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

7 stations recorded beta levels less than .005 m/rem an hour.

Following are beta skin dose levels for the 5 additional stationms.
These positive readings are above the .005 normal background reading.

Goldsboro - 0.004 millirem
Royalton - 0.025 millirem
Londonderry - 0.015 millirem
Conoy = 0.007 millirem

West Donegal

0.011 millirem

Distribution:
EPA DOE
NRC Met~Ed
PEMA GAC
Newstroom PHS
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GAMMA RATE RECORDERS (LSI)

Gamms rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data vere reported on July 5, 1980.
The results are shova in millirem/hour (arem/hr).

Location Average (mrem/hr) Comment
Fairview 0.009. Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.015 Normal Background
Lowver Swatara 0.008 Normal Background
Middletown 0.010 Normal Background
Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy 0.012 Normal Background
w“est Dounegal 0.015 Rormal Background
Elizabethtown 0.009 Normal Background

BETA RATE RECORDERS (LUDLUM)

Beta rate recorders (Ludlum) are used to measure beta and gamma radiacion
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

8 stationa recorded beta levels less than .005 m/rem an hour.

Following are beta skin dose levels for the 4 additional stations.
These positive readings are above the .005 normal background reading.

Middletown 0.011 millirem
Royalton 0.022 millirem
Londonderry - 0.004 millirem
Lower Swatara - 0.006 millirem

Distribuctiom:
© EPA DOE
NRC Met-Ed
PEMA GAC
Nevsroom PRS
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on July 6, 1980,

The results are shown in millirem/hour (mrem/hr).

BETA RATE RECORDERS (LUDLUM)

Location Average (mrem/hr) Comment
Fairview 0.009- Normal Background
Newberrytown 0.009 Normal Background
Goldsboro 0.015 Normal Background
York Haven Data to EPA

East Manchester 0.015 Normal Background
Lower Swatara 0.008 Normal Background
Middletown 0.010 Normal Background
Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy 0.013 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

.

9 stations recorded beta levels less than .005 m/rem an hour.

Following are beta skin dose levels for the 3 additional statioms.
These positive readings are above the .005 normal background reading.

York Haven -~
Londonderry -
Conoy -

0.004 millirem
0.006 millirem
0.015 millirem

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom PHS
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COMMONWEALTHE OF PENNSYLVANIA PRESS RELEASE
DEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom
BARRISBURG, PENNSYLVANIA Contact: Amy Kalchner

Telephone 717-787-2163
July 8, 1980

FOR IMMEDIATE RELFASE

- BARRISBURG — Following are the results of the Community Monitoring Program
for July 7, 1980.

All readings for ll stations were within the range of natural

background levels for the sampling day ending July 7, 1980.

Conoy Twp. reported beta levels (Kr-83) above the normal

background.

A wore detailed summary of the results is attached.
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GAMMA RATE RECORDERS (LSI)

GCamma rate racorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring locatiom. The data were reported on July 7, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview No report from Community Monitor

Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.015 Normal Background
Lower Swatara No report from Community Monitor

Middletown 0.010 Normal Background
Royalton 0.016 Normal Background
Londonderry Data to EPA

Conoy 0.012 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

11 stations recorded beta levels less than .005 m/rem an hour.

~Conoy Twp. recorded a beta skin dose level of .007 millirem.

Distribution:
EPA DOE
NRC Met~Ed
PEMA GAC
Newsroom PHS
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE
DEPARTMENT OF ENVIRONMENTAL RESOURCES

Newsroom
HARRISBURG, PENNSYLVANIA

Contact: Amy Kelchner
Telephone 717-787-2163
July 9, 1980

FOR DMMEDIATE RELEASE
BARRISBURG — Following are the results of the Community Monitoring Program
for July 8, 1980.

All readings for 10 stations were within the range of natural
background levels for the sampling dav ending July 8, 1980.
Middletowm and Royalton reported beta levels (Kr-85) above the

normal background.

A 20re detailed summary of the results is attached.
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Gamma rate recorders (LSI) are used to measure gamma radiation levels at the

The recorders are sensitive enough to measure radiation from

The following table summarizes the measure-
The data were reported on Juyly 8, 1980,

monitoring site.
naturally-occurring radiation sources.
ments made for each monitoring locatiom.

GAMMA RATE RECORDERS (LSI) _

The results are shown in millirem/hour (mrem/hr).

Location

Fairview
Newberrytown
Goldsboro
York Haven
East Manchester
Lower Swatara
Middletown
Royalton
Londonderry
Conoy

West Donegal
Elizabethtown

Beta rate recorders (Ludlum) are used to measure beta and gamma radiation

levels at the monitoring site. The recorders are sensitive enough to measure

Average (mrem/hr)

0.010
0.008
0.015

Data to EPA
0.015

No report from Community Monitor

0.010
0.016

Data to EPA
0.012
0.015
0.008

BETA RATE RECORDERS (LUDLUM)

radiation from naturally-occurring radiation sources.

Comment

Normal
Normal
Normal

Normal

Normal
Normal

Normal
Normal
Normal

Background
Background
Background

Background

Background
Background

Background
Background
Background

10 stations recorded beta levels less than .005 m/rem an hour.

Middletown recorded a beta skin dose level of .005 millirem.

Royalton recorded a beta skin dose level of .007 millirem.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom PHS
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CRMONNEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL RESOURCES
RARRISBURG, PENNSYLVANIA

PRESS RELEASE
Newsroom

Contact: Amy Kelchner
Telephone 717-787-2163
July 10, 1980

FOR- IMMEDIATE RELEASE

HARRISBURG — PFollowing are the results of the Community Monitoring Program
for July 9, 1980.

All readings for 10 stations were within the range of natural
background levels for the sampling day ending July 9, 1980.

Elizabechtown and Conoy reportad beta levels (Kr-85) above the

norsal background.

A more detailed sumnary of the results is attached.
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measyre-
ments made for each monitoring location. The data were reported on July 9, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.010 Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.014 Normal Background
Lower Swatara 0.008 Normal Background
Middletown 6.010 Normal Background
Royalton 0.017 Normal Backg:-ound
Londonderry Data to EPA

Conoy 0.013 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)

Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radlation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Elizabethtown recorded a beta skin dose level of .015 millirem.

Conoy Twp. recorded a beta skin dose level of .003 millirem.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
sonitoring site. The recorders are sansitive enough to measure radiation from
naturally-occurring radiation sources. The following table suzmarizes the measure-
sants uade for each monitoring location. The data were reported on July 10, 1980.
The results are shown in millirea/hour (mrem/hr).

Locacion Average (mrem/hr) Comment
Fairview 0.010. Normal Background
Newberrytova 0.009 Normal Background
Goldsboro 0.015 Normal Background
York Haven Data to EPA

East Manchester 0.013 Normal Background
Lowver Swatara No Report from Community Monitor

Middletown 0.010 Normal Background
Royalton 0.017 Normal Background
Londonderry Daca to EPA

Conoy 0.013 Normal Background
west Donegal 0.015 Normal Background
Elizabethtown Q.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the mounitoring site. The recorders are sensitive enough to measure
radiation from nacurally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Discribucion:

" EPA DOE
NRC Mec~Ed
PEMA GAC
Newsroom PHS
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measyre-
ments made for each monitoring location. The data were reported omJuly 11, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.041 Normal Background
Newberrytown 0.007 Normal Background
Goldsboro 0.015 Normal Background
York Haven Data to EPA .
East Manchester 0.013 Normal Background
Lower Swatara 0.007 Normal Background
Middletown 0.010 Normal Background
Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy 0.014 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gasma rate recorders (LSI) are used to measure gamma radiation levels ac the
sonitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
sents made for sach monitoring location. The data were reported onJuly 12, 1980,
The results ara shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
PFairview 0.010 Normal Background
Rewberrytowvn 0.008 Normal Background
Goldsboro 0.015 Normal Background
York Haven Data to EPA

East Manchester Instrument Failure

Lower Swatara 0.008 Normal Background
Middletown 0.010 Normal Background
Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy 0.014 Normal Background
Vest Dounegal 0.015 Normal Background
Elizabethtowm 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiacion
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiacion sources.

Each staction recorded beta levels less than .005 m/rem an hour.

Discribution:
© EPA DOE
NRC Mac-Ed
PEMA GAC
Newstoom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels it the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported onJuly 13, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.010 Normal Background
Newberrytown Instrument Failure

Goldsboro 0.015 Normal Background
York Haven Data to EPA '

East Manchester No report from Community Monitor

Lower Swatara 0.008 Normal Background
Middletown 0.010 Normal Background
Royalton 0.016 Normal Background
Londonderry Data to EPA

Conoy 0.014 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiatiom
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
sonitoring site. The recorders are sensitive enough to measure radiation from
saturally-occurring radistion sources. The following table summarizes the measure-

msnts made for each monitoring location. The data vere reported on July 14, 1980.
The tesults are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comument
Fairview 0.011 Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.015 Normal Background
York Haven No Report from Community Monitor

East Manchester Instrument Failure

Lower Swatara 0.008 Normal Background
Middletowa 0.010 Normal Background
Royalton 0.017 Normal Background
Londonderxy Data to EPA

~onoy Instrument Failure

West Donegal 0.008 Normal Background
Elizabethtown

BETA RATE RECORDERS (LUDLUM)
Bata rate recorders (Ludlum) are used to measure beta and gamma radiacion
levels at the monitoring site. The recorders are sensitive emough to measure
tadiation from naturally-occurring radiation sources.

