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Ivan W. Smith, Chairman

Gustave A. Linenberger, Jr.
Dr. Jerry Harbour

)
)

In the Matter of )
)

PUBLIC SERVICE COMPANY OF NEW ) Docket Nos.
HAMPSHIRE, ET AL. ) 50-443-444-OL
(Seabrook Station, Units 1 and 2) ) (Off-site EP)

) April 25, 1988
)

.

COMMONWEALTH OF MASSACHUSETTS TESTIMONY OF
STEVEN C. SHOLLY ON THE TECHNICAL BASIS FOR THE NRC

EMERGENCY PLANNING RULES, DR. JAN BEYEA ON POTENTIAL
RALIATION DOSAGE CONSEQUENCES OF THE ACCIDENTS THAT FORM

THE BASIS FOR THE NRC EMERGENCY PLANNING RULES, AND
DR. GORDON THOMPSON ON POTENTIAL RADIATION RELEASE SEQUENCES

I. IDENTIFICATION OF 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.

__ ., -._ __ , . _ _ . _ _ _. .--
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A. (Thompson) My name is Dr. Gordon Thompson. I am

Executive Director of the Institute for Resource and Security
Studies in Cambridge, Massachusetts.

Q. Briefly summarize your experience and professional

qualifications.

A. (Sholly) I received a B.S. in Education from

Shippensburg State College in 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 to the safety

and economics on nuclear power plants, including the evaluation

of severe accident issues for light water nuclear power plants

generally, and for the Seabrook Station, Unit 1, specifically.

I have testified as an expert witness in proceedings before

the U.S. Nuclear Regulatory Commission (NRC) and other bodies,i

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

-2-
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Power Station, Unit 1 (Docket No. 50-322-OL-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 1968. Since 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

thiu general study of nuclear accidents and the computer codes

written to model radioactivity releases were then applied by me

-3-
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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 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

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 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.<

|
! I participated in the international exercise on consequence

modelling (Benchmsrk Study) coordinated by the Organization for

Economic Cooperation & Development (0.E.C.D.). Scientists and

-4-
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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 Laborctories, Lawrence Livermore Laboratory, Batelle

pacific-Northwest, and Pickard, Lowe and Garrick, Inc. I also

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, I 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,

!

I 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 mins on resolving conflict at the

|
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Indian Point reactor site, an article on emergency planning for
reactor accidents, and a joint paper with Frank von Hippel of
Princeton University 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 suveral 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 stages of my studies of

Seabrook by Brian Palenik, who has worked with 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 Mc;E: Releases of

i Radioactivity to the Atmosphere from *hva Mile Island"--my

report to the President's Council on Environmental Quality.

-6-
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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 "heir Implications for Emergency Planning," 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 .

consulting 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, I presented testimony before the Windscale Public

Inquiry in Britain, addressing safety aspects of nuclear fuel

reprocessing. During 1978 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

4
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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

bo3rd 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 develop 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.

8--



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.

II. 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, 1987i

1

"current" position on these contentions. In addition, our>

l

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 and the

FEMA position on them all concern the issue of protection from

radiological teleases of the beach populations in the vicinity

of the Seabrook Plant. Our testimony first describes the

i

-9-;
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standard guidance used by 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 population: 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
i

of cancer if one 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. OVERVIEW

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 --



_ - _ ________

l
i

discusses the use in the NRC reports NUREG/CR-1311, NUREG-0396,

i and NUREG-0654, of the risk assessment results for the Surry
|
'

Unit 1 plant (as set forth in the NRC report WASH-1400) to

derive dose-distance relationships for a spectrum of accidents,
|

| including severe accidents beyond the design basis of light
|

water 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. In 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

(pWRl-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

- 11 -
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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 under 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, $ue 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 calculations, to

receive doses as much as five times higher than generally

considered in nuclear emergency planning. This means that

certain accident releases, 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 releanes.

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 of the reactor to an unshielded summer beach

population makes the Seabrook case a special and difficult one

- 12 -
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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 complete 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 PWR1 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 "PWR1-type" releases to contain

greater amounts 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 n- of the NRC'
,

report WASH-1400.

A. (Sholly) WASH-1400 (N.C. Rasmussen, et al., Reactor

Safety S.tudy: An Assessment of Accident Risks in U.S.

Commatsial Nuclear Power Plants, U.S. Nuclear Regulatory

- 13 -
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F

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 ERA

Procedures Guide, WASH-1400 is a Level 3 PRA of two plants.1#

Q. please briefly describe the Surry Unit I 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 licenseI

DPR-32, issued on May 25, 1972. Seabrook Station Unit 1 is a

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

|
'

1/ Jack W. Hickman, et al., PDA PROCEDURES GUIDE! A Guide to
the Performange 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.

14 --



.

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 repott calculated a median core

melt frequency for Surry Unit 1 of about 5 x 10-5 per

reactor-year (or about 1 in 20,000 per reactor-year).A' The

NUREG-1150 analysis estimated the core melt frequency for Surry
-5to be 2.6 x 10 per reactor year. Sat, NUREG-1150, draft,

page 3-2. The dominant accident sequences for Surry Unit I

which contributed to this core melt frequency are identified

along with thsir estimated sequence frequencies in Table A, -

which is attached to this testimony. WASH-1400 also defined

nine release cateaorias or source terms which defined the
release characteristics and release frequencies for Surry Unit
1. These release categories were designated PWR-1 through

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

1/ The Surry core melt frequency estimate in WASH-1400 has
been cited as several different values. For instance, the
NUREG-ll50 report cites a value of 4.6 x 10-5 per reactor
year. San M.L. Ernst, et al., Reactor Risk Reference Document,
U.S. Nuclear Regulatory Commission, NUREG-ll50, Vol. 1, "Main
Report", draft for comment, February 1987, page 3-12
(hereinafter "NUREG-1150 draft). A technical report supporting
NUREG-1150 cites 4.4 x 10-5 per reactor-year. Sam,
Robert C. Bertucio, et al., Analysis of Core Damaae_Freqqtacy
From Internal Events: Surry Unit 1, Sandia National
Laboratories, prepared for the U.S. Nuclear Regulatory
Commission, NUREG/CR-4550, SAND 86-2084, Vol. 3, November 1986
page V-68. In fact, as indicated in Attachment 3 to this
testimony, if one adds the point estimate frequencies for the
WASH-1400 dominant accident sequences, one obtains a core melt
frequency of 1.2 x 10-4 per reactor-year.

- 15 -
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1

|

core melt accidents. Release Categories PWR-8 and PWR-9 are

non-core melt accidents, and are roughly equivalent to the
J
ldesign basis accident with (PWR-8) and without (PWR-9)
|

containment spray operation. The Surry release categories are
,1

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 NUREG-0396. -

A. (Sholly) NUREG-0396 (Task Force on Emergency Planning,

Elannina B6 sis for the Development of State and Local Emerggnty
| Resoonse Plans in Suocort of Light Water Nuclear Power Plants,

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.I'

3/ H.E. Colli ns, B.K. Grimes & F. Galpin, et al., Elanning
Basis for the Development of State and Local Emeroency Response
Elan 1_in Support of Light Water Nuclear Power Plantat Task
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").

- 16 -
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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."A'

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 I results from

NASH-1400 to perform consequence calculations to "illustrate

the likelihood of certain offsite dose levels given a core melt

accident."E# While the Task Force members debated various

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

A/ Id. at 11.

5/ Id. at 6.

- 17 -
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releases of radioactivity given a core melt event."E'

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.2/ The planning basis

distance, the time dependent characteristics of potential
releases and exposures, and the kinds of radioactive materials

r.htt can potentially be released to the environment were

identified by the Task Force as the three planning basis
elements needed to scope the planning effort.A' WASH-1400

results for Surry Unit I were used to define all three of the

planning basis elements in NUREG-0396. '

Q. Please describe the rationale used by the Task Force

In establishing the size of the EPZs recommended in NUREG-0396..

'

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 considerations."I# The rationale used by the

| S/ Id. at 6.
!
! 2/ Id. at 18-23.
|

| a/ Id. at 8,

2/ Id. at 15.
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,

Task Force in establishing the EpZ planning distances is more
:

fully described in Appendix 1 to NUREG-0396.

Q. Please describe 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
i

discussed in environmental reports prepared by utilities asI

.

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 accident discussions

in environmental reports were too limited in scope and detail
i

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 I
results from WASH-1400 were used by the Task Force.

A. (Sholly) 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.

12/ Id. at 1-4. ;
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This report, designated SAND 78-0454, 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 through PNR-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 PNR-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

estimated to have a frequency of 1.4 x 10~6 per reactor-year,

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

of 4.6 x 10 per reactor-year.12#~

t

11/ David C. Aldrich, Peter E. McGrath & Norman C. Rasmussen,
Examination of Offsite Radioloolcal Protective Measures for
Nuclear Reactor Accidents Involvina Core Melt, Sandia
Laboratories, prepared for the U.S. Nuclear Regulatory
Commission, SAND 78-0454, June 1978 (hereinafter
"SAND 78-0454"). This report was reissued as NUREG/CR-ll31 in
October 1979 following the Three Mile Island accident.

|
12/ Id. at 43.

l
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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 meteorological data from

one reactor site and an assumed uniform population density of
100 persons per square mile.AA# The CRAC code calculations

implemented for the Sandia study used hourly weather data for

one year and 91 accident 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).1A' The wind direction is assumed to be held constant ~ -

during and following the release; other weather changes are

modeled as indicated in the data.11' A revised model of

public evacuation (ultimately implemented in CRAC2, an improved

version of the code) was also used.II'
The most frequently cited curve in NUREG-0396 which was

derived from the Surry Unit I risk study results is a curve

which plots the probability of whole-body dose versus

11/ 14. at 36.

11/ According to a recent Brookhaven National Laboratory
report, weather data from a typical year for New York City were
used in calculations. Sam, W.T. Pratt & C. Hofmayer, et al.,
Technical Evaluation of the EPZ Sensitivity Study for Seabrook,
Brookhaven National Laboratory prepared for the U.S. Nuclear
Regulatory Commission, March 1987, page 6-2.

11/ Aldrich, et al., suRIA note 11, at 37-39..
]

11/ Id. 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 interpolated. BNL

used the newer CRAC2 code to recalculate the dose vs. distance
curves. The results of these calculations 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,

attached 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 1-18, that were drawn by the Task Force on

Emergency Planning.,

,

(Sholly) The Task Force derived a number of insightsA.

from Figures 1-11 through 1-18. These insights were set forth
>

'

in terms of the U.S. Environmental Protection Agency (EPA)

"Protective Action Guide" (PAG) doses. PAGs are expressed in

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

; or initiation levels, which warrant pre-selected protective
|

!
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actions for the public if the projected (future) dose received

by an individual in the absence of a protective action exceeds

the PAG."12# 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 rem 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

populations." If local constraints make the lower value

impractical to use, in no case should the higher value be

exceeded in determining the need for protective action.1A'

Based on the figures, the Task Force concluded that given a

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 10-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 Task Force

recommended that EPZs of 10 miles be established for the plume

exposure pathway and 50 miles 1E' for the injection exposure

12/ 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 Agency, EPA-520/1-75-001, September
1975, Revised June 1980, page 2.5.

11/ Collins, et al., supra note 3, at 1-41 and 1-43.
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pathway.AE'

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 a 50-mile

injection EpZ should be established around each nuclear power
plant.AA' Subsequently, these EpZs were codified in the NRC

emergency planning rule when the final rule was adopted in

1980.2A' Indeed, NUREG-0396 is explicitly referenced in the

final rule.2A# -

NUREG-0654, which provides detailed guidance for the

preparation and evaluation of radiological emergency plans for

nuclear power plant accidents, also references the NUREG-0396

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

was based primarily on four considerations:2A'

1A/ Id. at 1-37, 1-41, and 1-43,

11/ Federal Reaister 61123, 23 October 1979,

12/ Federal Reaister 55402, 55406, 55411, 19 August 1980.

II/ 10 CFR part 50, Appendix E, Section 1, f n 2.

