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L_IDENTIFICATION OF WITNESS
Q. What is your name and current occupation?
A. My name is Thomas J. Adler and I am President of Resource Systems Group of
Norwich, Vermont,
Q. Are your professional qualifications as set forth in the testimony and attachments
filed on September 14, 1987 in this case stll accurate?
A. Yes, they are.

IL_TESTIMONY

Q. Did Resource Systems Group, at the request of the Department of the Attorney
General, perform additional runs of the [-DYNEYV simulation model to determine evacuation times
specifically for the beach population?

A Yes, we did.

Q. Would you first describe the scenarios for which these analyses were performed?

A We were asked to evaluate the times required to evacuate the beach population to an
area outside a three mile radius form Seabrook Station. The evacuation scenaric assumes that
residents and employees within the EPZ are instructed to shelter in place and that S0% of those so
instructed choose instead to evacuate. We ran KLD's [-DYNEYV model, using the input files
supplied to us by KLD, modifying only the description of the evacuation scenario and the
estimated size of the heach population. Six situations were analyzed with the model and the
results were graphed as shown in attached Figures |1 through 6.

Q. Would you please describe those graphs?

A Each graph shows the number of evacuating vehicles remaining within
approximately three miles of Seabrook Station during each hour following the start of evacuation.
Figure 1, for example, shows that approximately 20,000 evacuating vehicles remain within three
miles after one hour and 3,000 vehicles after 6 hours. The beach population estimate used for this
calculation is based on the tesumony of High, Adler and Befort filed by the Massachusetts



Adler Sheltering Testimony 2

Department of the Attorney General on September 14, 1987, Figures 2, 3 and 4 show analogous
results for conditions involving evacuation of smaller fractions of the beach population; 75%
(Figure 2), 50% (Figure 3) and 25% (Figure 4). Figure § is the result of an [-DYNEV run made
using the applicants' "updated" beach population, based on their July 1987 vehicle counts.
Finally, Figure 6 shows the effect of failure to staff the one major capacity-enhancing Traffic
Control Post (TCP) specified in the New Hampshire Plan -- at the Rt. §1/1-91 interchange area.

Q. How are these runs different from those presented in your September 1987
testimony?

A. They are specifically designed to show the progress of a scenario involving ordered
evacuation of the beach area only and to a distance of only three miles from Seabrook Station.
There is a somewhat analogous figure shown in my earlier testimony (p. 16a) which compared the
progress of a beach area evacuation as projected in the applicants' Volume 6 analyses and as
calculated by our "new estimates.” The Volume 6 estimates in that figure were based on beach
population estimates which the applicants have since indicated are too low. The "new estimates” in
that figure contained the effects of several important factors that we have maintained are not
appropriately represented in the applicants’ analyses. In the present testimony, we have reverted o
using the applicants’ assumptions o demonstrate the progress of what we believe is a "best case”

evacuation for the given beach populations.
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I. IDENTIFICATION QOF WITNESSES

Q. Please state your names, positions, and business
addresses.

A. (Sholly) My name is Steven C. Sholly. I am an
Associate Consultant with MHB Technical Associates of San .Jose,
California,

A. (Beyea) My name is Dr. Jan Beyea, I am the Senior
Energy Scientist for the National Audubon Society in New York

City.



A. (Thompson) My name is Dr. Gordon Thompson. I am
Executive Director of the Institute for Resource and Security
Studier in Cambridge, Massachusetts.

&, Coaeily summarize your experience and professional
qualifications.

A, (Sholly; I received a B.S. in Education from
Shippensburg State College .n 1975 with a major in Earth and
Space Science and a minor in Environmental Education. I have
seven years experience with nuclear power matters. In
particular, for four and one-half years I was employed by the
Union of Concerned Scientists where I worked on matters related
to the development of emergency plans for commercial nuclear ‘.
power plants and the application of probabilistic risk
assessment (PRA) to the analysis of safety issues related to
commercial nuclear power plants. I have been a consultant with
MHB Technical Associate for two years, during which time I have
been involved in a variety of projects related tn the safety
and economics on nuclear power plants, including the evaluation
nf severe accident issues for light water nuclear power plants
g2nerally, and for the Seabrook Station, Unit 1, specifically.

I have testified as an expert witness in proceedings before
the U.S. Nuclear Regulatory CTommission (NRC) and other bodies,
including the safety hearings on Indian Point Units 2 and 3
(Docket Nos. 50-247-SP and 50-286-SP), the licensing hearings
on Catawba Nuclear Station, Units 1 and 2 (Docket Nos. 50-413

and 50-414), and the licensing hearings on the Shoreham Nuclear



Power Station, Unit 1 (Docket No. 50-322-0OL-3). I have also

provided expert testimony before the Sizewell B Public Inquiry
in the United Kingdom. I have served as a member of a peer
review panel on regulatory applications of PRA (NRC report
NUREG-1050), as a member of the Containment Performance Design
Objective Workshop (NRC report NUREG/CP-0084), as a member of
the Committee on ACRS Effectiveness, and as a panelist at the
Severe Accident Policy Implementation External Events Workshop,
Annapolis, Maryland (presentation on seismic risk assessment,
1987; forthcoming Lawrence Livermore National Laboratory
report). The details of my education, experience, and
professional qualifications are included in my resume, which is
contained in attachments to this testimony.

(Beyea) I received my doctorate in nuclear physics from
Columbia University in 1963, 3Since then I have served as an
Assistant Professor of physics at Holy Cross College in
Worcester, MA; as a member for four years of the research staff
of the Center for Energy and Environmental Studies at Princeton
University; and, as of May 1980, as the Senior Energy Scientist
for the National Audubon Society.

While at Princeton University, I worked with Dr. Frank von
Hippel to prepare a critical quantitative analysis of attempts
to model reactor accident sequences. The lessons learned from
this general study of nuclear accidents and the computer codes

written to model radicactivity releases were then applied by me




to specific problems at the request of governmental and

non-governmental bodies around the world. I have written major
reports on the safety of specific nuclear facilities for the |
President's Council on Environmental Quality (TMI reactor), for
the New York State Attorney General's Office (Indian Point),
for the Swedish Energy Commission (Barsebeck reactor), and the
state of Lower Saxony (Gorbleben Waste Disposal Site). I have
also examined safety aspects of specific sites for the
California Energy and Resources Commission, the Massachusetts
Attnrney General's Office and the New York City Council.
While at Princeton, I wrote a computer program useful for
reactor emergency planning for the New Jersey Department of
Environmental Protection. This program, appropriately
modified, has been used for some of the calculations presented
in this testimony.

After joining the National Audubon Society, I continued to

\
|
\
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work as an independent consultant on nuclear safety issues. I
participated in a study, directed by the Union of Concerned
Scientists at the request of the Governor of Pennsylvania,
concerning the proposed venting of krypton gas at Three Mile
Island. The U.S.C. study, for which I made the radiation dose
calculations, was the major reason the Governor gave for
approving the venting.

1 participated in the international exercise on conseguence

modelling (Benchmark Study) coordinated by the Organization for

Economic Cooperation & Development (O0.E.C.D,). Scientists and




engineers from fourteen countries around the world calculated
radiation doses following hypothetical "benchmark"” releases
using their own consequence models. Participants from the
United States, in addition to myself, included groups from
Sandia Laboratories, Lawrence Livermore Laboratory, Batelle
Pacific-Northwest, and Pickard, Lowe and Garrick, Inc. I alsc
served as consultant from the environment community to the
N.R.C. in connection with their development of "Safety Goals
for Nuclear Power Plants."

At the request of the Three Mile Island Public Health Fund,
I supervised a major review of radiation doses from the Three
Mile Island Accident. This report, "A Review of Dose .
Assessments at Three Mile Island and Recommendations for Future
Research"” was released in August of 1984. Subsequently, I
organized a workshop on TMI Dosimetry, the proceedings of which
were published in early 1986.

In 1986, 1 developed new dose models for the Epidemiology
Department of Columbia University. These models are being used
to assess whether or not the TMI accident is correlated with
excess health effects in the local population. The new
computer models account for complex terrain, as well as time
varying meteorology (including changes in wind direction).
Insights gained from this project have been applied to the
Seabrook situation.

In addition to reports written about specific nuclear

facilities, an article of mine on resolving conflict at the



Indian Point reactor site, an article on emergency planning for
reactor accidents, and a joint paper with Frank von Hippel of
Princeton Universily on failure modes of reactor containment
systems have appeared in The Bulletin of the Atomic Scientists.

I have also prepared risk studies covering sulfur emissions
from coal-burning energy facilities. And I have managed a
project that analyzed the side effects of renewable energy
sources.

I regularly testify before congressional committees on
energy issues and have served on several advisory boards set up
by the Congressional Office of Technology Assessment.

I currently participate in a number of ongoing efforts .
aimed at promoting dialogue between environmental organizations
and industry.

I was assisted in the early stage. of my sti.dies of
Seabrook by Brian Palenik, who has worked wit* me on other
reactor studies in the past. In subsequent answers to
questions, I will use the pronoun, "we," to describe our
collective efforts. However, all work was carried out either
by me or under my direct supervision.

Brian Palenik received his Bachelor of Science in Civil
Engineering degree with honors from Princeton University.

While an undergraduate at Princeton, Mr. Palenik worked with me
on "The Consequences of Hypothetical Major Releases of
Radioactivity to the Atmosphere from Three Mile Island"--my

report to the President's Council on Environmental Quality.



After graduation, Mr. Palenik joined the staff of National
Audubon's Policy Research Department. While there, he and I
wrote, "Some Consequences of Catastrophic Accidents at Indian
Point and Their Implications for Emergency Plarning," as part
of our testimony before the Nuclear Regulatory Commission
Atomic Safety and Licensing Board, July 1982.

Mr. Palenik is currently a graduate student in the Civil
Engineering Department at M.I.T.

A complete resume is included in the attachments to this
testimony.

(Thompson) I received a Ph.D in applied mathematics from
Oxford University in 1973. Since then I have worked as a
corsulting scientists on a variety of energy, environment, and
international security issues. My experience has included
technical analysis and presentation of expert testimony on
issues related to the safety of nuclear power facilities.

In 1977, 1 presented testimony before the Windscale Public
Inquiry in Britain, addressing safety aspects of nuclear fuel
reprocessing. During 1378 and 1979, I participated in an
international scientific review of the proposed Gorleben
nuclear fuel center in West Germany, this review being
sponsored by the government of Lower Saxony.

Between 1982 and 1984, I coordinated an investigation of
safety issues relevant to the proposed nuclear plant at

Sizewell, England. This plant will have many similarities to



the Seabrook plant. The investigation was sponsored by a group
of local governments in Britain, under the aegis of the Town
and Country Planning Association. This investigation formed
the basis for testimony before the Sizewell Public Inquiry by
myself and two other witnesses.

From 1980 to 1985, first as a staff scientist and later as
a consultant, I was associated with the Union of Concerned
Scientists (UCS), at their head office in Cambridge, MA. On
behalf of UCS, I presented testimony in 1983 before a licensing
board of the US Nuclear Regulatory Commission (NRC), concerning
the merits of a system of filtered venting at the Indian Point
nuclear plants. Also, I undertook an extensive review of NRC':
research on the reactor accident "source term" issue, and was
co-author of a major report published by UCS on this subject
(Sholly and Thompson, 1986).

Currently, I am one of three principal investigators for an
emergency planning study based at Clark University, Worcester,
MA. The object of the study is to de 2lop a model emergency
plan for the Three Mile Island nuclear plant. Within this
effort, my primary responsibilities are to address the
characteristics of severe reactor accidents.

My other research interests include: the efficient use of
energy; supply of energy from renewable sources; radioactive
waste management; the restraint of nuclear weapons
proliferation; and nuclear arms control. I have written and

made public presentations in each of these areas,



At present, I am Executive Director of the Institute for
Resource and Security Studies, Cambridge, MA. This
organization is devoted to research and public education on the
efficient use of natural resources, protection of the
environment, and the furtherance of international peace and
security.

