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ABSTRACT

The Nuclear Safety Working Group (NSWG) of the
Pacific Basin Nuclear Cooperation Committee
Initiated cooperation among Pacific Basin
areas based primarily around emergency
planning. The NSWG conducted a review of the
emergency response plans of members •
This paper briefly reviews and makes a compar-
ison of the emergency response plans, with par-
ticular attention on the response organization,
the planning zone, and the protective action
guidelines for emergencies. Although all
areas have adopted the same basic elements of
emergency planning and are similar, there are
also variances due to different governmental
structures, population densities, and available
resources. It is found that the most signifi-
cant difference is in the size of the emergency
planning zone. The paper concludes with a dis-
cussion on possible future cooperative activi-
ties of the working group.

INTRODUCTION

The Nuclear Safety Working Group (NSWG) is
one of four working groups of the Pacific Basin
Nuclear Cooperation Committee (PBNCC), whose
objective is the development of practical means
of cooperation in the field of nuclear safety
among its members. Members of the NSWG include
representatives from utilities and research
Institutes from Canada, Japan, Korea, Taiwan of
China and the United States. The NSWG was organized
following the Workshop on Nuclear Safety at the
5th Pacific Basin Nuclear Conference in Seoul in
May of 1985 as one of the working groups of the
PBNCC. It has had meetings at the time of the
1985 and 1986 Winter Meetings of the American
Huclear Society, as well as in April 1986 in
conjunction with the meeting of the Japan Atomic
Industrial Forum in Tokyo* It was the consensus
of the NSWG in Tokyo to concentrate on Emergency
Planning as an activity of the NSWG. As a first
•tep It was agreed to exchange information on

Emergency Response Plans (ERP) of the represen-
tative countries and areas for the November 1986
meeting Iti Washington.

EMERGENCY PLANNING

Following the accident at the Three Mile
Island Unit 2 nuclear power station in the
United States in 1979, each of the NSWG partic-
ipating members developed emergency response
plans for their operating nuclear power sta-
tions. The NSWG conducted a review of these
emergency response plans of the participating
members having operating commercial nuclear
power plants. This paper is a review of the
emergency plans and makes a comparison of these
plans.

There are many similarities in the emer-
gency response plans of these countries and
areas,but there are also differences due to
different governmental structures, population
densities and safety philosophy. All countries
and areas have adopted the same basic elements
of emergency planning to protect the health and
safety of the population under severe accident
conditions when there is a release of
radioactivity to the environment, namely:

a) For each operating nuclear power plant, an
emergency response plan Is required.

b) A pre-arranged organizational structure
with the various emergency responsibilities
clearly assigned to appropriate agencies
and their staffs is required.

c) An emergency planning zone or region sur-
rounding the nuclear facility is defined.

d) Public response mechanisms such as shelter*
Ing or evacuation, to be initiated based on
pre-defined projections of radiation dose
to the public is developed.
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In the discussion below, the emergency
measures organizations, the emergency planning
zones, and the emergency action protection
guidelines are compared.

All of the NSWG members require ERPs and
all place responsibility on the utility for on-
site emergency radiological response. In some
cases (e.g., USNRC), the regulatory authority
maintains a monitoring or oversight function.
In the case of Canada, Korea and the United
States, the provincial or state governor or
premier has the primary responsibility for
affecting emergency measures to protect the off-
site public. In Japan the mayor of the local
government (village or city) has that responsi-
bility with the assistance of the prefectural
governor and national authorities, whereas in
Taiwan of China it is the Nuclear Emergency
Management Committee • All of the plans
require on-site and off-site emergency operation
centers from where coordinated action of respon-
sible local, provincial and national authorities
can take place.

The most significant difference in the ERPs
is the size of the radial area or zone around
the nuclear power station which must be covered
by the ERP, as well as the emergency protective
action guidelines (PAG) or criteria. Too often
the emergency planning zone (EPZ) is miscon-
strued by the public as an evacuation planning
zone rather than an area where protective action
may be needed. Since there are some differences
in philosophy regarding the emergency planning
zones, it is of interest to briefly discuss each
of the five areas' emergency management
organizations, EPZs and PAGs.

U.S.A.