Zach station recorded bets levels less than .005 m/rem an hour.

Distridbucion:
“EPA DOE
NaC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measyre-
ments made for each monitoring location. The data were reported om July 16, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview No Report from Community Monitor

Newberrytown 0.009 Normal Background
Goldsboro Readings Reduced to Twice Weekly

York Haven Data to EPA

East Manchester No Instrument

Lower Swatara 0.008 Normal Background
Middletown No Report from Community Monitor

Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy No Report from Community Mounitor

West Donegal No Report from Community Monitor

Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure

radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
msonitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
sents made for each monitoring location. The data were reported on July 17, 1980.
The results are shown in millirem/hour (arem/hr).

location Average (mrem/hr) Comment
Fairview 0.011 Normal Background
Nevberrytown No report from Community Monitor

Goldsboro 0.015 Normal Background
York Haven Data to EPA

East Manchester No Instrument

Lover Swatara No report from Community Monitor

Middletown 0.010 Normal Background
Royalton 0.016 Normal Background
Londouderry Data to EPA

Conoy No report from Community Monitor

Uest Donegal 0.015 Normal Background
Elizabethtovn 0.008 Yormal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders {(Ludlum) are used to measure beta and gamma radiatiomn
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation soyrces.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:

"EPA DOE
¥RC Mec~-Ed
PEMA GAC
Mevsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on July 15, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.011 Normal Background
Jewberrytown 0.008 Normal Background
Goldsboro Readings reduced to twice weekly

York Haven Data to EPA

East Manchester No Instrument

Lower Swatara 0.008 Normal Background
Middletown 0.010 Normal Background
Royalton 0.016 Normal Background
Londonderry Data to EPA

Conay No Report from Community Monitor

West Donegal 0.015 Normal Background
Elizabethtown No Tape Available

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gazma rate recorders (LSI) are used to measure gamma radiation levels ac the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
wents made for each monitoring location. The data wvere reported on July 18, 1980,
The results are shown in aillirem/hour (mrem/hr).

Location ‘ Average (mrem/hr) Comment
Fairview 0.010 Normal Background
Nevberrytown 0.009 Normal Background
Goldsboro Readings reduced to twice weekly

York Haven Data to EPA

East Manchester No Instrument

Lover Swatara No report from Community Monitor

Middletowvn Instrument Failure

Royalton Instrument Removed

Londonderry Data to EPA

Conoy No report from Community Monitor

dest Donegal 0.015 Normal Background
Elizabecthtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the moniroring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Diseribucion:
EPA DOE
NRC Met~Ed
PEMA GAC
Mewsroos .
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on July 19, 1980.
The results are shown in millirem/hour (mrem/hr).

Location ' Average (mrem/hr) Comment
Fairview 0.010 Normal Background
Newberrytown 0.008 Normal Background
Goldsboro Readings reduced to twice weekly

York Haven Data to EPA

East Manchester No Instrument

Lower Swatara No report from Community Monitor

Middletown Instrument Failure

Royalton Instrument Removed

Londonderry No report from Cowmmunity Monitor

Conoy No report from Community Minitor

West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom

336



GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive encugh to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
wents made for each monitoring location. The data were reported on August 3, 1980,
The results are shown in millirem/hour (arem/hr).

Location Average (mrem/hr) Comment
Falrviev 0.010 Normal Background
Newberrytown Readings Reduced to ] Times Weekly

Goldsboro Readings Reduced to Twice Weekly

York Haven Readings Reduced to Twice Weekly

East Manchester No Instrument

Lover Swvatara No Report from Community Monitor

Middletown No Instrument

Royalton No Instrument

Londonderty No Report from Community Monitor

C.n0y No Instrument

West Donegal No Report from Coemunity Monitor

Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
3eta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are seansitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Mec-Id
PEMA GAC
Newvsroom
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. GAMMA RATE RECORDERS (LSI)

GCamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally~occurring radiation sources. The following table summarizes the measyre-
ments made for each monitoring location. The data were reported om July 20, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.011 Normal Background
Newberrytown No report from Community Monitor

Goldsboro Readiings reduced to twice weekly

York Haven Data to EPA

East Manchester No Instrument

Lower Swatara No report from Community Monitor

Middletown Instrument Failure

Royalton Instrument Removed

Londonderry No report from Community Monitor

Conoy No report from Community Monitor

West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-cccurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE
DEPARTMENT OF ENVIRONMENTAL RESOURCES

Newsroom
RARRISBURG, PENNSYLVANIA

Contact: Amy Kelchner
Telephone 717-787-2163
July 22, 1980

FOR _IMMEDIATE RELEASE

.BARRISBURG - Following are the results of the Community Monitoring Program
for July 21, 1980.

All readings were within the range of natural background
levels for the sampling day ending jyuly 21, 1980.
A more detailed summary of the results is attached.

Because the venting of Krypton-85 from Three Mile Island Unit II has
been concluded, today will be the last day that the results of the Community
Monitoring Program will be released on a daily basis.

Any unusual readings will be rclcns;d to the press as they are found.

The daca will still be compiled daily and is available by contacting
the Bureau of Radiation Protection office. Data will also be distributed

to the USNRC, EPA, Matropolitan Edison, PEMA and the Governor's Action Center.
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GAMMA RATE RECORDERS (LSI)

GCamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on July 21, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.013- ' Normal Background
Newberrytown 0.009 Normal Background
Goldsboro 0.015 Normal Background
York Haven Data to EPA

East Manchester No Instrument

Lower Swatara No Report from Community Monitor

Middletown Instrument Failure

Royalton No Instrument

Londonderry Data to EPA

Conoy No Report from Community Monitor

West Donegal 0.015 Normal Background
Elizabethtouwn 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroon
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GAMMA RATE RECORDERS (LSI)

Gamma tate recorders (LSI) are used to measure gamma radiacion levels at the
wonitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
sents oade for each monitoring location. The data were reported on July 22, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairviev 0.011. Normal Background
Nevberrytown No report from Community Monitor

Goldsboro Readings reduced to twice veekly

York Haven Data to EPA

East Manchester Readings reduced to twice weekly

Lover Swatara No report from Community Monitor

Middletown No Instrument

Royalton No Instrument

Londonderty Data to EPA

Conoy No report from Community Monitor

West Donegal 0.015 Normal Background
Elizabethtown Instrument Removed

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to weasure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Discridbutinn-
EPA
Nl
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) ace used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on July 23, 1980
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.013. Normal Background
Newberrytown 0.009 Normal Background
Goldsboro Readings reduced to twice weekly

York Haven Data to EPA

East Manchester ‘No Instrument

Lower Swatara No report from Community Monitor

Middletown No Instrument

Royalton No Instrument

Londonderry Data to EPA

Conoy 0.013 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure

radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met~Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
aents aade for each monitoring location. The data vere reported on July 24, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.013. Normal Background
Nevberrytown 0.008 Normal Background
Goldsboro Readings Taken Twice Weekly

York Haven Data to EPA

East Manchester Readings Taken Twice Weekly

Lover Svatara No Report from Coemunity Monitor

Middletown No Instrument

Royalton No Instrument

Londonderry Data to EPA

Conoy No Report from Community Monitor

West Donegal 0.015 Normal Background
Elizabechtown 0.008 Normal Backgrouad

BETA RATE RECORDERS (LUDLUM)
3eta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site., The recordars are sensitive enough to measure
radlation from naturally-occurring radiation sources.

Bach station recorded beta levels less than .005 m/rem an hour.

Diseribucion:
EPA pot
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LST)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on July 25, 19gg,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.012 Normal Background
Newberrytown No Data Availabie

Goldsboro Readings reduced to twice weekly

York Haven Data to EPA

East Manchester Readings reduced to twice weekly

Lower Swatara No Instrument

Middletown No Instrument

Royalton No Instrument

Londonderry Data to EPA

Conoy No report from Community Monitor

West Donegal 0.015 Normal 3ackground
Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measura

radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribucion:
EPA DOE
NRC Met-Ed
PEMA GAC
Newstoom
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GAMMA RATE RECORDERS (ISI)

Gamma rate recorders (LSI) are used to messure gamma vadistion levels at the
sonitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiactiom sources. The following table suomarizes the measure-
sents mede for each monitoring location. The data vere reported on July 26, 1980
The results are shown in aillirem/hour (mrem/hr).

Locacion Average (wrea/hr) Comment
Fairview 0.010- Normal Ba
ova No veport ckground
Goldsboro Readings reduced to twice wveekly
York Haven No report froam Community Moaitor
East Manchester Readings reduced to twice wveekly
Lover Swatara No Instrument
Middletowm No Instrument
Royalton No Instrument
Londonderry No report from Community Monitor
Conoy No report from Community Monitor
dest Donegal 0.015 Normal Background
Elizabethtowmn No Instrument

BETA RATE RECORDERS (LUDLUM)
3eta rate recorders (Ludlum) are used to measure beta and gamma radiacion
levels at the wonitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribucion:

- EPA poe
XRC Met-Ed
PEMA GAC
Newstoom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on July 27, 1980,
The results are shown in millirem/hour (mrem/hr).