A detailed resume is included in the attachments to this

testimony.
IT. CONTENTIONS
Q. To what contentions does your testimony refer?
A. (All) Town of Hampton revised contention VIII, SAPL -

revised contention 16 and NECNP contention RERP-8. These
contentions and their bases are set out in full in
Attachment 4. Our testimony also addresses matters raised in
the Federal Emergency Management Agency (FEMA) June 4, 1987
"current" position on these contentions. 1In addition, our
testimony bears on aspects of other contentions in this
proceeding,

Q. What is the purpose of your testimony and how does it
relate to the specific contentions cited here?

A. (All) These three interrelated contentions a:d the
FEMA position on them all concern the issue of protection from
radiological releases of the beach populations in the vicinity

of the Seabrook Plant., Our testimony first describes the



standard guidance used oy the Nuclear Regulatory Commission
(NRC) and FEMA for the initiation and duration of radiological
releases to be considered in emergency planning. Then, and
using postulated accidents at Seabrook consistent with the
spectrum of accident scenarios called for in the NRC guidance,
the testimony estimates and describes the radiation dosages
which could affect the beach populations near the Seabrook
Plant site.

The testimony as a whole demonstrates that NHRERP Rev. 2 is
fundamentally flawed and is of no real or practical use because
the beachgoing public in the vicinity of the Seabrook plant
will not be adequately protected in the event of an emergency..
In particular, this testimony shows that because of the size of
the beach population in the immediate vicinity of the plant
site, the long evacuation times, and the lack of effective
sheltering, many thousands of individuals will die, suffer
serious injuries or face the prospect of increased likelihood
of cancer if cne of any number of the accidents required to be
planned for by the NRC occurs. Thus, because of the radiation
dosages that would reach the beach population, there is no
reasonable assurance that NHRERP Rev 2 can and will be
implemented to provide adequate protection to the public in the
event of an accident.

III. QVERVIEW

Q. Please summarize your portion of this testimony.

A. (Sholly) My testimony describes the technical basis
for the current NRC emergency planning rules. The testimony

- 10



discusses the use in the NRC reports NUREG/CR-1311, NUREG-03%6,
anc¢ NUREG-0654, of the risk assessment results for the Surry
Unit ! plant (as set forth in the NRC report WASH-1400) to
derive dose-distance relationships for a spectrum of accidents,
iacluding severe accidents beyond the design basis of light
vvater nuclear power plants., The testimony further describes
the nature of that spectrum of accidents, including release
characteristics, release frequencies, and uncertainties.
Finally, the testimony describes how the risk-based insights
from the Surry Unit 1 risk assessment were utilized by the NRC
to arrive at the generic emergency planning zone distances and
other guidance contained in the rules and in the applicable NRC
guidance documents (including NUREG-0654, Rev. 1).

A. (Beyea) The situation around the Seabrook Nuclear
Power Plant is unusual in the context of emergency planning for
nuclear plants, because large populations make use of nearby
beaches in the summertime. 1In order to determine the extent of
protection afforded the summer beach population by current
emergency plans, we have modelled the radiation doses to the
population that would follow releases of radioactivity from the
Seabrook plant. A range of releases has been studied,
patterned after the range used in the NRC's report, NUREG-0396.

In NUREG-0396, a set of generic accident sequences
(PWR1-PWR9) were defined that apply to pressurized water
reactors like the Seabrook plant. These sequences span the
entire range of physically-plausible release scenarios, making
them useful for assessing, at least on a theoretical basis, the

e 5 -



effectiveness of emergency plans. For my testimony, we have
chosen accident sequences that are similar to the NRC's generic
versions, but which take into account reactor-specific
differences at Seabrook.

In order to understand the conditions unde. which the
population would not be protected from "early death” (death
within 60 days of the release), doses were modelled for these
release categories using a range of weather parameters, plume
rise heights, and dose contribution assumptions. The results
indicate that the potential consequences of severe accidents
increase greatly during the summer months, due to the increased
population in the area and the unique conditions of a beach ‘-
release: Beach-goers caught in the open would not be shielded
from radiation, and could be expected, by our calculaticns, to
receive doses as much as five times higher than generally
considered in nuclear emergency planning. This means that
certain accident releas@s, not normally projected to cause
early fatalities, are projected to do so in the Seabrook case.

As a result, it is necessary to consider a range of
accident scenarios, from those with very small releases to
those with very large releases.

In addition to the risk of early death, we have considered
other potential accident consequences, including delayed cancer
incidence. These potential outcomes dominate the risk for
accident releases in classes PWR4-PWR9.

The proximity cf the reactor to an unshielded summer beach
population makes the Seabrook case a special and difficult one

s 13 =



for emergency planning. The doses that would be received
following a range of releases at the Seabrook site, with
emergency plans in effect, are higher than doses that would be
received at most other sites in the compiete absence of
emergency planning.

Our results demonstrate that, with current plans, the
immediate safety of the beach population is threatened for a
wide range of releases and meteorological conditions. For the
accidents studies in our testimony, many thousand of people
could receive life-threatening doses.

A, (Thompson) The issues I address are:

(1) The potential for an atmospheric release, similar to..
that designated as PWR1l in the Reactor Safety Study, to occur
from a steam explosion or high-pressure melt ejection event.

(2) The range of variation of two parameters which affect
plume rise during a "PWRl-type" release, specifically the
location of containment breach and the thermal energy release
rate for the plume.

(3) The potential for "PWRl-type" releases to contain
greater amo '3 of certain isotopes, such as those of

ruthenium, than other categories of releases.

IV. SYNOPSIS OF WASH-1400 SURRY ANALYSIS

Q. Please identify and describe the nature of the NRC

report WASH-1400.

A, (Sholly) WASH-1400 (N.C. Rasmussen, et al., Reactor
Safety Study: An Assessment of Accident Risks in U.S.
Commercial Nuclear Power Plants, U.S. Nuclear Regulatory

« 13 =




Commission, WASH-1400, NUREG-75/014, October 1975) represents a
probabilistic risk assessment of two nuclear power plants,
namely Surry Unit 1 and Peach Bottom Unit 2. The report
consists of a Main Report and eleven Appendices. WASH-1400
represents the first comprehensive application of probabilistic
risk assessment methods to the analysis of the risks posed by
commercial nuclear power plants. That is, WASH-1400 includes
system analyses, source term estimates, and accident
consequence estimates. In the parlance of the NRC's PRA
Procedures Guide, WASH-1400 is a Level 3 PRA of two plants,d’

Q. Please briefly describe the Surry Unit ! nuclear power
plant and compare its design with that of Seabrook Station, ‘-
Unit 1.

A. (Sholly) The Surry Unit i nuclear power plant is a
three-loop, Westinghouse pressurized water reactor with dry,
subatmospheric containment. The Surry Unit 1 plant has a
design thermal power level of 2441 megawatts, and entered
commercial operation in December 1972. Surry Unit 1 is
operated by Virginia Power Corporation under operating license
DPR-32, issued on May 25, 1972 Seabrook Station Unit 1 is a

four-loop, Westinghouse pressurized water reactor with a large,

l/ Jack W. Hickman, et al., PRA PROCEDURES GUIDE: A Guide to
the Performance of Probabilistic Risk Assessments for Nuclear
Power Plants, American Nuclear Society and Institute of
Electrical and Electronics Engineers, prepared for the U.S.
Nuclear Regulatory Commission, NUREG/CR 2300, January 1983,
pages 2-2 to 2-3.



dry containment. Seabrook has a design thermal power level of
3650 megawatts.

Q. Please summarize the results of the WASH-1400 analysis
of the Surry Unit 1 plant.

A. (Sholly) The WASH-1400 report calculated a median core
melt frequency for Surry Unit 1 of about 5 x 10> per
reactor-year (or about 1 in 20,000 per teactor-year).z/ The
NUREG-1150 analysis estimated the core melt frequency for Surry
to be 2.6 x 10°° per reactor year. See, NUREG-1150, draft,
page 3-2. The dominant accident sequences for Surry Unit 1
which contributed to this core melt frequency are identified
along with their estimated sequence frequencies in Table A, -
which is attached to tnhis testimony. WASH-1400 also defined
nine release categories or source terms which defined the
release characteristics and release frequencies for Surry Unit

1. These releasc categories were designated PWR-1 through

PWR-9. PRelease categories PWR-1 through PWR-7 correspond to

2/ The Surry core melt frequency estimate in WASH-1400 has
been cited as several different values., For instanco, the
NUREG-1150 report cites a value of 4.6 x 10-5 per reactor

year. JSee M.L. Ernst, et al., Reactor Risk Reference Document,
U.S. Nuclear Regulatory Commission, NUREG-1150, Vol. 1, "Main
Report™, draft for comment, February 1987, page 3-12
(hereinafter “"NUREG-1150 dgatt). A technical report supporting
NUREG-1150 cites 4.4 x 10~° per reactor-year. See,

Robert C. Bertucio, et al., Analysis of Core Damige Frequency
Emm_mnmu_znm__Suux_unu_l Sandia National
Laboratories. prepared for the U.S. Nuclaar Regulatory
Commission, NUREG/CR-4550, SAND86-2084, Vol., 3, November 1986
page V-68. 1In fact, as indicated in Attachment 3 to this
testimony, if one adds the point estimate frequencies for the
WASH-1400 dominant accxdent sequences, one obtains a core melt
frequency of 1.2 x 10-9 per reactor-year,

s 1% »
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core melt accidents. Release Categories PWR-8 and PWR-9 are

non-core melt accidents, and are roughly equivalent to the
design basis accident with (PWR-8) and without (PWR-9)
containment spray operation. The Surry release categories are
described and their characteristics and estimated frequencies
defined in Table B, which is attached to this testimony. Many
of the WASH-1400 release categories (especially PWR-1 through
PWR-4) could result in significant ground contamination offsite

should accidents leading to such releases occur.

V. USE OF WASH-1400 RESULTS IN NUREG-0396

Q. Please identify and describe N''REG-0396.

A. (Sholly) NUREG-0396 (Task Force on Emergency Planning,
Planning Basis for the Development of State and Local Emergency
U.S. Nuclear Regulatory Commission and¢ U.S. Environmental
Protection Agency, NUREG-0396, EPA 520/1-78-016, December,
1987), set a revised planning basis for commercial nuclear
power plants. In essence, NUREG-0396 concluded that a spectrum

of accidents should be used in developing a planning basis.l/

Force on Emergency Planning, U.S. Nuclear Regulatory Commission
and U.S. Environmental Protection Agency, NUREG-0396, EPA
520/1-78-016, December 1978, page 24 (hereinafter "NUREG-0396").

L RN R R



NUREG-0396 recommended the establishment of two generic
emergency planning zones (EPZs) for nuclear power plants; a
plume exposure pathway EPZ about 10 miles in radius and an
ingestion exposure pathway EPZ about 50 miles in radius. These
EPZs were designated as "the areas for which planning is
recommended to assure that prompt and effective actions can be
taken to protect the public in the event of an accident.'il

A significant part of the basis for these planning zone
distances was derived from accident consequence analyses
(specifically dose-distance calculations) using the WASH-1400
release categories and frequencies for Surry Unit 1.

Q. Please describe how the WASH-1400 results for Surry
Unit 1 were utilized in NUREG-0396.

A, (Sholly) The Task Force on Emergency Planning, which
wrote NUREG-0396, utilized the Surry Unit 1 results from
WASH-1400 to perform consequence calculations to "illustrate
the likelihood of certain offsi*e dose levels given a core melt

2/ While the Task Force members debated various

accident."
aspects of the WASH-1400 report and considered its results to
have limited use for plant-and site-specific factors, it was
judged to¢ provide "the best currently available source of

information on the relative likelihood of large accidental

4/ Id. at 11.
2/ Id. at 6,

- 17 -




releases of radioactivity given a core melt event.'ﬁ/
WASH-1400 results for Surry were also utilized to provide
guidance concerning the timing of radiological releases
resulting from core melt accidents, and the radiological
characteristics of such releases.l/ The planning basis
distance, the time dependent characteristics of potential
releases and exposures, and the kinds of radioactive materials
that can potentially be released to the environment were
identified by the Task Force as the three planning basis
elements needed to scope the planning efﬁort.a/ WASH-1400
results for Surry Unit 1 were used to define all three of the
planning basis eleme:its in NURE3-0396.

Q. Please describe the rationale used by the Task Force
in establishing the size of the EPZs recommended in NUREG-03%6.

A, (Sholly) The Task Force on Emergency Planning
considered a number of possible rationales, including risk,
probability, cost effectiveness, and the accident consequence
spectrum. Following a review of these rationales, "The Task
Force chose to base the rationale on a full spectrum of
accidents and corresponding consequences tempered by

probability considotations.'al The rationale used by the

6/ Id. at 6.
7/ 1d4. at 18-23,
8/ 1Id. at 8.

9/ 1d. at 1§,



Task Force in establishing the EPZ planning distances is more
fully described in Appendix 1 to NUREG-0396.