In the United States an Emergency Response
Plan is required to be submitted as a part of
the Final Safety Analysis Report (FSAR) for each
nuclear power plant. The utility has primary
responsibility for on-site activity with over-
sight by the NRC. The Federal Emergency Manage-
ment Administration (FEMA) has the responsibil-
ity for coordinating off-site non-technical
matters, while the Department of Energy has the
responsibility for coordinating off-site radio-
logical monitoring activity. As a part of the
plan the utility must provide an on-site tech-
nical support center, a near-site emergency
operations center, timely and accurate public
announcements, and backup communications. The
NRC's responsibility is primarily a monitoring
or oversight function; therefore, it maintains
an Emergency Operations Center for monitoring a
plant in an emergency, while FEMA has a National
Operations Center for use in coordinating activ-
ities of federal agencies in an emergency.

In the United States the local authority,
the mayor of an incorporated village, town or
city, or the leading county authority in

unincorporated areas has the principal responsi-
bility for off-site emergency management under
the guidance of the state governor. The local
police and, under special conditions, the state
national guard, can provide population control
of an affected region. Off-site radiological
monitoring is the responsibility of the Depart-
ment of Energy (DOE), using radiological mon-
itoring teams from the DOE national laborator-
ies. Emergency planning is required for the
area around each operating nuclear plant up to a
16 km (10 mile) radius to protect against radio-
active plume exposure. If radioactive releases
are expected to exceed the EPA's Protective
Action Guide (see Table 1), the sheltering or
evacuation of all persons within a 3.3 km (2
mile) radius of the nuclear plant is required,
and sheltering or evacuation of all persons
within a 8.2 km (5 mile) radius downwind of the
plant is required. All persons within a 16 km
(10 mile) radius of the plant must be notified
within 15 minutes after the authorities have .
decided that off-site protective action is
necessary. To control exposure by the Ingestion
pathway, radiological testing for possible food
and water contamination may be conducted for up
to a 82 km (50 mile) radius of the plant.

TABLE 1
EPA Protective Action Guide* for

Whole Body Exposure to Airborne Radioactive
Materials and for Thyroid Dose due to

Inhalation from Passing Plume

Population
at Risk

Projected
Whole Body
Gamma Dose

(rem)

Projected
Thyroid

Dose (rem)

General Population
Emergency Workers
Lifesaving Activities

1-5
25
75

5-25
125

Manual of Protective Action Guide and Pro-
tective Actions for Nuclear Incidents, EPA-520/
1-75-001, EPA, Washington, D.C., Sept. 1975,
Rev. June 1980.

In some utility emergency plans sheltering
is advised for the general population when the
projected whole body dose from airborne radio-
activity exceeds 50 mrem but is less than 500
mrem. Evacuation is advised when the projected
whole body dose exceeds 500 mrem or 25 rem to
the thyroid.

The NRC has developed four classes of emer-
gency action levels: notification of unusual
event, alert, site area emergency, and general
emergency. The notification and alert classes
are to provide early and prompt notification of
minor events which could lead to more serious
events when coupled to operator error or
equipment failure. The site area emergency
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class includes those conditions where some sig-
nificant releases of radioactivity are likely or
are occurring, but where core melting has not
been indicated. The general emergency class is
where actual or imminent core degradation or
melting has occurred with potential for loss of
containment. Table 2 outlines these four
classes and indicates required responses.

The NRC regulations require that every
U.S. nuclear power plant must test its emergency
plan annually and receive favorable bi-annual
review by the NRC and FEMA in order to be or
continue to be licensed for operation. The NRC
must approve both on-site and off-site radiolog-
ical emergency response plans in order for a
nuclear plant to receive authorization to exceed
5X of its normal operating power level. FEMA
must also approve the off-site plans of the
utility which must be coordinatd with the emer-
gency response plans of the local and state
authorities. At the present time local und
state authorities around the Shoreham Nuclear
Power Station in Long Island, New York, and the
Massachusetts local and state authorities near
the Seabrook Nuclear Power Plant in New Hamp-
shire have raised objections to participating in
emergency response planning and have caused a
delay in the full power operation ot these
plants. At the time of preparation of this
paper the Nuclear Regulatory Commission has
under consideration a proposed rule change which
would allow full power operation of a nuclear
power plant without the participation of local
authorities in emergency planning, provided that
the utility has developed an acceptable ERP.
Currently, consideration is also being given to
possibly requiring the automatic evacuation of
the population within a 3.3 km (2 mile) radius
and the sheltering or evacuation of a sector
with radius of 10-13 km (6-8 miles) downwind of
a nuclear power plant upon the declaration of a
General Emergency.