Location _ Average (mrem/hr) Comment
Fairview No report from Community Monitor

Newberrytown No report

Goldsboro Readings reduced to twice weekly

York Haven No report from Community Monitor

East Manchester Readings reduced to twice weekly

Lower Swatara No Instrument

Middletown No Instrument

Royalton No Instrument

Londonderry No report from Community Monitor

Conoy No report from Community Monitor

West Donegal 0.015 Normal Background
Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure

radiation from naturally-og¢curring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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CAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are ssnsitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
seants asde for each monitoring location. The data were reported on August 7, 1980,
The results are shown in aillirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Falrview 0.011. Normal Background
Newberrytown Readings Reduced to ] Times Weekly

Goldsboro Readings Reduced to Twice Weekly

York Haven Data to EPA

East Manchester No Instrument

lLower Swatara No Instrument

“iddletowmn No Instrument

Royalton No I[astrument

Londonderry Data to EPA

Conoy Readings Reduced

West Donegal Readings Reduced

Elizabethtowvn No Instrument

BETA BATE RECORDERS (LUDLUM)
Seta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

fach statiom recorded beta levels less than .005 m/rem an hour.

istribution:
ZPA DOE
“RC Met-Ed
PEMA GAC
‘w8 T Oo0m
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiacion fron
naturally-occurring radiation sources. The following table summarizes the measyre-
ments made for each monitoring location. The data were reported on August 6, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.010- Normal Background
Newberrytown 0.009 Normal Backgzround
Goldsboro No Instrument

York Haven Data to EPA

East Manchester No Instrument

Lower Swatara No Ingtrument

Middletown No Instrument

Royalton No Instrument

Londonderry Data to EPA

Conoy No Instrument

West Domegal 0.015 Normal Background
Elizabethtowm No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure

radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Mec-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gasma rate recorders (LSI) are used to measure gamma radiation levels at the
wonitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure~

wents made for each monitoring location. The data wvere reported on August 5, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairviev 0.011. Normal Background
Newberrytowm Readings Reduced to ) Times Weekly

Goldsboro Readings Reduced to Twice Weekly

York Haven Data to EPA

East Manchester Readings Reduced to Twice Weekly

Lowver Swatara Reduced Readings

Middletown Readings Reduced to 3 Times Weekly

Royalton No Instrument

Londonderry Data to EPA

Conoy No Instrument

West Donegal No Report from Community Monitor

Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiaction
levels at the momitoring site. The recorders are sensitive enough to aeasure
radiation from naturally-occurring radiatiom sources.

Each station recorded beta levels less than .005 m/rem an hour.

Diseribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newstroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each menitoring location. The data were reported on August 4, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.010. Normal Background
Newberrytown Readings Reduced to 3 Times Weekly

Goldsboro No Instrument

York Haven Data to EPA

East Manchester Readings Reduced to Twice Weekly

Lower Swatara Readings Reduced to Twice Weekly

Middletown No Instrument

Royalton No Instrument

Londonderry Data to EPA

Conoy Reduced Readings

West Donegal No Report from Community Monitor

Elizabethtown No Report from Community Monitor

BETA RATE RECORDERS (LUDLIM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure

radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on August 2, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Commenct
Fairview 0.010 Normal Background
Nevberrytown Readings Reduced to 3 Times Weekly

Goldsboro Readings Reduced to Twice Weekly

York Haven Readings Reduced to Twice Weekly

East Manchester No Instrument

lowver Swatara No Report from Community Monitor

Middletown No Instrument

Royalcon No Instrument

Londonderry No Report from Community Monitor

Conoy No Instrument

West Dounegal No Report from Community Monitor

Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure bSeta and gamma radiation
levels at the mouitoring site. The recorders are sensitive enough to neasure
radiaction from naturally-occurring radiation sources.

®Tach station recorded beta levels less than .005 m/rem an hour.

Disgribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Nevsroom

351



GAMMA RATE RECORDERS (LSI)

GCamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on August 1, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.010 Normal Background
Newberrytown Readings Reduced to 3 Times Weekly

Goldsboro Readings Reduced to Twice Weekly

York Haven Readings Reduced to Twice Weekly

East Manchester No Instrument

Lower Swatara No Report from Community Monitor

Middletown No Instrument

Royalton No Instrument

Londonderry Data to EPA

Conoy No Instrument

West Donegal 0.015

Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
yRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate racorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radistion from
naturally-occurring radiation sources. The following table summariges the measure-
ments sade for each monitoring location. The data vere reported on July 31, 1980,
The results are showvn in uillirem/hour (arem/hr).

Location Average (arem/hr) Comment
Fairviev 0.012. Normal Background
Nevberrytova 0.008 Normal Background
Goldsboro No Instrument

York Haven Data to EPA

East Manchester Readings Reduced to Twice Weekly

Lover Swatara No Report from Community Monitor

Middletown No Instrument

Royalton No Ianstrument

Londonderty No Report from Community Monitor

Conoy No Report from Community Monitor

Sest Donegal 0.015 Normal Background
Zlizabecthtowm No Instrument

BETA RATE RECORDERS (LUDLUM)
Beca rate recorders (Ludlum) are used to measure beta and gamma radiacion
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Zach station recorded beta levels less than .005 m/rem an hour.

Discribucion:
"EPA DOE
¥RC Met-Ed
PEMA CAC
Newsroos
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GAMMA RATE RECORDERS (LSI)

Camma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measyre-
ments made for each monitoring location. The data were reported on July 30, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.013 - Normal Background
Newberrytown 0.009 Normal Background
Goldsboro Readings Reduced to Twice Weekly

York Haven Data to EPA

Fast Manchester No Instrument

Lower Swatara No Instrument

Middletown No Instrument

Royalton . No .Instrument

Londonderry Data to EPA

Conoy Instrument Failure

West Donegal 0.015 Normal Background
Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure

radiation from naturally-occurring radiation sources.

fach station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newstoom
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GAMMA RATE RECORDERS (1SI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recovrders are sensitive enough to measure radiation from
aaturally-occurring radiation sources. The following table summarizes the measure~
mants made for each monitoring location. The data were reported on July 29, 1980.
The results are shovn in aillirem/hour (arem/hr).

Location Average (mrem/hr) Comment
Fairviev 0.011 Normal Background
Newberrytown No Report from Cosmmunity Monitor

Goldsbore Readings Reduced to Twice Weekly

York Haven Data to EPA

East Manchester Readings Reduced to Twice Weekly

Lover Swatara No Report from Community Monitor

Midsletown No Instrument

Royalton No Instrument

Londondarry Daca to EPA

Conoy No Report from Community Monitor

West Donegal 0.015 Normal Background
Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturslly-occurring radiacion sources.

Each station recorded beta levels less than .005 m/rem an hour.

Discribution:
EPA DOE
NRC Met~-Ed
PEMA GAC
Newstoon .
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GAMMA RATE RECORDERS (LSI)

Garma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on July 28, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.012. Normal Background
Newberrvtown 0.009 Normal Background
Goldsboro Instrument Failure

York Haven Data to EPA

East Manchester No Instrument

Lower Swatara No Repor- from Community Monitor

Middletown No Instrument

Royalton No Report from Community Monitor

Londonderry Data to EPA

Conoy 0.012 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown Ne Instrument

BETA RATE RECORDERS (LUDLUM)

Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiacion levels at the
sonitoring site. The recovders are sensitive enough to measure radiaction from
naturally-occurring radiation sources. The following table summarizes the measure-
mants made for each msonitoring location. The data were reported on May 28, 1980.
The results are shown in nillirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairvievw 0.009 Normal Background
Nevberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Havea Dats to EPA '
East Manchester No Instrument
Lower Swatara 0.006 Normal Background
Midlletown 0.010 Normal B3ackground
Royalton 0.015 Yormal Background
Londonde:-ty Data to EPA

No Data Available
West Donegal 0.009 Normal Background
Elizabethzowvn No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and zamma radiacion
levels at the monitoring site. The recorders are sensitive enough to measure
radiaczion from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA IE
NRC Mec-t!
PTMA AC .
dewsroos

357



-

COMMOITTALTH OF PENNSYLVANIA PRESS RILEASE

DEPAR™YLNT 77 ENVIRONMENTAL RESOURCES Newsroom
HARRISDURG, PENNSYLVANIA Contact: Amv Kelchner

Telephone 717-787-2163
May 30, 1980

FOR TMMEDIATE RELEASE

HARRISBULRG -- Following are the results of the Community Monitoring program

for May 29, 1980

All readings were within the range of natural background
levels for the sampling day ending May 29, 1980. A more

detailed summary of the results is attached.
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GAMMA RATE RECORDERS (LSI)

GCazma rate recorders (LSI) are used to measure gamma vadiation levels ar the
wcaitoring site. The recorders are sensitive enough to measure rad{ation from
aaturally-cccurring radiation sources. The following table summarizes the measure-
sents made Ior each monitoring location. The data were reported on May 29, 1780.
The results are shown in millirem/hour (mrem/hr).