Q. Please de.cribe the spectrum of accidents considered
by the Task Force in NUREG-0396.

A. (Sholly) The Task Force on Emergency Planning
considered a complete spectrum of accidents, including those
discussed in environmental reports prepared by utilities as
part of the operating license review (the so-called Class 1
through Class 8 accidents), accidents postulated for the
purpose of evaluating plant design (design basis accidents in
the Final Safety Analysis Report), and the spectrum of
accidents identified in the WASH-1400 report. The Task Force '
concluded that the Class 1 through Class 8 ac~ident discussions
in environmental reports were too limited in scope and detail
to be useful in emergency planning, and instead relied on
design basis accidents and the WASH-1400 release categories.
10/

Q. Please describe specifically how the Surry Unit 1
results from WASH-1400 were used by the Task Force.

R (5holly) Concurrently with the operation of the Task
Force, a report was being prepared for the NRC by Sandia
Laboratories (now Sandia National Laboratories) which examined

offsite emergency response measures for core melt accidents.

107 Id. at 1-4,
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This report, designated SAND75-0454, was published in June
1978.11/ The Sandia report grouped the WASH-1400 release
categories for Surry Unit 1 into "Melt-Through" and
"Atmospheric"” release groups (based on the location of
containment failure identified for the WASH-1400 release
categories).

Surry release categories PWR-1 tlircugh PWR-5 consist of
accidents in which the containment was concluded to fail
directly to the atmosphere as a result of structural failure or
containment isolation failure. These release categories were
grouped into the "Atmospheric Release” class. Surry release
categories PWR-6 and PWR-7 consist of accidents in which the -
containment base was penetrated by core debris. These release
categories were grouped into the "Melt-Through Release" class.
The likelihood of the "Atmospheric" and "Melt-Through" classes
were estimated by summing the probabilities of the contributing
WASH-1400 release categories; "Atmospheric" releases were

5

estimated to have a frequency of 1.4 x 10"~ per reactor-year,

and "Melt-Through" releases were estimated to have a freguency

of 4.6 x 10°° per reactor-year.lz/

1ll/ David C. Aldrich, Peter E. McGrath & Norman C. Rasmussen,
Nuclear Reactor Accidents Involving Core Melt, Sandia
Laboratories, prepared for the U.S. Nuclear Regulatory
Commission, SAND78-0454, June 1578 (hereinafte:
"SAND78-0454"). This report was reissued as NUREG/CR-1131 in
October 1979 following the Three Mile Island accident.

127 1Id. at 43,
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The characteristics of these release classes were then used
as input to the WASH-1400 accident consequence code, referred
to as CRAC (Calculation of Reactor Accident Consequences). The
calculations were carried out using meteorclogical data from
one reactor site and an assumed uniform population density of
100 persons per square mile.ll/ The CRAC code calculations
implemented for the Sandia study used hourly weather data for
one year and 91 acciden. start times (a four day, thirteen-hour
shift was assumed to take place for each start time; this
results in each hour of the day being represented in 24 samples
and a total of 91 samples are taken from one year's
data).lﬁ/ The wind direction is assumed to be held constant ‘-
during and following the relezse; other weather changes are
modeled as indicated in the data.li/ A revised model of
public evacuation (ultimately implemented in CRAC2, an improved
version of the code) was also used.lﬁ/

The most frequently cited curve in NUREG-0396 which was
derived from the Surry Unit 1 risk study results is a curve

which plots the probability of whola-body dose versus

13/ 1d. at 36.

14/ According to a recent Brookhaven National Laboratory
report, weather data from a typical year for New York City were
used in calculations. gJee, W.T. Pratt & C. Hofmayer, et al.,

ivity Study £ '
Brockhaven National Laboratory, prepared for the U.S. Nuclear
Regulatory Commission, March 1987, page 6-2.
13/ Aldrich, et al., supra note 11, at 37-39.,

16/ 1d. at 59,
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distance. (This curve, Figure 1-11 from NUREG-0396, is
attached to this testimony as part of Table C). The curves on
this figure were not calculated directly by the CRAC code,
however. As explained in a recent Brookhaven National
Laboratory (BNL) report, these curves were interpolatea., BNL
used the newer CRAC2 code to recalculate the dose vs. distance
curves. The results of these cal~ulations are shown in
Table D, which is attached to this testimony (this calculation
is only for the 200 rem whole-body curve).

Q. What results from the Sandia study were used in
NUREG-03967?

A, (Sholly) NUREG-0396 contains a series of figures which
are drawn from the Sandia report. These figures are Figures
1-11 through 1-18. These figures are reproduced as Table C,

at*ached to this testimony.

VI. USE OF WASH-1400 INSIGHTS IN SETTING EPZ DISTANCES

Q. Please describe the insights from NUREG-0396, Figures
1-11 through 1-i8, that were drawn by the Task Force on
Emergency Planning.

A, (Sholly) The Task Force derived a number of insights
from Figures 1-11 through 1-18. These insights were set forth
in terms c€ the U.S. Environmental Protection Agency (EPA)
"Protective Action Guide" (PAG) doses. PAGs are expressed in

units of radiation dose (rem) which "represents trigger leveis

or initiation levels, which warrant pre-selected protective




actions for the public if the projected (future) dose received
by an individual in the absence of a protective action exceeds
the PAG."*2/ The EPA PAGs used by the Task Force were those
for whole-body exposure and thyroid exposure. These PAGs have
a range of 1-5 reni whole-body and 5-25 rem to the thyroid.
According to EPA guidance, the lower dose in the PAG range is
to be used if "there are no major local constraints in
providing protection at that level, especially to sensitive
populatioas.” If local constraints make the lower value
impractical to use, in no case should the higher value be
exceeded in determining the need for piotective action.lﬂ/
Based on the figures, the Task Force concluded that given e
core melt accident, there is about a 70% chance of exceeding
the whole-body PAG doses at two miles, a 40% chance of
exceeding the whole-body PAG doses at ten miles. Similarly,
given a core melt accident, there is a near 100% chance of
exceeding the l0-rem thyroid PAG dose at one mile, about an 80%
chance at ten miles, and about a 40% chance at 25 miles. Based
in significant part of these observations, the Tusk Force
recommended that EPZs of 10 miles be established for the plume

exposure gathway and 50 miloslﬂ/ for the injection exposure

17/ Collins, et al., supra note 3, at 3,

18/ Office of Radiation Programs, Manual of Protective Action

Guides and Protective Actions for Nuclear Incidents, U.S.
Environmental Protection ~gency, EPA-520/1-75-001, September

1975, Revised June 1980, page 2.5.

19/ Collins, et al., supra note 3, at 1-41 and 1-43.
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pathway.zg/

Q. Please describe how NUREG-0396 is related to the NRC's
emergency planning regulations.

A. (Sholly) In October 1979, the Commission endorsed a
policy of having a “"conservative emergency planning policy in
addition to the conservatism inherent in the defense-in-depth
philosophy," and stated that a 10-mile plume EPZ and & 50-mile
injection EPZ should be established around each auclear power
plant.Zl/ Subsequently, these EPZs were codified in the NRC
emergency planning rule when the final rule was adopted in
1980.22/ Indeed, NUREG-0396 is explicitly referenced in the
final rule.4d’ E

NUREG-0654, which provides detailed guidance fo. the
preparation and evaluation of radiological emergency plans for
nuclear power plant jccidents, also references the NUREG-0396

report. NUREG-0654 states that the 10-mile radius plume EP2Z

was based primarily on four considotationlzzl/

Z_Q/ m- !t 1'370 1'41; and 1—43.

21/ Federal Register 61123, 23 October 1979.
22/ Federal Reqgister 55402, 55406, 55411, 19 August 1980.
23/ 10 CFR Part 50, Appendix E, Section 1, fn 2.

¢4/ U.S. Nuclear Regulatory Commission and Federal Emergency

Management Agency, Cri
andLQ1Qg1g11_:mnxsnnsz_xnannnan_zlnnn_nnd~2xsnnxndnnnn_in

Support of Nuclear Power Plants, NUREG-0654, FEMA-REP-1, Rev.
1, November 1980, page 12,
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a. projected doses from the traditional design
basis acciden* would not exceed Protective
Action «evels outside the zone;

b. projected d ses from most core melt
accidents would not exceed Frotective Action
Guide levels outside the zone;

¢, for \he vorst core melt accidents, immediate
life threate..ing doses would generally not
occur outside the zone;

d. detailed planning within 10 miles would
provide a substantial base for expansion of
response efforts in the event that this
proved necessary.

Quite clearly, two of these four considerations (i.e.,
considerations "b" and "c", above) are derived from the
NUREG-0396 evaluation o doses from core melt accidents (which
is based on the Surry snalysis in WASH-1400). In additicn,
NUREG-0654 guidance or the timing and duration of releases and
radiological characteristics of the releases is also derived
from the NUREG-0396 evaluation of core melt accidents (which is

based on the Surry analysis in WASH-1400).

VII. CONCLUSION REGARDING THE TECHNICAL BASES
FQR EMERGENCY PLANNING

Q. What is your conclusion concerning the degree to which
the NRC's emergency planning requirements are based on the
analysis of Surry in WASH-14007

A. (Sholly) It is evident, based on the above, that the
current planning basis in NRC emergency planning regulations
for nuclear power plants is substantially based on

dose/distances insights derived from the risk assessment of
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Surry performed in WASH-1400. Thus, the“"spectrum of accidents"
which were considered in establiching the EPZ distances in the
NRC emergency planning rules explicitl!y included core melt
accidents (up to and including those core melt accidents which
were predicted to result in early containment failure and a
large radiol~gical release to the environment). A
site-specific analysis which examines dose-distance
relationships based on similar accidents would therefore
previde useful information concerning the effectiveness of
offsite emergency planning measures for the Seabrook site.

Q. Have you reviewed the release categories utilized by -
Dr. Jan Beyea in his calculations as set forth in his testimony
in this proceeding?

A, (Sholly) Yes.

Q. Are the release categories utilized by Dr. Beyea
consistent with the spectrum of releases utilized by the NRC in
setting the technical basis for the emergency planning zones?

A (Sholly) Yes, Dr. Beyea's release categories are very
similar to the PWR-1 through PWR-9 release categories utilized
in the NUREG-0396 report, which sets forth the technical basis
for the NRC's emergency planning zones.

Q. Does this conclude your testimony?

A. (Sholly) Yes.
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VIII. RARIATION RELEASES FROM REPRESENTATIVE
ACCIDENTS WITHIN THE PLANNING SPECTRUM

Q. Dr. Beyea, before presenting the results of your
calculations, describe in general terms how radioactive
material is released to the environment and dispersed.

A, (Beyea) For a large release of radioactive material to
ovcur following an accident, a "release pathway" from the
reactor core to the environment is required. (See testimony of
Steven Sholly.) One set of these pathways is generated by
failure of the reactor's pressure vessel followed by failure of
the containuent building surrounding the vessel due to
overriassuricaiion. Researchers have outlined s me, though aot
all, possible sequences and conditions for these failures.

Other pathways include releases occurring through a
containment penetration sys.am. Massive steam generator
failure due to aging steam generator tubes might lead to a
large release through the secondary cooling system. A
so-called check-valve failure could connect the containment
directly to the environment.

If a large release of radioactive material to the
environment occurs, the material will leave the reactor as a
"plume® of gasec, aerosols and water droplets. Most of the
large releases discussed in our testimony are assumed to occur

over a period of thirty to sixty minutes; a few are assumed to

take longer.




This escaping plume will S > @ height which is
lependent on such variables as | the amount of heat released
in the accident, 2) the weather condition existing at the time,

3) whether or not the release takes place at the top
om of the structure. As will be shown later, there is
formula that predicts the magnitude of plume rise.
will be carried by the prevailing wind. Under
the actl wind fluctuations and other weather conditions
the pli 1]l spread in both the horizontal and vertical
lirecti« 3 © that the average concentration of radioactive
mater 1 the plume will decrease with time as
away from the reactor. (See Figure I). After a short time,
the expanding edge of the plume will "touch" ground, and the
non-gaseous radioactive aerosols will be dispersed along the
ground, on vegetation, buildings, cars, people, etc. The rate
at whith material is removed from the plume, referred to as
r "velocity", also cause the
ncentration of material in the plume to decrease with t
the most enerjetic release categories, particular

steam explosion categories which cause rapid rise of gases

the atmosphere, there is the possibility that escaping water

vapor may condense to significant amounts of (radioactive) rain
T'he plume may disperse radioactive material along the
ground for more than a hundred miles if there is no reversal

wind direction. Much of the area where the




will be contaminated for decades and "permanent" evacuation of
the original population will be required there. 1In addition,
as much as 10 percent of the material will be resuspended by
the action of wind and blown about in succeeding wcoks.15/
The area of contamination will increase, causing residents who
live outside the initial plume path to he exposed to radiation.