Canada

In Canada, overall responsibility for man-
agement of a nuclear emergency rests with the
Provincial Government. Management is directed
by a provincial task force ("Emergency Measures
Organization" or "Provincial Operations
Centre"), consisting of representatives of each
relevant government ministry. Implementation of
protective actions for the public is delegated
to the municipal government and local police.
Public information dissemination is coordinated
between overall (provincial) and local (munici-
pal) groups. On-site management of the emer-
gency is the responsibility of the utility, as
is field radiological monitoring. The provin-
cial task force Includes a technical support
group responsible for advice on matters such as
plume dispersion prediction.

Provincial requirements set plant emergency
preparedness exercises on an annual basis.
Annual testing of the plant emergency plan is
also a requirement of the National Atomic Energy
Control Board.

The area surrounding a nuclear power plant
Is divided into an inner zone having a radius of
10 km and an outer zone of 50 km, with the inner
zone being divided into sectors depending on
geographical or population distributions. Emer-
gency responses are initiated on a sector-by-
sector basis based upon dose projections for a
specific sector in the event of a radiological
release from a nuclear power plant. Four spe-
cific actions are planned: sheltering, evacua-
tion, thyroid blocking, and banning of food and
water. Lower and upper protective action levels
(PAL) have been defined, as shown in Table 3.
When dose projections exceed the lower PAL, the
protective action to be initiated is up to the
discretion of an Emergency Response Team, while
a dose projection exceeding the PAL requires
mandatory initiation of the action.

In Japan, the local municipal authorities,
led by the mayor, implement emergency responses,
and communication with the public in coordina-
tion with national and provincial disaster
plans.

Radiological monitoring is the responsibil-
ity of an emergency monitoring center, set up
with utility, local government and specialist
advisors.

The Japanese Nuclear Safety Commission has
proposed that an area having a radius of 8-10 km
around a nuclear power station be considered an
emergency planning zone (EPZ). The size of the
area represents only a guideline, since such
characteristics as population distributions,
natural boundaries, and local administrative
districts will determine the exact size and
shape of the zone. The initiation of protective
measures is carried out in two steps. When a
monitoring system near the site boundary reads 1
mrem/hr or more, or the estimated dose in a
residential area exceeds 500 mrem, then the
emergency preparedness headquarters is estab-
lished. The protective action outlined in Table
4 below is taken when the estimated dose exceeds
the upper specified amounts.

They have also developed criteria to con-
trol the Ingestion of water and food when the
radioactive iodine, 1-131, exceeds a specified
concentration. Measures to avoid Ingestion are
taken when the 1-131 in drinking water exceeds
3x103 pCi/£, vegetables 2xl02 pCi/g, and milk
6x10 3 pCi/ £.
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TABLE 2

Emergency Action Levels and Responses

Emergency Class Plant Criteria Response

1. Notification of
Unusual Event

2. Alert

3. Site Area
Emergency

4. General
Emergency

Unusual events in process or
have occurred with potential
degradation of plant. No re-
lease of radioactivity re-
quiring off-site response or
monitoring.

Events in process or have
occurred which involve actual
or potential substantial
degradation of plant safety.
Radioactive releases limited
to less than small fraction
of EPA Protective Action
Guidelines (PAG) exposure
levels.

Events in process or have oc-
curred which involve actual
or likely major failures of
plant safety systems. Radio-
active releases less than EPA
PAG exposure levels except at
site boundary.

Events in process or have
occurred which involve actual
or imminent core degradation
or melting with potential loss
of containment integrity.
Radioactive releases expected
to exceed EPA PAG exposure
levels at off-site locations.

Prompt notification of
NRC, state and local
authorities.

Notification of au-
thorities. Activate
Technical Support
Center. Alert emer-
gency action teams.

Notification of au-
thorities. Activate
near site Emergency
Operations Center.
Deploy on- and off-
site monitoring teams.
Provide meteorological
and dose estimates to
off-site authorities.