Location Aversge (mrem/hr) Comment
Pairviev 0.009%9 Normal Background
Newbarrytown 0.008 Normal Background
Goldsboro 0.013 Normal Background
York Haven Data to EPA

Tast Manchester No Instrument

Lower Swatara 0.307 Normal Background
Middletowa 0.010 Normal Background
Royalton 0.016 Normal Background
Londonderry Data to EPA

Conoy 0.014 Normal Backgrcund
dest Tonegal 0.009 Normal Background
Zlizacezhtown No Iastrument

BETA RATE RECORDERS (LUDLUM)
Seta rate recorders (lLudlum) are used to measure beta and gamma radiation
ievels at the monitoring site. The recorders are sensitive enough to measure
radlation :Irom naturally-occurring radfation sources.

Pach sctation recorded deta levelis less than .005 m/rem an hcur.

Discribution:
) 2 4N DOE
MNRC Mac-Ed
DA GAC
Yevsroon
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE
DFPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom
HARRISBURG, PENNSYLVANIA Contact: Amy Kelchner

Telephone 717-787-2163

FOR DMMEDIATE RELEASE

HARRISBURG -~ Following are the results of the Community Monitoring program

for May 30, 31 and June 1, 1980.

All readings vere within the range of natural background

levels for the sampling days May 30, 31 and June 1, 1980. A more

detailed summary of the results is attached,.

The following information is provided to help the reader understand the data.

Radiation 1s a form of energy. It comes from natural sources such as the sun,
rocks and other minerals in the form of rays or fast-moving particles. The most
common types of natural radiation are gamma-rays and alpha and beta particles.
X-rays used by physicians and dentists are an example of man-made radiation.

Gamma-rays are similar to light rays except the gamma-ray energies are 100,000
to 1,000,000 times as great. Alpha particles are fast-moving helium atom nuclel.
Beta particles are fast-moving elecirons that have been ejected by a decaying atom.

These rays or particles can penetrate the body depositing their energy in the
body c21la. The amount of radiation absorbed by the body is measured in millirem.
The rate at which the radiation is absorbed is measured in millirem/hour (mrem/hr).
The term millirem takes into account the type of radiation, the intensity of radiation.
and its biological effect.

Not all radiation interacts with the body in the same manner. Gamma vadiation
is highly penetrating. The result is it can be absorbed anywhere in the body. 3y

comparison, beta radiation is short range and can only penetrate a short distance
intoc the skin.

A person i{s exposed to a variety of natural radiation sources regardless >
where he lives. These sources include cosmic rays, the uranium and thorium occurring
naturclly in rocks and minerals, and the radiocactive potassium and carbon found
normally in the human body. Each year a person in south central Pennsylvania absorbs,
on the average, about 80 to 100 mrem per year or .009 to .012 mrem/hr from natural

sources. Other locations in the United States have dose rates as much as twice these
levels,

-more~
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GAMMA RATE RECORDERS (LST)

Gamma rate recorders (LSI) are used to measure gamma radliacion levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiaction sources., The following table summarizes the measure

mants oade for each monitoring location. The data were reported on May 30, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.00%

Normal Background

Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA
East Manchester No Instrument
Lower Swatara 3 0.007 Normal Background
Middletown 0.010 Normal Background
Royalteon 0.016 Normal Background
Londonderry Data to EPA

No Data Available
West Donegal 0.009 Normal Background
Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radlation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Zach station recorded beta levels less than .005 m/rem an hour.

Distribution:

- EPA DOE
NRC Met-Ed
PERMA CAC
Newvsroom
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GA2MA RATE RECORDERS (LSI)

Garma rate recorders (LSI) are used to measure gamma radiation levels at the
aonito-ing site. The recorders are sensitive enough to measure radiation “rom
naturclly-occurring radiation sources. The following table surmarizes the measure-
ments made for each rzonitoring location. The data were reported on June 1, 1980,
The results are shown in millirew/hour (mrem/hr). '

Location Average (mrem/hr) Comment
Fairview 0.009 Normal Background
Newberrytown No Data Available

Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester No Instrument

Lower Swatara 0.007 Normal Background
Middletown Instrument Failure

Royalton 0.016 Normal Background
Londonder Data to EPA

Conoy i No Data Available

Wasat Donegal 0.009 Normal Backgroun
Elizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radlation
levels at the monitoring site. The recorders are sensitive enough to measure

radiation from naturally-occurring radiation sources.

Fach station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA MATE RECOPOERS (LST)

Ganma rate recorders (LSI) are used to measure gamma rad{ation levels at the
sonitoring site. The recorders are sensicive enough to measure radiation from
aaturally=occurering radiation sources. The following table summarizes the measurc-

asuts made for sach wonitoring location. The data were reported on May 11, 1980.
The results are showm in aillirem/hour (mrem/hr).

Location Average (arem/hr) Comment
Patrviev 0.00? Normal Background
Rewberrytown 0.008 Normal Background
Goldsboro 0.013 Normal Background
York Haven Data to EPA

East Manchester No Instrusent

Lower Swatara 0.007 Norwal Background
Middletown 0.010 Normal Background
Royalton 0.015 Normal Background
Londondarry Data to EPA

Counoy No Data Available

West Doneagal 0.009 Normal Background
Zlizabethtown No Instrument

BETA RATE RECORDERS (LUDLUNM)
Seta racte recorders (Ludlum) sre used to mesasure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive cnough to measure
rad‘atict from naturallv-occurring radiation sources.

Eacn station .ecorded beta levels less cthan .005 m/rem an hour.

Discribution:
ZPA Dot
e Met-Ud
PEMA GAC
Ngvsroom .
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COMMCNWEALTH OF PENNSYLVANIA PRESS RELEASE

DEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom

HARRISBURG, PENNSYLVANIA Contact: Amy Kelchner
Telephone 717-787-2163
June 4, 1980

FCR IMMEDIATE RELEASE

HARRISBURG -- Following are the results of the Community Monitoring Program

for June 2, 1980.

All readings were within the range of natural background
levels for the sampling day ending June 2, 1980,

A more detailed summary of the results is attached.
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LS1) are used to measure gammn radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the nmeasure-
seuts adde for each monitoring location. The data were reported on June 2, 1980.
The results are shown in aillirem/hour (mrem/hc).

location - Average (mrem/hr) Comment
Fairview 0.009 Normal Background
Nevberrytowvu 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester No Data Available

Lower Swatara 0.007 Normal Background
Middletown 0.009 Normal Background
Boyalton 0.016 Normal Background
Londonderry Data to EPA

Conoy Data to EPA

West Donegal 0.009 Normal Background
Elizabethtowa No Instrument

BETA RATE RECORDERS (LUDLUM)
Bera rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiacion from naturally-occurring radiation sources.

Each stacion recorded beta levels less than .005 m/rem an nour.

Distribution:
EPA 2,0 4
NRC Met-Ed
PEMA GAC
Newsroon
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE

DEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom

HARRISBURG, PENNSYLVANIA Contact: Amy Kelchner
Telephone 717-7%7-2163
June 4, 1980

FOR IMMEDIATE RELEASE

HARRISBURG -~ Following are the results of the Community Monitoring Prozrznm

for June 3, 1980.

All readings were within the range of natural background
levels for the sampling day ending June 3, 1980.

A more detailed summary of the results is attached.
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CAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
sonitoring site. The recorders are sensitive enough to measure radiaction from
naturally-occurring tadiation sources. The following table summarizes the measure-
sents made for each monitoring location. The data were raported on June 3, 1980.
The results are shown in uillirem/hour (mrem/hr).

Location Average (wrem/hr) Cooment
Fairviev 0.009 Normal Background
Nevbercrytowm 0.008 Normal Background
Goldsboro 0.013 Normal Background
York Haven Data to EPA

East Manchester No Instrument

Lower Swacara 0.008 Normal Background
Middletown 0.009 Normal Background
Royalton 0.016 Normal Background
Londonderry Data to EPA

Conoy 0.014 Normal Background
west Donegal 0.009 Normal Background
Elizabechtown Yo Instrument

BETA RATE RECORDERS (LUDLUM)
Beca rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

fach station recorded beta levels less than .005 m/rem an hour.

Digeribucion:
EPA DOE
[ 1o Met~-Ed
PEMA GAC .
Nevsroow
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE
DEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom
HARRISBURG, PENNSYLVANIA Contact: Amy Kelchner

Telephone 717-787-2163
June 5, 1980

FOR IMMEDIATE RELEASE

HARRISBURG -- Following are the results of the Community Monitoring Program

for June 4, 1980:

All readings were within the range of natural background
levels for the sampling day ending June 4, 1980.

A more detailled summary of the results is attached.
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels ac the
sonitoring site. The recorders are sensitive enough to measure radiation irom
naturally-occurring radiacion sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on June 4, 1980.
The results are shown in sillirem/hour (mrem/hr).