11/ U.S. Nuclear Regulatory Commission and Federal Emergency
Management Agency, Criteria for Preparation and Evaluation of
Radioloaical Emeraency Response Plans _and Preparedness iD
Supoort of Nuclear Power Plants, NUREG-0654, FEMA-rep-1, Rev.
1, November 1980, page 12.
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projected doses from the traditional designa.
basis accidents would not exceed protective
Action Guide levels outside the zone;

b. projected doses from most core melt
accidents would not exceed Protective Action
Guide levels outside the zone;

c. for the worst core melt accidents, immediate
life threatening 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 of doses from core melt accidents (which
is based on the Surry analysis in WASH-1400). In addition,

'

NUREG-0654 guidance on 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 NASH-1400).

VII. CONCLE!ilDtLREGARDING THE TECHNICAL BASES
FOR 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

- 25 -
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Surry performed in WASH-1400. Thus, the"spectrum of accidents"

which were considered in establishing the EPZ distances in the

NRC emergency planning rules explicitly included core melt

accidents (up to and including those core melt accidents which

were predicted to result in early containment failure and a

large radiological release to the environment). A

site-specific analysis which examines dose-distance

relationships based on similar accidents would therefore

provide 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. RADIAT10N RELEASES _.FEQfi_BEPEESINTATIVE
ACCIDENTS WITHIN THE PLANNING SPECTRUM

Q. Dr. Beyea, before presenting the results of your i

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

occur following an accident, a "release pathway" from the

reactor core to the environment is required. (Enn testimony of

Steven Sholly.) One set of these pathways is generated by

failure of the reactor's pressure vessel followed by fcilure of

the containment building surrounding the vessel due to

overpressurization. Researchers have outlined some, though no.t

all, possible sequences and conditions for these failures.

Other pathways include releases occurring through a

containment penetration system. Massive steam generator

failure due to aging steam generator tubes might lead to a

large release through the secondary cooling syetem. 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

"plumo" of gases, 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.

-27-
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i
i

This escaping plume will rise to a height which is

dependent on such variables as 1) the amount of heat released

in the accident, 2) the weather condition existing at the time,
and 3) whether or not the release takes place at the top or
bottom of the structure. As will be shown later, there is no

satisfactory formula that predicts the magnitude of plume rise.

The plume will be carried by the prevailing wind. Under

the action of wind fluctuations and other weather conditions,

the plume will spread in both the horizontal and vertical

directions, so that the average concentration of radioactive

material in the plume will decrease with time as it travels

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 which material is removed from the plume, referred to as the

| deposition rate or "velocity", will also cause the

concentration of material in the plume to decrease with time.

For the most energetic release categories, particularly the

i steam explosion categories which cause rapid rise of gases into

the atmosphere, there is the possibility that escaping water

vapor may condense to significant amounts of (radioactive) rain.

The plume may disperse radioactive material along the

ground for more than a hundred miles if there is no reversal of
,

wind direction. Much of the area where the plume has passed
;

- 28 -
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will be contaminated for decades and "permanent" evacuation of

the original population will be required there. In addition,

as much as 10 percent of the material will be resuspended by
the action of wind and blown about in succeeding weeks.1E'

The area of contamination will increase, causing residents who

live outside the initial plume path to be exposed to radiation.

Immediately after the release, the plume will be visible,

due to the escape of large amounts of cloud-forming water

droplets. 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 radioactivity is heading. -

Q. How does the population receive radiation doses?

A. The population in the area under the plume would receive

most radiation doses via three dose pathways.25#'

(See Figure II): i

1) From external radiation received direct 1s
:

from the radioactive plume itself. (In the

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

The Reactor Safety Study assumed a 50 percent retention rate
for radioactivity deposited on vegetation. (See Appendices E

' s

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.

15/ Een 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, well 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 maior contributor to
early health effects for accident sequences

in which large quantities of ruthenium are

released (PWR-1 type releases), i.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

30 --
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possible. Because generic m3dels do not consider beach

situations, it was necessary to make special calculations for

contributions to ground dose not 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

radioactivity deposited on their skin and hair.

Other important dose pathways exist for persons not under

the original plume. These include inhalation and ground dose

from resuspended and redeposited radioactivity. (As has been

stated earlier, as much as 10 percent of the plume's material

may be resuspended within a few weeks.)11' 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 absorbad by tissue or bone. The

units are useful because a dose in rems can be used to project

the likelihood that an exposed person will be injured,

i
1

-_

12/ WASH-1400, suora.

|

|

i

,
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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, 50 percent of exposed
persons would suffer from nausea.AA#

Although not fatal by itself, nausea and vomiting should be

considered in emergency planning--especially in estitaating
evacuation times. It is quite conceivable that outbreaks of

nausea could precir ate 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 treatment.AA# In accordance with standard practice,

la/ See Volume VI of WASH-1400.

11/ In this proceeding, we do not testify as expert witnesses
in the biological effects of radiation. Instead, we have
relied on standard references to convert 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
AE#pathways discussed previously have been modelled by us in

several computer programs. The programs have been checked

against other consequence codes in use around the world.11'

The origit.al programs have been cited in other reports,1A#

10/ The major tources 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. In the case of pWR1 releases, there are
situations where inhaled isotopes such as ruthenium can cause
pulmonary syndrome, leading to early death.

31/ International Exercise in Consequence Modelling (Benchmark
Study), sponsored by the Organization of Economic Cooperation
and Development (0.E.C.D.), Nuclear Energy Agency, 38 Boulevard
Suchet, 75016 Paris, France.

12/ Jan Beyea, Program 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 of
the Consequences of Hypothetical Reactor Accidents at
Barseback," Jan Beyea (Stockholm: S'vedish Energy
Commission, 1978).

(footnote continued)
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while some modifications have been made for this study.11'

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 taken

by radiological protection agencies around the world, including

the Nuclear Regulatory Commission and the New Hampshire

Department of Public Health.AA'

(footnote continued)
Brian Palenik and Jan Beyea, "Some Consequences of Catastrophic
Accidents at Indian Point and Their Implications for Emergency
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.

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

lA/ 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 Site 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 Safety 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 methodology.AA'

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 radioactivity 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 cur 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 cers waiting for

traffic to move. Although not generally a major

11/ In such a case (Seabrook Beach), we have shifted
dispersion parameters by one stability class. Egg 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

calculations 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 experimental 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

-36-
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by modellers from different countries under one set of weather

conditions.AE# 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 our testimony fall well within the full

range given in Figure III.

At Seabrook, plume rise is a critical issue only for the

PWR1-type releases. The other releases are not characterized
by sufficient thermal bouyancy to make it an issue.

14/ Figure III has been taken from S. Vogt, CNSI Benchmark
Study of Consequence Models, International Comparison of Models
Established for the Calculation of Consequences of Accidents in
Reactor Risk Studies, Comparison of Results Concerning
problem 1. SINDOC(81) 43.
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Decosition Velocity

A range 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 I cm/sec.32#

Sea Breezes

Because of the complexity involved in modelling sea

breezes, we have treated them qualitatively. To obtain an

understanding of the sea breeze 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.1E#

In this example, the wind would blow toward the reactor

away from the beach, yet radioactivity would still reach the

beach for either low-rising or high-rising plumes, as
radioactivity became entrained in the cell and circulated

t within it. However, in this scenario, because it would take
1

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

i 12/ A complete discussion of this parameter can be found in
the Barseback Study, supra.

! la/ C.S. Keen, "Sea Breezes in the Complex Terrain of the Cape
l peninsula," in Third Conference Meteoroloav of the Coastal _Inna
( (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

radioactivity would arrive before the beach goers had left.1E'

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 breeze conditions, leading to the possibility that

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

1R/ W.A. Lyons, "Lectures on Air Pollution and Environmental
Impact Analysis," American Meteorological Society, Boston,
Mass., 1975. Een 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 Joint Conference on
Acolications of Air Pollution Meteorology, Nov. 29-Dec. 2, 1977
(American Meteorological Society, Boston, Mass., pp. 12-15).
Eng alan, S. Barr, W.E. Clements, "Diffusion Modeling:
Principles of Application," in Atmosoheric Science and Power
Production, (Report DOE / TIC-27601, Department of Energy,
Washington, D.C., 1984, p. 613).

- 39 -

- __ _ - _ _ _ _ . _ , _.__ __ _ _ _ _ _ - _ _ ,, _ . _



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? -

A. (Bayea) 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),AE# and the review of the PSA carried out by analysts
t

|

l AQ/ Pickard, Lowe and Garrick, Seabrook Station Probabilistic
Safety Assessment, 6 volumes, December, 1983.

-40-
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at Brookhaven National Laboratories for the NRC.S1

In our study, we have generally accepted the Brookhaven

recommendations, although for completeness we have considered

some PSA categories without modification. In such cases, we

have included them as part of 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. '

l. Category 1 (PWRl-type): Early Containment
Failure with Core Oxidation. This category is
represented by an "Sl" 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

I
|

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, I

(Washington, D.C., WASH-1400 or NUREG-75/014, 1975). |

l
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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 of 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 category, a direct
pathway to the atmosphere is opened as a result
of containment bypass. 43% of radioiodine, 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 S6V-total.

3. Category 3 (pWR3-type) Slow Containment
Byp.asa. 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 (S6V-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; S6V-1 in
Category 3 represents that taken in the pSA.

- 42 -
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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 ard can increase
delayed cancer risks in exposed populations,
they are not generally projecced to lead to
early health affects.

A summary of the characteristics of the first three release

categories 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
r
'

considered for the Seabrook plant. Taken together, these

| factors make summer release scenarios at Seabrook worthy of
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- TABLE 1

RELEASE. PARAMETERS
.

PWR1' PWR2- PNRJ
S I- S6V-total RSS ScV-1

Steam Containment Over- Contatnment.
Explosion Bypass ~ Pressurization .Bypa ss

.

; Warning' Time O.3 1.0 1.0 1.7

Roloase Duration (hrs) 0. 5. 1.0 0.5 1.0

Rolease . Time-(hrs). 1.4 2.5 '2.5 2.2

Enorgy Release Rate

(miilion BTU /hr) 520 low * 170 1ow*

Plume' Ris e (m)** 200-850 30 80-300 30
;

Roloase Fractions

iNoble Gaaes .94 .97 0.90 .'5- t.

Iodine .75 .43 0.7 ..

Cestum 75 .43- 0.5 *
...

Teluctum .3^ .40 0.3 : *

,

Bartu. .093 .049 0.06 . 0 '. 4

.

Ru then tum' - .46 .033 0.02 . 0 0 4 '.

La n t ha n ide s .0028 .0053 0.004 .3004.
!

-
._

* .Brookhaven au14esta a much lower release ratto than does the Seabras< kSA.
'

However, the plume rtse is low in both cases.
.

* *Calcu la t ions fc stast. tty classes A-E. P l u r. e rise varies within 2* e r:
.bocause of diff+: nt wind speeds. Vartations for 56V releases are .. +
they can be ignored. For an S1 release, the following values apply:

Wind Speed
,

Stabilsty
Class

_
m.sec 4 m/see __ B m/se:'

A-D 950 m 440 m 230 m

E 350 280 230 '

;
-

, .. . , . . . - . - - , - - . . . . . _ , - . - , . . ~ . , . . . , _ _ , . . - . _ . . . . . . . _ - _ . . - - . . . . _ _ . . - . . . . , . . . . ~ _ . , . _ _ - - - . -
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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 -

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 an "unusual event," an

occurrence that may lead to an eventual release of

radioactivity. Depending on the seriousness of the event or of

following events, a higher emergency level may be r. ached. 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

- 44 -
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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 an 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. AA' Their review of historical data shows these
kinds of estimates can range from one to many hours for a range

of 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'15

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 (S6V-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 PSA,

Reactor Safety Study) who devised the release categories

|

|

Al/ CONSAD Research Corporation "An Assessment of Evacuationc

; 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 (S6V-1): Evacuation starts 42
minutes before radioactivity 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 in Table 2. Some of the evacuation times

in the table for a two mile radius (and five mile radius)
appear to be for a selective evacuation from within that

radius. We have used five hours as a representative estimate

for beach site evacuation.