Notification of au-
thorities. Activate
Tech. Support and off-
site Emergency Opera-
tions Center. Provide
meteorological and
dose estimates to au-
thorities. Public
notification of emer-
gency.

Recommend: Sheltering
for 3.3 km (2 miles)
radius and 8.2 km (5
miles) downwind. Con-
sider evacuation.

TABLE 3
Canadian Protective Action Levels (PAL)

Response Action

Sheltering
Evacuation
Thyroid Blocking
Banning Food/Water

*EWB = Effective Whole

0

0

Body

EWB

.1
1

.5

Lower
*

rem
rem

rem

PAL

Thy

0.3
3
10

0.15

roid

rem
rem
rem
rem

EWB

1
10

0.5

Upper

rem
rem

rem

PAL

Thyroid

3
30
50
1.5

rem
rem
rem
rem
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Korea

In Korea, responsibility for overall emer-
gency response lies with the Nuclear Emergency
Management Committee, chaired by the head of the
Ministry of Science and Technology.

The electrical utility is responsible for
on-site plant response to the emergency (via a
pre-established Emergency Operations Center).

Off-site response is directed from the Off-
Site Emergency Managemenr Center (OEMC) under
the responsibility of the Governor of the
province. The OEMC determines and implements
appropriate protective actions for the public,
monitors off-site radiological conditions
(carried out by the utility), and coordinates
release of public information regarding the
emergency.

In addition, a third group, the Technical
Advisory Team, headed by the Vice President of
the Nuclear Safety Center of the Korea Advanced
Energy Research Institute (KAERI), is responsi-
ble for technical evaluation in the areas of
radiological protection, medical support and
accident analysis.

The authorities in Korea utilize an Emer-
gency Action Level and Response similar to that
specified in Table 2, except for the class Noti-
fication of Unusual Event. Some of the response
actions in the Notification of Unusual Event
Class are included in the Alert Class. The
emergency planning zone is considered to be an
area within a radius of 8-10 km from the nuclear
power station. The size of the EPZ for the con-
trol of Ingestion of radioactively contaminated
food and water is to be determined on an as-
needed basis. They use the same protective
action guides as in Table 4. Under general
emergency conditions they advise the general
population within a 3 km radius and 5 km
downwind sector to seek shelter in concrete

buildings. Under conditions of iincinent pro-
jected containment failure and core damage or
radioactive release underway and a large fission
product inventory in the containment, the popu-
lation within a 5 kin radius and 10 km downwind
sector is advised to suek shelter or evacuate.

Taiwan , China

In Taiwan of China,the utility is responsible
for on-site response to an emergency. The
local authorities are responsible off-site,
under the direction of the Nuclear
Emergency Management Committee. This committee
includes representatives from all relevant
agencies. The committee duties ir.cludo
decision-making on evacuation and
other emergency response actions, off-site
radiological monitoring and radioactivity plume
prediction, and consolidated release of new
information.

The authorities in Taiwan use an Incident
Classification system similar to that described
in the EAL and Response of Table 2. They have,
however, divided Classes 2, 3 and 4 into
multiple sub-classes where they differentiate
between cases when there are and are not radio-
active materials released. In Class 3 there is
differentiation between cases where radiation
levels are less than or greater than 50 mrera/hr
for whole body at the site boundary. They use a
guideline of a 5 km radius area around a nuclear
power plant for emergency planning, based on
consideration of population density, resources
for transportation, building structure and
possibility of a severe accident. They have
developed an evacuation plan for this 5 km
radius area. If the 5 km radius passes through
a populated center, then the entire center is
considered in the emergency evacuation plan.
They use. the protective action guide of Table 4
as a guide for decision-making under radiolog-
ical emergency situations.

DISCUSSION

TABLE 4
Protective Action Guidelines

Protective Action

Estimated Dose
Whole Body Thyroid

(rem) (rem)

Seek shelter and 1-5
prevent air in-
filtration

Seek shelter in 5-10
concrete building

Sivfcltoi: in concrete >10
building or evacuate

10-50

50-100

>100

As indicated in this review, the PBNCC mem-
bers have settled on the common basic
elements for emergency planning for nuclear
plants. These elements — pre-established emer-
gency response organizations, defined emergency
planning zones, radiological action levels and
public responses — provide a consistent frame-
work for effective response to an emergency.