Immediately after the release, the plume will be visible,
due to the escape of large amounts of cloud-forming water
droplects. As the plume travels downwind and as the water
droplets evaporate, the plume will most likely disappear from
view, making it impossible for anyone without instruments to
know where radiocactivity is headino. e

Q. How does the population receive radiation doses?

A. The population in the area under the plume would receive
most radiation doses via three d:se pathw.ys.Zi/
(See Figure II):

1) From external radiation received directly

from the radioactive plume itself. (In the

22/ U.S. Nuclear Regulatory Commission, Reactor Safety Study,
(Washington, D.C., WASH-1400 or NUREG-75/014, 1975).

The Reactor Safety Study assumed a S0 percent retention rate
for radioactivity depo..ted on vegetation. [See Appendices E
and K] Although most of this loss is probably caused by
subsequent rain, experimental data indicates that removal
begins immediately after deposition. This initial loss must be
due to wind action., Ten percent removal by wind seems a
reasonable estimate.

26/ See Volume VI of WASH-1400, supra.
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most serious accidents, the main part of the
plume is projected to pass by very quickly,
within one half to one hour, ::11 before any
significant evacuations of beach populations
could occur.)

2) From radiation received following inhalation.
The inhalation pathway would be the most
important contributor to the thyroid dose.

It could also be the major contributor to
early health effects for accident sequences
in which large quantities of ruthenium are
released (PWR-1 type releases), 1.e. steam
explosion or high-pressure melt ejection.

3) From radiation received from material
deposited on the ground or other surfaces
(cars, skin etc.). It is this "ground dose"
which would usually be the most important
contributor to early fatalities because it
would continue after the plume has passed.
Even if evacuation is too slow to prevent
inhalation of radiation, evacuation is still
needed after the plume passes by to stop the
accumulation of "ground dose"; the faster the
evacuation, the lower the total "ground dose",

We have concentrated on these three pathways in our testimony,

using standard methodology to calculate doses whenever
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possible. Because generic models do not consider beach
situations, it was necessary to make special calculations for
contributions to ground dose no% normally considered in
accident computer codes, but which are of special concern to
unshielded beach populations. For instance, beach users caught
in the plume would likely receive significant doses from
radiocactivity deposited on their skin and hair,

Other important dose pathways exist for persons not under
the original plume. These include inhalation and grouad dose
from resuspended and redeposited radiocactivity. (As has been
stated earlier, as much as 10 percent of the plume's material
may be resuspended within a few wecks.)zl/ Also of concern =~
is radiation from contaminated vehicles and personal
possessions brought to emergency reception centers. Finally,
doses are also possible though ingestion of contaminated food
or water.

Q. In what units are doses measured?

A. (Beyea) Doses to organs or to the whole body are
measured in “"rems," an indication of the amount of
biologically-damaging energy absorbed by tissue or bone. The
units are useful because a dose in rems can be us<d to project

the likelihood that an exposed person will be injured.

21/ WASH-1400, gupra.
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Q. What are the dose levels that enter into your
calculations?

A. (Beyea) The health consequences of radiation
depend upon the magnitude of the dose received. Radiation
doses to the whole body on the order of 100 rems or higher
--doses that occur relatively close to the plant--may lead
to immediate sickness (e.g., nausea) and "early death."

At a dose of 125 rems for example, S0 percent of exposed
persons would suffer from nauaoa.zn/

Although not fatal by itself, nausea and vomiting should be
considered in emergency planning--especially in estimating
evacuation times. It is quite conceivable that outbreaks of '*
nausea could precipitate panic in an evacuating population,
thereby interfering with an orderly escape.

"Early death," a technical term in the radiological health
field, refers to death within sixty days of exposure to a given
dose. The threshold for early deaths is between 100 and 200
rems to the whole body, while the probability of early death
increases with increasing dose and changes with "supportive”

medical truatmont.za/ In accordance with standard practice,

28/ See Volume VI of WASH-1400.

22/ In this proceeding, ‘e do not testify as expert witnesses
in the biological effects of radiation., Instead, we have
relied on standard references to cunvert doses to health
effects.

“Supportive® treatment is defined in the Reactor Safety Study
Appendix VI, as such procedures as reverse isolation,
sterilization of all objects in patient's room, use of
laminar-air-flow systems, large doses of antibiotics, and
transfusions of whole-blood packed cells or platelets.
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we have taken 200 rem as a reference dose to indicate the onset
of significant probability of early death.

Q. How have you modelled the plume movement and dose
pathways?

A. (Beyea) The plume movement and the three major dose

0/ discussed previously have been modelled by us in

pathways
several computer programs. The programs have been checked
against osther consequence codes in use around the world.ll/

The original programs have been cited in other reports,lz/

30/ The major sources of radiation that contribute to early
death or delayed cancer are inhaled radioiodine, as well as
external radiation (whole-body gamma) from the plume and from -
contaminated ground. 1In the case of PWRl releases, there are
situations where inhaled isotopes such as ruthenium can cause
pulmonary syndrome, leading to early death.

i1/ International Exercise in Consequence Modelling (Benchmark
Study), sponsored by the Organization of Economic Cooperation
and Development (O.E.C.D.), Nuclear Energy Agency, 38 Boulevard
Suchet, 75016 Paris, France.

34/ Jan Beyea, Frogram BADAC-1, "Short-Term Doses Following a
Hypothetical Core Meltdown (with Breach of Containment)*
(1978), prepared for the New Jersey Department of Environmental
Protection.

Jan Beyea and Frank von Hippel, "Some Long-Term Consequences of
Hypothetical Major Releases of Radioactivity to the Atmosphere
from Three Mile Island," report to the President's Council on
Environmental Quality, Center for Environmental Studies,
Princeton University, (1979), Appendix E.

A detailed discussion of the basic dose calculations used in
these programs can be found in the Appendices of "A Study ot
the Consequences of Hypothetical Reactor Accidents at
Barseback," Jan Beyea (Stockholm: Swedish Energy
Commission, 1978).

(footnote continued)
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while some modifications have been made for this study.ll/
It was not necessary for these proceedings to use our most
recent set of programs which directly include time-varying
weather such as changing wind speed and changing turbulence.
In the Seabrook beach case, doses are so high that these
smaller probability events do not dominate the risk.

The dose to the population caught directly in the plume for
the release categories under consideration has been calculated
by these programs as a function of time after release for a
range of weather conditions and for a range of model
parameters. Ranges of model parameters were used because the
appropriate values of parameters are currently uncertain. »

The basic modelling used is similar to the approach takan
by radiological protection agencies around the world, including

the Nuclear Regulatory Commission and the New Hampshire

Department of Public Hoalth.li/

(footnote continued)

Brian Palenik and Jan Beyea, "Some Consequences of Catastrophic
Accidents at Indian Point and Their Implications for Emergerncy
Planning," direct testimony on behalf of New York State
Attorney General, Union of Concerned Scientists (UCS), New York
Public Interest Research Group (NYPIRG), New York City Audubon
Society, before NRC Atomic Safety and Licensing Board, July,

1982.

33/ For this study, we have used appropriate dose scaliny
factors, as discussed in detail later, to include dose
contributions from material deposited directly on the cars and
skin of evacuees.

34/ D.V. Pergola, R.B Harvey, Jr., J.G. Parillo, "SB Metpac, A
Computer Software Package Which Evaluates the Consequences of
an Off-Site Radioactive Release Written for the Seabrook
Station fite at Seabrook, New Hampshire" (Yankee Atomic
Electric Company, Framingham, Mass., May 1986).
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The only specialized aspects of our calculations involve
the following:

1) Radiation shielding: Radiation shielding factors
for cars used in the 1975 Reactor Satety Study have
been updated to account for changes in car
construction that have been made to improve fuel
economy in the intervening years.
2) Accounting for dispersion over water. Certain
beach sites, like Seabrook, have water between them
and the reactor, We have made adjustments for
decreased dispersion using standard mothodoloqy.li/
3) Radioactivity deposited on vehicle surfaces: In'-
some of our calculations, we have accounted for
radioactivity that would be deposited on cars caught
in the plume. This radiocactivity could cause a
significant dose to riders and should not be ignored.
4) Radioactivity deposited on the skin and clothing
of beach-goers: In some of our calculations, we have
accounted for radioactivity that would be deposited on
beach occupants while standing either on the beach, in
parking lots, or outside their cars waiting for

traffic to move. Although not generally a major

332/ Tu such a case (Seabrook Beach), we have shifted
dispersion parameters by one stability class. gee footnote 39,
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effect to be considered at other sites, we have found
that the dose from skin contamination is significant
at Seabrook because of the large beach population
that could be caught outdoors.

Because doses from contaminated skin and vehicles have not
to our knowledge been considered in past consequence modelling,
our calculations have been presented with and without their
inclusion. Their impact is to increase, in comparison to other
sites, the number of meteorological conditions during which
early death would occur.

Q. In what ways have your calculations taken into account
the uncertainties in the current state of consequence modelling?

A. (Beyea)

Plume Rise

The treatment of plume rise due to thermal buoyancy
illustrates the current uncertainty that exists in dose
calculat ons due to inadequate knowledge of model parameters.
Since calculated doses can be very sensitive to whether or not
the edge of the plume has “touched"” ground, knowledge of the
initial rise of the plume can be critical for projecting
doses. Yet, lack of understanding, both experiment&! and
theoretical, about plume rise makes prediction of this
parameter difficult,

Figure III shows the enormous range in airborne
concentration of radioactivity (and therefore inhalation and

ground doses) predicted for the same release of radioactivity
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by modellers from different countries under one set of weather
conditions.lﬁ/ Most of this range arises because of

different predictions of plume rise. These results from the
international exercise in consequence modelling demonstrate
that dose predictions from a particular computer code may be
highly uncertain within about 20 miles from the reactor if
based on one set of model parameters. (Output from the
computer codes used to develop our testimony were included in
this consequence modelling exercise.)

If a range of weather conditions is examined, the range of
doses predicted by different computer codes shows much less of
a spread. It is for this reason that we considered a range of.
weather conditions in this study rather than relying
exclusively on predictions using one set of model parameters.
The dose ranges used in cur testimony fall well within the full
range given in Figure 1II.

At Seabrook, plume rise is a critical issue only for the
PWRl-type releases. The other releases are not characterized

by sufficient thermal bouyancy to make it an issue.

36/ Figure III has been taken from S. Vogt, CNSI Benchmark
Study of Consequence Models, International Comparison of Models
Established for the Calculation of Conseauences of Accidents in
Reactor Risk Studies, Comparison of Results Concerning

Problem 1. SINDOC(81) 43.

“« 17 =

o R R



Reposition Velocity

A runge of deposition velocities has not been examined in
this testimony. (Deposition velocity governs the rate at which
radioactive material deposits on surfaces). Like plume rise,
this parameter is also uncertain, but does not have a critical
impact on any of our calculations., For simplicity we have used
a mid-range value of 1 cm/sec.ll/

Sea Breezes

Because of the complexity invclved in modelling sea
breezes, we have treated them qualitatively. To obtain an
understending of the sea breeza phenomenon, it is useful to
begin with a simple case, where the inland wind speed is very
low. A circulating cell structure would result from daytime
heating of the land, extending many miles over both land and
water, 8/

In this example, the wind would blow toward the reactor
away from the beach, yet radiocactivity would still reach the
beach for either low-rising or high-rising plumes, as
radiocactivity became entrained in the cell and circulated

within it. However, in this scenario, because it would take

several hours for the radioactivity to reach the beach, it is

37/ A complete discussion of this parameter can be found in
the Barseback Study, supra.