Current emergency plans at Seabrook call for notification

of beach populations at an earlier stage 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
i

this procedural modification. Although we have not taken

credit for extra warning time to the beach population, our

l results can be easily modified to do so. It is only necessary
I

to relabel the evacuation time assigned to our tables. In

|
|
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TABLE 2

SEABROOK EVACUATION CLEAR TIME ISTIMATE3 0'

SUMMER DAY SCENARIO

b) c) -d ) e) <RADIUS DEGREES HMM Vorhees Maguire NRC KLD'>

0-2 360 4:50 5:10 =
4:40. ----

0-3 180 East 5:20 ---- ---- ---- ----

0-5 3C0 5:50 i:10-5:40 6:20---- ----

0-10 360 6:05 5:10-6:10 10 11:25 6: 40

a) Time (Hours minutes) for the population to clear the ind ic a t ed area
after notification.

b) "Prelimtnary Evscuation Clea r Time Estimates for Areas Near $ + t ., r s . <
Station," HMM Document No. C-90-024A, HMM Associates, Inc., May . ' .1980.

c) "Final Report, Estimate Of Evacuation Times," Alan M. Vorhee5 <

As sec ta te s, July .900.
.

d) " E.t e r g e n r y Planntn; Zon. evacuation C. ear Time) Eatica*es C.E.
'

Maqutre, Inc., Fuoruary 19s3.

el "An Independu t Assessment of Evacuation Time Estimates for a P a a r.
Population Scenario in the Emergency Planntng Zone of the 3+abrook,

Nuclear Power Station," M.P. Mueller, et 41, Pacift: M o r t h'er e s tLaboratory. NUREG/CR-2903 PNL-4290.

f) "Evacuation Plan Update. Progress Report No. 3," KLD Ass:c: stes, J''
,

| Broadway, Huntin7t:n Station, NY 11746, Januaray 20, l 's h , Tao.e 19,
! - . Scenario 1A. Tnese c a lcu la tion s refer to the beach population, but

asauna the entire five mile population is evicuated effletally and that
2is of the pope'.ation bryond five miles evacuates spontaneously. It is

| further assumed that ceaches are at 80% of capacity and that c'f f t e t a l s
| attempt to nottfy tne ceach population at the Site Alert stage. .1
!- mirutes before a General Site emergency is called. To make these
! esttmates consistent wich the assumptions used in our calculattens, i

minutes should ce added to c .i e numbers shown. On the other hand, il
minutes should be subtracted to avoid double counting the delay
associated with nottfying beach occupants, which is already L .a. c l u d e d in
the KLD time estimatra.

.



other words, if beach populations are assumed to begin

evacuating 15-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 evacuation 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 population 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 (aga Moeller, et al.)AA# At

200 rem, a few percent of exposed persons would die within a

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

43/ J.S. 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 "LD50" 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 Ionizing 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 tu 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 release 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 radioactivity on the ground. The fractional decrease in

dose from shielding, 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.

On 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"

-48-



TABLE 3

EXPOSURE OF 2-MILE BEACH POPULATION
TO RISK OF EARLY DEATH ON A SUMMER TAY
(SKIN AND. CAR DEPOSITION NOT INCLUDED)

b!
Time in Hours t: Reach Risk of

di200 Rnm Early Death?

Stab #'Wtnd PWR1 PWR2 PWR3
ility Speed S6V- S6V-
Class (m/sec) II * I Total S6V-1 51*I tot. S6V-1

A 2 14. -21 18. ->24 >24 50% N N
chance

A 4 20. ->24 >24 >24 N N
"

A 8 >24 >24 >24 N N
"

B 2 >24 5. -7 >24 Y N
"

B 4 9.5-14 13. -19 >24 N N
"

8 8 1*. -21 >24 >24 N N."

C 2 >24 <1 19. -24 Y N."

C 4 >24 2'.6- 3.7 >24 Y N
"

|

C 8 7.7-12 .8.3-12 >24 N N
"

D 2 >24 <1 5. -7.0 25% Y Y

chance
D 4 >24 <1 12. -17 Y N"

|

l D 8 >24 1. 1.5 >24 Y N"*

i

a) The population two miles from the plant. but not directly across
'

the lagoon. Times would he shorter for populations with water
' between them and the reac to'r d ue to reduced d is pe rs io ns .

b) Persons caught in the plume are assumed to be partially shielded
I from contaminated ground by their vehicles. Ground shielding
| factors are assumed to range from 0.53 to 0.78, depending on the
! type of automobile. See Question 13 for further details.

c) Pasquilt stability class.
3) "Y" t nd ic a t e s exposure to a 200-rem dose o r highe r. An evacuation

time of 5 hours is assumed. A question mark by an entry indicates
that even though doses do not reach the 200-rem early death
th r e s ho ld , the 100-rem threshold for nausea has been reached. In,

such cases, the assumed 5-hou r evacuation time may be suspect.
j c) If the plume rises htqh, as at Chernobyl, the population will be
j protected against early death for this release. Othe rw is e, the

population will be exposed to risk of early death. (Both the'

thermal release rate and the plume rise equation are uncertain.
See text of question 12 for discussion of probabilities in cable.)

.
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itself for an evacuation.)Ad# Of those that do reach their

vehicles before plume passage, some will leave their windows

open and some will not enter their cars until traffic starts to

move. Thus, some of the population will have radioactive

material deposited directly on their skin and hair. We refer

to the dose from this material as a "skin deposition" dose.

Similarly, we take into account material deposited directly on

cars in the plume and the dose resulting from this material

(a "car deposition" dose).

For this second set of assumptions, we have estimated that

the dose to a person shielded by a car, but exposed to both

skin deposition and car deposition doses, would be 1.0 to 1.3

times the dose to an unshielded person exposed to a plane of

contaminated ground (see below). The dose scaling factor range

is thus 1.0-1.3. Results using this range are shown in Table 4.

A great deal of information is contained in Tables 3, 4 and

similar Tables to be presented later. Consider, for example,

D-stability conditions. Note that the times shown refer to

"clearing" time, that is the time for the last person in the

area to be evacuated. But even a 1-hour evacuation time, which

might apply to the earliest evacuees, is insufficient to keep

4A/ C.E. Maguire, Inc., "Emergency planning Zone Evacuation
Clear Time Estimates," February 1983.

t
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TABLE 4

1 EXPOSURE OF 2-MILE BEACH POPULATION" TO RISK OF EARLY DEATH ON ~ A SUMMER CAY
INCLUDES 70SE FROM SKIN & CAR DEPOSITION

'Time in Hours to Reach :RLsk of
200 Rem 'Early Death?

'St'b- Wind PWR1 PWR2 PWR3c
ility Speed 36V- S.6V-Class (m / s e c ) S1*' total S6V-1 SI*' tot. S6V-1

A 2 8.2-11 11-14 >24 50% N N
chance

A 4 12. -15 >24 >24 N N
"

A 8 >24 >24 >24 N N
"

B 2 19. -24 3.1-4 >24 Y N
"

B 4 5.5-7.3 7.0-10 >24 N7 N
"

B 8 8.4-11 17.4-23 >24 N N
"

C 2 >24 <1 12. -15 Y N
"

C 4 >24 1.7-2 >24 Y N
"

C 8 4.4-5.9 5 -6.5 >24 Y N
"

D 2 >24 <1 3.5-4.2 25% Y Y

chance
D 4 >24 <1 7.6-9.6 Y N7

"

0 0 >24 <1 17.4-22.5 Y N
"

a) The population two miles from the plant, but not directly across
the lagoon. Times would be shorter for populations with water

ibetween them and the reactor due to reduced d is pe rs io ns .
b) Persons caught in the plume are assumed tc be partially shielded

'

from contaminated ground by their vehicles. They are assumed to
receive a dose component from radioactive material deposited on
the car and directly on f:he ind iv id u a l . The effective ground
shielding factors range from 1.0 to 1.3, depending on the type of
automobile. See Question 13 for further details,

c) Pasqutil stability class.l

i d) "Y" indicates exposure to a 200-rem dose or higher. An evacuation
time of 5 hours is assumed. A question mark by an entry indicates
that even though doses do not reach the 200-rem early death
th res ho ld , the 100-rem threshold for nausea has been reached. In
such cases, the assumed 5-hou r evacuation time may be suspect.

o) If the plume rises high, as at Chernobyl, the populat io n will be
protected against early death for this release. Othe rw is e, the
population will be exposed to risk of early death. (Both the
thermal release rate and the plume rise equation are u n c e r.t a i n .
See text of euestion 12_for dansm a, .



|

|

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 5-hour evacuation time, one arrives at a

"yes/no" indication of whether or not the population at 2

miles is exposed to risk of early death. This is 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. In such -

cases, a 5-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
release. The results turned out to be so similar to, or

worse than, the SV6-total relecse 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 all, risk of early death is much higher for persons

very close to the plant where doses reach high levels very
'

rapidly.

- 50 -
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Second, we have not looked at slower wind speeds for the

various stability classes nor have we examined changing

weather conditions. Both of these situations can lead to

higher doses. Thus, Tables 3 and 4 do not include the wr. ret

possible weather conditions but only the most 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 radioactive material. Evacuation

time is also increased. -

On the other hand, 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 fer 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 S1 release for low thermal release rates and

low plumes rise.

Finally, it should be emphasized that the population's

exposure may be increased if the shown evacuation times are,

for whatever reason, longer than assumed here.
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In any case, the results of Tables 3 and 4 can be combined

with weather frequency data (Table 15) to show that for the

S6V-total release which represents the severe-containment-

bypass categories, if the 2-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 SI-steam-explosion release, which -

i

represents the largest release of all, in some circumstances

might causes fewer problems for the beach population at 2 miles

than the PWR-3 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-percent chance that this will be the case for 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 ;ises is uncertain, as was discussed earlier.,

Should the true plume ris *e a factor of two less than the
'

mid-range value predicted by standard plume rise formulas,

which is within the range of uncertainty (see Fig. 5), early
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Figure 5

VARIATION IN PLUME RISE

ACCORDING TO SOME WELL-KNOWN FORMULAS

10000

|

i~ ' > > -/ -

s# #'

100-

+r'
10

1 10 100 1000

g. m

The vertica) line at Q =150 megawatts corresponds to an 5Ihrelease. At this heat rate, the spread in predictions made by
different formula is about a f actor of two.

|
The graph has been taken from G.A. Briggs, "Plume Rise
Predictions"'in Lectures on Air Pollution and Environmental
Impact Analyses, American Meteorological Society, 45 Beacon

.
Street, Boston, Mass. 02108 U.S.A., 1975.

i

We quote from page 60: "It is no wonder that so many plume rise
' formulas have been developed. What is par:icularly distressing

is the degree to which they diverge on predicting /Lh for a given
| source and given conditions."

|

|
|
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deaths from external gamma exposures become frequent for A, B,

and C stability classes. It should also be borne in mind that
the pWR-1 releases are projected to include copious amounts of

isotopes that can give high lung doses. Thus, 1-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 S1 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 1-day lung dose under D-stability class for this

release.

It should also be recognized that a real accident may be

less severe than the Sl-case assumes. Paradoxically, because

of lower plume rise, a small 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
radioactive rain could bring radioactivity down to 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 doses in

excess of protective action guides, they rarely lead to doses

in excess of 200 rem. Doses for those categories are dominated

by noble gases, so that ground deposition can be ignored. As a

result, the done ends after plume passage. Without effective

sheltering, the only emergency measure that has any impact un -

doses for these release classes is ore-olume evacuation.

IX. BADIATION.. DOSES _EROM_EEERESENTATIYE
ACCIDENTS WITHIN THE PLANNING SPECTRUM

Q. How were your dose scaling factors obtained?

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 deposition 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 9eactor Safety Study. Assuming that vehicles involved
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in an evacuation will be 30% lighter than 1975

vehicles,SE# the appropriate shielding factor range turns
SI#out to be 0.53-0.78

The relative contribution of various doses, including
car and skin deposition doses, can be obtained as follows.