Location Average (mrea/hr) Comment
Fairview 0.009 Normal Background
Sevberrytown 0.008

Vormal Background

Goldsbdoro 0.014 Normal Background
York Haven Data to EPA

East Manchester No Iastrument

Lower 3wvatara Yo Data Available

Middletown 0.009 Normal Background
Royalton 0.01s Normal Background
Londonderry Data to EPA

Conoy No Data Available

West Donegal 0.009 Normal Background
Elizabethtown No Instcrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders {Ludlum) are used to measure beta and gamma radiation
levels at the momnitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 =m/rem an hour.

Distribution:
ZPA DOE
Nac Met-Ed
PEMA GAC
Mewstroom .
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE
DEPARTMENT OF ENVIRONMENTAL RESOURCES Lewsrcom
HARRISBURG, PENNSYLVANIA ‘ Contact: Amy K-lchner
. Telephone 717-787-2163
June 6, 1980

FOR _IMMEDIATE RELEASE

HARRISBURG -- Following are the results of the Community Monitoring Program

for June 5, 1980:

All readings were within the range of natural background
levels for the sampling day ending June S5, 1980.

A more detailed summary of the results is attached.
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GAMMA RATE RECORDERS (LSI)

Ganma rata recorders (LSI) are used to measure gamma radiation levels at the
sonitoring site. The recovders are sensitive enough to measure radiation from
naturally-occurring radiaction sources. The following table symmarizes the ceusure-
sents sade for sach monitoring location. The data wvere reported on June 35, 1989,
The results are shown in millirem/hour (marem/hr).

Locdtion Average (arem/hr) Comment
Fairview 0.009: Normal Background
Newderrytown 0.008 Norwal Background
Goldsboro 0.013 Normal Background
York Baven Data to ETA

Easc Manchester No Instrument

Lover Swatara 0.9¢7 Jormal diackzrouni
Middletcun 0.0609 Normal PRacsar i
R3yslton .05 Normal 3ar . greund
Leadonderty D .ca to PA

Conoy do Daea wariable

Uesc Donegal 3.0)9 Normal Backgrcund
Zl1zabethtowm No Iast:wument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation froa naturally-occurring radiation sources.

Fach station recorded beta levels iless than .005 m/rem an hour.

Digecridbucion:
ZPA DOE
RRC Mec-Ed
PEMA GAC
Newscoom *
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE

DEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom
BARRISBURG, PENNSYLVANIA Contact: Amy Kelchner

Telephone 717-787-2163
June 9, 1980

FOR IMMEDIATE RELEASE

HARRISBURG -- Following are the results of the Community Monitoring program

for June 6, 7, and 8, 1380:

411 readings were within che range of natural backgreand
levels for the sampling davs Jume 6, 7 and 8, 1980. A nore

detalled susmary of the results is attached.

Tha Fyi'lewing information is provided to help the reader understand the ‘:ta.

Rrdiazicn 13 a ferm of energy. It comes from natural sources such as the sun,
racis and othar minerzls ii: the form of rays or fast-moving particies. The most
:onmon tvves <f natural radiacion ace gamma-rays and alpha and beta particles.

X-rays used by phyaicians and dentists are an example of man-made radiation.

Garma-rays ar2 similar to light rays except the gamma-ray energies are 100,000
to 1,000,000 times as great. Alpha particles are fast-moving helium atom nuclel.
Beta particles are fast-moving elactrons that have been ejected by a decaying atom.

Th2se rays or particles can penetr&:e the body depositing their energy in the
body cells. The amount of radiation absorbed by the body is measured {n millirem.
The vate at which the radiation is absorbed is measured in millirem/hour (mrem/hr).

The term millirem takes into account the type of radiation, the 1intensity of radiatien,
and its biological effect.

Not all radiation interacts with the body in the same manner. Gamma radiation
is highliy penetrating. The result is it can be absorbed anywhere in the bodv. By

comparison, beta radiation is short range and can onlv penetrase a short distance
irto tne skin.

A parson 1s exposad to a variety of natural radiaclon sources resardless of
where te liv2e. These sources include cosmic vavs, the uranium and thorium cccurring
naturally 4n rocks snd winarals, and the radiocactive potassium and carben found
normally in the human body. Sach year a person in south centrai Fennsylvania absorbs,
on the average, atcut 30 to 1CO0 mrem per year or ,009 to .012 mrem/hr from natural

sources, Other locations in the United States have dose rates as much as twice these
levels.

-more-
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GA'MA RATE RECORDERS (LSI)

Gaumi rate recorders (LS1) are used to measure gamma radiaction ilavel: 4t the
sonitoring site. The recorders are sensitive enough to meusure radiation from
raturallyv-occurring radiation sources. The following table summarizes the measure-

rnents sade for each monitoring location. The data were reported on June 8, 1980.
The results are shown in asillirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Faicnev 0.009. Normal Background
wawberrytowa 0.008 Normal Background
Geldaker» 0.013 Normal Background
Yerk Haven Data to EPA

fasit M-nchester N.01s Normal Background
lTover Switara 0.007 Normal Background
Mlidletown 0.G09 Normal Background
Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy No Data Available

dest Dunegal 0.009 Normal Background
Elizadbethtowvn No Instrument

BETA RATE RECORDERS (LUDLUM)
Beza rate recvrders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough o measure
radiation from naturally-occurring radiacion sources.

Each scation recorded beta la2vels lass than .005 a/rem an hour.

Discribucion:

FPA DoE

10 Mec-Ed

PEMA SAC .
Ne'-8T000

373



GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring aite. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ment3 made for each monitoring iccation. The data were reported on June 7, 1980.
The recults ars showa in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment

) 0.009, Normal Background
;;“Fv tev 0.008 Normal Background
ewoerrytom Normal Background
Goldsboro 0.013 g
York Haven Data to EPA

East Manchester 0.013 Normal Background
Low. T 5 o 0.007 Normal Background
ow..T Swatsrta 1

Middl acown n.009 Normal Background
Rcwalton 0.017 ¥ormal Background

L:,r;df;udcrry Data to EPA

Conoy Mo Data Available

Wast Donegal 0.009 Normal Background

Elizabethtown Yo Imstrument

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enocugh to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Discribution:
EPA DOE
NRC Met-Ed
FEMA GAC
Newsroom
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GAMMA RATE RECCORDERS (LSTI)

Gamna rate recorders (LS1) are used to measure jamma radiation levels at the
zonitoring asite. The recorders ara sunsitive enough to avasure radiation from
aaturally-occurring vadiation sources. The following table summarizes the measure-
sents made for each wmonitoring location. The data were reported om June 6, 1980.

The results ara shown in aillirem/hour (mrem/hr).

location Average (mrem/hr Cotment
Falrviav 0.009 Normal Backgrouad
Newberrytowm 0.007 Normal Background
Goldsboro 0.013 Normal Background
York Haven Data to EPA

East Manchester No Ianstrument

lover Swvatara 0.007 Normal Background
vi3dlecown 0.009 Normal Background
Royalton 0.916 Norma) Background
Lindonderty Data to EPA

Coroy No Data Available

Jeat Duregal 9.009 Normal 3ackground
Elizabechtown No Instrument

SETA RATE QECORDT.S (LUTLLM)

3et> rate racorders (Ludlum) arc used to mcasure Leta and gama radiacion
le.2ls at the Tonitoring site. The recorcers are sensitive enough to measure

radiazion from naturally-occurring radiation sources.

Tach station recorded beta levels less than .005 m/rem an hour.

S.atribuc.ion:
2208 DOE
135 U Mer-Ed
P GAC
Newvaroom .
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CORDISWEALTH OF PENNSYLVANLA PRESS RELEASE
TEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom

s , PENNSYLVANIA Contact: Amy Kelchner
EARRISEURG Telephone 717-78:-2163

June 10, 1980
'JOR DMMEDIATE RELEASE

HBARRISBURG — Following are the results of the Community Monitoring Program

for June 9, 1980.

All readings were within the range of natural background
levels for the sampling day ending June 9, 1280.

A more detailed summary of the results is attached.
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GAMMA RATE RECORDERS (LSI)

Gam=a rate recorders (LSI) are used to Tessure gauma radiation levels at the
wonitoring site. The recorders are sensitive enough to measure radiation from
saturally-occurring radiation sources. The following table summari{zes the zeasure-
mants made for each monitoring location. The data were reported on June 3, 1980,
The results are shuovn {n millirem/hour (mrem/hr).

lotation Average (mrem/hr) Comment
Fairview 0.009. Normal Background
Bewberrveovn 0.008 Normal Background
Goldsb-ro 0.014 Normal Background
York *yren Dats to EPA

tast Maccne-cter 0.014 Normal Background
wover Swatata 0.007 Normal Background
Miidlecown 0.010 Normal Background
Rovalten 0.015 Normal Background
Loodonderry Ja:a to EPA

Conoy No Data Available

West Donagal 0.009 Noraal Background
Tlizabethtown No Instrument

BETA RATE RECORDERS (LUDLUM)
lets rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturalliy-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Discribucion:
TPA DOE
NRC Mec-£4
PYMA GAC
Newsrooms .
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LOIMMNNYEALTY OF PENMSTLVANIA PRESS RELEASE

DET'XTMINT OF ENVIRONMENTAL RESOURCES lwsTOoOom

HARDTSRURG, PENNSYLVANIA Coatact: Amv Feichner
Telephone 717-787-21§3
June 11, 1980

FOR IMMEDIATE RELEASE

HARRISBURG -- Following are the results of the Community Monitoring Program

for June 10, 1980.