38/ C.S. Keen, "Sea Breezes in the Complex Terrain of the Cape
Peninsula," in Thir

(American Meteorological Society, Boston, Mass., January 1984,
PP. 129-134).
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not possible to say, without detailed study, whether or not the

radiocactivity would arrive before the beach goers had 1c£t.32/
In many other sea-breeze cases, the inland wind would be
too strong to ignore. The resulting structures can be very
complex, either causing plumes to rise above the beach and
reduce doses or to slow plumes down, producing higher doses.
If the inland wind is very strong, it will eliminate the cell
structure entirely or drive it offshore. |
In general, turbulence at the beach should increase under ‘
sea preeze conditions, leading to the possibility that l
above-ground plumes will be brought quickly to the ground
(fumigated) once the region of excess turbulence has been '
reached.
The possibility must be considered that a moisture-laden
plume could produce its own rain, following rapid mixture with
cold, turbulent sea air that would be filled with salt

particles capable of nucleating water droplets. Rain would be

49/ W.A. Lyons, "Lectures on Ai: Pollution and Environmental
Impact Analysis," American Meteorological Society, Boston,
Mass., 1975. See also, S.J. Mass and P.R. Harrison,
“Dispersion Over Water: A Case Study of a Non-Buoyant Plume in
the Santa Barbara Channel, California," in

i tology, Nov. 29-Dec. 2, 1977
(American Meteorological Society, Boston, Mass., pp. 12-15).
See alsQ, S. Barr, W.E. Clements, "Diffusion Modeling:
Principles of Application," in Atmospheric Science and Power
Production, (Report DOE/TIC-27601, Department of Energy,
Washington, D.C., 1984, p. 613).




extremely serious for the beach goers, because unusually large

amounts of radioactivity would be carried to ground level along
with the drops.

In considering the various meteorological combinations that
could occur, it is possible to find some conditions that
increase doses at the beach and some conditions that decrease
doses--sometime during the course of the same day.

In light of this variation, we have assumed that our
calculations without sea breeze effects represent a mid-range
case,

Q. What are the characteristics of the release types you
have considered and why have you chosen to use them? b

A. (Beyea) Because the number of possible accident
sequences is very large, it would be prohibitive to perform
consequence calculations for every possibility. Instead,
following standard practice, we have picked surrogate release
categories that are intended to span the range of
possibilities. As mentioned in the summary, releases have been
chosen that generally fall into the release categories used in
NUREG-0396, but which take into account site-specific
differences. The basic reference documents utilized relating
to site-specific accident sequences at the Seabrook Plant are
1) the Licensee's Seabrook Probabilistic Safety Assessment

(PSA).‘Q/ and the review of the PSA carried out by analysts

40/ Pickard, Lowe and Garrick, Seabrook Station Probabilistic
Safety Assessment, 6 volumes, December, 1983,
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at Broorhaven National Laboratories for the NRC.‘l/

In our study, we have generally accepted the Brookhaven
recommendations, although for completeness we have considered
some pPS) categories without modification. In such cases, we
have included them as part >f our generic release categories.

In the release categories used for our testimony, we have
picked one specific sequence to define the release magnitude for
each category. However, it is important to bear in mind that
the probability of the category is not the probability of the
specific accident analyzed. The true probability is the sum of

the probabilities of all accident sequences, known or unknown,

that have similar release magnitudes.

1. Category 1 (PWRl-type): Early Containment

i ! This category is
represented by an "S1" sequence as defined in
the Seabrook (PSA). Also included in this
category is a high-pressure melt ejection
sequence.

One of the questions raised by the Brookhaven
review of the PSA concerns the assumed rate at
which heat would be released during an
accident--a variable which governs plume rise.
The PSA assumes uniformly high values. In
particular, for the S1 case, the PSA assumes
such a high release of thermal energy that the
plume passes high overhead, causing relatively
low doses to the beach population, according to

41/ M. Khatib-Rahbar, A.K. Agrawal, H. Ludewig, W.T. Pratt,
"A Review of the Seabrook Station Probabilistic Safety
Assessment: Containment Failure Modes and Radiological Source
Term," Brookhaven National Laboratory, Upton, Long Island,
prepared for U.S. NRC, draft, September, 1985,

U.S. Nuclear Regulatory Commission, Reactor Safety Study,
(Washington, D.C., WASH-1400 or NUREG-75/014, 1975).
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conventional consequence models. As indicated
by Gordon Thompson (at p. 76 infra) it will not
be possible to resolve this discrepancy since a
large range cf heat rates is possible, depending
on the dynamics of the accident. Because the
Brookhaven assumption on heat rates represents a
mid-range value in the spectrum found by
Thompson, we have used it in our calculations of
doses from S1 releases, recognizing that the
actual doses could be significantly higher or
lower.

2. Category 2 (PWR2-type): Severe Containment
Bypass. We include in this category an
“S6V-total” sequence as defined by analysts at
Brookhaven. In this release categcry, a direct
pathway to the atmosphere is opened as a result
of containment bypass. 43% of radiociodine, 43%
of radiocesium, and 40% of radiotellurium in the
core are projected to escape.

In addition to the "interfacing systems
accidents"” used to define this accident in the
PSA, we include in this category thermally-
induced steam generator tube failures.

We also specifically analyze the PWR2 release
overpressurization scenario utilized in the
Reactor Safety Study and NUREG-0396. Note that
this release category is generally similar to
the preceding rapid bypass category represented
by SéV-total.

3. Category 3 (PWR3-type) §Slow Containment
Bypass. The Seabrook PSA modelled a containment
bypass release as a "puff" release in which
radioactivity is assumed to escape at different
times, for periods of varying duration. We
refer to this release category in the Tables
with the notation used in the PSA to label the
first and most dangerous puff (S6Vv-1).

Brookhaven, in its review of the PSA assumed
radioactivity would be assumed to escape over a
period of one hour. For our testimony, we have
made consequence calculations using both
sets of assumptions, S6V-total in Category 2
represents the Brookhaven approach; S$6V-1 in
Category 3 represents that taken in the PSA,
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4. Category 4: (PWR4-PWR9 -types) The less

severe accidents utilized in NUREG-0396 are

grouped in this category. Although such

accidents can cause doses in excess of

protective action guidelines and can increase

delayed cancer risks in exposed populations,

they are not generally projected to lcad to

early health affects.
A summary of the characteristics of the first three release
categcries is given in Table 1.

Q. What special characteristics around Seabrook affect
the consequences of a release there?

A. (Beyea) Our investigation of the consequences of
releases of radioactivity at Seabrook concentrates on the
summer months. The potential consequences, especially with
respect to early death from a serious accident at the Seabrook
plant, increase greatly during these months due to a large
summer population in the area. These summer residents, day
visitors, etc. increase the exposed population, and by
increasing the evacuation time necessary to clear the area,
they increase the potential time exposure. Furthermore, the
consequences to a beach area population may be greater than the
consequences to an inland population under similar conditions
due to a lack of shielding normally provided by buildings. The
addition of increased consequences due to material deposited
directly on the skin of a beach population must also be
considered for the Seabrook plant. Taken together, these

factors make summer release scena2rios at Seabrook worthy of



special consideration, and we have included them in our
investigation of the potential consequences of accidents at
Seabrook.

Figure IV shows the location of the Seabrook beaches.

It should be noted that for the most severe accident
categories considered, as will be discussed below, doses are so
far above threshold for overcast conditions, that early deaths
are possible at any time of the year. Nevertheless, the number
of people who would die would increase greatly during the
summer. Furthermore, intermediate accidents--those that would
usually not cause early deaths--would be expected to cause
early deaths at the beaches. In other words, during the e
summer, there is a much wider spectrum of accidents that can
cause early fatalities.

Q. What are the assumptions behind the evacuation times
you have used?

A. (Beyea) At some point during the operation of a
reactor, the nuclear facility operator (NFO) may notify the
appropriate state and local officials of au “"unusual event," an
occurrence that may lead to an eventual release of
radioactivity. Depending on the seriousness of the event or of
following events, & higher emergency level may be reached. The
NFO may eventually recommend, in consultation with officials
and technical support staff, that an evacuation is necessary of

all or part of the surrounding population. The appropriate
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local officials, who may or may not have received prior
warning, are then notified, and the emergency warning system
will presumably be activated as soon as possible.

Time elapses between 2n initial indication to the operator
and the moment state and local officials begin notification of
the population. CONSAD (a consulting firm to FEMA) estimated
this time to take 19-78 minutes during the day and 50 minutes
at night. 42/ Their review of historical data shows these
kinds of estimates can range from one to many hours for a range
nf natural disasters and false alerts. Our work here assumes
45 minutes. In addition, some time will be needed to actually
notify the population that an evacuation is needed. We take 1§
minutes for this time, so that evacuation is assumed to begin
one hour (45 plus 15 minutes) after the decision is made to
evacuate.

We also assume that the NFO receives an indication of a
pending release before the release. This warning time is taken
as 18 minutes for a steam explosion, one hour for a rapid
containment bypass (SéV-total), one hour for a PWR-2 release,
and 1.7 hours for a slow containment bypass (S6V-1). These are
the assumptions made by the analysts (Brookhaven, Seabrook P3A,

Reactor Safety Study) who devised the release categories

42/ CONSAD Research Corporation, "An Assessment of Evacuation
Time Around the Indian Point Nuclear Power Station," June 20,
1980; revised June 23, 1980, p. 2.7-2.9.
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studied. When the one hour delay involved in starting the
actual evacuation is accounted for, the results are as
follows.

Steam explosion: evacuation starts 42 minutes after
radioactivity begins escaping.

PWR-2 and rapid containment bypass (S6V-total): evacuation
starts at the same time as radioactivity begins to escape.

Slow containment bypass .SuV-1‘: Evacuation starts 42
minutes before radiocactivity begins to escape.

The evacuation time estimates themselves are based on
assumptions about conditions during the evacuation, the state
of readiness of an evacuation system, etc. These assumptions
vary, leading to differences in evacuation times. The
evacuation times for five earlier studies of a Seabrook area :
evacuation are listed ir Table 2. Some of the evacuation times
in the table for a two wile radius (and five mile radius)
appear to be for a selective evacuation from within that
radius. We have used {ive hours as a representative estimate
for beach site evacuation,

Current emergency plans at Seabrook call for notification
of beach populations at an earlier sctage in an accident than
for the general population. However, for PWR1-PWR3 categories,
there is doubt as to how much time would actually be gained by
this procedural modification. Although we have not taken
credit for extra warning time to the beach population, our
results can be easily modified to do so. It is only necessary

to relabel the evacuation time assigned to our tables. 1In
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other words, it beach populations are assumed to begin
evacuating lS-minutes earlier than normal, the equivalent
evacuation time in our calculations would be 5 hours minus 15
minutes, not 5 hours.

According to testimony by Thomas Adler in this proceeding,
actual evacuaticn times from the contaminated area would be
much, much longer. Some of the persons exposed in an accident
will therefore likely receive larger doses than presented in
our tables. Our tables, therefore, lead to conservative
estimates of the numbers of persons exposed to possible early
death.

' Q. Is the gopulation around Seabrook subjected to
possible "early death" for releases during the summer?

A. (Beyea) We have investigated the conditions under
which the nearest beach population, at 2 miles and 4 miles,
might be exposed to doses at a threshold level for early death
(200 rem) for the release categories discussed previously.
According to standard references (see Moeller, et ul.)‘i/ At
200 rem, a few percent of exposed persons would die within a

two month period, o few percent of women under 40 would be

43/ J.8. Evans, D.W, Moeller, D.W. Cooper, "Health Effects
Model for Nuclear Power Plant Accident Consequences
Analyses," (U.S. Nuclear Regulatory Commission, Washington,
D.C., NUREG/CR-4214, 1985) The "LDS0" for nausea is given as
1.4 Gy in Table 1.3, page II-29. 1.4 Gy equals about 125
rem,

Biological Effects of lonizing Radiation, National Academy
of Sciences, Washington, D.C.,, 1980,
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permanently sterilized, and a few percent more would develop
cataracts. Table 3 illustrates some of our findings for 2
miles. Weather stability class, wind speed, and the time it
would take for the beach population to receive a 200 rem
dose under those conditions are listed.

We have found these estimates for two sets of
assumptions. The first set assumes that all the population
is inside cars when the rele2se occurs so that skin and
clothes do not get contaminated. Doses are also reduced
because of the partial shielding provided by the car from
the radiocactivity on the ground. The fractional decrease in
dose from shizlding, here referred to as a 'dose scaling
factor®, is calculated to be .53-.78 for this set of
assumptions. The time it takes for a person in a car
waiting within the plume to receive a 200 rem dose is then
listed in the table. We assume that vehicles remain stalled
in traffic within contaminated ground and then move rapidly
out of the area once the roads are cleared at the end of
five hours., We also assume that a person once evacuated
receives no additional dose once outside the plume path.