Dose per unit time (Relative to dose from a flat,
contaminated plane):12/

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

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

11/ Due especially to the decrease in the amount of steel
used in U.S.-built cars, the material weight of U.S. cars
dropped 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 Corporation.)

15/ Shielding varies exponentially with mass per unit
area. Thus (.4) 7 - 0.53; (.7) 7 - 0.78.

12/ In the absence of detailed calculations, we assume that
absorption effects in air can be handled by neglecting all
absorption at distances lesa 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 ' te..

integral over the disk turns out to be logarithmic witn
radial distance, the total dose is insensitive to the cutoff
distance chosen. These calculations are conservative since
they ignore ground scittering ef fects which increase
relative doses from deposition close to the receptor.

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

1H/ Shielding factor, Sg - 0.47-0.85. Een footnotes 26 and
60.

12/ Shielding factor, Sc = 0.53-0.78. Sam footnotes 26 and
60.

|
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C) Dose inside car from radioactivity
deposited on outside of vehicle .22 X Sc 12/

D) Dose inside car from radioactivity deposited
on inside of vehicle with open windows .04 .251/

E) Dose from skin contaminated while
outside vehicle .3552/

F) Dose from skin contaminated while inside
vehicles with open windows .1711/

ER/ 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.

11/ 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.

.

12/ 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 radioactivity per square
centimeter is 43% of the dose rate 1 meter above a circle of
100 meter radius that has also been contaminated with
N curies per unit area.

Although a cylindrical model would be more accurate, the
results will not differ by a large amount, as shown below.

2) right circular cylinder: numerical integration in the case t

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 calculations 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.

52/ We take this dose to be half of the value for a person
standing in the open, assuming that half of a person's surface area
is pressed against a seat and, therefore, not subject to deposition.

- 56 -

t

.-. ._.
.._ - _ . _ _ _. . , . , _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

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 specified 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 radioactivity is deposited instantaneously. This

is equivalent to adding 30 minutes to the evacuation
.

clear time for S6V releases, 15 minutes for the S1

release. -

2) We ignore doses from 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

conditior.ing .

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.
:

- 57 -
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The net result is that we numerically calculate doses to

beachgoers 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 range

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 and is found in
Figure 6. Although its accuracy is uncertain, this estimato

-58-



i

I
|

L10608

[6J89 l N
_ 334, g

NNW 4264 NHE !1234 336583613 1

|15101 10039 !

[IETE"]NW
1414 NE

12900 10 wits:
1185 216

342
WNW 2893

[ 82541 1224 8022 ENE
$3624 371 gggtq6052 0

731 2 627
1425 3

4 ,A
W 2919 4154 4 '

O o [
#77

*

5147 W | A n r.r, !,

f
y, g 0

7431 9707 2194 0
NbN

2853 13299 ESEW 2963

11191

0

SW
SED4101} 401 14274 6303 [;372|

1222'
SSW 1o22 SSE

[21134
g R

k Irei: s . , r.s .a i moou.non
o is to un., [15978.I

POPULAil0N TOTALS
nino. wits: , ,tChe, et wites QQf,'|ej

O.3 27896 0.g 4:040
2_s A0237 o5 861_33; S 10 mqqA1 o to 17eQ94

| 10-B 47632 1 0-B,_ .22572L
Figure 6 Scenarios 3 and 4: Sum.er Weekday

Population

10-52

._ - . _ . _ _ _ _ _ . - - --



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)EA' compared to the
22.5 population wedges in the table.

Q. How large are doses likely 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 to 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

54/ Wedges are assumed to have plume widths of 3 times the
horizontal dispersion coefficient.

|
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TA9'

DOSES RECEIVED ON A SUMMER DAY BY H IG HES T- R IS K POPULATION ON SEABROOK BEACH
MSKIN & CAR DEPOSITION DOSE INCLUDED)

Dose 5 Hrs After
)Evacuation starts Risk of

)(In-Rem) Early Death?

Steb # Wind. PWR1 PWR2 PWR3
.ility Speed 36V- S6V-
Class (m/sec) S1*' total S6V-1 S1*' tot. $6V-1

A 2 63-74 230-270 (50 N Y N

A 4 160-190 120-150 <50 N? N? N

A 8 120-140 65-76 <50 N? N N

B 2 <50 580-6 85-98 N Y N.

B 4 <50 320-380 48-55 N Y N

B 8 180-220 170-2C- (50 Y Y N

C 2 (50 1600-1900 230-270 N Y Y
*

C 4 900-1100 130-150 N Y N
"

C 8 490-590 70-83 N Y N
' "

-D 2 2700 3200 379-448 N Y Y
"

D 4 1600-1900 222-264 N Y Y
"

D 8 " 840-1000 120 i43 N Y N?

a) The population a t 2 mi. with bay water between r e a c *.o r a nd beach.
b) Persons caught in the plume are assumed to be partially shielded

from contaminated ground by their vehicles. They are assumed to
receive a dose component from radioactive material deposited on
the car and 1. rec tly on the ind iv id ua l . The effective ground

i shielding factors range from 1.0 to 1.3, depending on the type of
( automobile. See Question 13 for further details.

c) Pasquill stability class. Dispersion parameters were shifted by,

j one stability class to account for reduced dispersion over water.
(See W.A. Lyons, "Turbulent Diffusion and Pollutant Transport in,

1 Shoreline Environments", in Lectures on Air Pollution and
Er.v t ronme n ta l Impact Analyses. American Meteorological Society, 45
Beacon Street, Boston, MA 02108. (1985). Pages 141, 142, and
especially Figure 25 on Page 149.)

' d) "Y" indicates exposure to a 200-rem dose o r highe r. An evacuation
ttme of 5 hours is assumed. A questson mark by an entry andtcates
that even though doses do not reach the 200-rem early death
threshold, the 100-rem threshold for nausea has been reached. In
such cases, the assumed 5-hour evacuation tiae may be suspect.

o) Assuming mid-range plume rise,
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mortality rate greater than 70%.) As discussed below, doses

exceed the threshold for meteorological conditions that hold

93% of the time.

The doses for an S6V-1 release are smaller than for
S6V-Total, but still exceed threshold for meteorological

conditions that hold about 33% of the time. Doses shown for

the high-rising S1 release have been calculated using a

standard plume rise formula, so they almost always remain

below threshold. (However, as mentioned earlier, the

occurrence of a low-rising plume is expected frequently.
For this reason, we continue to list probability values
under the yes/no columns in Table 8 that indicate whether or -

not there is a risk of early death.)

Not all of the 2-mile beach population is separated from
the reactor by water. Table 9 shows the results for
populations separated by land. The doses are still

extraordinarily high for the S6V-Total release, but are

significantly less serious for an S6V-1 release. It is of

interest to compare these results with doses that would be

accumulated at the median reactor sito around the United
States. The results are shown in Table 10. We have taken

1.5 hours for the evacuation clear time within 2 miles,

based on an NRC estimate of the median time.EE

il/ T. Urbanik II, "An Analysis of Evacuation Time
Estimates Around 52 Nuclear Power Plants," Nuclear
Regulatory Commission, Washington, NUREG/CR-1856 (1981),
Vol. I, Table 10, p. 21.
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TABLE 9

DOSES RECEIVED ON A SUMMER DAY BY 2-MILE BEACH PCPULATION
(SKIN & CAR DEPOSITION DOSE INCLUDED)

Dose 5 Hrs After
)Evacuation starts Risk of

d)(In Rec) Early Death?

Stob #' Wind PWR1 PWR2 PWR3
ility Speed S6V- S6V-,_ , ) _, , )Cless (m/sec) Si total S6V-1 Si tot. S6V-1

A 2 122-143 95-110 <50 N N N

A 4 92-109 50-59 <50 N N N

A 8 53-62 <50 <50 N N N

8 2 63-74 230-270 <50 N Y N

B 4 160-190 120-150 <50 N? N? N

B 8 120-140 65-76 <50 N N N

C 2 <50 580-680 85-98 N Y N

C 4 <50 320-380 48-55 N Y N

C 8 180-220 170-200 <50 Y Y N

D 2 <50 1600-1900 230-270 N Y Y

D 4 <50 900-1100 130-150 N Y N

! D 6 (50 490-590 70-83 N Y N

.

a) The population two miles from the plant, but not directly across
the lagoon.

b) Pe rsons caught in the plume are assumsd to b~e partially shielded
from contaminated ground by their vehicles. They are assumed to

; r w c e i '.* a a dose ecmponent from radioactive ma t e r ia l d epo s'i ted o n
the car and directly on the individual. The e f f ective g round
sht.1 ding factors range from 1.0 to 1.3, depending on the type of
aut.mobt'e. See Question 13 for f urthe r de tails,.

c) Pasquill stability class.
[d) "Y" indicates exposure to a 200-rem dose or higher. An evacuation

time of 5 hours is assumed. A question mark by an entry indica te s
| that even though doses do not reach the 200-rem early death
! th res ho ld , the 100-rem thresnold for nausca has been reached. In

such cases, the assumed 5-hour evacuation time may be suspect.
o) Assuming mid-range plume rise.

. ~ . - - , , __ . - - , .. - - . _ _ . __



TABLE 10

#'DOSES RECEIVED BY 2-MILE POPULATION
AT A MEDIAN REACTOR SITE IN THE UNITED STATES

(CAR DEPOSITION DOSE ' INCLUDED)

Dose 1.5 Hrs After
)Evacuation Starts Risk of d)-( I n Rem) Early Death?

Stcb " Wind PWR1 PWR2 PWR3
111ty Speed 36V- S6V-__,)Cicss (m/sec) Si total S6V-1 Si tot. S6V-1

__,)

A 2 53-60 <50 <$0 N N N

*

A 4 <50 <50 <50 N N N

A 0 <50 <50 < ' N N N

.8 2 <50 93-110 ( N N N

B 4 71-82 52-58 <50 N N N

B 8 52-61 <50 <50 N N N

C 2 <50 220-250 450 N Y N

C 4 <50 130-140 <50 N N? N

C 8 79-91 67-76 <50 N N N

D 2 <50 540-610 77-87 N Y N

D 4 " 310-370 <50 N Y N

D 8 170-200 <50 N Y N
"

a) The population two miles from the plant.
b) Persons caught in the plume are assumed to be partially shielded

from contaminated ground by buildings and their vehicles. They
are assumed to receive a dose component from radioactive material
deposited on the car, but they a re not assumed to have had their
skin contaminated. The effective ground shielding factors range
from 0.65 to 0.95. depending on the type of automobile. Cloud and
Lnhalation shielding factors are taken to be 0.75. See Question

i 13 for f u rt he r de tails.
c) Pasquill s t . 0111ty c la s s .
d) "Y" indicates exposure to a 200-rem dose or higher. An evacuation

time of 5 hours is assumed. A question mark by an entry indicates
j that even though doses do not reach the 200-rem early death

th res ho ld , the 100-rem threshold for nausea has been reached. In
| such cases, the assumed 5-hour evacuation time may be suspect.
. c) Assuming a mid-range plume rise.
}
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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 /second). Doses for the other

releases never rise above ea'rly-death threshold. In

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 5 hours. Note

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 conditions 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

- 61 -
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TABLE 11
^

DOSES RECEIVED ON A SUMMER DAY BY 4-MILE BEACH POPULATION '
(SKIN AND CAR DEPOSITION DOSES INCLUDED)

Dose 5. H rs After b)Eva cu at ion S ta rts Risk of .