All readings were within the range of natural background
levels for the sampling day ending June 10, 1980.

A more detailed summary of the results is attached.
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CAMMA RATE RECORDERS (LSI)

Gazma rate recorders (LSI) are used to meaasure gamma radiation levels at the
monitoriug site. The raecorders are sensitive enough to measure radiation from
aaturally-occurring radiation sources. The following table summarizes the zeasure-
meuts sade for each monitoring location. The data wers reported on June 10, 1940.
The results are shown in millirem/hour (mrem/hr).

location Average (mrewm/hr) Comment
Tairview 0.009. Normal Background
Rewberrytown 0.008 Noraal Background
Goldsboro 0.014 Normal Background
York Raven Data to EPA

Zast Manchester 0.014 Normal Background
Lower Swatara 0.007 Normal Background
Middletowm 0.009 Normal Background
foyalcon 0.015 Normal Background
Londonder:y Yata to EPA

conoy 0.014 Normal Background
West Donegal 0.009 Normal 3ackground
Elizabethtown No Data Available

8ETA RATE RECORDERS (LUDLUM)

Eer. »-:2 re.vrders {Ludlum) are used to measure beta and gamma ~adiition
Yareis 3L one womitoria site. The recorders are sensitive enough to measure
Taw:"%d . -om naturallv-ocsurriag radliation sources.

Each staticn recorded beta levels less than .005 m/rem an nour.

Distribucin:

A J0E

%RC Met-Ed

DEMA “AC .
MNewsroom
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’ . GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on June 11, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.009- Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.015 Normal Background
Lower Swatara 0.007 Normal Background
Middletown 0.009 Normal Background
Royalton 0.015 Normal Background
Londonderry Data to EPA

Conoy 0.011 Normal Background
West Donegal 0.009 Normal Background
Elizabethtown No Data Availabple

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to messure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure

radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA COE
NRC Met-Ed
PEMA GAC
liewsroom
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GAMMA RATE RECORDERS (LSI)

Gazma rate recorders (LSI) are used to measure zamma radiation levels at the
wonitoring site. The recorders are sensitive enough to measure radiation from
paturaliy-occurring radiacion sources. The following table summarizes the measure-
wents wade for each monitorimg location. The data vere reported un June 12, 1980.
The results atve shovm in millirem/hour (arem/hr).

Location Average (mrem/hr) Comment
Fairview 0.009 Normal Backgr.aund
Seuberrytova 0.c08 normal Sackeround
Goldshoro - 0.013 Normal dackgr.ing
York Haven Data to EPA

East Manchester J.014 Noer 1! 21 iprounc
Lower Swatara 0.007 Mormal Gaockereund
Middlecown 0.209 Momal Taeckpros..
Roval:zon 0.0 Norma! HalBer aa
Londonderry Data to EPA

Conoy c.o13 Sumal Aneser o0l
%t m‘l '].“09 NU!’"!". a1 :’.}"\‘ e
Elizabechtown Instrument Failure

SETA RATE RECORDERS (LUDLI™)
Secs rate recorders (Ludlum) are used to measure beta and gamma radiuti-n
levels at the monitoring site. The recorders are scnsitive enough to measure
radiation froa naturally-occurring radiation sources.

Each station r.c.ordcd beta levels less chan .005 m/rem an hour.

Discribucion:
EPA 00E
IRC Met~Ed
PEMA GAC
Newsroow
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CAMMA RATE RECORDERS (LST)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported on Jume 13, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.010 Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.015 Normal Background
Lower Swatara 0.007 Normal Background
Middletown 0.009 Normal Backzround
Royalton 0.016 Normal Background
Londondarry Data to EPA

Conoy 0.013 Normal Background
West Donegal C.009 Normal Bacxgizuna
Eiizapethtown Instrument Failure

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and yamma radiatiun
levels at the monitoring site. The recorders are sensitive enough to measure

radiaction from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Fd
PEMA CAL
Newsroom
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CAMMA RATE RECORDERS (LST)

Sazma rate recorders (LSI) are used to meisure gamm. vadisticn levels 1t che
monitoring site. The recorders are sansitive encugh to messure radiation ‘com
naturally-occurring radiation sources. The following tadble summarizes the measure-

mants made for each monitoring location. The data were raported on June 14, 1980,
The results are shovn in millirem/hour (mrem/hr).

Location Average (mrem/hr) Crmmer. .
Fairviev 0.0"9. dormal Rackground
Newberrytown 0.008 “erma! Background
Goldsboro 0.014 Yarmal 2ackzcound
York Raven Data to EPA

East Manchester 0.015 tormal tackground
Lowear Swatara 0.007 Normas cackground
Middlezown © 0.009 dormal Zuckground
Royalton 0.017 Normal Background
Londoaderry Data to EPA

Conoy 0.013 Normal Background
West Donegal 0.009 Normal Background
Elizabethtowm Iastrument Failure

BETA RATE RECORDERS (LUDLUM)
Bet3 rate recorders (Ludlum) are used to measure beta and zamma radizcion
levels at the monictoring site. The recorders are seasitive enough to measure
radiation from naturally-occurring radiaction sources.

Each scation recorded beta levels less than 005 m/rem an hour.

Discribution:
EPA DOE
NRC Mec~Ed
PEMA cac
Newstoom .
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GAMMA RATE RECORDERS (LSI)

Gamma rate recordiers (LSI) are used to measure gamma vadlaticn levels it the
monitoring site. The recorders are sensiiive enougn 70 measure radiaticn from
naturally-occurring radiation sources. The following table summarizes tie measura-
zents made for each monitoring location. The data were reported on June .5, 1530,
The results are shown in millirem/hour (mram/hr).

Location Average (mrem/hr) Comment
Fairview 0.099 Normal Background
Newberrytown 0.009 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.015 Normal Background
Lower Swatara 0.007 Normal BRackground
Middletown 0.009 Yormal Background
Royalton 0.016 Jurmal Background
Londonderry Data to EPA

Conoy 0.013 Normal Background
West Domegal 0.009 Wormal Background
Elizabethtown Instrument Failure

BETA RATE RECORCERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels it the monitoring site. The recorders are sensitive ancugh to reasure

radiation from naturally-occurring radiation sonrces.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA Gal
Newsroom
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GAMMA RATE RECORDERS (1SI)

Gamma rate recorders (LSI) ars used to measure gamma vadiation levels at the
sonitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
sents made for each monitoring location. The data were reported on June 16, 1980.
The results are showvn in amillirea/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.010. Normal Background
Nevbarrytova 0.008 Normal Background
Goldsbaro 0.014 Normal Background
York Haven Data to EPA

tast Manchester Instrument Failure

Lover Swatara 0.007 Normal Background
Middletown 0.009 Normal Background
Royalton 0.017 lormal Background
Londonderry Dacta to EPA

Conoy 0.013 Normal Background
west Uonegal 0.009 Normal Background
Elizabethtown Instrument Failure

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Zach station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Mec-Ed
PEMA GAC
Yewsroon .
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
meats made for each monitoring location. The data were reported on June 17, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview - 0.010 Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester No Data Available

Lower Swatara 0.007 Normal Background
Middletown 0.009 Normal 3ackground
Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy 0.C12 Normal Background
Wwest Donegal 0.009 Normal Background
Elizabethtown Instrument Failure

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiacion
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
zents made for each monitoring location. The data were reported on June 18, 1980.
The results are showvn in sillirem/hour (mrem/hr).

Location Average (wrem/hr) Comment
Fairview 0.009 Normal Background
Nevberrytowan 0.008 Normal Background
Goldsboro 0.013 Normal Background
York BRaven Data to EPA

East Manchester 0.013 Normal Background
Lower Swatara 0.007 Normal Background
Middletown 0.009 Normal Background
Royalton Instrument Failure

londonderry Data to EPA

Conoy Iastrument Failure

West Donegal 0.009 Normal Background
Elizabethtowm No Iastrument

3ETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiacion
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distridbucion:
EPA DOE
Y&l Mat-£d
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Camma rate recorders (LSI) are used to measure gamma radiation levels at the
nonitoring sita. The recorders are sensitive enough to measure radiation frop
naturally-occurring radiation eources. The following table summarizes the measure-
ments made for each monitoring locatiom. The data were reported on June 20, 1980,

The results are shown in aillirem/hour (arem/hr).

Location Average (mrem/hr) Comment
Fairview No Data Availzbla

Nawberrytown 0.0u8 Normal Background
Goldsbore 0.014 Normal Bactground
York Haven Data to EPA

East Manchaster 0.014 Morezl Background
Lower Swatara 0.207 Normal Background
Middlatown C.010 Normal Background
Royalton 0.016 dormal Background
Londonderry Data to EPA

Conoy 0.011 Normal Background
West Donegal 0.009 Mormal Backgrouna
Ziizabetchtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)

Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta lecvels less than .005 m/rem an hour.