Cn the basis of our consideration of a Seabrook-type
evacuation, we have decided to also use a second set of
assumptions. Some of the population will not have reached
their vehicles before plume passage. (Maguire, for example,

assumes up to an hour for the beach population to "mobilize"
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to specific problems at the request of governmental and
non-governmental bodies around the world, I have written major
reports on the safety of specific nuclear facilities for the
President's Council on Environrental Quality (TMI reactor), for
the New Yoik State Attorney General's Office (Indian Point),
for the Swedish Energy Commiusion (Barsebeck reactor), and the
state of Lower Saxony (Gorbleben Waste Disposal Site). I have
also examined safety aspects of specific sites for the
California Energy and Resources Commission, the Massachusetts
Attorney General's Office and the New York City Council.

While at Princeton, I wrote a computer program useful for
reactor emergency planning for the New Jersey Department of '*
Environmental Protection. This program, appropriately
modified, has been used for some of the calculations presented
in this testimony.

After joining the National Audubon Society, I continued to
work as an inuependent consultant on nuclear safety issues. I
participated in a study, directed by the Union of Concerned
Scientists at the request of the Governor of Pennsylvania,
concerning the proposed venting of krypton gas at Three Mile
Island. The U.S.C. study, for which I made the radiation dose
calculations, was the major reason the Governor gave for
approving the venting.

I participated in the international exercise on consequence

modelling (Benchmark Study) coordinated by the Organization for

Economic Cooperation & Deve. )pment (O.E.C.D.). Scientists and




doses below 200 rem for an S6V-Total release. On the other
hand, the first of the evacuees to leave during an S6V-1
release would escape a 200-rem dose.

If the time to reach a 200-rem dose shown in the tables
is compared with a S-hour evacuation time, one atqivol at a
"yes/no" indication of whether or not the population at 2
miles is exposed to risk of early death. This i3 noted in
the last set of columns in each table.

Some of the entries are marked with a question mark. A
question mark indicates that even though doses do not reach
the 200-rem early death threshold, the 100-rem threshold for
nausea has been reached early in the evacuation. 1In such
cases, a S5-hour evacuation time calculated from traffic
models may be optimistic. Because we were unable to
determine a quantitative estimate of the likely delay in
evacuation that would result from cases of nausea, we have
not been able to do more than indicate uncertainty.

Note that no entries are shown in the Tables for a PWR-2
reilease. The results turned out to be so similar to, or
worse than, the SVé-total release that it was not necessary
to include separate entries,

Several caveats about the tables should be kept in mind,
especially when exposure of the population is indicated,
First of a!l, risk of early death is much higher for persons

very close to the plant where doses reach high levels very

rapidly.




Second, we have not looked at slower wind speeds for che
various stability classes nor have we examined changing
weather conditions. Both of these situations can lead to
higher doses. Thus, Tables : and 4 do not include the worst
possible weather conditions but only the mast probable.

A third caveat is that, while D conditions generally
represent overcast days, we have not looked at actual
precipitation conditions that sometimes catch populations on
the beach. The time for a dose to reach 200 rem is greatly
decreased in this case (for the same wind speed) due to the
increased deposition of radiocactive material. Evacuation
time is also increased.

On the other h.nd, overcast conditions in the morning
would deter people from coming to the beach. The lower
populations would mean reduced clear time estimates.

Recall, however, that there is a multi-hour underestimate of
clear times in our work for most of the beaches (see

Adler). In any case, doses tend to be so high under
D-conditions for the S6-V total release that reduced clear
times are insufficient to provide protection., The same is
true for the Sl release for low thermal release rates and
low plumes rise.

Finally, it should be emphasized that the population's
exposure may be increaased if the shown evacuation times are,

for whatever reason, longer than assumed here.



In any case, the results of Tables 3 and 4 can be combined
with weather frequency data (Table 15) to show tLhat for the
S6V-total release which represents the severe-containment-
bypass categories, if the Z-mile beach population is downwind,
it will be exposed to risk of early death under meteorological
conditions that would be expected to occur about 70-75% of the
time,

In contrast, the results in Tables 3 and 4 for the
slow-containment-bypass release, S6V-1, indicate that the
population at 2 miles is generally not exposed to early death
for this release,

Surprisingly, the Sl-steam-explosion release, which ‘“
represents the largest release of all, ‘n some circumstances
might causes fewer prublems for “he beach population at 2 miles
than the PWR-31 type release. The reason for this is that the
projected plume rise may be so great, as occurred at Chernobyl,
that the plume passes high over the nearby populations. We
estimate a 50-per~ent chance that this will be the case fo: A,
B and C stability conditions and a 75-percent chance during D
conditions. Our rationale is that the height to which any
radioactive plume rises is uncertain, as was discussed earlier.

€hould the true plune rise be a factor of two less than the
mid-rarge value predicted by standard plume rise formulas,

which is within the range of uncertainty (see Fig. 5), early
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deaths from external gamma exposures become frequent for A, B,
and C stability classes. It should also be !l .rne in mind that
the PWR-1 releases are projected to include copious amounts of
isotopes that can give high lung doses. Thus, l-day lung dose
can contribute to early death when whole body dose is below 200
rem.

When these factors are all included, the combined
uncertainty is so broad that it is a toss up (50%) as to
whether or not early deaths would occur following an Sl release
for A, B, and C stability classes. As for D-stability class,
two independent events must conspire to produce early deaths:
both the heat rate must be low and a low plume rise formula .
must be correct. As a result, we estimate that there is a 25%
chance that doses will exceed 200 rem to the whole body or the
equivalent l-day lung dose under D-stability class for this
release.

It should also be recognizad *hat a real accident may be
less severe than the Sl-case assumes. Paradoxically, because
of lower plume rise, a smail breach of containment following a
steam explosion could be more severe than a large breach as far
as nearby populations are concerned.

Finally, it should be borne in mind that turbulent
interaction with the sea breeze and/or condensation of
radiocactive rain could bring radioactivity dowr :o0 ground

level. An enormous amount of radioactivity would be passing
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overhead; even a relatively weak meteorological process, one
normally not considered in reactor accident dispersion
modelling, could couple the upper air with air at ground level,
causing high doses.

Note that we have not shown results for release classes
PWR4 through PWR9. Although these releases can cause coses in
excess cf protective action guides, they rarely lead to doses
in excess of 200 rem. Doses tor those categories are dominated
by noble gases, so that ground depcsiticon can be ignored. As a
result, the dose ends aftar plume passage. Without effective

sheltering, the only emergency measure that has any impact on..

doses for these release classes is pre-plume evacuation.
IX. RADIATION DOSES FROM_REPRESENTATIVE
ACCIDENTS WITHIN THE PLANNING SPECTRUM
Q. How were your dose scaling factors obtainzd?
A. (Beyea) The basic dose scaling factor, with car and

skin deposition ignored, was calculated to have a range of
0.53-0.78, assuming that an evacuee is inside a car in the
plume dsposition area. This range represents an updating of
the 0.4-7 shielding factor range used in the Reactor Safety
Study (WASH-1400). Cars are lighter today (and will be more
so in the future) compared to the 1975-vehicles analyzed in

the Reacto: Safety Study. Assuming that vehicles involved
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in an evacuation will be 30% lighter than 1975

43/ the appropriate shielding factor range turns

vehicles,
out to be 0.53-0.784%/

The relative contribution of various doses, including
car and skin deposition doses, can be obtained as follows.
Nose per unit time (Relative to dose from a flat,

contaminated plane):

A) to person standing on contaminated beach,
parking lot, road, etc. 1.0 X sg48/

B) Dose inside car from contaminated ground 1.0 X scd2/

45/ Due especially to the decrease in the amount of steel
used in U.S.-built cars, the material weight of U.S. cars
dropred 15% between 1975 and 1981 and is projected to drop
another 15% by 1985. (Table 4.3, p. 122, Transportation
Energy Data Book, edition 6, G, Kulp, M.C. Holcomb,
ORNL-5883 (special), Noyes Data Corporaticn.)

46/ Shielding varies exponentially with mas- »er unit
area. Thus (.4)'7 = 0.53; (.7)'7 =« 0.78.

47/ In the absence cf detailed calculations, we assume that
absorption effects in air can be handled by neglecting all
absorption at distances less than 100 meters and by treating
absorption beyond 100 meters as total. Thus, we replace the
exact problem of a contaminated plane of infinite extent by
a finite circular surface of radius 100 meters. Since the
integral over the disk turns out to be logarithmic with
radial distance, the total dose is insensitive to the cutoff
distance chosen. These calculations are conservative since
they ignore ground scattering effects which increase
relative doses from deposition close to the receptor.

Deposition is assumed to proceed uniformly on any external
surface regardless of the surface's orientation. Thus, a
square centimeter of ground is assumed to receive the same
contamination as a square centimeter of skin.

48/ Shielding factor, Sg = 0.47-0.85. §See footnotes 26 and
60.

43/ Shielding factor, Sc = 0.53-0.78. §See footnotes 26 and
60.
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Dose inside car from radioactivity
deposited on outside of vehicle .22 X Sc 39/

D) Dose inside car from radioactivity deposited
on inside of vehicle with open windows .04 -,23L/

E) Dose from skin contaminated while
outside vehicle .3522/

F) Dose from skin contaminated while inside
vehicles with open windows . 1723/

20/ Based on numerical integration over an idealized
automobile, deposition is assumed to take place on the
underside of the vehicle as well as on the top surface.

21/ 'This case would occur 1) if windows had been left open,
or 2) if evacuees reached their vehicles and opened windows
before plume passage were complete,.

The low number corresponds to low wind speeds; the high
number corresponds to high wind speeds.

22/ An estimate of the relative contribution of skin
contamination to the total dose can be obtained by replacing
the complex shape of the human body with a set of bounding
geometric surfaces:

1) sphere: the dose rate at the center of a sphere
contaminated with N curies of radiocactivity per square
centimeter is 43% of the dose rate 1 meter above a circle of
100 meter radius that has also bern contaminated with
N curies per unit area.

Although a cylindrical model would be more accurate, the
results will nct differ by a large amount, as shown below.

2) right circular cylinder: numerical integration in the case
of a cylinder with radius 1/10th of the length indicates
that the average centerline dose is approximately 17%
greater than the sphere center dose discussed previously.
For a cylinder with radius 1/5th of the length, the average
centerline dose is slightly less than the sphere case,

The results of these rough calculaticns suggest that direct
contamination of people must make a significant contribution to the
total dose. We take the numerical relationship to be 35%, that is,
the skin contribution is assumed to be 35% of the dose from
contaminated ground.

23/ We take this dose tu be half of the value for a perscn
standing in the open, assuming that half of a person's surface area
is pressed against a seat and, therefore, not subject to deposition.
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The total dose can be obtained by multiplying each of the
above dose components by the amount of time spent under each
set of conditions. Unfortunately, there are a number of time
parameters that must, in principle, be sp:cified to calculate a
dose precisely. Rather than make a complex model, we have
chosen to simplify the calculations by ignoring a number of
effects that should tend to cancel:

1) We ignore the finite duration of the plume, that is, we
assume radiocactivity is deposited instantaneously. This
is equivalent to adding 30 minutes to the evacuation
clear time for S6V releases, 15 minutes for the Sl
release,

2) We ignore doses fro.. skin and car received after
evacuees reach reception centers. This neglected dose
should compensate for the above simplification.

3) In cases when skin contamination is assumed to take
place, we assume that at least some evacuees remain
outside vehicles during the entire time that the plume
passes. This appears to be a reasonable assumption,
given the fact that traffic will be stalled and it will
be uncomfortable inside vehicles that do not have air
conditioning.

4) In cases when car deposition is included, we assume that
a significant number of evacuees who leave their
vehicles to cool off (while waiting for traffic to move)

will stand next to, or lean on, a contaminated vehicle.
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The net result is that we numerically calculate doses to
beachaocers in one of two ways:
When skin deposition is neglected, we assume
that the last group of evacuees remains inside
or close to cars, stalled in traffic, while
exposed to contaminated ground. Doses do not
begin to accumulate until the wind carries the
plume to the vehicle. Doses continue to
accumulate until the clear time is reached, at
which point evacuees are assumed to leave
contaminated ground instantaneously and exit
their vehicles,
When skin deposition is not neglected,
evacuees are assumed to receive the above dose
plus the dose from skin contamination that is
accumulated up until the clear time.
These assumptions lead to an effective dose shielding factor
range of 1.0-1.3, when skin contamination is included, and a ‘.
range of 0.65-0.95 when it is not.
In our judgment, the net effect of these simplifications
is to underestimate the high end of the dose spectrum.
Tables 10, 17, and 18 (to be presented later) were
calculated for winter populations, which are initially
indoors. In these cases we have assumed cloud and
inhalation sheltering factors of around 0.75. We have also
assumed, for simplicity, a building shielding factor raage
that is identical to the automobile case (0.53-0.78).
Q. How many people are located near the plant?
A. (Beyea) The size of the beach area population around
Seabrook is uncertain. One estimate of this population has
been made by Public Service of New Hampshire arA is found in

Figure 6. Although its accuracy is uncertaii, this estimate
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does indicate that a substantial number of people are located
within two miles of the plant., Estimates by other witnesses in
this proceeding are much higher.