(In Rem) Early Death? #

Stcb #' Wind PWR1 PWR2 PWR3
'ility . Speed S6V- S6V-
Clcss (m /s ec ) SI*' total S6V-1 S1'' tot. S6V-1

A 2 61-71 48-55 <50 N N N

A 4 <50 <50 <50 N N N

A 8 <50 <50 <50 N N N

8 2 82-96 59-69 <50 N N N

B 4 64-75 <50 <50 N N N

B 8 <50 <50 <50 N N N

C 2 <50 160-190 <50 N N? N
'

C 4- 98-120 )?-110 <50 N N N

C 3
'

93-110 52-61 (50 N N N

D 2 (50 540-640 77-89 N Y N

O 4 <50 340-410 50-58 N Y N

D d (50 190-230 <50 N Y N

a) Tne population 4 miles from the plant,
b) Pe-sons caught in the plume are assumed to be partially shielded

.

from contaminated ground by their vehicles. They are assumed to
receive a dose component from radioactive material deposited on
the car and directly on the individual. The effective ground
sitelding factors range from 1.0 to 1.3, depending on the type of
automobile. See Question 13 for f u rthe r deta ils,

c) Pasquill s tability c las s.
d) "Y" indicates exposure to a 200-rem dose or higher. An evacuation

time of 5 hours is assumed. A question mark by an entry indicates
:nat even though doces do not reach the 200-rem early death
enreshold, the 100-rem threshold for nausea has been reached. In
such cases, the assumed 5-hour evacuation time may be suspect.

o) Assuming a mid-tange plume rise.

_ _ _ _ . _ _ _ _ _ . _ _
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TABLE'12

EXPOSURE Or 4-MILE BEACH POPULATION'' TO RISK OF EARLY DEATH ON A SUMMER DAY
(SKIN & CAR DEPOSITION DOSES INCLUDED)

'Time in hou rs to Reach Risk of
200 Rem

Stob #'. Wind PWR1 PWR2 PWR3
Early Death?

ility Speed S6V- S6V-Class- (m/sve) S1''~

total S6V-1 SI'I tot. S6V-1
A 2 19-24 23. ->24 >24 N N N

A 4 >24 >24 >24 N N N

A 8 >24 >24 >24 N N N

-B 2 13-17 18. 23 >24 N N N
-

B 4 18-24 >24 >24 N N N

B 8 >24 >24 >24 N N N

C 2 >24 5.4- 6.7 12-15 N Y N

C 4 11-14 10.5-13.5 23->24 N N N

C 8 12-15 21.6->24 >24 N N N

D 2 >24 (1 3.5-4.2 N Y Y

D 4 >24 1.7- 2 6.8-8.6 N Y N?

D i >24 4- 5.2 14-18 N Y N

a) T9e popu.ation 4 miles from the plant,
b) Persons caught in the plume are assumed to be partially shielded

from contaminated ground by their vehicles. They are assumed to
receive a dose component from radioactive material deposited on
the car and directly on the ind iv id u a l . The effective ground
shielding factors range from 1.0 to 1.3, depending on the type of
automobile. See Question 13 for f u rthe r de tails,

c) Pasquill s tability class.
d) "Y" indteates exposure to a 200-r,em dose or higher. An evacuationtime of 5 hou rs is assumed. A question mark by an entry indicates

that even though doses do not reach the 200-rem early dea th
th re s ho ld , the 100-rem threshold for nausea has been reached. In
such cases, the assumed 5-hou r e vacua tion time may be suspect.

; c) Assuming a mid-range plume rise.
:

I
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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 outside 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 a'

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 concentrated 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 which 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 them after
,

exposure to reduce the skin deposition dose. While it is very '

uncertain how much this would reduce the skin deposition dose,
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we have also assumed for simplicity that removing clothes would
,

eliminate it, including the contribution from 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 time

to reach 200 rem is usually one hour or less for the S6V-total

release, which means that any reduction of evacuation times

during the evening is not going to protect the population for
this release category.

Q. 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,EI# 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 also be serious

56/ Public Service of New Hampshire, "Seabrook Statiun -
Units 1 & 2, Environmental Report, Operating License Stage,"
Figure 2.1-19.
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TABLE 13

EARLY DEATH RADII FOR A 5-HOUR EVACUATION TIME

ON A SUMMER DAY

S6V-TO ?AL RELEASE

EARLY DEATH
STABILITY WIND SPEED RADIUS

CLASS (m /it e c ) (miles)"

B 2 2-3

8 4 1-2

B 8 1-2

C 2 3-4

C 4 2-3

C 8 1-2

D 2 7-8

D 4 6-7

D 8 4-5

a) An individual in the plume a t this radius under the given
conditions will receive, assuming a five-hour c' ear t i e. e , at least a,

200 rem dose. Ind iv idu a'I s at this radius who hsve evacuated earlier
may still receive at least a 200 rem dose due to the continuing dose
contribution from material deposited on their skin and car.
In div id u a ls at f arther dis tances may s till receive 200 rem doses due to;

' skin and car deposition doses after leaving the plume.
t

A dose scaling factor range of 1.0-1.3 is assumed. This is equivalent
to assuming 1) that some individuals are caught in the open during
plume passage, 2) that the last to evacuate are stuck in traffic and
spend the full five hours in contaminated ground, and 3) that all doses
cease after five hours. See Question 13 for f u rthe r de tails.
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TABLE 13a

DOSES RECEIVED ON A SUMMER EVENING BY TWO-MILE BEACH POPULATIO'N#'

(CAR DEPOSITION DOSE INCLUDED, NOT SKIN DOSE)

Dose 3 Hrs After b)Evacuation starts Risk of
. '(In Rem) Early Death?

Stcb *' Wind PWR1 PWR2 PWR3
ility Speed S6V- S6V-Cicss (m/sec) S1* total S6V-1 S1*' i

'tot. S6V-1
D 2 <50 820-970 120-140 N Y N

D 4 480-560 72-81 N Y N
"

D 8 260-310 <50 N Y N
"

E 2 1300-1600 200-220 N Y Y
"

E 4 790-950 120-130 N Y N
"

E 8 430-520 64-73 N Y N
"

a) The population 2 miles from the plant, not directly across the
lagoon. Doses would be higher should the plume be blowing over
the lagoon.

b) Persons caught in the plume are assumed to be partially shielded
from contaminated ground by their vehicles. They are assumed to
receive a dose component from radioactive material deposited on
the car. No skin dose is incluCed on the assumption that
a) clothes keep radioactivity from reaching skins and b)that
clothes are discarded once evacuees enter their cars. The
effective ground shielding factors range from 0.65 to 0.95,
depending on the type of automobile. See Question 13 for further
details.

c) Pasquill stability class.
d) "Y" indicates exposure to a 200-rem dose o r highe r. An evacuation

time of 5 hours is assumed. A question mark by an entry indicates
that even though deses do not reach the 200-rem early death
threshold, the 100-res threshold for nausea has been reached. In
such cases, the assumed 5-hour evacuation time may be suspect.'

0) Assuming a mid-range plume rise.

I

i
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TABLE 14

FREQUENCY OF PASQUILL STABILITY CLASSES AT SEABROOK(a)
( Va lu e s in % of Time)

iMonth
A. B. C D

E_ F G

Apr 1979 1.27 2.11 3.80 49.65 29.40 7.88 5.91
May 1.20 2.86 4.82 52.86 26.51 5.27 6.48

Jun 2.92 6.69 12.26 39.83 25.49 6.13 6.69
Jul 4.90 6.94 11.56 29.12 28.84 12.65 5.99
Aug 2.91 4.71 9.97 43.07 26.59 7.34 5.40

.

Sep 1.25 7.64 11.81 30.69 27.36 10.83 10.42
Oct 0.91 2.96 5.79 39.30 34.05 10.09 7.00
Nov 0.00 0.56 4.76 43.92 34.83 9.37 6.57

Dec 0.00 0.41 2.70 47.03 41.35 5.81 2.70
i

!Jan 1980 0.13 1.88 6.59 51.88 30.38 5.78 3.36

Feb 0.44 2.03 5.37 50.36 34.69 5.66 1.45

Mar 10.68 1.64 5.34 43.15 24.66 6.03 8.49
'

Yearly 2.22 3.37 7.08 43.31 30.38 7.76 5.07
.

a) Period of Record: April 1979 March 1980. Stability-

class calculated using 43'-209' delta temperature. Source:SB 1&2, ER-OLS, Table 2.3-24. '

:
i
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TABLE 15

JOINT FREQUENCY DISTRIBUTIC: OF WIND SPEED. AND

STABILITY CLASS FOR SEABROOK11 (209-FOOT LEVEL)b1

APRIL '79 MARCH '80-

Stability Class Wind Speed (mph) Wind Speed (m/sec) % Within Class

A (4 <1.8 1.04
4-7 1.8-3.1 8.85
8-12 3.6-5.3 31.77

>12 >5.3 58.33

8 <4 (1.8 1.03
4-8 1.8-3.1 10.65
8-12 3.6-5.3 42.:7

>12 >5.3 46 .5

C <4 <1.8 2.29
4-7 1.8-3.1 17.51
8-12 3.6-5.3 36.50

>12 >5.3 43.6.

O <4 <1.8 3.34
4-7 1.8-3.1 17.92
8-12 3.6-5.3 36.70

<12 >5.3 42.03

E (4 <1.8 4.57
4-7 1.0-3.1 16.78
8-12 3.6-5.3 44.32

>12 >5.3 34.33

a) Source: SB 142. ER-OLS, Table 2.3-27.

b) Frequency d Ls tribution would vary with measurement level and
season.
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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 15.11' Note that these

distributions are not disaggregated by season, and the summer

distribution might be different.

Although the frequency data given in Tables 14 and 15 are

not precisely applicable to earlier tables, it is possible to

use the information to make a rough assess:nent 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 S6V-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.EE# The probability

is even higher for the highest-risk Seabrook beach population

-- around 93%.

Q. What about the S6V-1 release?

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

|

| 11/ This assumes that C and D stability classes occur with
| a 75% probability on a summer day (E, F, and G do not occur

during the day and about one half of the D percentages in,

| Table 14 occur at night.)
!

I
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A. In th'is case, a similar analysis suggests that
doses exceeding threshold would occur about one-third of the

time for the highest-risk population at Seabrook beach, if
it were downwind.EE#

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 : summer

day.

In order to put some bounds on the health consequences

to a beach araa population, we have done a simple ,

calculation of the number of people who might be

cor.taminated 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

11/ 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.
i

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.

- 65 -
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P

during an accident on a summer weekday is listed in Table 16,
for a inn 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 higher.) The table shows a range of

between 10,000 and 23,000 people who may be exposed. I

r

The table assumes no one 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 will presumably learn that they have been exposed, and -

who will wonder what the potential consequences will be. '

The maximum number is so large that it is questionable

whether medical facilities will be adequate to treat those
4

seeking treatment.

Q. Is the population exposed to "early death" during other

times of the 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 other sequences

considered,

For those tables we examined evacuees who would take about

three hours to evacuate as shown in Table 19. During plume

1
>
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TABLE 16
r

VARIATION IN POPULATION EXPOSED ,IN SSE SECTOR
[WITHIN 10 MILES ON A SUMMER WEEKDAY t

;

t

PLUME ANGLE")
STABILITY CLASS AT 5 MILES (degrees) MAXIMUM EXPOSED POPULATION

A 26 23,000
!

a 20 18,000
1

4 C 15 13,000
t

D 11 10,000
.

I

a) Assumes a plume angle of three times the horizon tal dispersion
coetficLent.

.

t

b)-Calculated as the population in the SSE sector (20,000) according to !figure 6 multiplied by the ratto of plume angle to 22.5 degrees. Minimum
population could be zero if the wind were blowing towards the ocean and ;
there were sufficient warning time of a release,

f

,

'

>

;

I

i
i
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TABLE 17

DOSES RECEIVED AT 2 MILES ON AN OFF-SEASON WEEKDAY"
(CAR DEPOSITION DOSE INCLUDED)

Dose 3 Hrs After
}Evacuation starts Pisk of '(In Rom) Em ily Death?