For comparison of the EPZ requirements for
Pacific Basin areas and European countries,
a tabulation of the EPZ for European countries
is provided in Table 5. It can be seen that
there are significant variations in the size of
the area used for emergency planning, with the
U.S. EPZ being one of the largest. Tt should be
recognized that all countries differentiate
between an evacuation planning zone and the
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TABLE 5
Emergency Planning Zone (EPZ) Requirements

In Various Countries (Expressed in radius in km and mi)*

FINLAND

FRANCE

FRG

NETHERLANDS

SPAIN

SWEDEN

SWITZERLAND

UK

5 km (3.1 mi)

20 km (12.5 mi)

100 km (62.5 mi)

5 km (3.1 mi)

10 km (6.25 mi)

£ 10 km (6.25 mi)

£ 25 km (15.6 mi)

5 km (3.1 mi)

20 km (12.5 mi)

10 km (6.25 mi)

30 km (18.75 mi)

2 km (1.25 mi)

12-15 km (7.5-9.A mi)

^ 50 km (31.25 mi)

3-5 km (1.99-3.1 mi)

20 km (12.5 mi)

> 20 km (:2.5 mi)

< 3ta (1.88 mi)

< 40 km (25 mi)

No densely populated areas

Evacuation planning

General planning

Evacuation planning

Sheltering

Evacuation planning, warning systems
installed, iodine tablets available, etc.

Warning systems and monitoring points
defined

Early warning systems and evacuation
planning

Monitoring

Evacuation planning

Foodstuff control

No new dwelling houses allowed;
limitations or other activities

Evacuation planning, warning systems
installed, iodide tablets distributed
to households and institutions

Monitoring prepared

Warning systems installed, sheltering

2 hours warning, sheltering

Foodstuff control

Evacuation and distribution of iodine
tablets

Monitoring prepared

From Commission of the European Communities Report EUR 9623 EN, "The Technical
Basis for Emergency Planning and Preparedness in EC Countries".

701



emergency planning zone (EPZ). Most countries
consider a 5 km (3.1 mile) or less radius zone
adequate for evacuation planning.

Differences in implementation of emergency
plans reflect regional differences in geography,
demography and government. Further information
exchange will help to enhance the consistency in
direction of the members' plans. The
PBNCC Working Group has identified topics for
further study and information exchange toward
this end. These are discussed below.

OTHER ACTIVITIES

At the meeting of NSWG in November 1986, a
discussion was held by representatives of the
five areas on the subjects for more detailed
study by the Working Group. The areas which
might be most fruitful for cooperation among the
Pacific Basin areas , as well as subjects for
discussion at the 6PBNC Workshop on Nuclear
Safety, were developed as follows:

a) List of technical experts who might be
needed following a significant nuclear power
plant accident. It was the general consensus
that the development of a list of technical
experts in various fields who might be available
for consultation following a nuclear accident
would be useful.

b) Lessons learned from Chernobyl. Al-
though the LWRs used in Pacific Basin areas
for electric power production are very different
from the Soviet RBMK-type rectors, there may be
lessons which may be applicable for LWR design,
construction and operation.

c) Oversight of operational safety. Ex-
change of information on how the management of
operational safety Is carried out at various
utilities would be useful.

d) Radiological monitoring and projection
methodology following the release of radioactiv-
ity. It was the consensus that the exchange of
information on how radiological monitoring and
dose projections are proposed to be carried out
following the release of significant radioactiv-
ity would be extremely useful* Exchange of mon-
itoring techniques and methods for dose projec-
tions based upon actual meteorological condi-
tions is envisioned.

e) Observer program for emergency planning
exercises. It was proposed to consider the
development of an observer program whereby gov-
ernmental, utility and research institute staff
involved In emergency planning could act as
observers at emergency planning exercises of
member Pacific Basin areas utilities. The
objective would be to learn how to possibly im-
prove one's own emergency plans.

SUMMARY

The NSWG has started a number of initia-
tives centered around emergency planning for
cooperation among members of the Pacific Basin
areas . The comparison of emergency plans
has led to positive results in terms of activ-
ities to enhance international cooperation.
Fruitful discussions have been initiated and it
is hoped that significant cooperation in the
area of nuclear safety can be effected.
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