The number of persons who would be located within a plume
obviously varies not only with wind direction but also with
stability class and distance from the plant. At two miles the
plume could be viewed as being between a 29-wedge (A stability
class) and a 13-wedge (D stability class)iﬂ/ compared to the
22.5 population wedges in the table.

Q. How large are doses likeiy to be and how do they

|
|
\
\
compare with doses that would be received at other sites?
A (Beyea) In order to gain a better appreciation of the

higher risk faced by the beach population (higher than that

faced by residents at comparable distances at other sites for
comparable releases), we present a series of Tables that show

radiation doses likely tc be received under various scenarios.

Table 8 shows the highest-risk case, which applies to the
Seabrook beach population that is separated from the reactor by
a lagoon. (Because plumes disperse less over water, the plume
is more concentrated by the time it reaches the population than
had it traveled over land.)
The doses shown apply to a person assumed to leave the |

contaminated area after 5 hours. The doses are truly enormous

for the S6V-Total release. (Note that a 500-rem dose has a

horizontal dispersion coefficient.

24/ Wedges are assumed to have plume widths of 3 times the
- 59 o
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Table 10 shows that doses, even for S6V-Total, get very
high only for two meteorological conditions (D-stability,
wind speeds 2 and 4 meters/seccond). Doces for the other
releases never rise above early-death threshold. 1In
general, doses at these other sites are less than one-fifth
the doses for the highest-risk Seabrook beach case.

Q. Are the beach populations beyond two miles exposed to
risk of early death during a summer day?

A, (Beyea) Yes, certainly for an S6V-Total release.
Tables 11 and 12 show the calculated results for beach
populations at 4 miles and an evacuation time of S5 hours No e
that the beach population is not protected for a low-rising Si
release either.

Additional insight into how far from the reactor threshold
doses are likely to occur for an S6V-Total release can be
gained from examining Table 13. It shows early death radii for
D-stability class and a five-hour evacuation time. This means
that an individual remaining in the plume at a radius given in
the last column of the table for five hours under the given
weather ¢ nditions will receive at least a 200-rem dose. These
are the individuals who have not been able to evacuate earlier
due to traffic congestion, etc. It should be noted, however,
that individuals at this radius who have evacuated earlier may
still receive a 200-rem dose due to the continuing dose
contribution from material deposited on *their skin and car.

Similarly, individuals beyond the early death radius for a
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given set of conditions are not necessarily protected from a
200-rem dose, because we have not accounted for the doses they
might receive outcide the plume from skin and car deposition
material.

As noted previously, if evacuation times for the beaches
beyond 2 miles are longer than 5 hours, as is documented by
Adler, the consequences of these releases for a given set of
conditions will be more serious. The early death radii will be

larger and many more people will be exposed.

Q. How would a summer evening scenario affect your
results?
A. (Beyea) There is evidence that there would still be >

substantial population on or near the beaches on summer
evenings. Although evacuation times might be reduced due to a
smaller evacuating population, it is not clear that this
reduction would be enough to ensure that no early deaths
occurred in the population--especially since night-time plumes
are more concentr.-ed and therefore are more dangerous. In
order to investigate the consequences of a summer evening
scenario, we have obtained an estimate from our model of the
doses at 2 miles wuich would be received for typical evening
weather scenarios assuming a clear time of 1.5 hours. We have
assumed, in contrast to the summer scenario, that the
population is wearing more clothes and could remove “hem after
exposure to reduce the skin deposition dose. While it is very

uncertain how much this would reduce the skin depositior dose,
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we have also assumed for simplicity that removing clothes would
eliminate it, including the con:ri. tion fr)m contaminated
hair. We have still assumed a dose component from material
deposited on cars. (The dose scaling factor range for this
scenario becomes .65-.95)

The results of our model are shown in Table 13a. The tire
to reach 200 rem is usually one hour or less for the Sé6V-total
release, which means that any reduction of evacuation times
during the evening is not going to protect the populaticn for
this release category.

. P9 How frequently do the various weather conditions occur?

A. (Beyea) The frequencies of the Pasquill stability
classes, as reported in the SB 1&2, ER-OLS,iﬁ/ are given in
Table 14. The frequencies of the A,B, and C stability classes
increase during the summer months, with C the most frequent of
the three. D and E are the dominant stability classes.
Although not indicated in the Table (which is based on 24 hour
data), C and D stability classes would probably dominate during
daytime hours because the E, F, and G stability classes tend to
occur primarily in the evening or early morning hours.

The consequences during C, D, and E classes are all serious

in terms of early death. Consequences would slso be serious

26/ Public Service of New Hampshire, "Seabrook Station -
Units 1 & 2, Environmental Report, Operating License Stage,"
Figure 2.1-19.
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for F and G conditions though we have not considered them.
Our results are not based on an infrequently occurring
weather scenario.

The distribution of wind speeds within the stability
classes is given in Table 15.51/ Note that these
distributions are not disaggregated by season, and the summer

distribution might be different.

Although the frequency data n Tables 14 and 15 are
not precisely applicable to earl. <bles, it is possible to
use the information to make a ro . assessment of the

probability that the population would not be protected from
early death should a severe release occur with the wind blowing
toward a beach. For instance, it was indicated in Table 9 that
for an SéV-total release, the 2-mile beach population on a
summer day was not protected from early death under C and D
conditions. These meteorological conditions are likely to
occur 75% of the time during summer days.iﬁ/ The probability

is even higher for the highest-risk Seabrook beach population
-- around 93%.

Q. What about the S6V-1 release?

27/ New Hampshire Emergency Response Plan, Rev. 2., Vol. 6,
p- 10"‘52.

28/ This assumes that C and D stability classes occur with
a 75% prohability on a summer day (E, F, and G do not occur
ducing the day and about one half of the D percentages in
Table 14 occur at night.)




A. In this case, a similar analysis suggests that
doses exceeding threshold would occur about one-third of the
time for the hig'est-risk population at Seabrook beach, if
it were downwind.iﬂ/

Q. How many people would be contaminated during a
summer release?

A, (Beyea) It must be recognized that, based on Tables
6, 9, and 11, thousands of people might be exposed to
life-threatening doses should a release occur on a summer
day.

In order to put some bounds on the health consequences
to a beach area population, we have done a simple
calculation of the number of people who might be
contaminated due to a release at Seabrook. An unknown
fraction of this number would receive doses at or above 200
rem. The others might suffer a range of consequences, from
nausea within a few hours to cancer many years in the future.

The lower bound to this limit is zero; that is, with enough
warning time, it is possible that no one will be contaminated.

The maximum number of persons contaminated within ten miles

29/ The S6V-1 column in Table 8 indicates that the early
death threshold would occur for 1) D stability class and
wind speeds of 2 and 4 m/sec, and 2) C stability class and
wind speeds around 2 m/sec.

According to Table 15, the D wind speeds would occur 60% of
the time, while the C wind speeds would occur 18% of the
time. The net result, based on the data for summer months
in Table 14, is a 28% chance of early death threshold under
D conditions and a 5% chance under C conditions.
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during an accident on a summer weekday is listed in Table 16,
for a low estimate of weekday population taken from New
Hampshire Seabrook Plan. (See testimony of other experts in
this proceeding for an explanation of why the actual population
may be considerably bigher.) The table shows a range of
between 10,000 and 23,000 people who may be exposed.

The table assumes no cne within ten miles will have had
sufficient time to evacuate before passage of the plume. The
purpose of the table is basically to show the size of the
population that may be of immediate concern--those persons
within ten miles who will know they may have been exposed,
later wili presumably learn that they have been exposed, and -
who will wonder what the potential consequences will be.

The maximum number is sc large that it is gquestionable
whether medical facilities will be adequate to treat those
seeking treatment.

Q. Is the population exposed to "early death" during other
times of “he year?

A. (Beyea) Yes. We prepared Tables 17 and 18 in a manner
similar to those for a summer day beach scenario and found that
the population is not always protected from "early death" (200
rem) at two and four miles for the rapid bypass sequence, S6-V
total, although the population is protected for cther sequences
considered.

For those tables we examined evacuees who would take about

three hours to evacuate as shown in Table 19. During plume
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passage, residentc were assumed to be inside buildings with
cloud and inhalation shielding factors of 0.75. We assumed a
ground-dcse scaling factor of 0.65-0.95, implying that the
evacuees were in cars within the plume, and that the cars had
radioactive material deposited on them. No skin deposition
dose was assumed.

filthough Table 17 shows several "unprotected"” cases for the
rapid bypass sequences at two miles, it should be noted that
the actual doses above threshold would be considerably higher
in the summer time. Doses to the highest-risk beach population
would be about four times as high as those projected for an
off-season accident. (At four miles the corresponding ratio .
would be two to one.) As a result of these higher doses, the
total number of injuries would be greater in the summer even if
the exposed populations were “he same.

Furthermore, because the populiation during the cff-season
scenarios is smaller than for summer scenarios, fewer people
would receive radiation doses during off-season scenarios.
Therefore, there would be less of a chance that medical
facilities would be overwhelmed, and more of a chance that most
of those exposed to doses about 200 rem would receive the
"supportive” medical treatment that would be needed to raise
the early death threshold above 200 rem. This would be
particularly important for the 4-mile case shown in Table 18,

Q. What difficulties are associated with reducing the

health consequences of a large release at Seabrook?
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A, (Beyea) Limited options exist for reducing the severity
of accidents at Seabrook.

None of the extraordinary emergency measures that we, or
other nuclear analysts have been able to devise are likely to
eliminate or effectively reduce the serious radiation doses that
would result from a range of releases at Seabrook.

(A) Possibility of reducing skin and car deposition dose.

Our work here has shown that skin and car depocition
doses could make important contributions to the total dose
to an individual, but no consideration has been given to
reducing these doses in emergency planning. We have
considered whether or not extraordinary emergency measures X
could be taken to protect against them. For instance,
evacuees could be instructed to leave the evacuation vehicle
as soon as possible, to shower (skin and hair) as soon as
possible, and perhaps to remove hair with scissors.

Automated car spraying devices could be installed near
important beach exit points in an attempt to remove some of
the material from cars as soon as possible, thus reducing
doses to the occupants. The effectiveness of various
methods for removing radioactive aerosols from skin, hair,
and cars must be investigated, however, before credit can be
taken for them. The logistics of washing every car in the

beach area would be formidable and would likely add to




evacuation times. (Removal of aerosols is complicated by
the fact that radioactive aerosols attach themselves too
strongly to clean surfaces to be removed easily. On the
other hand, the fraction depositing on dirty or oily
surfaces could be removed at the same time as dirt and oil
were removed.)

All these measures, if they worked, could be helpful in
reducing the number of delayed cancers tha: would show up in
later years. However, their implementation would not change
the significance of our tables with respect to early health
effects. This is because post-evacuation doses are not even
considered in our calculations and because not all cars could.
be decontaminated. Also, populations are not protected, even
when car deposition doses are excluded.

B) Possibility of relying on shelters.

In principle, one way to reduce the chances of early death
occurring in the beach population would be to provide shielding
by means of sheltering, especially from ground dose, while
people wait for roads to clear. However, shelters would only
be useful if they are suitably massive, which seems doubtful in

this casc.ﬁn/ Serious questions exist as to whether they

€0/ 2.G. Burson and A.E. Profio, "Structure Shielding from
Cloud and Fallout Gamma Ray Sources for Assessing the
Consequences of Reactor Accidents,” EG & G, Inc., Los Vegas,
Nev., EGG-1183-1670.
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would actually be used by a majority of .Lne population. As
is indicated by the testimony of other experts in this
proceeding, sheltering is not a realistic option for the
beach populations.

The possibility of having beach occupants shield
themselves by immersing themselves in ocean water has been
rejected by us because of the low temperature of the water.
On the other hand, it would be physically possible for
exposed persons to partially shield thenselves from ground
cose by covering themselves with sand prior to evacuation,
However, the notion that people will wait away from their
cars buried in the sand or immersed in the water while
traffic congestion clears seems grotesquely unrealistic.