,

Stob #' Wind PWR1 PWR2 PWR3
111ty Speed S6V- S6V-
Closs (m/sec) S1*I total S6V-1 Tl' I

~

tot. 36V-1

A 2 62-73 48-55 <50 N N N

A 4 47-56 (50 N N N
"

A 8 <50 N N N
' "

8 2 110 *40 N N N
" "

8 4 83-94 62-72 N N N
"

5 8 60-73 (50 N N N
"

C 2 (50 270-320 N Y N
"

C 4 <50 150-180 N N? N
"

C 8 93-110 81-94 N N N
"

D 2 <50 690-940 97-120 N Y N

D 4 (50 410-490 59-68 N Y N

D 4 <50 220-270 <50 N Y N

c) The resident population two miles from the plan:,
b) Persons caught *n the plume are assumed to be partially shielded.

fram contaminated ground by buildings and their vehicles. They
att assumed to receive a dose component from radioactive material
d e ::o s it ed on the car. The effective ground shielding factors
ra-ge from 0.65 to 0.95, depending on the type of automobile.
C1.2d and inhalation shielding factors are taken to be 0.75. See
Question 13 for further details,

c) Pssquill stability class.
d) "Y" indicates exposure to a 200-rem dose or higher. An evacuation

time of 5 hours is assumed. A question mark by an entry indicates
that even though doses do not reach the 200-rem early death
threshold, the 100-rem threshold for nausea has been reached. In
such cases, the assumed 5-hou r evacuation time may be suspect.

o) Assumes mid-range plume rise.

_
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passage, residents were assumed to be inside buildings with

cloud and inhalation shielding factors of 0.75. We assumed a

ground-dose scaling factor of 0.65-0.95, implying that the

evacuees we e in cars within the plume, and that tne cars had

radioactive material deposited on them. No skin deposition

dore was assumed.

Although Table 17 shows several "unprotected" cases for the

rapid bypass sequences at two miles, it should be noted that

the actual loses 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 injurics would be greater in the summer even if

the exposed populations were the same.

Furthermore, because the population during the off-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 oe 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

i 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?
|
i
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TABLE 18

#'DOSES RECEIVED AT 4 MILES ON AN OFF-SEASON WEEKDAY
(CAR DEPOSITION DOSE INCLUDED)

Dose 3 Hrs After
b)Evacuation Starts Risk of d)(In Rem) Early Death?

Steb #' Wind PWR1 PWR2 PWR3
ility Speed S6V- S6V-
Class (m/sec) II*' total S6V-1 31 *I tot. S6v-1

A 2 <50 <50 <50 N N N

A 4 N N N
" " "

A 8 " " " N N N

D 2 N N N
" " "

8 4 N N N
" " "

B 8 " " "
N N N

C 2 78-92 N N N
" "

C 4 50-58 47-55 N N N
"

C 8 47-56 <50 N N N
"

D 2 <50 240-280 N Y N
"

D 4 " 160-190 N N? N
"

D 8 93-100 N N N
" "

a) The r e s id e n t population fou r miles from the plant.
b) Persons caught in the plume are assumed to be partially shielded

f rca contaminated ground by buildings and their vehicles. They
are assumed to receive a dose component f r'o m radioactive material
deposited on the car. The ef f ective ground shielding factors
range from 0.65 to 0.95, depending on the type of automobile.
Cloud and inhalation s hielding factors are taken to be 0.75. See
Question 13 for further detail >3.

c) Pasquill stability class.
d) "Y" indicates exposure to a 200-rem dose or higher. An evacuation

t,me of 5 hours is assumed. A questton mark by an entry indicates
that even though doses do not reach the 200-rem early death
threshold, the 100-rem threshold for nausea has been reached. In
such cases, the assumed 5-hou r evacua tion time may be suspect,

c) Assumes mid-range plume rise.

I.



TABLE 19

#1$EABROOK EVACUATION CLEAR TIME ESTIMATES

OFF-SEASON WEEKDAY SCENARIO

' c) d)RADIUS DEGREES HMM Vorhees Maguire NRC*'

0-2 360 3:10 - - -

0-5 360 3:10 - - -

0-10 360 4: 30 3:40 3:00 6:45

a) Time (Hours: minutes) for the population to clear the indicated area afte
notification.

b) "Preliminary Evacuation Clear Time Estimates for Areas Near Seabrook
S t a *. i o n , " HMM Document No. C-80-024A, HMM Associates, Inc., May 20, 1980,

c) "Final Report. Estimate of Evacuation Times," Alan M. Vorhees &
Associates, July 1980,

d) "Emergency Planning Zone Evacuation Clear Time Estimates," C.E. Maquire,
Inc., February 1983.

e) Letter to Mitzte Solberg, Emergency Preparedness Development Branch, U.S.
N.R.C. from A.E. De s ro s ie rs , Health Physics Technology Section, Battelle,
Pacific Northwest Laboratories, August 20, 1982.

.
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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 reducina skin and car deoosition dose.

Our work here has shown that skin and car deposition

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 .

could be taken to protect against them. For instance,

evacuees could be instructed to leave the evacuation veh!.cle
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

- 68 -
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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 that would show up in
later years. However, their implementation would not change

the significance of out 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 relyinc on shelters.

In principle, one way to reduce the chances of earli 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 case.EE' Serious questions exist as to whether they

10/ Z.G. Burson and A.E. Profio, "Structure Shielding from
Cloud and Fallout Gamma Ray Sources for Assessing the
Conseque .es of Reactor Accidents," EG & G, Inc., Los Vegas,
Nev., EGG-ll83-1670.
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would actually be used by a majority of the 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 themselves from ground

dose 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 evacuatino on foot or by bike.

The beach population might be instructed to walk out of

the area. If the release has occurred, has blown towards

the beaches, and has been cor. fined to a relatively narrow

area, this might be the best strategy to reduce doses from a

theoretical nuclear physics perspectis e. In this way, no one

would wait within the plume area accumulating doses from the

radioactive material on the ground or on car.s. 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

-70-
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remained in a car within the plume while trying to

evacuate.01# 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 of

the evacuation. For example, consider those beachgoers who

opted 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
1

be impossible. How could a test reliably simulate the stress

( and fear that would be generated in a real accident?

|

11/ We calculated the dose to an individual on the beach
who waits for about one and a half hours after the release
(dose scaling factor of 1.35), who then leaves the plume,

l 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
l on 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,

i

1

.

4
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D) Possibility of ore-distributina ootassium 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) PWRl-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 accidentn. 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 report NUREG-ll50 (NRC,

1987a) and the documents generated as a result of a January

1987 technical meeting sponsored 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 PNR1 ralease 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

1
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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 1-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 'o the mainc

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 knowledge of containment failure modes is
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TABLE 11.6-4. ENERGY RELEASE RATES FOR RELEASE CATEGORIES 5T, 37, 53V, AND 34V

SEnergy Release Rate (10 Btu /hr)
Energy --

f' |'gg',d
5 B w wn Durationtegory 1

)
10 Seconds (Minutes 10 Minutes 30 Minutes 1 Hour

_

!DF 0.58 21 3.5 0.35 0.12 0.06

:: !Df 1.26 25 7.6 0.76 0.25 0.13.

T' 33V 2.0 70 12 1.2 0.4 0.22: -

54V 1.6 57 9.6 0.96 0.32 0.16

2Leak Area (f t ) 250 25 2.5 1 0.5
Equivalent Diameter 18 6 1.8 1.1 0.8(feet)

.

E' ?
4 il
2nm..

o

.

N

$
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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 PWR1 is shown as having a

relatively large release fraction for the ruthenium group of
radioactive isotopes--40% 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 explosion 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.

.

- " , ds -e y'-
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TO TEST 1 MONY OF STEVEN C. SHOLLY
TAsts A

SURRY DOMINANT ACCIDENT SEQUENCES. WASM.1400

The WASH 1400 analysis of Suny Unit 1 identified twelve accident sequences
which dominated the estimated median core melt fre gJency of 5 x 10-5per reactor year.1/ These twelve accident sequences, their Q4~., and their estimated
frequencies are described below. 2/

secuence TMt m' - This sequence is a staticn N=%;t sequence (a less of
offsite power followed by the falure of onsite AC power and the failure to recover AC
power within about three hours). WASH-1400 estimated the frequency of sequence
TMLB' at 3 x 104 per reactor-year. 3/ f/

u n wenie noted m. n the frpuen e a ihees iw.m on
nces . .un.nedy. resu== cor.men frequency le 1.24 x 10

per reactor per. WASH 14co otnained me s x to per reactor year
by a Morse Carlo semping technique, me pentedere of which are run especiee
ve6ue hee been caed weety, and le therWore used here for rWorence purposes. y cseer. The tener

2/
Recenty, a new rteir asessemers for Suny Unt I ves performed for me dreR NRC report NUREG.
1150. Ma=*w Ahk ." % m *~-T. ;. The fue reedte of the new Suny 1 PRA are documented

-

in Robert C. Benuch, et aL, AnaAnds d cans na*=a= A== ~ a f.T. - |. T ' P. A Smv Unir
-

1 Sense Nedonal Li.: - prepared for the U.S. Nutdaar ."C f Cornmissen,
NOREG/CR-4680, SAPC06aoS4. Vp 3. Nowenter 1988. This study seemsted the mean
frequency of core met et s.8 x to per.rescaer. year trem 'hommel sents' accidente (Le., not
inclueng *uemmel swerts'such as senhquaisse, Goods, Aree, soci K, page 14. WASH 1400
sequensee TIG2, TMMO, and S C were found not to need to core melt. Other WASH 14002
sequeuses ter Surry were identfled as among the dominert oore rnet sequences in the new study,
afeng edh spesel nee $yidentSed accidert sequences. A totie from NUREG/CR.4660 which
summates the reewis of the rwwer study la pnMded as an addendum to sahiba s for
compadesepisposes,

y N.C. Reemuseen, et aL, Saecar SatseL$ggM An ^- , .: d k: Ment Mkks in US.
Commerew Nefear Power OE U.S. Nuciaer Regdmory Comrrassion, WASH 1400, NUREG-

; ' 7sg14 October is7s, Men neport,* page an..

v _ ,The NUREG 1150 anefy* of Suny idendned $w sopmus makn sequenose. These four
sequences how an agorvoste core men frmney andmenad at s.s x to per reactor per. Sea,, |,, (' Robert C. Bert0cio, et at, Anaws d care Damma= A===a AT a I= | hn Sandiey

. -

,

1
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Sequanen TML - This sequence is e transient enhor resultmg from or followed
by a loss of main feedwater, with a failure of auxdiary foodwaar. WASH 1400 estimated
the frequency of sequence TML at 6 x 104,

per reactor year. g/ g/!

Sequence V - The V sequence represents an 'intersystem LOCA' resulting from
the fadure of the low pressure injection system check valws. This results in the rupture
of the low pressure injection system piping outside of the contamment; the radiological
release from this core melt accident also bypasses the aantainment.

WASH 1400estimated the frequency of sequence V at 4 x 104
per reactor year. Z/ g/

Sequence S2C - Sequence S C represents a sme2 LOCA in which the2

cor;tamment spray injection system fails. This results in a lack of ccsezi,i,m heatremoval.
The contamment fails due to steam overpressure, following which the

i
emergency core cooling systems fail due to insufficient not poerbe suction head (NPSH)
and/or damage due to containment depressi,ioni. This results in core melt agg

National I *
SANOeH004, Vol. 3 November 1908, peGee V4 and V 6.-e propered tot the U.S. Numeer Repdatory Commlesion, NUREG[CR-4550,

$) N.C. Reemuseen, et aL, Mm Ranant b + An A=
C.- _T

='e Mmadner Ammer "%n U.S. Nucteer Reghy Canmenton, WASH 1400 NUREG
d L::,ie,nr Misks in U S..-

75/014 Octocer le7s, 'Adeh Aaporr,' page at. , -

R/
The NURE41150 analysis estimmed the frequency of this type of accident sequence et 1.1 x 104per reactor. year.

Am, Robert C Bertucio, et ai., AanAmen d care c _Tu;m Fr=-wv 7mm
Inmmet Amme. Senen Nulonel Laborescries, prepared ter the U.S. Nuc6eer Regulatory
Commission, NUREGSW480, SANCeN004 Vol 3, Namnbar 1988, pe0s V 6.

f) N.C. W g g,, *- = sannar %& An A-^ ^
- ~ i Ar & J ^ ^M MIsks in U.S.