Distribucion:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

GCemma rate recorders (LSI) are used to measure gamms radiation levels it the
monitoring site. The recorders are sensitive enough to measure radiarion frca
asturally-occurring radiation sources. The follrwinu table sumiarizas the zeasuce-
aencs made for each monitoring location. The data vere reruried on g0 21, 1980,
The results are showmn in sillirem/hour (rrem/hr).

location Average (ar:m/hv) Commens
Tairviaw 0.609. “oran?t Background
Newterrytown 0.0038 Nc *mal Backgro-.aa
Geldavore 0.01s Norma! Bacxgreun.
York Raven Data to EPA

East Manchester 0.013 Yormal Background
cver Svatara 0.008 Normal Beckground
Middletowa 0.009 Normal Background
Roval:on 0.016 Normal Backgrcund
Londoederyy Data to EPA

<SoV0Y 0.013 Normal Background
Uest Domagal 0.013 Normal Background
2lizabethtowm 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure bets and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measura
radiation from nmaturally-occurring radistiom sources.

Each station recorded beta lavels less than .005 m/rem an hour.

Discribution:
A DOE
<«c Mat-Ed
PTMA GAC
Newsroom

389



GAMMA RATE RECORDERS (LSI)

GCamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments made for each monitoring location. The data were reported om July 1, 1980.
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.010. Normal Background
Newberrytown No report from Commmunity Monitor

Goldsboro No report from Community Monitor

York Haven Data to EPA

East Manchester 0.012 Normal Background
Lower Swatara 0.008 Normal Background
Middletown 0.009 Normal Background
Royalton 0.016 Normal Background
Londonderry Data to EPA

Conoy 0.013 Normal Background
West Domnegal Instrument Failure

Elizabethtown Instrument Failure

BETA RATE RECORDERS (LUDLUM)

Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive encugh to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

A slight trace of Kr-85 was reported at Royalton's Station for a

10 minute period, however, it was less than the daily reported level of
.005 millirem.

Distribution:

EPA DOE
NRC Met-~Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gemma tvate recorders (LSI) sre used to messure jamma radiazion levels atc :the

wmonitoring sita.

The recorders are sensitive enough to measure radiation {rom

asturslly-occurring radiation sources. The following table summarizes the mneasure-
ssnl: wide [or each wounitoring location. The data were teported on Juyne 2., 1940,

The recemnlts are showm in millirem/hour (mrema/hr).

Loce%iomn

Pairviuw
Sewbeartytown
Coldsboro
York Raven
East Manchestaer
lLower Swatara
Middletown
Royalcton
Londonderry
Conov

West Donegal
Liizabethtowm

Lwy

Average (arem/hr) Comment
0.009: Normal Background
0.008 Normal Backgzround
0.014 Normal Background
Data to EPA
0.015 Normal Background
0.008 Normal Background
0.009 Normal 2ackground
0.017 Normal Background
Data to EPA
0.01)] Normal Background
0.015% Wo>rmal Background
0.008 Normal Background

3¥TA RATE PRECORDERS (LUDLIM)

leta race recorders (Ludlua) are used +o measure beta and gamma radiation
leveis at the monitoring site. The recorders are sensitive 2nough o measure
radiation from nacuras.ly-oeccurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Discriduction:
¥OA
NRC
| 4 A2
¥Mewer OB

DOE
Met-Ed
GAC
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COMMONWEALTH OF PENNSYLVANIA PRESS RELEASE

DEPARTMENT OF ENVIRONMENTAL RESOURCES Newsroom

BARRISBURG, PENNSYLVANIA Contact: Amy Kelchner
Telephone 717-787-2163

FOR TMMEDIATE RELEASE

HARRISBURG — Following are the results of the Community Monitoring program

for

All readings were within the range of natural background
levels for the sampling day ending . A more

detailed summary of the results is attached.

The following information is provided to help the reader understand the data.

Radiation is a form of energy. It comes from natural sources such as the sun,
rocks and other minerals in the form of rays or fast-moving particles. The most
common types of natural radiation are gamma-rays and alpha and beta particles.
X-rays used by physicians and dentists are an example of man-made radiatiom.

Camma-rays are similar to light rays except the gamma-ray energies are 100,000
to 1,000,000 times as great. Alpha particles are fast-moving helium atom nuclei.
Beta particles are fast-moving electrons that have been ejected by a decaying atom.

These rays or particles can penetrate the body depositing their energy in the
body cells. The amount of radiation absorbed by the body is measured in millirem.
The rate at which the radiation is absorbed is measured in millirem/hour (mrem/hr).

The term millirem takes into account the type of radiation, the intensity of radiatiom,
and its biological effect. )

Not all radiation interacts with the body in the same manner. Gamma radiation
is highly penetrating. The result is it can be absorbed anywhere in the bodv. 3V

comparison, beta radiation is short range and can only penetrate a short distance
into the skin,

A person is exposed to a variety of natural radiation sources regardless of
where he lives. These sources include cosmic rays, the uranium and thorium occurring
naturally in rocks and minerals, and the radiocactive potassium and carbon found
normally in the human body. Each year a person in south central Pemnnsylvania abscr?s,
on the average, about 80 to 100 mrem per year or .009 to .012 mrem/hr from natural

sources. Other locations in the United States have dose rates as much as twice these
levels.

-more-
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CAMMA RATE RECORDERS (LST)

Gamma rate recorders (LSI) are used to measure gamma radf{ation levels at the
monitoring site. The recorders are sensitive enough to measure radiacion from
naturally-occurring radiation sources. The following table summarizes the measure-
ments sade for each wonitoring location. The data were reported on June 19, 1980.
The results are shown in aillirem/hour (mrem/hr).

Locatica Average (arem/hr) Comment
Fairview 0.009 Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.014 Normal Background
Lover Swatara 0.007 Normal Background
Middletown 0.010 Normal Background
Royalton Instrument Failure

Londonderry Data to EPA

Conoy 0.012 Normal Background
West Donegal 0.009 Normal Sackground
Elizabethcowmn No Data Available

SETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the sonitoring site. The recorders are sensitive enough to measure
radiation fros naturally-occurring radiatiom sources.

Each scation recorded beta levels less than .005 m/rem an hour.

Distribucion:

T EPA DOE
w2C Met-Ed
PEMA GAC
Newsroom
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GCAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
ments mede for each monitoring location. The data were reported om Jume 30, 1980.
The results are shown in millirem/hour (mrem/hr).

BETA RATE RECORDERS (LUDLUM)

Location Average (mrem/hr) Comment
Fairview 0.010. Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.014 Normaj. Background
York Haven Data to EPA

East Maachester 0.012 Normal Background
Lower Swatara 0.007 Normal Background
Middletown 0.010 Normal Background
Royaltom 0.016 Normal Background
Londonderry Data to EPA

Conoy 0.011 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

Beta rate recorders (Ludlum) are used to measure beta and gamma radiation

levels at the monitoring site.
radiation from naturally-occurring radiation sources.

11 stations recorded beta levels less than .005 m/rem an hour.

The recorders are sensitive enough to measure

Royalton's station recorded beta levels of 30 counts per minute (cpm)

above normal background for a one hour period.

beta skin dose of .017 milliream.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gsmma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
aaturally-occurring radiation sources. The following table summarizes the measure-

ments made for each monitoring location. The data were reported on June 29, 1980.
The results are shown in millirem/hour (mrem/hr).

__.1-05_9_5,1_9;_ Average (mrem/hr) Comment
Falrview 0.010 Normal Background
Nevberrytown 0.008 Normal Background
Goldsdoro 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.010 Normal Background
Lover Swatara 0.008 Normal Background
Middletown 0.010 Normal Background
Royalton 0.016 Normal Background
Londonderry Data to EPA

Conoy 0.013 Normal Background
West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)

Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each sctation recorded beta levels less than .005 m/rem an hour.

Distribucion:

. ZPA DOE
NRC Mec~-Ed
PEMA GAC
YevwsTOoOB
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GAMMA RATE RECORDERS (LSI)

Camma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measyre-
ments made for each monitoring location. The data were reported on June 28, 1980,
The results are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.009 - Normal Background
Newberrytown 0.008 - Normal Background
Goldsboro . 0.014 Normal Background
York Haven Data to EPA

East Manchester 0.010 Normal Background .
Lower Swatara 0.008 Normal Background
Middletown 0.010 Normal Background
Royalton No report from Community Monitor

Londonderry Data to EPA

Conoy No report from Community Monitor

West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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GAMMA RATE RECORDERS (LSI)

Gauma rate recorders (LSI) are used to measure garma radiation levels at the
monitoring site. The recorders ara sensitive enough to measure radiation from
naturally-occurring radiation sources. The following table summarizes the measure-
mants made for each monitoring location. The data were reported on June 27, 1980.
The results are shown in aillirem/hour (mrem/hr).