C) Possibility of evacuating on foot or by bike,

The beach population might be instructed to walk out of
the area. If the release has occurred, has bYlown towards
the beaches, and has been confined to a relatively narrow
area, this might be the best strategy to reduce doses from a
theoretical nuclear physics perspective. In this way, no one
would wait within the plume area accumulating doses from the
radioactive material on the ground or on cars. Our
calculations show that a person walking out in certain
circumstances would have received, about five hours after the

release, between a 30 to 40% lower dose than a person who has
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remained in a car within the plume while trying to

qvacuate_ﬁl/ However, this type of forced march strategy

flounders when faced with normal human behavior,

Providing bicycles for beachgoers might be a strategy since
it would offer the hope of relatively rapid escape.
Nevertheless, it is not clear what percentage of beachgoers
would utilize the bikes and what the traffic impact would be.
In fact, access to bikes might increase the disorderliness
the evacuation. For example, consider those beachgoers who
ypted for driving (with or without official permission), only
to return for bicycles after being stuck in traffic for an hour
or so. Their abandoned automobiles could well block traffic
for those remaining. Certainly no credit could be given in
emergency planning for reliance on bicycles without a
full-scale test of the process. Yet, a convincing test would
be impossible. How could a test reliably simulate the stress

and fear that would be cenerated in a real accident?

8l/ We calculated the dose to an individual on the beach
who waits for about cne and a half hours after the release
(dose scaling factor of 1.35), who then leaves the plume,
but accumulates doses from skin deposition (dose scaling
factor .35). We also calculated the dose to an individual
in a car within the plume, accumulating doses from the plume
)n skin and car deposition material (dose scaling factor of
1.0-1.3). By comparing the doses for about five hours after
the release, we found a 30-40 percent lower dose for those
individuals walking out,




D) PRossibility of pre-distributing potassium iodide,

The value of pre-distributing potassium iodide near nuclear
power plants has been discussed by us previously. However.
pre-distribution will not work for a transient beach
population, unless the authorities are willing to hand out
tablets every day to everyone who visits the beaches. Also,
potassium iodide would be of limited usefulness for the
high-dose scenarios that would develop at Seabrook beaches.

Q. What about the probability of the releases discussed
in your testimony?

A. (Beyea) PWR1-PWR9 releases are established by
NUREG-0396 as the spectrum of releases that must be considered:
in emergency planning for nuclear power plants. The NRC took
the probability and credibility of these accidents classes into
account in developing NUREG-0396. Every emergency plan,
therefore, must address the entire range of these releases, and
should also examine the site-specific equivalent of these
generic releases.

Q. What is your overall assessment of the doses that
might be delivered at Seabrook?

A. (Beyea) The summer Seabrook situation is the worst
case I have ever examined in connection with emergency planning
or hypothetical reactor accidents. The doses that would be
received following a range of releases at the Seabrook site,

even with the proposed emergency plans in effect, are higher
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than doses that would be received at most other sites in the
complete absence of emergency planning.
Q. Dr. Beyea, does that complete your testimony?

A. (Beyea) Yes, it does.

X. PWR-1 RELEASES AT SEABROOK

Q. Dr. Thompson, what is the basis for your statements
in your testimony?

A. (Thompson) As mentioned earlier, I have co-authored
a review (Sholly and Thompson, 1986) of various "source
term" issues. This review was current through mid-1985. I
used that review and the documents cited within it as a
basis for my statements. In addition, I have studied a
variety of more recent documents, which collectively form
the remaining basis for my statements. These more recent
documents include the draft NRC recport NUREG-1150 (NRC,
1987a) and the documents generated as a result of a January
1987 technical meeting sporsored by the NRC (Kouts, 1987;
NRC 1987b). (See attached references.)

Q. Please describe the potential for a "PWRl-type"
release.

A. (Thompson) The Reactor Safety Study (NRC, 1975)
described the PWR1 release category as being "characterized
by a core meltdown followed by a steam explosion on contact

of molten fuel with the residual water in the reactor




vessel." More recent work has identified the potential for
a similar release through a different mechanism--high-
pressure melt ejection. In this case, molten core material
is expelled from the reactor vessel under pressure of steam
and gases within the vessel.

Q. Where might the containment breach occur during an
accident sequence leading to a "PWR l-type" release?

A. (Thompson) For either steam explosion or
high-pressure melt ejection sequences, the location of the
breach cannot be predicted. The breach might occur anywhere
from the base of the containment wall to the containment
dome. In addition, a co-existing bypass pathway could lead
to some release through buildings adjacent to the main
containment building.

Q. Please describe the range of thermal energy release
rates which could be experienced during a "PWR l-type"”
release.

A. (Thompson) This range is illustrated by Figure 7,
which is drawn from the Seabrook Station Probabilistic
Safety Assessment (PLG, 1983). For present purposes,
release category S1 is relevant. The table shows that the
estimated energy release rate for this release category
could vary from 21,000 million BTU per hour to 60 million
BTU per hour, according to the size of the containment leak

area. Present knowledye of containment failure modes is
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such that the energy release rate cannot be predicted within
this range, and perhaps within a wider range.

Q. Please describe the potential for "PWR l-type"
releases to be relatively enriched in certain radioactive
isotopes?

A. (Thompson) In Appendix VI of the Reactor Safety Study
(NRC, 1975), release category PWR1l is shown as having a
relatively large release fraction for the ruthenium group of
radioactive isotopes--4(% for this release category as opposed
to 2% for release category PWR 2. Such an enhanced release is
predicted to occur because of the physical and chemical
behavior of a steam ezplosion event. More recent studies have.
shown that a high-pressure melt ejection event could also lead
to enchanced release of certain isotopes including those of
ruthenium, molybdenium and tellurium.

Q. Mr. Thompson, does this complete your testimony?

A. (Thompson) Yes, it does.
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IOH Revised Contention VIII to Revision 24

Revision 2 fails to provide adequate emergency
equipment, facilities, or personnel to SUPONrt an emergencv
response and fails to demonstrate that adequate rrotective
responses can de implemented in the event of 13 radiological
emergency. 1O CPR §50.47(1)(8)(10).

Appendix, Board's Order & Memorandum, May 18, 1987

Admizted Bases:

In pregacing the Hampton RERP, the State relies
upon a "snelter-in-place" concept as a "valuable
protective action" (in) that it can be implemented
gquickly, usually in a matter of minutes. RERP, ogs,
II-ZS‘ 26, The Hampton RERP acknowledges, however,
that "sheltering may not be considered as a protective
action on Hampton 3eacn during the summer." RERP, pa,
II-25. The plan theredy fails to provide reasonab.e
assurance that adequate and immediate orotection
measures will pe availanle to the thousands of
beachgoers in the event of emergency. Under its RERP,
therefore, the Town is required to rely upon
@#vacuation as the sole means of avoiding radiological
éxposure to large segments of the population., Since a
"major portion"™ of radicactive material may be
released within one hour of the initiating event,
NUREG, 2g. 17, and present estimates indicate
evacuation could take up to seven and one-half hours,

R;RS, I1-32, RERP measures for evacuation are a wholly
tnadequate protective response to meet an emergency.
contentions of Town of Hampton to Radiological Emergency
Response Plan for the Town of Hampton, New Hampshire, Novemser,
1985 (Contention VIII), at p. 12, admitted per Bo0ard's

Memoranda and Orders of April 29, 1986, a- 8, and May 138, 1937,
at 27.

while acknowledging that "Hampton has a very high
seasonal population," Revised Hampton RERP II-24, the
State has revised the Hampton RERP to purportedly
provide for "Protective Actions For Seasonal R%each
Population." Revised Hampton RERP Apcendix 5, These
"precautionary measures" merely provide that beaches
may be closed and traffic control initiated for all
dut the lowest level of emergency classification in
the event an emergency develops at Seabrook, 3y
relying upon evacuation as the sole means to "orotect"
the beach population, the State tEerosy implicitly



acknowledges that no adequate sheltering or other
protective responses short of evacuation would pe
appropriate or adequate in the event of radiological
emergency. Indeed, the Revised Hampton RERP oxf:,!;;z
acknowledges that, although "sheltering i{s a valiuabo.e
protective action., . ., sheltering may not be

considered as a protective action on Himpton Seach
dring the summer." Revised Hampton RERP, Page I1-25,

As set forth in the bases to Town of Hampton
Contentions IV (Inadeguate Transportation), Contention
V (Inadequate Road System), and Contentinn VI (Lack of
Adequate Personnel), however, evacuation of the tens
of thousands of people from Hampton Beach is simply
not feasible, Since a "major release" of radiocactive
material may occur within one hour of notification of
onset of an accident, NUREG-0654 pages 13, 14, the
thousands of beachgoers, many without benefit of the
protection of even normal clothing, will likely be
subject to significant radiological exposure and
injuey. 13, 14.

The Revised Hampton RERP and the Compensatory Plan
prepared by the State, therefore, fail to make
provision for any substantive changes over the
original Hampton RERP to protect the beach population,
confirm the Town's position that sheltering or
alternative protective actions are unavailable to the
dampton Beach population, and fails =o demonstrate
that evacuation will provide adegquate protection in
the event of radiological emergency.

Contentions of the Town of Hampton to Revised Radislogical
Emerguncy Response Plan and o Compensatory Plan for the Town
of dampton, New Hampshire, April 14, 1986 (Revised Contention
VIII), at pp. 8-10, as admitted by B30ard's Memoranda and Order
of May 22, 1986, at 5, and May 13, 1987, az 27,







Though an evaluation of the sheltering adequacy
of some of the buildings housing special
facilities appeirs at Table 2,.6<3 of Vol., 1 of
the NHRERP Rev, 2, there is no information given
with regard to schools and day care centers,

Seacoast Anti-Pollution League's Contentions on Revision 2 of
the New Hampshire Radiological Emergency Response Plan,
November 26, 1986 (amended Contention 16), at PO, 24-25,
admitted per Board Memorandum and Order of May 18, 1987, at 13,



NECNP Contention RERP-8:
Neither the New Hampshire RERP nor the local

plans provide a "reasonable assurance :ha:
adequate protective measures can and will )
taken in the event of a radiological emergency,”
as required by 10 CFR § 50.47(a)(1l), in that the
plans do not provide reasonable assurance that
sheltering is an "adequate protective meisure”
for Seabrook., Nor do the plans provide adeyuate
criteria for the choice between protective
measures, as required dy § 50.47(p)(10) and
NUR:G-O‘S" ’ II.J.IO.N.

Apoendix, Board's Memorandum and Order, May 18, 1987

Admitted 3ases:

The New dampshire RERP relies on two principal
protective actions for the public: sheltering
and evacuation. The plan, however, contains
only the most general criteria for determining
when shelter should be used as opposed to
evacuation, It provides no evaluation of the
sheltering capacity of the Seabrook EPZ; or any
anaiysis of how sheltering is expected to
contribute to dose reduction in the event of an
emer3nncy. The following examples illustrate
the plan's lack of analysis of the adegquacy of
sheltering, in spite of Seabrook area
characteristics which raise considerable

Juest ons apout the effectiveness of shelterina
there,

2, The RERP includes virtually no
assessment of the capacity to protect the
Public with sheltering facilities, whether
during peak use periods or at other times,
Only the adequacy of special facilities is
described to any degree. Thus, there is no
vasis for a finding of reasonable assurance
that sheltering constitutes an adequate
protective measure for all people who may
need 1t,

NECNP Contentions on Revision 2 of the New Hampshire State and

Local Radiological Emergency Response Plans, November 25, 1994

(Contention RERP-8), at 7, as admitted per 30ard Memorandum and
Order of May 18, 1987, at 513,



©. The RERP suggests that in order t»o
Achieve the greatest protection, "shelter
should be sought in tre lowes: level of the
building (e.g., in basecments), away from
windows." RERP at 2.6-6, 1!No assessment is
made of the number of structures in the
SeaBrook EPZ that have basements., 1In face,
it may reasonably be assumed that an
unusually high prop.rtion of Seabrook ar=a
houses, many of which are summer homes, do
not have the tight construction that is
necessary for effective sheltering.

NECNP Contentions on the New Hampshire State and Local
Radiological Emergency Plans, February 24, 1986 (Contentian
RERP-8), at pp. 1l-13, as admitted per Board Memorandum and
Order of April 29, 1986, at 59,

L