Jeandaar Aener fLa U.S. Nucieer Regi4 4p Commesion WASH 1400, NUREG.7s/914 1978, 'A.ish Meport,' page s1.

t/

p' per ressacr year.treemadonal Corporation has re estimated 1he V sequence frequency at 5 x
AppAusdene

10
3g, R.L. Atrman, et al., Sumt hes Term ancf Consapuence Anahms.

Sdence AppNeedone intemational Corporation, prepared for the Elsaric Power Reesarch Insteute.
- -

EPRI Report No. NP.400s, Mnal Report. June 19y page 24
- - - "

as Unted the frequency of the V sequence et s.0 x 10* per reacsor year. Age, Recert C. Bertuoo.The NUME41150 analysas
et at, AanAmis d care c;.T_.s fr:;=a r,rw f,=r ! h.= Sendia Nationsi Laboratones.

'

- - "

Norsmber 19e8, page V4.propered for the U.S. Nuclear Regulatory Commlemon, NUREG/CR-4680, SAN 006 2083., Vd. 3.'

.

,
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containment failure. WA.SH 1400 estimated the frequency of sequence S C at 2 x 1042per reactor year. g/.1g/

Sequence S2D - Sequence S O represents a smal LOCA in which the2
emergency coolant injection system fails.

WASH 1400 estimated the frequency ofsequence S D at 9 x 1042 per reactor year,11/

Sequence 82H - Sequence S H represents a smal LOCA in which the2

emergency coolant recrculation system fails. WASH 1400 estimated the frequency oftsequence S H st 6 x 1042 per reactor year.12/

gJ N.C. Reemuseen, et al. S. mw Skv M An A--^ ^ - .-a
d A -Mant Miska ks ug

Cc.-,.7,w'e! Nuclear "c.=c h U.S. Nudeer RegGehny Cr.,;r.,J, WASH 1400, NUREG.
75/014, Ocober 1975, ' Admin Aaporf,' page 90,

12/ Both Science Applications International Co:poration and theNUREG-1150 analyses conclude that this is a non-core meltsequence. 133, R.L Ritsman, et aL, Surry hem Term aruf cc.- = xe Ae_;is
$dence Applicadone freemetional Corporation, prepare:1 for the Decetc Power Messerch inettute.
EPRI Report No. NP 4008 PInsi Report, June 1985, page 210; and Robert C. Senudo, et at.
Analvain d Core Dammas Fr===a fr-w I;; T. ! f.;/n Sandle National Laboratories, prepared
for the U.S. Nudeer Magdetory Commission, NUREG/CR 4880 SMC062004 Vol 3, November19Ed8, page V 70. The NUREG-1150 analysis identified similar
sequences with medium and large 14cAs, loss of offsite powertransients, and loss of feedwater transients as initiatingevents. These sequences wer,

frequency of about 1.1 x 10~9 estimated to have an aggregate|

per reactor-year. 133, Robert C.Bertudo, et eL, AnnAmen d cane Damma
Fr===a frr,a |c._T ! P.;is. Sendte National

Laboratories, prepared lor the U.S. Nudeer Regdetary Commisalon, NUREQ/CR 4660, SANo06-
2004, Vol 3, November 1908, pages V-69 to V-71. The large reductionin frequency arises from analyses which suggest that

,

I
containment failure results in ECCS failure only 2% of the
time, rather than 100% of the time as assuakMi in WASH-1400.

.U/ The M1180 ansfysis estimated the frequenc
The endpMoo seensted a simler sequence ( y of this esquence et 7.1 x 10*7per reactor p.
which teefe NOt Jonsidered in WASH 1400) at 2.8g10from reactor coolert pump seal I CCAs,

x per reactor year, jm, Robert C, Bertucio,et aL, Annemin d cane Dammaa r,=== a frmr, /, =T, ! P.;.C. Sende Netlerud Laboratories.
prepared for the U.S.-Hudeer Regulatory Commission, NUREG/CR 4660, SAN 006 2004 Vd. 3.
November 1988, peGee V4 to V4.-

' The'NUREG 1150 anefysis estimated the frequency of this sequence et 1.2 x 1012/ 4w (sequences and per reactor year
n. % ..Fmm Ev,eren. . Aas, Robert C. sertudo, et at, Aaenu d com Osmaae re=~e
o.

Nedoned hies, propered for the U.S. Nudeer Regulatory
.Commesion, NUREG/CR-4550, SANO86 2084, Vol. 3 November 1908, pages V4 to V4.

w

'
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Seouancia S1D - Sequence S D represents a medom LOCA in which the3

emergency cociant injection system fails.
WASH 1400 estmated the frequency ofsequence S D at 3 x 104

3 per reactor year.13/if/

Secuence S1H - Sequence S H represents a medium LOCA in which the$

emergency coolant recimW system fails. WASH-1400 estmated the frequency ofsequence S H st 3 x 104
$ per reactor year. .Li/10/

Sequence AD - Sequence AD represents a large LOCA in which the emergency
coolant injection system fails. WASH-1400 estimated the frequency of sequence AD at 2x 104 per reactor-year.1Z/18/

..

W
N.C. Reemuseen, et eL, Mm Sanew b+ k ^=^ ^ - ; & k ^L'-T Misks in U S.
Cc T_1.|4 Nrr'^:- Pet.,er tu. U.S. Nudeer Reguistory Commleston, WASH 1400, NUREG.
75/014. October 1975, 'Admitt Aaporr,' page M.

W The NUREG 1150 enefysis andmated the frequency of this esquence et 7.1 x 10*7
133, Robert C. Berticio, et eL, MnAsis d care Samaaa fr===cs f,T w I,mTW hm. Sandia

per reactor year.

Nanonal Laboratories, prepared for the U.S. Nudeer Regulatory Commisalon, NUREG/CR 4550
SAND 06 2004, Vol. 3, Nommber 1908, peGee V4 to V4 .

W N.C. Rasmuseen, et eL, Mm Sanew b+ M ?~^ ^ ^ ^ ^ ; & k^M= RIns in U S.
CcT Tan ' ' Muedaar Pomar ran. U.S. Nucteer RegiAmeory Commission, WASH.1400, NUREG.
75/014 Omotor 1975, "Adadrt Aaporr,' page 80.

W The N112 enefyels andmated the frequency of tNo sequence a 7.7 x 10'7
Am, RebenC Serguelo, et eL, MaAs/s d care camaaa Fr=== ;Fmm Irmammi Aenen. Sandia

per reactor year.

Nodonid LAheugeories, prepared for the U.S. Nucieer Regidescry Commistm, NUREG/CR 4550.N Vol3 Newmber19eo, pages V4 to V4
2] N.C. Reemuseen, et eL ^^ ^ ^= s : e h+ M A-^ - -- : d k:-= Risks In U S.

- Osw I!# Nbedmar Power "La U.S. Nucieer MegLdescry Commesson, WASH 1400, NUREG-
-

73/014. October 1975, 'Adedrt Aeport,' peGe 80.

W The NUREG 1150 enefyele andmated the frequency of this es
'ses, Robert C. senucio, en et, w a care camaa re quence et 3.9 x 10'7per reactor year.

a =.cs Fmm I,nra h=. Sandia
National 1.aboratories, propered for the U.S. Nucieer Reguietory Commiselon, NUMEG/CR 4550,
SAN 006 2064, Yet 3 Nowmber 1988, pages V4 to V4
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W - Sequence AH represents a large LOCA 'ri which the omwgen
coolant recirculation system fails. WASH-1400 estimated the % of %4at 1 x 10 per reactor year. W 2Q/

Sequence TKO - Sequence TKO represents a transient lonowed by fadure of the
reactor pic^wcfm system and a failurn of at least one pressuntar safety / relief valve to
reclose. WASH 1400 estimate the frequency of sequence TKO at 3 x 104 per reactor-
year. 21/ 22/

Sequence TKMO - Sequence TKO represents a loss of feedwater transient
fenowed by fanure of the reactor pic.cfm system and faaure of at least one pressunzer
safety / relief valve to reciose. WASH-1400 estimated the frequency of sequence TKMO4at 1 x 10 per reactor year. 23/ 21/

nj N.C. Reemuseen, et L nascar waar s+ M s--- .= d x a= Alnus in u s.
Cc.T.Ter!d Nuclama "c_r Main U.S. Nudeer Reguistory Commisalon, WASH 1400, NUREG.
75/014, October 1975, 'Mah Reporr,' page M.

22/ The NUREG.1150 analysis estkneted the frequency of tNs sequence a 3.9 x 10'7per reactor. year.Em Rotst c. sertucio, a 4 Manais d can camaan *=ar=.cea I. r ! new. Sand's
National Laboratories, prepared for the U.S. Nuedear Reguistory Commloelon, NUMEG/CR-4550
SAND 062004, Vol. 3, Nowmber 1908, peGee V4 to V4.

11/ N.C. Rasmussen, et aL, Anecer Sedser Saw M A-- - rm d W Alaka /n us.
Cc.T... =' ' Nbelene Pomar P. a U.S. Nucieer Reguistory ComrNasion, WASH 1400, NUREG-
75/014. Ooleter 1975, *Meh Asport,' peGe E

22/ The 6115 enehele estimated the frequency of a simter aequence (THRO ) et 1.1 x 104
4 per

renesseguen ass, Robert C Batucio, et af., m e can onmaa= re-are Anm I,w.m
has|3, $seds Nedonal Laborsportes, prepared for the U.S. Nudeer RegWatory CGT.. ce.6 SMCEM64, Vol 3, November 1908, page V-49.

22/ N.C. Reemussen, et aL, " =- Sadene er+ M d-- - Ta d A*e; Alsus in U S.
Cc-T,.Ter'd Nrh Power Marn U.S. Nuclest Regdetary Commenion, WASH 1400, NUREG-
75/014. October 1975, 'Mah Aeport,* page E

13/ The NUREG 1150 analysis cetimated the frequency of a simmer esquence (TKR2) at 4.8 x 10'7per
reactor year. $33, Robert C. Bertucio, et aL, MaAms d Cum damaos pr-are From Infamali

| Laata, Sandia National Laborescries, prepared for the U.S. Nudeer Regulatory CGTTh
NUREQ/CR 4860, SANo86 20ed, Vet 3 November 1908, page V-49.

'
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ADDENDUM TOnat.e3 :

DOMINANT SURRY UNIT 1 ACCIDENT SEQUENCES. elUREG/CR.4550 VOL 3.
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TO TESTlMONY OF_ STEVEN C. SHOLLY_
TABLE B

SURRY ret NASE CATEGORIES. WASH 1 Ano

This exhibit providos a description of the WASH 1400 release categories for Suny
Unit 1, as wet as a table which gives the release charscwdics (frequency, release

magnitudes, etc.). liJurira for this Exhibit is taken from WASH 1400 1/
,

1/
The raisese category itsquencies and charactodetics are taken tem N.C. Raernussen, et al.,Ma=*w Safaw b=4 An ^= ^ = atkar Mlaks kr US ca.-.;a== Mr:= "c= Pfarn.
U.S. Nuedeer RT * ri Commme60n, WASH 1400, NUREG.75/014, October 1975, ' Mein Reporr,'
page 97; the descriptione of the release categories are taken from MC. Reemuseen, et aL, dagscSafaw b+ An A=^ - - ;. = at Arew

_ ant Riek. In U 9 cc. .. w' w Puser Mants. U.S.
Nucseer Ag_" ~p Commiselon, WASH 1400, NUREG.75/014 October 1975, Appenetr VI,
'Calculadon of Meector Accident Consequences,' pages 21 to 2 3.

.

~ ~ ~ ~ ' ~ ~ ~ ~
.
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*: sely the reader understans : e post; resents krted dessr:ptasas of ..e var:ulates contau=ess re. eases. sts secu: .release eategory. ous paysteal

us tocasaques employed s tempute trFor = ore datatled anformatten on u;t:: esses nas define estae release categertes ar
reader as esferred to Appendices :. v.e radtsac*. ave releases to sne asseesners.:t: . an s '/I: * .

he tantr. ant event :ee seesen=a;n essa release sategory are discussed ta detaA1 La secusa 4.6 of Appead
. ce

na i a */.

nas release category can he c:aracterized ay a core eittown fs110wed :y a steaaexplest:a sa c

no ::nzaanaen start of =elten fuel vtta sae res& dual vetor ta ce reactt spray and heat

steen emplessoa. atalament could he at a pressure aseve smotentremoval syste .s are aise assumed s nave inlet us.i
uerefore, ce :c resse..