Location Average (wrem/hr) Coument
Fairviev 0.010. Normal Background
Nevberrytown 0.008 Hormal Background
Goldsboro 0.014 Normal Background
York Haven Data to EPA

East Manchester Instrument Failure

Lover Svatara 0.008 Normal Background
Middletown 0.010 Normal Background
Royalton 0.016 Normal Background
Londonderry Data to EPA

Conoy 0.012 Normal Backgrouand
West Donegal 0.015 Normal Background
Elizabethtown 0.008

Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring sits. The recorders are sensitive enough to measure
radiation from nsaturally-occurring radiacion sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
PZPA DOE
NRC Msc-Ed
PEMA CAC
NewsTOoO@®
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GAMMA RATE RECORDERS (LSI)

Gamma rate recorders (LSI) are used to measure gamma radiation levels at the
monitoring site. The recorders are sensitive enough to measure radiation from
naturally-occurring radiation sources. The following-table summarizes the measure-
ments made for each monitoring location. The data were reported on June 26, 1980.
The resul.s are shown in millirem/hour (mrem/hr).

Location Average (mrem/hr) Comment
Fairview 0.009. Normal Background
Newberrytown 0.008 Normal Background
Goldsboro 0.013 Normal Background
York Haven Data to EPA

East Manchester Instrument Failure

Lower Swatara 0.007 Normal Background
Middletown 0.010 Normal Background
Royalton 0.017 Normal Background
Londonderry Data to EPA

Conoy No Data Available

West Donegal 0.015 Normal Background
Elizabethtown 0.008 Normal Background

BETA RATE RECORDERS (LUDLUM)
Beta rate recorders (Ludlum) are used to measure beta and gamma radiation
levels at the monitoring site. The recorders are sensitive enough to measure
radiation from naturally-occurring radiation sources.

Each station recorded beta levels less than .005 m/rem an hour.

Distribution:
EPA DOE
NRC Met-Ed
PEMA GAC
Newsroom
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What did vou like best about this course?

- outstanding staff experts

- especially DER staff (Maggie especially)

- material well-organized

- experience at PSU reactor

- availability of facts & figures which may ease the anxiety of at least
some of people in TMI area

- the fact that we didn't just learn to use the monitors, but much more
background into

- informal atmosphere made it more comfortable

- instructors were considerate of fact that most of us were out of our
league and managed to gear the course to our level

- all those connected with PSU were most tolerant and helpful throughout

- instructor, very thorough

- reading and learning about monitors

- it was objective rather than opinionated in its presentation

- hands-on experience with the monitors and excellent handouts

-~ learning the physical part of reading the monitors

- very straight-forward, pulled no punches

- working the units which we will be operating

- most of it -~ information, macerial - excellent; presentation good;
very educational

~ I now partly understand what I have been reading in ''nuclearese" -
abbreviations, etc., which for the most part meant nothing

- learned things I never thought I would know

- information presented by Mr. Dornsife

- the fact that I was priveledged enough to be included in it

- dedication - very sincere. I would like to see all general phases of
education brought to this level of sincerity.

- regarding my own circumstance--—personal disability--I received complete
and sincere understanding from the very beginning of the program (totally
unexpected).

- the way these professionals assumed we--the novices--would grasp the
basics of the course. I believe they were rooting for us.

- all the relevant facts about radiatiom and their effects to myself and

the community in which I live. I also liked the patience of the instruc-
tors who instructed me.

- Granlund's lecture - excellent

- all phases

being able to feel I'll be an asset to my community in reading meters to
warn of troubles. As a listener, I learned how the pro-nuclears feel.

- the opportunity to get a different scope of the situation.

- repetition - easier to comprehend

it made me aware of factors.about radiation I did not have much knowledge
of before.

the TMI explanation; how to read the instruments, and the instructors
the instructors tried hard to instruet us on radiation

after learning the types of radiation I was very much interested in the
affects and cancer part
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What did you like best about this course? (continued)

= the high quality information channeled to us, e
better informed regarding radiation nabling us co be mich
.~ the machines used to monitor radiation
- instructors wvere great! Cougenial, informative, and patient.
- the professors tried hard to make the average citizen understand the
entire course. They were also cooperative,
- Labs!! Lectures, though deep, were very good.

What did you like least about this course?

- short time with Mr. Dornsife

- thoh::na table—should have taken place sooner & shouldn't have been so
rushed.

- trying to learn so much in such s short period of time--too demanding.
- too much technology discussed by some lectures. Excess of mathematics
which left some persons feeling lost. Depth of some lectures caused

by confusion, distress among participants.

- the class evenings were too close together. No time in between to study.

- too fast in methods

- liked it all other than the axam

- the amount of time available to work more confidently with the test
equipment, especially at the PSU reactor.

- Doransife's (DER) lecture

- the technical data throwm at us which I feel will be of no use to us.
Some professors got csught up in their field and became too technical.
I felt we needed more practice on the machines individually and less
lecturing.

- based to protect the side of the nuclear industry. Federal people who
sought out i{nformation on students. The statistical lab study we did
(wvaste of time). Some of info and terminology was highly technical.

- sometimes one of the instructors did go over my head

- some of the instructors were using 5100 words that meant nothing at all
o me.

- going too fast with information that I could not understand at all. It
wvas like rumming everything together.

- getting here by 6:30 from Manchester

- not enough time spent on lab work

- the work done on standard deviations and the resultant mathematical
curves. I do not feel it added to the material of the course and may,
in fact, have scared some persons out of the course.

- I would have enjoyed the whole course if I would have, had some back-
ground in physics

- missing trip to Penn State Reactor

- every evening for 3 hours wvas a bit much

- :::O:;ouing hov msny rems or millirems we are reading. Should have spent

monitors

) :::..;::;hozczgzl experience in the operating procedures and interpretation.

there was no ability in the course for those who quickly understood the

sarerial to get that better, higher powver information that the whole of
the class could not absordb
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What did you like least about this course? (continued)

a little too drawn out and we might have been exposed to the actual

{nstrumentation earlier in the program. I feel it would have fallen

into place better when it came time to actually use the Ludlum and the

- gsigd up with the feeling I started in the middle of something--do not
have enough basic background on the subject.

- too short to absorb

- some of the background too detailed

Other Comments

- We would like to know who is taking this course, their names, the town-
ship they represent and where they work.

- I think this course is going to be very good for the community and the
people in it. Dr. Baratta and Margaret Reilly are two very good
instructors. They will be very good for the course if it goes on.

- I feel I received a higher and better quality and quantity of knowledge
from Dr. Baratta and Margaret Reilly than the other insturctors in the
class. They are what made the class as far as learning.

- You people did one hell of a good job. Thank you.

- This course was well put together and presented, given what was probably
short notice. Some thought should be given to an on-going (monthly or
so) course covering various topics as well as reviewing material already
presented to keep it fresh.

- For me, not having any background in the course, I thought it was very
interesting.

- Updates from time to time to further educate us and allow us to do the
best possible job,at the same time, giving the most accurate data
available.

- Excellent course, being the first of its kind. Everyone involved in
preparation should be commended.

= I do not think the people will be happy knowing they are going to get the
readings in rems a day later.

- Worthwhile, wish more people could take it. Feel this will be a good
service to the community and wish it could extend to 10 mi. radius. Hope
vandalism in the communities doesn't do the program in.

- Very good course. Should be given on other topics related to TMI.

Follow~up meetings of this group should occur for group knowledge and
exchange.

- Well-planned and presented course.

Found speakers, Baratta, Jester and Reilly, congenial and comfortable

to listen to. Also somewhat entertaining, and we needed that. Appreciated

their mingling on break, acting like real peovle.

- There were some positive points to this course. I felt all the people
involved with the teaching made 100% effort to answer questions and to be

as factual as possible. There seemed to be a genuine interest in making

this course a success and at making people as knowledgeable as possible.

The instructors were impartial and did their best to take scientific data

and bring it to the laymen. I felt they did not try and influence anyone's
opinion whether they were anti- or pro- nuke.
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Other Commerits gcontinuedz

= I personally feel that Margaret Reilley's honest answers to all questions
reflect the need that citizens' questions should be answered rega'rdlen.
I can live with the truth, but lies do create fear and strong distrust.

- When yvou teach this course again, take a good look at your instructors.
Maggie and Tony did a fine Job and seemed to be as honest as they could

about data oun TMI. 1 felt we had someone on our side. The rest could
be replaced.

- Excellent.

- Thank you.

- 1 wvas very impressed with the depth of PSU's nuclear program and related
staff and equipment. I think everyone i{n the area should have an oppor-
tunity to take this course in some form.

-~ Improvements should only come through the staff and participants of the
program as a team effort. Most of this material presented to the general
public in a proper way would definitely enlighten them, increase their
confidence and improve the general sense of security.

Suggestions for Improvement

~ Better definition of Citizen Monitoring Program before sessions started.
Specifically, type and amount of equipment and time required to conduct
the program.

- Have classes Monday, Wednesday, and Friday, so we could have time in
between to study the material.

- In the beginning, more time should have been spent explaining the
operation of the instruments before labs were started. This would have
alleviated equipment misunderstanding and allowed for a more progressive
iab.

- Should have a monitor that can read rems and millirems instead of counts
per aminute.

- There should have been an effort in screening the people who took the
course to insure that people pro or con on the issue were open-minded
to listen to the information given and ask intelligent questions, rather
than seeming to block out what they did not want to hear.

~ I don't feel sorking with the one digital instrument was of_much value,
since we won't be using it on a daily monitoring basis.
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