;ornea of the reseter vessel and WressaIt la assumed cat ce steam ampleetca vould rupture ce upp
I

a t c e n = e o f .t.a i
uns a suestantial as er
La a puff over a per etutt of radioastavsty sagat he released frsa ce esatus=enRe containmets marr er, vita :se ress.:

|
i

ed oi ame st 10 maaeses.
would : sta:ne as a relauvely 1sw raterer. orated dutsag canta& ament-vessel meluarouge,e se us sweepug seuen cf ;aaes

Du

Aereafter.me reisase of radleacuve matettair
apprsmanately 7C4 ef ce is41:es and 40% of ca alkali =etals presenhe total release vcult ::::nat tae n=a oi release. -

3esause ce cestaanaant veu14 : t ta ue coregases at

f::s the contaAnamat could he assestated wita taas categertthe ties of failure, a relatively higa release :s:=teaals het preeaursaef.of sonstJsle enery/

cf :=re =elttag and a steam emplesten after esataAamentstare dueu=1udes certa 1A poteattal ace dent sequences cat veuld L:velve tas oesThia category tise.

:r. mese sequences saa rate of energy release would he *:ver
=rrasse

raiatsvely haga. :s overpressure..

alsnouga stali.

rdt :

ass catever
:e.usg c:acu/ la assectated with ce fatlure of cere-teeli:g systone and :=rerrent vt= ce faA12re of costat= seatTa:1ure of tse ::statament harrier would occur -hrsuga tvespray and seat-removal svetaas.
au:stannal fracuc= of us contaammer.2 staos rpressure, :ausuh 1.

a ;eriod of assut 23 stnutes. Due se 2e swr +peare to se released an a ;uff :ver
::::staser.t vessel = sit:Arougn, ce release of radioacuve =sterial voultpug acus: cf gases generatet is::::1: a relauvely low rate cereafter.
*:\ :f us

dines and 104 of .he alkali setalsThe :stal release vault ::ntata ap;; x = ate.y
:::na e

:n. ease.
Aa La WA telease category 1. tae tags tempers:::s and pressure vt

preser.s :: ce :::e at me :=a ::::nt u n=ar.t at

us :Ame of contaAA=ent faalure voeld resti:s!.anse rate ci sonsthie er. orgy fria .as canta a=ent.
.aa

is a relatively r.17:'

rsa :

Tau :ste::rf involves an everpressure failure of ce costs :s:::: stamen
ef ::re _.ea:u?. eat removal. Cente-mat faAlure vould sers:ent due to fath e :fsg. Cars =eltlag then womi rsor : tr.e : ~ e::ssenttar uga a raptured restakaamat harner. d cause radiesenare;.atenals := to release:.

41/.411 =esala present la ce core at .As =a of releApprox aately *:t si ce a:dises Act ::% :f 2eacessynere.

:s; ease of radteastite natanal fr=a centsumer.:::est of tae release vould cesse ever a pensd :!ase vesit be releases :: -:easeet 1.3 c. curs.
case gases .eeld he iaatially ractasa of gases gemartted by the rescuen of me cetter f e. vtts :encretevould se tassed by us sweepug ?.s
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;
onergy release to tRe asamepaare.eated my ::::act vtta ca sais, ce :ste :f sessu3 ;r.:s.
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7?.as estayerf involves f atlure :f me cere-eselist systes asi ceLt.!ainen system af ter a loss-et
stant accatant : r. sass = ens spisy

fuhte =f the contur.sant systes s properly asolate. t:gener vt a a :: current
re. ease af n of tse tod1=es ane 4% of tae alkali =stals ;;esenttas vould result a ue.

une :f release. |4est of ta .se : e at ut: := 3 f.ours, seesuse ce=:=a release veuld occur centuzously over a gera:4 fntata ent :ve n i operate to remove neat fica sae centunnentrecarrulatian spray sad ' heat-removai systees
a :sisuvely 1:w :ste of release :f sonstale energy wou;paare tunng este seitas:.at=ss
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release category 4. encept tAst31s categesy imeelves failure of the core
:
i

the contatament spray tacooling systees and is similar to Fwstsuppress containamatto further redese the quantity of airtor
-

'

Laoiase, and meet of the raa large leasage rate due to a eencurrenttosperature and pressure.ioacuve ma)tettal and to inttiallyeeuen syntess wesid operate
ne rad'

The contataaeet barner weeld have
a persed of several hours. dlescuve matenal would be released continuoulfailure of tAe costatament system to properly' estals present

in the core would be releasedAppreassately 3% of the iodines and 0 9%y over

contaramaat heat-removal systeme, the energy.release rate weeld te law.Because of the operation of theof sne alkalt
.

rwa e
'

nis category involves a core moltdown due to failure i
Se contatament spraye would not operate, but the coa' n the core coeltag systems
its integrity until the seltee core proceeded te melt n'amaat barrier would reta.Labase mat. .

leaaage to the steosphere securnst upward threega the gTae radioactive materials would be released into taethreega tae concrete contaaneent
tae atasapaere wesid aise occur at a low rate pn greend, witA somereend.
Most of tse release weeld seese costianeusly ovsc Direet leaaage ts

present in the core at the tian of release.ne release would taelude apprearsately 0.08% of the todlaae and alkali met ler te contaaaanat-vessel melttarenga.a pened of aseet 10 heure.

by contact wata the soil, the energy release rate wo ld bce ataesphere weeld be law and gases escaping through the greemd would bSeesuse leaaage from cene=8 a==at to
as

e cooledPws 7 u e very law.

would operate to reduce the ceamammat temperature andnis category is similar to PWR release category 4, emeopt that containmentamount of atrocras radioactivity. sprayepressure as well as the
of the release would secur over a period of 10 heure.and 0.001% of tse alkali metals present in tAs core at the tiMe release would intelve 0.002% et taa Ledines

me of release. Meetce energy release rate wenid be very low. As in FWR release category 6,
twa e

nts category approw4 mates a PWR design basis accidaatthat
the contatament would fail to isolate properly on d(large pipe break) , encept

safe vuards are assumed to funesina properly,
.

I emand.
would tavelve approx &mately 0.01% of the iodinesne eers weald not salt.ne other eagtaaered
pressure wou.1d be aheve assient.Most of tse release would occur la tae 0.5-hour peri d dand 0.05% of the alkali metals.The release

o uring wmich con *=t amarts
cattlag would not occur, the emergy release rate would also be llocause coetainamat sprays wesid operate and core
Pvt p ow.

Sis category approaimates a PWR desige basis accidentoniv ta
claddia,e acuvity ialtially eestained within the gas between tas fuel peldet and(large pipe break) la wat=

would be released Late tse contarament.assumed taat the = * a i === Tis cars would not molt.
0.5-neur paried dettag whien the seacat amaat pressure wregetred engtasered safeguards would function satisfact:rilyta remove teat fzess aAa eers and coseaiammat

It is

The roleasa weeld occur over tAa
.

Approatantely
0.00041% ed the iodines and 0 000044 es14 he aheve ambient.released.

As ia WWE rele434 eategory 8, the energy release rats would bof tae alkali metals would be
.

1 e very Icw.

21
release category is representative of a core meltexpi tea La reacter esel. Se followed by a stsaapants of rad active as al to the stor would cause ce release f a substantialapprox tely 40% f tAe 104 s sad aika

taospaare. The tal release old contalaof contal. nt fai. re. Meet i the role metals present the core a the tiia3ecause of te ener generated the sta would ec=ur ove a 2-hour percaaracterise by a re tively h1 empleaton, this .

rate of en rgy release to tegory wouldcategory also ciudas rtata e atmosphere. iscantatament pri
to the oceurrence i core met aad a steam losion. In

ces that volve overpress failure of acase sequences, e rate
discussed aseve, a thouga if enervf ease woul s ceno w n a t osa lle tasa for thoseweeld still be relagt ly htgn.
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m c TO TESTIMONY OF STEVEN C. SHOLLY
MGURES 1-1170 f.18. NUREGGii6

This exhibit consists of reficeM pages from NUREG 0398 containing
Figures 1 11 through I.16. These figures are refic4M on the following six pages
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Figure 1 11. Candklensi PrebeWiley of Emamedne Whole Body Dose Versus Dionnes. ProbeWiities
are Canditional on a Care Mott Aessdent (5 x 10 8).
"his body dose a6 minted inetudes: external does to tie whole body due to the
possing aloud, espesure to radionesiides on yound, and me does to the whole body
from inheted redonuedidas.

Does solmionons ensumed no protective estions uken, and somight line peurne
treW.
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exposure to radionuedidas on yound, and the does to the lung from inheied
, ][redsonustidas wnhen 1 year.

ooes & as.u.ed - - non. ten.n, ens s w. iine ire,ee-v., ,

| .
,

. _ _ _ _ . _ . _ . . _ - - ~ - - - - - - - - - - --- ' ~ ~ ~ ~~~



-

i

|

|

54

:
;

l-40 '

1 i e i s i s ig .iiigi i i , . . . . . -,
,

. -
".
..
.

~
.

"
,

=
: .

"

5 maas -

-
a o.1 .-

>I ..
zn . .

25 mas*g ..

Ia,
.

.
.

.
!"I

.

y|
.

.
u '

-
. . ..

I, .
t

>a
tw
dj 0.01 : 3.

.
W-

t
.

.
.

.
.

.
-

.

.
.

ie..l i i e i...!, i n, i i e i niin

1 10 ISO 1000
Di3TANCE MILSSI

Figure I 13. Candtional Probability of Emesading Thyroid Doses Versas Dimones. Prokebilities
8are Conditionsi en e Care Aset Aandent (S x 17 ).,

' ' ""TStoni dose egieulseed inetudso: ' eeurnal dose to the thyroid due to the passeng i

c6eud, espesure to redsonualides on ground, and the does so the thyroid from
-

. inhaled ro#enueddes.
- .-

. Does esisuledens asumed ne protestne setiens taken, and sereight line tropostory.

-

4

-- ---- - -- ,--..,n,.,- , _ - - - - - , - - - ---n~~.---. - , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



-

i

l

d

55
1

l-42
1

|

|

1
~

er?.g
'

'''I i i i e , , , ,,,,, ,

- :o . -

5 .-a -

g -
.

- "
80 .
**

f -
w *

I

Y
=3 0.1 ,- 1.5 RERs

-

S -

.
-
-

*
15 Asas"

",,

|d
" 30 nass <

.

n, -
, .-.

'
,

.i.e
a
> 0.01 -

=5 -

:W
,

-
.. .
.

3 -
-

-> .
*=
- .

.

M
.

''''''I i..!' ' e e i eSan , , , , , , , ,
*

I 10 SOS 1m
IMSTAAOCE WIL33)

Figure 114. CondMonal Proteiety of Emeneding Thyrood Dom to an infant Versus Distance.
-

Protesteirnos are Condit6onal on a Core A4elt Aandent (5 a 10 8).
TW dess a6 meted is due soloh to radienusside ingenen through the milk
emovmpeon possewy.
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tAat,s a TO TESTIMONY OF STEVEN C. SHOL t y

ROURE 6.1 FROM MAROM 1987 BNL REPORT

TNs ExNtit consists ce Maure 6.1 from W.T. Prett & C. Hofmayor, et al.,

Technk nl Evah>=Nas d the E92 SansMMIV thwJVlbf 8%. g,2:;@ National

tac.<.wy, prepared for the U.S. Nucieer Reguietory Commission, March 1967, page 6-
19. TNs Agure can be compared with Rgure kii #cm WUREG 0306 (333. 22kR 5

.,

attached to tNo testimony).
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